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The evidence-based approach to health care is assuming a greater
role in informing patient care worldwide. This approach arises
from a convergence of factors, including the easy availability of
evidence-based resources that synthesize the evidence, as exem-
plified by the Cochrane database, the desire of practitioners to
attain best practices in the face of an almost overwhelming vol-
ume of new biomedical information, and the realization that, in an
environment of limited health care resources, the best evidence of
effectiveness should be central to the determination of which spe-
cific treatments warrant full investment. On the most immediate
level, best evidence should inform the rational care of individ-
ual patients by the practitioner. On a broader level, best evidence
should also influence specific decisions by society on the provision
of specific health care services. In each case, evidence forms one of
the two main components of a medical decision, as described by
David Eddy [1,2].

Because the term evidence-based medicine was first coined by
Sackett and colleagues more than 15 years ago, the emphasis in
evidence-based medicine has been on evidence as it informs the
choices of individual patients and of practitioners caring for these
individuals, where the choices are determined by the evidence and
by the individual preferences of the patients but not, strictly speak-
ing, by the relative value or cost-effectiveness of these interventions
[3,4]. Although cost-effectiveness determinations naturally evolve
from a consideration of the evidence, we have chosen in this first
evidence-based medicine-centered textbook in nephrology to ad-
dress the evidence principally from the perspectives of the patient
and the individual practitioner, not the policy maker. It is our
hope that this evidence-based nephrology textbook will provide a
resource for practitioners, and therefore we have focused on the
primary clinical evidence and, where available, systematic reviews
of this evidence. Health economic assessments are considered in
this text only insofar as such analyses and the policy choices they
have engendered may influence the various current national and
international management guidelines, such as the National Kidney
Foundation’s Kidney Disease Outcomes Quality Initiative and the
European Best Practice Guidelines.

What then is the potential for an evidence-based approach to
nephrology for the individual practitioner and patient? As noted by

Eddy [1], “different value judgments are unavoidable. Yet, a thor-
ough and judicious assessment of the best evidence will promote
treatment decisions that are: less arbitrary, better informed, more
individualized, more transparent, and more broadly acceptable.
The first contribution of evidence-based medicine is to change
the anchor for the decision from the beliefs of experts to evidence
of effectiveness.” An important consequence of a comprehensive
examination of the evidence broadly covering all clinical topics
in nephrology as necessitated by this textbook is the exposure of
the scope of evidence that informs the diagnosis and management
of patients in our field, the laying bare, so to speak, of what is
known and what is not known. Recently, Strippoli and coworkers
evaluated the number of randomized controlled trials in nephrol-
ogy compared to other fields in internal medicine [5]. They found
that the number of randomized trials in nephrology was substan-
tially lower than for other internal medicine subspecialties. In this
evidence-based nephrology textbook, evidence from high-quality
observational studies is considered in many cases in conjunction
with the randomized controlled trials evidence, a reflection of the
current state of the best available evidence that informs the practice
of nephrology.

The examination of the totality of evidence should have the fol-
lowing principal outcomes. An explicit acknowledgment of the
limited scope of the evidence, specifically, that it is rather in-
complete in many areas, should permit a responsible challenge of
opinion-based (even expert opinion) practice recommendations
and should, thus, reduce the reliance on dogma. Identifying those
areas of disease management for which there is only poor-grade ev-
idence should suggest a research agenda. Because evidence-based
medicine has traditionally emphasized patient-centered research,
it is anticipated that an evidence-based approach will be more
robustly patient centered.

In the spirit of evidence-based medicine, we have embarked on
this book with the following goals in mind. First, we wish to pro-
vide the student of nephrology with a single convenient source
of clinical evidence that has been passed through an evidence-
based filter. Second, we wish to provide a forum for the reason-
able inclusion of data of multiple types as these determine best
practice in nephrology, including high-quality observational and
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Figure 1 The spectrum of clinical uncertainty.

epidemiological data, in particular where high-quality experimen-
tal data are lacking. Third, by uncovering the areas where evidence
is lacking, we hope to help inform the hierarchy of need for clini-
cal trials. We hope that this textbook reflects current best evidence
and that it is sufficiently comprehensive to cover the major clinical
questions encountered by nephrologists, including those caring
for the transplant patient and the pediatric patient. In compiling a
textbook we have had to make some editing choices for clarity and
organization. There may be areas, we hope very few, that have not
been covered as comprehensively as the majority of topics in this
text. We have included very little discussion of some topics that are
covered extensively in traditional nephrology textbooks, including
discussions of the mechanisms of disease and/or pathophysiology
that emerge from in vitro studies, unless a discussion of these is
likely required to understand clinical evidence on treatment of the
relevant renal disorder. Thus, the treatment of electrolyte disorders
that typically occupies one-third of most textbooks in nephrology
is confined to one rather brief section, as clinical trials evidence is
entirely lacking for much of the dogma on this topic.

By definition a textbook is likely to be less up to date than an
evidence-based medicine website that can undergo comprehensive
updating in real time. The latter type of resource, as exemplified by
the Cochrane database, requires a large investment of intellectual
resources, and for this reason the promise of a truly comprehen-
sive constantly updated review of all topics in nephrology has not
been fully achieved to date. In the absence of such resources, we
hope that this textbook, Evidence-Based Nephrology, will fill a sub-
stantial portion of this void. Furthermore, unlike the Cochrane
database, which is almost exclusively focused on questions of
therapy, we have also included comparisons of many of the current
evidence-based guidelines and we have included a discussion of the
evidence as it relates to diagnosis, prognosis, and risk identifica-
tion. We begin with a discussion of the sources of this evidence
and the qualities that differentiate high-quality evidence from that
of lower quality. We acknowledge that inclusion of nonexperi-

mental evidence does not permit robust conclusions in the ab-
sence of a significant degree of clinical uncertainty. This general
concept of a spectrum of clinical uncertainty, in which all clin-
ical decisions are made along a continuum from higher degrees
of uncertainty to lower degrees of uncertainty, is illustrated in
Figure 1.

It is our hope that this evidence-based nephrology textbook
will, by moving the practice of nephrology toward the right-hand
end of this spectrum, result in better clinical decisions. In the true
spirit of evidence-based medicine, we hope that this text will thus
push the specialty toward greater reliance on less biased evidence
and make explicit the fact that we will never be able to manage
patients without some uncertainty.

We also wish to acknowledge, along with the benefits we have
enumerated above, some of the risks of an evidence-based ap-
proach in developing a textbook. In sum, we do believe the practice
of nephrology is far better off with an evidence-based approach
based on the principles that we have tried to exemplify in com-
piling this text as the starting point of an understanding of our
field. To the material detailed in the various chapters, we hope or
rather expect that our evidence-based medicine-centered learners
and readers will add, through their own judicious application of
evidence-based medicine principles, their own new knowledge as
it emerges from the medical literature. Additionally, we acknowl-
edge that an evidence-based medicine text might be most up to
date when first published but that new information will always
emerge between editions; hence, a textbook like this can at best
be only one of several resources for the evidence-based medicine
practitioner. We hope this effort will provide a core resource for
the evidence-based nephrology practitioner who is otherwise lim-
ited by time constraints from researching every question that may
arise daily in the care of patients.

Donald A. Molony, MD
Jonathan C. Craig, MD
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Introduction: Trials, Systematic Reviews,
Grading Evidence, and Implications for
Nephrology Research

Jonathan C. Craig

Why a trial (evidence)-based book

Readers of this book will be very familiar with the usual rationale
for why randomized controlled trials (RCTs) should be central to
routine clinical care [1]. Fundamentally, health care is about im-
proving health outcomes, and an RCT is the study design which
best estimates the true effects of interventions. Clearly, to practice
good health care, other types of questions need to be addressed,
diagnostic and prognostic questions in particular, and for these
questions other study designs are needed. Inevitably in a book like
this, some prioritization is needed, and because treatment ques-
tions are critical, results of relevant RCTs have been highlighted in
all chapters.

The recent history of RCTs is interesting and was begun not in
health care but in agricultural science by R. A. Fisher in 1935 [2].
Like many advances in biomedical science, innovators and leaders
are always needed, and this came in the form of two eminent
English scientists, Major Greenwood and Bradford Hill. Major
Greenwood, as head of the Medical Research Council’s (MRC)
Statistical Committee, was able to convince the Therapeutic Trials
Committee of the MRC in the 1930s to 1940s of the importance
of RCTs. Bradford Hill took over Major Greenwood’s position in
1945, and under his supervision the MRC’s randomized trial of
streptomycin was conducted in 1946 and published in 1948 [3].
Richard Doll, another major figure in the development of clinical
trials during the 20th century, reflected upon the impact of this
landmark study. The expert judgment of the Professor in deciding
whether an intervention worked or not was rejected in favor of am
explicit, quantitative, methodologically robust study design, the
randomized trial [4].

The history of RCTs has also been marked by critics who typi-
cally suggest that observational studies are more “real world,” and
because they are larger, follow patients for longer time periods,
are more inclusive, they are at least as valid as RCTs for evaluating

whether interventions work, and they are probably more valid [5–
10]. This debate occurred during the so-called outcomes research
movement in the 1980s, but it was comprehensively decided in
favor of trial-based evaluation of interventions, given that for the
past 20 years major research funders, guidelines groups, regulators,
and purchasers of health care had almost universally accepted the
trial as the most valid study design to evaluate the effects of inter-
ventions, with observational studies a clear second [11]. Recently,
this debate has been reignited, largely it would seem, to lower the
barrier for new drugs and devices for the purposes of approval and
subsidization [12].

The fundamental flaw of observational studies is that the allo-
cation of interventions to patients is not random [13–16]. Conse-
quently, any difference in outcomes between the patients who did
and those who did not receive the intervention may be due to differ-
ences in patient characteristics, and unfortunately these differences
can never be reliably and completely adjusted for, despite regres-
sion analysis, propensity scores, and the other statistical meth-
ods. A large-scale empirical comparison of the results of trials and
observational studies was commissioned by the National Health
Service and published as a Health Technology Assessment report
[17]. The conclusion was clear. Most of the time, the results of ob-
servational studies and trials are concordant, but sometimes they
are not, and the results of trials cannot be predicted with certainty
based upon observational studies. There are many examples, tight-
ness of glucose control in type 2 diabetics being a recent one. Con-
trary to observational studies, which have consistently shown tight
glucose control improves macrovascular and microvascular out-
comes, the ACCORD [18] and ADVANCE [19] studies showed no
improvement in macrovascular outcomes, and in ACCORD, an in-
creased all-cause mortality was reported. Studies like these reaffirm
the importance of proper evaluation of interventions in RCTs, even
though they are expensive and take time. The conduct of trials will
become increasingly important when the marginal gains in health
care become smaller and the potential harms and costs, greater.
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Why a systematic review-based book

Decisions on treatment should be based upon all, and not just
some, relevant RCTs. Currently, the Cochrane Renal Group has
a register of RCTs in kidney disease that contains the records of
about 10,000 trials and 12,000 publications arising out of those
trials. The registry steadily increases at about 2000 trials/year. A
simple Medline search would find only about two-thirds of these
trials, because of problems in classification of the disease category
and study design in the Medline coding. Also, about one-fourth
of all trials in the registry come from handsearching, mainly from
abstract compilations from the major nephrology and transplanta-
tion meetings. These studies may never be published (publication
bias) or may be published relatively late (publication delay bias).
Why systematic reviews of RCTs should form the basis of treat-
ment recommendations and not just narrative reviews or a single
trial chosen by an expert is beyond the scope of this introduction,
but I will summarize the key points.

For clinicians it is easier to look at one systematic review than
the many trials that are summarized in that review. Second, many
trials are relatively underpowered, and a formal quantitative syn-
thesis of the results may find a statistically significant benefit (or
harm) that none of the component studies found. Meta-analysis
provides a summary estimator of treatment effects, where appro-
priate, and this is necessary to inform practice, to ensure that
benefits numerically exceed harms. Third, the variabilities in pop-
ulations and interventions in a systematic review may increase the
applicability of the findings. For example, interleukin 2 receptor
antagonists have a remarkably homogeneous effect in reducing
acute rejection despite the variability in baseline immunosuppres-
sion used [20]. Critics of meta-analyses argue that like should only
be kept with like, and that “apples and oranges” should never be
combined. Actually, it is often only in a context of a meta-analysis
that there can be formal testing of whether treatment effects vary
according to prior beliefs. Fourth, systematic reviews may mini-
mize and/or highlight the various publication biases that might
occur. One publication bias, the tendency for so-called “negative
studies” not to be published, can be minimized if a comprehen-
sive search of the “grey literature” (meeting abstract compilations,
etc.) is conducted. The opposite bias, duplication bias, is where
one study, typically one that is favorable to an intervention, is
published multiple times and this is not disclosed to readers. Some
“salami slicing” is reasonable, when studies are extremely large and
report many outcomes. Many is not, particularly when the net ef-
fect is to mislead clinicians into thinking an intervention is more
effective than it really is because of multiple, undisclosed pub-
lications. Finally, systematic reviews can highlight an outcomes
reporting bias. It has been shown that trialists frequently change
their primary outcomes during the trial, and this tends to favor
the intervention under evaluation [21,22]. Trialists may only re-
port what is improved with an intervention and not what is most
important to a patient or what they said they would do at the in-
ception of a study. These observations have led to calls for public

disclosure of trial protocols. Systematic reviews can highlight these
potential biases by demonstrating discrepancies in the number of
trials reporting important outcomes. For example, many trials of
calcineurin inhibitors did not report diabetes, acute rejection, or
graft survival [23].

Why a book which “GRADEs’’ evidence

Most evidence-based textbooks and guidelines only evaluate the
study design. Randomized trials become the proxy for evidence,
when the reality is much more complex. What about when the trials
are poorly done? What about when the wrong outcomes are mea-
sured? What about when the benefits are evaluated but the harms
are not? Recently, the GRADE group, an open, multidisciplinary,
international group of researchers and policy makers, developed
a comprehensive approach to evidence, which forms the basis of
this book [24–26]. Many of the chapters in this book have one
or more evidence profile tables, with the simple two-tier (strong
or recommend, weak or suggest) recommendations developed by
GRADE. Full details of the process are provided elsewhere, but in
short, GRADE begins with a systematic review of the available ev-
idence. The overall evidence supporting an intervention, against
the comparator intervention, is assessed. Domains considered are
the study design (RCTs, observational studies, etc.), study quality
(for RCTs this would include allocation concealment, blinding, in-
tention to treat, loss to follow-up), consistency (are all the studies
reporting the same results or are they different, and are the differ-
ences unexplained), and directness. Directness concerns whether
the results of the trials can be generalized to the patient group
being considered for the intervention and whether the outcomes
being assessed are relevant or of a surrogate or unimportant na-
ture. These four domains are considered in evaluating the overall
strength of the evidence for the intervention being evaluated. Im-
portantly, both benefits and harms are given equal consideration,
and so even if there was high-quality evidence of the benefits of
an intervention, if the quality of data for the adverse effects was
very low, then the overall quality of evidence would also be rated
as very low. Conceptually, evidence is rated as high quality when
the evidence is so robust that no new studies could be justified
because the benefits and harms are clear. The GRADE framework
is a net clinical benefit, a benefit–harm framework, informed by
the quality of the evidence. The evidence profile is then converted
into a treatment recommendation after considering the quality of
the evidence, values and preferences, local applicability consider-
ations, and the benefit–harm trade-off in the patient group being
considered for treatment. Conceptually, a strong recommendation
would be equivalent to a recommendation that most clinicians and
patients would follow if well-informed.

Clearly, judgment is required, but GRADE requires that such
judgments be explicit and incorporate all of the relevant domains.
GRADE reinforces the notion that, although trials are essential for
evidence-based health care, they are insufficient. Observational
studies are often needed to quantify the baseline risk values of
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individuals for outcomes that are averted by an intervention and
to quantify the harms of rare events. GRADE also reinforces the
importance of systematic reviews as the first step in the recom-
mendation process.

Why evidence-based nephrology is a work in
progress

More and better trials are needed
It has been shown that the number of trials in kidney disease
lags behind all other specialties, and the standard quality report-
ing domains of allocation concealment, blinding, and intention to
treat analysis are low and not improving [27]. Nephrology patients
deserve the same quality of evidence-based care as patients with
cancer. This can only occur when the standard of clinical care is
for participation in a trial of a new promising intervention versus
the current standard of care that is large enough to answer the
question and in which simple outcomes that matter to patients
are measured in all participants, both benefits and harms. This
model of a large, simple trial, which has been adopted so success-
fully in cardiology and oncology, is a long way from the current
model in nephrology [28]. The typical current model is a small
trial (presumably because of large per-patient recruitment costs or
a lack of a cohesive recruiting network) and one that sometimes
compares a new intervention against a nonstandard, clinically in-
ferior intervention [29]. Superiority is typically demonstrated, but
such trials have questionable ethics and give results with uncertain
policy relevance where the best standard care is expected to be
the comparator. Trials may also be short term (months), and not
all patient-relevant outcomes are reported, suggesting outcomes
reporting bias in which only favorable outcomes are reported. In
nephrology trials, the generic call for mandatory registration of
trials and study protocols, and for complete reporting of all out-
comes, both harmful and beneficial, should be heeded [21,22].
The nephrology community needs to follow the example of other
disciplines and develop a consensus on what outcomes should be
reported in trials and what definitions should be used [30].

More and better systematic reviews are needed
To date, the nephrology community has summarized in systematic
reviews only about 1000 of the available 10,000 trials. In short, we
are only about 10% of the way towards the goal of up-to-date
systematic reviews of all RCTs. Readers of this book will notice
that not all chapters have tabulated evidence summaries based
on the GRADE methods. Reasons for this are many but include
the absence of existing systematic reviews in areas of high clinical
importance.

Although the focus on interventions is justifiable, ideally we
need systematic reviews of all diagnostic tests used in nephrol-
ogy and, some would argue, we equally need systematic reviews
of prognosis studies. This can only be achieved with much larger-
scale cooperation across the peak nephrology bodies and among
researchers and clinicians than has occurred to date. Until this

occurs, and the relevant reviews are done, unnecessarily duplica-
tive and unethical studies will continue, and needed studies will
go undone. Research will be dominated by commercial interests
and not patient needs.

More and better recommendations are needed
Not all authors in this book have used the GRADE system. This
is to be expected, given the absence of existing systematic reviews
and lack of familiarity with the GRADE process, which is still in
development.

One critical lack is an almost complete absence of evidence about
the values and preferences of patients with chronic kidney disease,
which is needed to inform and assign weights to recommendations.
Researchers tend to assume that they can correctly assign priorities
to outcomes that reflect the values held by patients but, when
evaluated, this has not been the case for other chronic diseases. A
qualitative research agenda needs to be developed around patient
perspectives of research and health care in nephrology.

In conclusion, this book has been deliberately ambitious. If read-
ers are better informed by better evidence compared to their pre-
reading state, then the goal of the book will have been achieved.
A bonus will be if this book prompts a better evidence base that
will make whatever subsequent editions of this book that appear
more comprehensive, valid, and useful to clinical decision makers
[31].
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Introduction

End-stage renal disease (ESRD) is defined by the cessation of ef-
fective kidney function and the substitution of renal replacement
therapy (RRT), such as hemodialysis, peritoneal dialysis, or kidney
transplantation, for native kidney function to sustain life. During
the last 3 decades, an epidemic of ESRD has occurred in both in-
dustrialized and developing countries [1,2]. The epidemic increase
in ESRD was initially attributed to the dissemination and adoption
of RRT with the attendant extension of productive life. Although
there is evidence that the rate of increase in ESRD incidence has
abated in the USA, continuing increases in ESRD incidence rates
after access to RRT becomes available to an entire population of a
particular country have been documented by registries throughout
the world [3].

The public health impact of the epidemic of ESRD is substantial.
In the USA, it is estimated that the lifetime risk of being treated
for ESRD is 2.5% for white men, 1.8% for white women, 7.3% for
black men, and 7.8% for black women [4]. Life expectancy among
individuals treated for ESRD is substantially shortened, and treat-
ment is punctuated by frequent hospitalizations and progressive
disability [3]. The economic costs of the epidemic are substantial as
well, and the per-patient cost of care can exceed by severalfold the
costs incurred by age-, gender-, and ethnicity-matched individuals
in the general population. Furthermore, these costs only partially
capture the full economic burden of ESRD, which includes the
costs of chronic disability, premature mortality, and diminished
quality of life.

Given the population cost burden of this epidemic of ESRD,
it is increasingly recognized that strategies must be designed to
increase the early detection and care of the antecedent diseases
that contribute to this epidemic of end-organ failure [5,6]. There
are multiple causes of kidney injury that result in ESRD, and the

evidence-based diagnosis and management of these conditions
are discussed in detail in subsequent chapters of this textbook.
Common to each, however, is a continuum of progressive decline
in kidney function that leads to a syndrome of chronic kidney
disease (CKD), which is characterized by hypertension, anemia,
renal/metabolic bone disease, nutritional impairment, neuropa-
thy, impaired quality of life, and reduced life expectancy and which
culminates in ESRD. The purpose of this chapter is to describe the
definition of CKD and the measurement of the population-based
health burden of CKD across the continuum of disease, from mild
impairment to ESRD, as an essential foundation for the evidence-
based management of kidney disease. Problems inherent in using
biomarkers and prediction equations to define kidney function
and detect CKD are discussed in chapter 2. The epidemiology of
CKD is discussed in chapter 4, and risk factors associated with pro-
gressive loss of kidney function can be found in chapter 3. Chapter 2
examines how surveillance systems have been used to measure and
improve the care of patients receiving RRT.

Definition of chronic kidney disease

CKD can be defined as the persistence for 3 or more months of
structural and/or functional abnormalities of the kidney [7]. This
definition replaces previous case definitions that described vari-
able degrees of impaired kidney function [8,9]. The rationale for
adopting a uniform case definition of CKD includes the need for
1) improved comparability across observational and clinical stud-
ies, 2) an improved capability for uniform comparisons of kidney
disease incidence and prevalence, and 3) improved communica-
tions about diagnosis and treatment of kidney disease. The most
important anticipated benefit of a common terminology is more
effective communication with patients and the public.

The “structural” abnormalities used to define CKD are 1) mi-
croalbuminuria or overt proteinuria; 2) an abnormal urinary sed-
iment as evidenced by the presence of red blood cells (RBCs),
RBC casts, white blood cells (WBCs), WBC casts, tubular cells,
cellular casts, granular casts, oval fat bodies, fatty casts, or free
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Table 1.1 Prevalence of decreased kidney function and CKD in the noninstitutionalized US population

Kidney function Albuminuria Within Each Level of GFR (%) CKD

Persistence of
Estimated GFR
(mL/min/1.73 m2) n

Prevalence
(%)

N
(1,000s) None

Micro-
albuminuria

Macro-
albuminuria

Micro-albuminuria
(%) Stage

Prevalence
(%)

N*
(1,000s)

N†
(1,000s)

>90 10,183 64.3 114,000 90.8 8.7 0.5 53.9 1 3.3 5,900 10,500
60–89 4,404 31.2 55,300 87.2 11.7 1.2 72.7 2 3.0 5,300 7,100
30–59 961 4.3 7,600 61.3 31.5 7.2 ‡ 3 4.3 7,600 7,600
15–29 52 0.2 400 ‡ ‡ ‡ ‡ 4 0.2 400 400
<15 ‡ ‡ 300§ ‡ ‡ ‡ ‡ 5 0.2 300§ 300§
Total 15,600 100 177,300 88.4 10.5 1.1 63.2 Total 11.0 19,200 25,600

NOTE: Dark shading indicates individuals with CDK, and light shading indicates CKD in a subgroup with persistent microalbuminuria. Estimates based on repeated visit of
individuals with microalbuminuria (n = 102 for GFR > 90 mL/min/1.73 m2, n = 44 for GFR of 60 to 89 mL/min/1.73 m2). Microalbuminuria defined as albumin-creatnine
ratio (ACR) of 17 ≤ ACR ≤ 250 for men and 25 ≤ ACR ≤ 355 for women; macroalbuminuria defined as ACR > 250 for men and ACR > 355 for women (persistence assumed
to be 100%).
Abbreviations: n, number of NHANES III participants; N, estimated number of individuals in the United States.
* Estimates based on persistent microalbuminuria at two visits for CKD stages 1 and 2.
† Estimates based on albuminuria in a single spot urine sample.
‡ Denotes cells with fewer than 30 NHANES III participants.
§ Estimated from the US Renal Data System.1

Source: Coresh et al. 2003 [105].

fat; and 3) abnormal findings on imaging tests, including ultra-
sound, intravenous pyelogram, computer tomography, magnetic
resonance imaging, and nuclear scans. Overt proteinuria is de-
fined as an increased urinary concentration of albumin and other
proteins detected by routine laboratory measures (e.g. urine dip-
stick test for protein), and microalbuminuria is an increased al-
bumin excretion that can be detected only by laboratory methods
more sensitive than the standard protein assay that uses the urine
dipstick.

The functional component of the definition of CKD uses
creatinine-based estimates of clearance derived from the Modi-
fication of Diet in Renal Disease (MDRD) glomerular filtration
rate (GFR) estimating equation or the Cockcroft–Gault creatinine
clearance equation [10]. The derivation and use of these multi-
variate prediction equations are discussed in chapter 5. At present,
no single method of GFR estimation is strongly recommended.
Clinicians should choose a method that is appropriate for their
population to determine the estimated GFR (eGFR) and assign a
stage of kidney disease, always cognizant that failing to account
for the modification of the complex association between serum
creatinine and GFR by age, gender, and race is likely to lead to
misclassification of kidney function and attendant errors in clini-
cal decision making.

The available estimating equations are imprecise at higher levels
of GFR, and there is great interest in revising them or identifying
better filtration markers that will improve our ability to measure
kidney function across the continuum of kidney performance
from normal to ESRD [10]. The inherent imprecision of all
methods of estimating GFR led to the decision to rank the degree

of impaired kidney function into more global stages (levels) by
the eGFR in the following manner:

Stage 1: eGFR >90 mL/min/1.73 m2 (with structural abnormal-
ities)

Stage 2: 60–90 mL/min/1.73 m2 (with structural abnormalities)
Stage 3: 30–59 mL/min/1.73 m2

Stage 4: 15–29 mL/min/1.73 m2

Stage 5: <15 mL/min/1.73 m2

In addition to these eGFR ranges, the persistence of structural
abnormalities for at least 3 months is necessary to assigning CKD
stages 1 and 2, and stages 3–5 of CKD are defined by persistent
impairments for greater than 3 months in the eGFR alone.

This staging algorithm is illustrated by using data from the US
population aged 20 years and older (Table 1.1). The prevalence of
CKD based on eGFR and presence and degree of proteinuria CKD
is estimated to be 11% of the US population [7]. Over 50% of
the prevalent disease is due to the presence of proteinuria among
individuals with stage 1 (3.3%) and stage 2 (3.0%) CKD, and this
proteinuria is largely due to microalbuminuria. Among individu-
als with stages 3–5 CKD, which are defined by eGFR alone, 85%
of individuals have stage 3 disease (4.3%).

Kidney disease: improving global outcomes
The definition of CKD was reviewed at the 2004 “Kidney Dis-
ease: Improving Global Outcomes (KDIGO)” Controversies Con-
ference [11]. Two further modifications were proposed to better
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Figure 1.1 Secular trends in mortality attributed to
various causes illustrating discontinuities in trends
with changes in ICD classification of cause of death.
(Reprinted with permission [13].)

adapt the staging algorithm for international use: 1) clinical judg-
ment should be used to decide the relevance of nonproteinuric
markers of kidney damage prior to diagnosing CKD in individu-
als without either proteinuria or reduced GFR; 2) individuals with
a transplanted kidney should be considered as having CKD irre-
spective of other structural or functional markers. The KDIGO
modified the CKD risk stratification by adding the letter T to de-
note CKD in a transplanted kidney and recommended that stage
5 CKD be modified by the letter D to denote RRT by dialysis [11].

International Classification of Diseases and
kidney diseases
The International Classification of Diseases (ICD) classifies each
condition that has given rise to the chain of events leading to death
(underlying cause of death) as recorded on death certificates. The
ICD is used by national vital statistics registries. At present, it
provides the only uniform population-based case definition for
international comparisons of the burden of disease attributable to
earlier stages of CKD and, as such, is an important actuarial tool in
defining the health burden of CKD across populations and, with
certain limitations described below, temporally. The Ninth Revi-
sion of the ICD (ICD-9), used between January 1, 1979 and Dec-
ember 31, 1998, was replaced by ICD-10 on January 1, 1999 [12].

Revisions of the ICD reflect the evolution of disease classifi-
cation and emergence of new diseases, and they resolve admin-
istrative issues that have stemmed from a particular version of
the codes. Clinicians should be aware that ICD revisions often
introduce changes in the classification of an underlying cause of
death. Comparisons of death rates due to specific causes, such as
kidney disease, across different ICD revisions can be facilitated
by using comparability ratios that relate rates from different time

periods. The comparability ratio relating rate computed from ICD-
9 (ICD-9 codes 580–589) and ICD-10 (ICD-10 codes N00–N07,
N17–N19, and N25–N27) data is estimated to be 1.23, indicating
that the new ICD-10 coding will result in a 23% increase in classi-
fication of deaths due to kidney disease compared with the ICD-9
codes [12]. This version-to-version difference is due, in part, to a
change in the classification of ESRD from an unspecified disorder
of the kidney in ICD-9 to ESRD (N18.0), a subcategory of kidney
failure (N17–N19) in ICD-10.

Secular trends in kidney disease as an underlying cause of death
need to be interpreted with these changes in mind. This can be
illustrated by trends in kidney disease as a cause of death in the
USA (Figure 1.1), which declined between 1958 and 1978 and
then increased substantially until the end of the century [13]. The
transition from ICD-9 to ICD-10 in 1998 is represented by the dis-
continuity in the trend line for deaths due to nephritis, nephrotic
syndrome, and nephrosis.

The Clinical Modification of ICD-9 (ICD-9-CM) is used ad-
ministratively in the USA and was modified in 2005 to reflect the
new nomenclature for CKD. ICD-9-CM code 585, “Chronic renal
failure,” was dropped, and seven new four-digit codes were intro-
duced to code for the presence of CKD [14]. These new codes reflect
the National Kidney Foundation (NKF) CKD staging definitions:

585.1: Chronic kidney disease, stage 1
585.2: Chronic kidney disease, stage 2 (mild)
585.3: Chronic kidney disease, stage 3 (moderate)
585.4: Chronic kidney disease, stage 4 (severe)
585.5: Chronic kidney disease, stage 5
585.6: End-stage renal disease
585.9: Chronic kidney disease, unspecified
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Furthermore, in 2006, the ICD-9-CM nomenclature for codes 403
and 404, denoting kidney complications of hypertension, were
changed from “renal disease” to “kidney disease” and from “re-
nal failure” to “chronic kidney disease.” A revision of the clinical
modification of ICD-9 to reflect the ICD-10 coding conventions
is currently being developed.

The standardized ICD nomenclature provides some uniformity
of data that allows descriptions of population-to-population dif-
ferences in death rates attributed to kidney disease. This standard
nomenclature stands in contrast to the information reported by
national ESRD registries that collect and report information on the
occurrence of stage 5D CKD (see chapter 2). A report by Maison-
neuve et al. found substantial variability in the definition and clas-
sification of primary causes of ESRD throughout the world [15].
Comparisons of the burden of CKD based on ICD-related mor-
tality statistics also avoid the skewing of prevalence rates based on
ESRD rates that would be introduced by the variable coverage of
ESRD registries in economically developing countries.

The use of international comparisons of kidney disease burden
can be illustrated by considering the proportionate mortality at-
tributed to kidney disease throughout the world. Kidney disease is
the 9th leading cause of death in the USA [6] and the 12th leading
cause of death worldwide [16]. The burden of mortality due to kid-
ney disease in different world regions was recently reported by the
Global Burden of Disease Report [17]. Age- and gender-adjusted
proportionate death rates for genito-urinary diseases, which in-
clude nephritis and nephrosis, benign prostatic hypertrophy, and
other genito-urinary system diseases, vary from less than half of
to 50% greater than those observed in high-income regions of the
world (Figure 1.2) [17].

There are multiple potential explanations for this region-to-
region variability in the overall mortality burden due to kidney
disease. Regional differences in the prevalence of risk factors for
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Figure 1.2 Proportion of all deaths attributed to genito-urinary causes (ICD-9
codes 580–611 and 617–629 or ICD-10 codes N00–N64 and N75–N98). These
codes include nephritis and nephrosis, benign prostatic hypertrophy, and other
genito-urinary system diseases. Regions in the Global Burden of Disease study
were defined as high-income countries (HIC), East Asia and Pacific (EPA),
sub-Saharan Africa (SSA), Latin America and the Caribbean (LAC), Europe and
Central Asia (ECA), Middle East and North Africa (ME/NA), and South Asia (SA).
Data were derived from regional tables for deaths by cause, sex, and age.
(Reprinted with permission [17].)

kidney injury and progressive loss of kidney function, access to
health care, detection and treatment of kidney disease, and di-
agnostic convention could contribute to the observed variability.
The main point of international comparisons is that a better un-
derstanding of the source of variation is essential for better control
of CKD and its risk factors through public health measures and
may lead to important generalizable insights into the reasons for
the occurrence and progression of CKD.

Functional and etiologic diagnoses for CKD

CKD is a nonspecific diagnosis that describes the presence and
degree of structural and functional abnormalities of the kidney.
CKD does not identify the cause for the injury and/or impaired
kidney function. Thus, the stage of CKD is an incomplete clinical
description of the underlying disease process, and identification
of CKD should also lead to a clinical diagnosis that includes a
cause (etiology) for the kidney disease and the stage of CKD. For
example, a diagnosis for CKD might be stated as “stage 3 CKD due
to diabetes,” “immunoglobulin A nephropathy with stage 4 CKD,”
or “stage 2 CKD of unknown etiology.”

At present, the best estimates for the relative contributions of
specific etiologies to the total burden of CKD within populations
are derived from the proportionate, cause-specific incidence of
ESRD within a population (see below). These estimates, however,
have a number of limitations. Most important is the possibility
that variations in survival and progression to stage 5 CKD among
individuals with kidney disease due to different causes might al-
ter the patterns of disease and the proportionate health burden
over the course of CKD. It is also likely that there are substantial
regional and ethnic variations within and between groups with
respect to specific causes of initial kidney injury. It is likely that
many individuals with prevalent kidney disease will have a number
of competing risk factors associated with the initiation and pro-
gression of kidney disease, and the precise temporal relationship
between these and the etiology of the initial kidney injury remains
obscure. Finally, systematic studies to estimate the risk of kidney
injury among individuals with less common forms of stage 5 CKD
remain to be conducted.

Prognostic importance of the stage of CKD

As discussed in chapter 2, the classification of CKD using the
NKF stages provides substantial prognostic and diagnostic in-
formation concerning 1) outcomes (progression to ESRD and
mortality) [18,19] and 2) ocurrence of intercurrent morbidity
(ischemic heart disease, stroke, and peripheral vascular disease)
[20–28]. Further, the stage of CKD is predictive of the preva-
lence of complications associated with impaired kidney func-
tion (anemia, bone disease, and nutritional and functional status)
(Table 1.2).
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Table 1.2 CKD stage characterizations and risk factors associated with progressive kidney disease

Characteristic or risk factor Stages 1 and 2 Stage 3 Stage 4 Stage 5
CKD stage characterization
Description Chronic kidney damage with normal

to mildly decreased GFR
Moderate GFR loss Severe GFR loss Kidney failure

GFR (mL/min/1.73 m2) [2] ≥60 30–59 15–29 <15 or dialysis
Prevalence [7] 6.6% 4.3% 0.2% 0.2%
Proteinuria [45] 8.1% 23.3% 63.4% –

Cardiovascular risk factors
Hypertension [7] 40% 55% 77% 75%
Diabetes [45] 3.1–6.5% 16.8% 22.8% –
C-reactive protein >0.21 mg/dL [44] 25–30% 48.7% 57.7% –

Nutritional risk factors – 2% 20% 50%
Albumin <3.5 g/dL [44] 1.7–2.2% 6.2% 8.2% –
Bicarbonate <22 mmol/L [44] 1.3–1.6% 2.3% 19.1% –

Risk factors for bone disease
PO4 >4.5 mg/dL [7,32] – <5% 20% 50%
Ca <8.5 mg/dL [7,32] – <5% 8% 28%
25(OH)-vitamin D ≤75 nmol/L [32] – 71% 83%
iPTH (pg/mL) (<70 CKD-3 or <110 CKD-4) [32] – 35.4% 31% –

Quality of life
Difficulty walking [7] 5% 8% 22% 30%
Hemoglobin <13 g/dL [38] 4% 7% 29% 69%

Outcomes
5-year ESRD rate [18] 1.1% 1.3% 19.9% –
5-year mortality rate [18] 19.5% 24.3 45.7% –
3-year CVD rate [18] 2.1% 4.8% 11.4% 14.1%

Abbreviations: iPTH, intact parathyroid hormone; CVD, cardiovascular disease.

Complications of CKD and CKD stages

Complications that develop in CKD are listed in Table 1.2. The di-
agnosis and management of these complications are discussed in
greater detail in the sections Prognostic importance of the stage of
CKD and Complications of CKD and CKD stage of this text. Some
of the important CKD-specific associations between the develop-
ment of comorbidities and CKD stage that have emerged from
epidemiologic studies are described in brief below.

Disordered metabolism of 25(OH)-vitamin D, phosphorous
and calcium balance, and serum parathyroid hormone levels are
well-documented for stage 5 CKD [1] and are noted to begin at or
before stage 3 CKD. LaClair et al. studied patients with stage 3–5
CKD and found that 25(OH)-vitamin D deficiency was present in
71% and 83% of these patients, and parathyroid hormone levels
outside of the recommended normal range were present in 64.6%
and 69% of individuals with stages 3 and 4 of CKD [32]. Interest-
ingly, geographic locations characterized by lower latitudes were
inversely associated with an intact parathyroid hormone level. A
recent study by Binkley et al. questioned the role of sun exposure

on 25(OH)-vitamin D deficiency because deficiency remains rel-
atively common even in sun-exposed individuals [33]. The preva-
lence of elevated serum phosphorous levels and low albumin-
adjusted serum calcium levels increases with increasing stage of
CKD. Analyses of data from a cohort study of left ventricular hy-
pertrophy and anemia by Levin et al. estimated that the prevalence
of a serum phosphorous level greater than 4.5 mg/dL increased
from less than 5% among individuals with stage 3 CKD to 20%
of those with stage 4 CKD; comparable prevalence estimates for
a serum calcium level of less than 8.5 mg/dL were less than 5%
and 8% [34]. In contrast to these observations, Hsu et al. found
that age-, gender-, and race-adjusted femoral bone density among
National Health and Nutrition Survey III (NHANES III) partici-
pants was unchanged among individuals with mild and moderate
kidney disease [35].

Abnormalities of calcium and phosphorous metabolism are as-
sociated with increased risks of death and cardiovascular disease.
Kestenbaum et al. reported that patients with CKD in the Veter-
ans Affairs medical system with an elevated serum phosphorous
level were at increased risk for all-cause mortality (hazard ratio
[HR] per 1 mg/dL increase, 1.33; 95% confidence interval [CI],
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1.15–1.54) [36]. Menton et al. reported that, after adjusting for
other risk factors, cardiovascular disease but not all-cause mortal-
ity rates were marginally associated with increased serum phos-
phorous among participants in the MDRD study (adjusted HR
per 1 mg/dL increase, 1.27; 95% CI, 0.94–1.73) [37]. Similarly, the
calcium–phosphorus product was marginally associated with car-
diovascular disease, but not all-cause mortality (HR, 1.22; 95% CI,
0.89–1.66; P = 0.23) in the MDRD participants. Among individu-
als with stage 5 CKD, the association between disorders of mineral
metabolism, including elevated serum phosphorus and calcium
levels and hyperparathyroidism, are well-documented and are es-
timated to account for 17.5% of the population attributable risk
for proportionate mortality.

Astor et al. used the NHANES III data to determine the asso-
ciation between GFR and the prevalence of anemia, defined as
hemoglobin less than 12 g/dL for men and less than 11 g/dL for
women [38]. The prevalence of anemia increased from 1% among
individuals with no CKD to 5.2% of individuals with stage 3 CKD
and 44.1% of those with stage 4 CKD.

As the stage of CKD increases, functional impairment and mag-
nitude of diminished quality of life reported by patients increase
as well [39,40]. A recent report from the Chronic Renal Insuffi-
ciency Cohort study compared standard disease-specific measures
of quality of life, the Kidney Disease Quality of Life Short Form
36, and general measures, including the SF-12 Physical and Men-
tal Health Short Form, the Health Utilities Index 3, and the Time
Trade-Off score among individuals with CKD [39]. The Chronic
Renal Insufficiency Cohort study investigators observed a strong
inverse association between stage of CKD and baseline measures
of disease-specific and general quality of life. Furthermore, among
individuals with CKD of stage 4 or greater who were tested sequen-
tially over 2 years, progression of CKD was associated with further
impairment of quality of life [40].

There is also evidence that the prevalence of cognitive impair-
ment increases with increasing stage of CKD and that individuals
with impaired kidney function at any level are at increased risk
of developing cognitive impairment [41–43]. A report from the
Health, Aging, and Body Composition study found that baseline
cognitive function measured by the Modified Mini-Mental State
Exam was inversely associated with degree of impaired kidney
function, which declined from a total score of 87.5 among indi-
viduals without CKD to 86.9 among those with a GFR between 45
and 59 mL/min/1.73 m2 and to 84.7 for those with a GFR less than
45 mL/min/1.73 m2, with a score of less than 80 indicative of cogni-
tive impairment [42]. After controlling for other risk factors, both
individuals with a GFR between 45 and 59 mL/min/1.73 m2(odds
ratio [OR], 1.32; 95% CI, 1.03–1.69) and those with a GFR of less
than 45 mL/min/1.73 m2 (OR, 2.43; 95% CI, 1.38–4.29) were at
an increased risk of developing dementia during follow-up.

Individuals in the Cardiovascular Health Cognition Study un-
derwent a three-stage evaluation for dementia that included an as-
sessment of dementia risk, neuropsychological testing on high-risk
patients (and a sample of other study subjects), and neurological
and psychiatric evaluation for those classified as abnormal on the

neuropsychological tests [42]. Subjects with an increased serum
creatinine of≥1.3 mg/dL for women and≥1.5 mg/dL for men were
found to be at increased risk of developing incident dementia dur-
ing follow-up (OR, 1.37; 95% CI, 1.06–1.78). Of interest from this
study, these associations were observed only among individuals
who were healthy at baseline and were observed for vascular-type
but not Alzheimer’s-type dementia.

Descriptive epidemiology of CKD

Prevalence of Stage 1–4 CKD
The epidemiology of CKD is not well understood. NHANES is an
ongoing series of surveys of representative samples of the US pop-
ulation conducted by the National Center for Health Statistics of
the Centers for Disease Control and Prevention. These surveys are
cross-sectional, complex, random samples of the US population,
and they have been analyzed to provide CKD prevalence estimates.
The prevalence of CKD among adults aged 20 years and older in
the USA based on NHANES III data is estimated as 11%, with
6.3% of the population in the combined stages 1 and 2 CKD, 4.3%
in stage 3 CKD, and 0.2% of the population in each of stage 4 and
stage 5 CKD (Table 1.1).

Microalbuminuria, defined as an albumin–creatinine ratio of
17–250 mg/g in men and 25–355 mg/g in women, is present in
10.5% of the population on initial screening and persists over time
on repeated measures in the same individual in 63.2%, whereas
overt proteinuria (albumin–creatinine ratio of >250 mg/g for men
and >355 mg/g for women) is present in 1.1% of the population
[45]. Proteinuria increases in prevalence with decreasing GFR and
is found in 0.5% of individuals with an estimated GFR greater than
90 mL/min/1.73 m2, 1.2% of those with stage 3 CKD, and 7.2% of
those with stage 4 CKD.

There is substantial heterogeneity in the prevalence of stage 3
and 4 CKD across subgroups of the US population. CKD stages 3
and 4 are more prevalent among women (5.3%) than men (3.6%),
and prevalence increases from 0.2% among individuals age 20–39
years to 7.5% of individuals age 60–69 years. The non-Hispanic
white population has the highest prevalence of stage 3 and 4 CKD
in the US population (5.0%), compared with the non-Hispanic
black population (3.3%) and Mexican–Americans (1.0%). CKD
stage 3 and 4 prevalence is higher among individuals with diabetes
(15.1%) and those with treated (17.5%) and untreated (7.9%)
hypertension.

Comparisons of CKD estimates between the US population
and other countries are difficult to make for several reasons. The
measure of kidney function needs to be based on a standardized
measure of kidney function that has been validated within each
population. A standard classification needs to be applied to each
population. Estimates need to be adjusted for differences in the un-
derlying demographic characteristics (age, gender, and ethnicity)
of the respective populations.

CKD prevalence estimates currently available in the literature
are shown in Table 1.3 [46–57]. There is substantial variability
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Table 1.3 Prevalence estimates for Stage 3 and 4 CKD by world region

Region [reference] N Ages (yrs) Sample Prevalence (%) with indicated stage(s)

Stage 3 Stage 4 Total, stages 3 and 4

North America
USA [105] ≥18 Random, stratified national 4.3 0.2 4.5
Morelia, Mexico [46] 3564 ≥18 Random sample clinic patients 8.1 0.3 8.4
Mexico City (diabetes) [47] 1586 35–64 Random, stratified Mexico City 23.8 0.7 41.2

Europe
Norway [48] 65,181 ≥20 Total population, Nord-Trondelag County 4.5 0.2 4.7
Groningen, Netherlands [49] 5.7 0.1 5.8
Galicia, Spain [50] 237 ≥20 Random community 5.3 0.4 5.7
Reykjavik, Iceland [51] 19,381 ≥30 Total population, Reykjavik area 3.7 (M)

11.0 (F) 0.0–0.3 –
Switzerland [52] 1778 55–65 Random national 7.1 (M)

23.5 (F) – –

East Asia/Pacific
China [53] 15,540 35–74 Random, stratified national 2.4 0.1 2.5
Australia (diabetes) [54] 11,247 ≥25 Random, stratified national 10.9 0.3 22.4
Hisayama, Japan [55] 2634 ≥40 Community survey 10.2 – 10.2

South Asia –
Karachi, Pakistan [56] 262 ≥40 Random, stratified community 29.4 – 29.4
India* [57] 4972 ≥30 Random, stratified, regional (Delhi) – 0.8 0.8

* Serum creatinine >1.8 mg/dL.

across the studies in the age strata studied, classification meth-
ods, and methods of estimating GFR. Despite these variations, it is
possible to discern the substantial drop-off in prevalence between
stage 3 and stage 4 CKD across these varied populations; the es-
timated prevalence of CKD stage 4 is consistently less than 0.5%
among nondiabetic populations. It is also evident that stage 3 and
4 CKD is a substantial public health problem across the world,
exceeding 4% prevalence in all but one population. Finally, the
population-to-population variability in prevalence suggests that,
similar to the risk for cardiovascular disease, population-specific
risk factors for CKD may exist.

CKD and race
The lifetime risks of incidence of ESRD, based on 1993–1995 US
Renal Data System (USRDS) data, for 20-year-old white men has
been estimated to be 1.98%, 1.67% for white women, 5.49% for
black men, and 6.31% for black women, and these cumulative
incidences increased further during the 1990s [4]. The racial dis-
parity is reflected in age-adjusted ESRD rates, which are 3.8- to
4-fold higher among black people compared with white people
[3]. The excess ESRD incidence for the black population stands in
stark contrast to the prevalence data of stage 3 and 4 CKD esti-
mated from the NHANES III population-based sample of the US
population [58]. These studies report that CKD among adults age
20 years and older is found in 5.0% of the white population and
3.4% of the black population [58]. These racial disparities persisted
after controlling for age, hypertension, and diabetes. Analyses of

the REGARDS cohort study showed that these disparities are par-
ticularly evident in stage 3 CKD. As GFR declines, the black–white
prevalence gap diminishes and crosses in stage 4 CKD such that
the prevalence among Black people with advanced stages of CKD
becomes consistent with the observed ESRD incidence rate dis-
parities [59].

The disparity in black and white population ESRD incidence
rates persists after accounting for differences in the prevalence
of hypertension [60] and diabetes [61] in the at-risk population.
Factors associated with these racial disparities in ESRD incidence
include access to health care, poverty, and community poverty
[62–64]. Tarver-Carr and her associates used follow-up data from
NHANES II to examine risk factors associated with racial differ-
ences in the incidence of all-cause ESRD [65]. They reported a
2.7-fold-higher ESRD incidence for black people compared with
white people. Adjustment for a number of sociodemographic fac-
tors (poverty status, educational attainment, and marital status)
explained 12% of the excess ESRD risk among black people, and
adjusting for life-style factors (smoking status, physical activity,
alcohol use, and body mass index) explained an additional 24% of
the excess risk. Models that adjusted for prevalent diabetes melli-
tus, hypertension, and cardiovascular disease and baseline values
of systolic blood pressure and serum cholesterol levels explained
32% of the excess risk. When all of these factors were controlled, the
adjusted relative risk was 1.95 (95% CI, 1.05–3.63), accounting for
44% of the excess risk. Furthermore, the excess risk among black
people for ESRD reported by Tarver-Carr and her colleagues was
much greater among middle-aged than among older adults [65].
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The unexpected reversal of prevalence of CKD among black in-
dividuals compared with the white population and the failure of
multiple risk factors to explain the observed disparities in ESRD
incidence are consistent with observations that black people with
the same degree of impaired kidney function are at increased risk
of progressive kidney failure [62–69]. Hsu et al. recently exam-
ined this possibility in an ecologic analysis of NHANES III and
USRDS data [70,71]. They estimated that, despite a comparable
prevalence of CKD, 5% of black people and 1% of white people in
the US population will develop ESRD over a 5-year period, which
is consistent with the progression hypothesis.

Incidence and prevalence of stage 5 CKD
Stage 5 CKD is defined by a GFR of <15 mL/min/1.73 m2 and
has two phases. The first phase is treated conservatively without
dialysis, and the second, slightly later phase involves the initiation
of RRT—either dialysis or kidney transplantation. The latter has
been called stage 5D, or ESRD, which is defined by its treatment
[11]. Whereas there is ample information available about patients
treated with RRT, epidemiological information about stage 5 prior
to starting dialysis is quite limited.

During the earlier phase of stage 5 CKD, conservative therapy
includes the same factors discussed in chapter 3 for stage 4 but
requires much closer monitoring of laboratory data and clinical
symptoms of uremia. Symptoms or laboratory abnormalities are
the main indications for starting dialysis. The optimal time for
initiation of dialysis therapy has been a focus of many debates,
as reports appear to be conflicting. Collins et al. showed that late
stages of CKD are associated with a high risk of mortality even
before starting dialysis [72]. Therefore, it appears reasonable that
early initiation of dialysis will save lives. Retrospective analyses of
mortality risk after initiation of dialysis, by level of kidney function
at the start of dialysis, suffer from a major bias: patients who are
started on dialysis with relatively higher levels of kidney function
tend to be older and frailer, whereas those who start with poorer
kidney function tend to be otherwise healthier with relatively few
comorbidities. Thus, due to selection bias, retrospective data may
falsely suggest that a later start is associated with better survival
on dialysis. Prospective studies that randomize patients to early
versus late start are scarce, but they appear to suggest that earlier
start of dialysis is associated with better outcomes after dialysis
[73]. Such studies must consider the lead time bias, which can
be avoided by studying survival not from the start of dialysis but
from the time of randomization to early versus late start. This takes
into account mortality risk while being treated without dialysis for
those randomized to a later start. As with stage 4, various causes of
CKD have different rates of loss of kidney function, which needs
to be considered in such studies, for example, by stratified ran-
domization. The contributors to the recent NKF Kidney Disease
Outcomes Quality Initiative (K/DOQI) guidelines reviewed the
available evidence on optimal RRT start time in great detail [7].
These guidelines do not offer a specific level of GFR to indicate
the need for starting dialysis but suggest that impairment of nutri-
tional status is one of several key indications for the initiation of

dialysis therapy. The evidence regarding when to initiate dialysis
therapy and what dialysis modality results in the best outcomes is
reviewed in detail in chapters 7 and 8 of this textbook.

There is a wealth of epidemiologic information available about
the later stage 5D of CKD (i.e. for patients who have started RRT,
usually with dialysis). Numerous national and regional registries
have relatively complete information on patients undergoing RRT.
Patients initiating dialysis should be viewed as survivors of stage
4 CKD and the earlier phase of stage 5 CKD. This applies to nu-
merous retrospective studies on patient management during the
months prior to the start of dialysis.

The Dialysis Outcomes and Practice Patterns Study (DOPPS)
inquired from patients how long they had seen a nephrologist prior
to starting dialysis and found (among those surviving to dialysis)
that, for each of the 12 DOPPS countries, about 66.8–82% had
seen a nephrologist for more than 4 months and 8.4–20.6% had
seen one for less than 1 month prior to starting dialysis. Patients
who received longer pre-ESRD nephrology care were sixfold more
likely to have a permanent vascular access rather than a catheter
in use, and they were more likely to have an arteriovenous fistula
rather than a graft [74].

Incidence
The number of patients starting RRT per year has been increasing
steadily since maintenance dialysis became available in 1960, with
roughly a doubling in the annual number of new patients during
each decade in the 1970s, 1980s, and 1990s [75]. Thus, the inci-
dence has been growing at an exponential rate. Each registry has
shown clearly that this rate of growth has been substantially lower
for younger patients and highest for the oldest age group. This
epidemic of dialysis-requiring CKD may have several causes, al-
though it may be difficult to quantify the role of each contributor.
Causes may be categorized into three major groups: 1) patient se-
lection, 2) competing risk, and 3) increased incidence of advanced
CKD.

Selection of patients to RRT
The steep increase in incidence for older age groups suggests that
very elderly patients and those with particularly severe comor-
bid conditions were likely not offered dialysis therapy in earlier
years and have been increasingly offered RRT in each subsequent
decade. In fact, in the early 1970s, a common exclusion for dialysis
was age over 60 or 65 years and presence of any systemic disease,
such as diabetes or lupus erythematosus. Such patients did have
stage 5 CKD but were not counted in registries because registries
dealt only with patients who actually received dialysis therapy. The
“epidemic” of ESRD was defined only by its treatment.

Competing risks
There is clearly a high mortality risk among patients with earlier
stages of CKD, and most individuals with stage 3 and 4 CKD die
before starting RRT [18,19]. In fact, impaired kidney function is
now recognized as one of the most important risk factors for coro-
nary artery disease, and these risks persist into stage 5 CKD [20].
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Substantial improvements in the treatment of heart disease and
in survival have occurred in recent decades, which may have al-
lowed such patients to survive to advanced stages of CKD and to
the need for dialysis, whereas in earlier eras, these same patients
would have died from heart disease during an earlier stage of CKD.
A recent analysis by Muntner et al. investigated the possibility that
the increase in ESRD between 1978 and 1991 could be attributed
to increased survival among individuals with diabetes, myocar-
dial infarction, and stroke [76]. They estimated that changes in
the numbers of persons in the US population with these condi-
tions could account for slightly over 40% of the increased ESRD
incidence (diabetes, 27.6%; myocardial infarction, 4.8%; stroke,
7.9%). These results suggest that some, but not all, of the increase
in ESRD in the USA is due to improved care and survival among
high-risk groups.

True increase in incidence of CKD
It is also possible that the increased incidence of ESRD reflects in-
creases in the underlying prevalence of CKD. There are potential
reasons for more CKD to occur, but these are somewhat specula-
tive. The incidence of type 2 diabetes mellitus has doubled from
the 1970s to the 1990s, according to the Framingham study [77].
The availability of nonsteroidal anti-inflammatory drugs with-
out prescription has likely increased their widespread use and the
potential for nephrotoxic injury. Greater intensity of medical care
may have led to greater exposure to potentially nephrotoxic agents,
such as antibiotics and chemotherapeutic agents. Specifically, the
growth in nonrenal organ transplantation has been associated with
a substantial incidence of CKD and ESRD [78].

Influence of race on incidence of ESRD
Incidence rates for newly treated ESRD differ markedly by race and
ethnic group. Incidence is highest among African Americans
and among indigenous populations of North America, Australia,
and New Zealand [7,78]. Diabetes as the cause of ESRD is also
particularly high in these populations. Low incidence rates are
recorded in developing countries, but this may reflect more lim-
ited availability of dialysis therapy, rather than less CKD. Japan and
the USA have relatively high overall incidence rates. The USA also
has a particularly high fraction of incident patients with diabetes
as the cause of their kidney failure. It is surprising that incidence
rates of RRT and of the fraction with diabetes are substantially
lower among Europeans than among white Americans, since the
latter are mostly of European descent [7,79]. As ESRD incidence
rates continue to rise everywhere, European rates have been similar
to those observed in the USA nearly a decade earlier. As the rates
of increase gradually level off in the USA, one may speculate that
rates in Europe and the USA will eventually become more similar.

Trends in incidence
The first indication of a significant slowing of the rate of rise in
the incidence of stage 5D CKD was noted by Wolfe and Port
for nondiabetic patients, according to USRDS data for the year
1997 [80]. More recent USRDS data confirm the earlier change in
trend for nondiabetic patients and show that, for patients with dia-
betic ESRD, the annual rise in incidence rates has also significantly
slowed in more recent years. This is shown in Figure 1.3 by the evi-
dence that, since 2001, annual incidence rates for diabetic patients
have been below the projected 95% CI of prior years. USRDS data
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Figure 1.3 USRDS data showing trends for non-diabetic and diabetic patients.
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Table 1.4 Comorbid conditions for representative samples of prevalent and incident hemodialysis patients by geographic region in 2002–2003 based on DOPPS-II

Comorbid condition Prevalent cross-section (%) Incident prevalent cross-section (%)a

Europe Japan US Europe Japan US
(n = 3938) (n = 1805) (n = 2260) (n = 230) (n = 75) (n = 162)

CAD 44.3 25.2 61.1 40.8 14.9 60.7
Cancer 12.9 6.0 11.9 18.9 10.4 15.8
Cardiac (other than CAD or CHF) 40.1 31.7 31.1 31.1 17.5 29.7
Cerebrovascular 16.5 14.6 19.1 13.8 14.3 15.4
CHF 24.5 16.4 40.1 24.7 25.6 44.0
Diabetes 25.6 26.8 51.4 34.8 33.8 52.5
GI bleed 5.6 4.1 6.5 8.6 0.8 3.7
HIV/AIDS 0.5 0.1 1.0 1.5 0.0 0.6
HTN 74.2 63.9 87.8 75.6 67.5 87.0
Lung disease 11.3 2.2 12.9 15.4 0.0 15.3
Neurological 11.7 6.8 14.2 11.3 9.5 13.2
Psychiatric 20.2 3.4 25.5 15.4 1.9 33.0
PVD 28.5 11.7 29.3 26.7 10.7 26.9
Recurrent cellulitis, gangrene 7.2 3.1 10.2 5.0 4.3 9.5

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure
a Defined as entering the DOPPS study within 90 days of their first-ever hemodialysis treatment.
Note: Analyses are weighted for dialysis facility size.

also show that the age group of patients that shows essentially no
increase in incidence now extends beyond childhood and adoles-
cence to also include young adults [80]. Despite these encouraging
trends, it is important to note that there continues to be an increase
in the incidence rate overall, even in the USA. The epidemic may
have slowed in the USA, but it continues to be a major concern.
Recent reports from non-US ESRD registries indicate that similar
trends may be emerging throughout the world [81].

Prevalence
Data on the true prevalence of stage 5 CKD are lacking, except for
the detailed registry data on those treated with dialysis or trans-
plant. The number of patients undergoing RRT at the end of a
year (point prevalence) and the number at any time during a year
(period prevalence) are much higher than the number starting
RRT during the year (incidence). Prevalence rates have been ris-
ing steeply over time. Prevalence of a disease increases if patient
survival increases at a constant incidence rate or if the incidence
rises at a constant survival rate. Thus, the prevalence rate corre-
sponds to the product of the incidence and survival rates. For RRT,
both a rise in the incidence (Figure 1.1) and an improvement in
survival have been well-documented in the USA [82]. The issues
described above related to incidence also apply to prevalence of
treated ESRD, except where modified by differences in survival for
certain groups. Because of the lower survival rates for the oldest
age groups, their relative rate of rise in prevalence is not as steep
as that observed for incidence. Worldwide, more than a million
patients were undergoing ESRD therapy at the beginning of the
millennium, and this number continues to grow.

Comorbidity in stage 5D CKD patients
Patients starting RRT usually have numerous comorbid condi-
tions. International data from the DOPPS indicate that, at the
initiation of hemodialysis, the vast majority of patients carry a
diagnosis of hypertension. Heart disease, particularly coronary
artery disease and congestive heart failure, lead the list of seri-
ous conditions. Other major factors are noted in Table 1.4 both
for incident and for a cross-section of prevalent hemodialysis pa-
tients. With diabetes as a leading cause of ESRD, it is noteworthy
that the prevalence of comorbidities is even higher in diabetic pa-
tients than in nondiabetic patients. Compared with patients on
dialysis for over 1 year, incident hemodialysis patients (<30 days)
are more markedly anemic [82], and almost half of them have
phosphorous levels above the guideline level of <5.5 mg/dL
(DOPPS unpublished information). Patients starting ESRD with
peritoneal dialysis may have a positive selection because greater
independence and ability to learn self-care may select healthier
patients. On the other hand, difficulties with vascular access or
lack of prior nephrologic care may select higher-risk patients to
peritoneal dialysis [84]. Transplant recipients have substantially
less comorbidity, largely due to patient selection. This has been
documented by the finding that the mortality risk for wait-listed
transplant candidates on dialysis is substantially lower than for all
dialysis patients who are not (yet) wait-listed [85].

Comparisons of treatment modalities for ESRD and for patient
groups need to consider differences in case mix (i.e. comorbidities
and demographics). This can be accomplished in part through sta-
tistical adjustment for those factors that are recorded. The DOPPS
and other studies showed that a long list of factors needs to be
considered to allow meaningful comparisons between treatments,
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patient groups, regions, or centers. Some factors, such as age, can-
cer, and diabetes, may be considered as givens, whereas others,
such as control of anemia, phosphorus, and malnutrition, may be
modifiable. Studies of the latter factors, while adjusting for the
former, have the potential to identify ways to improve patient care
and longevity. This has been the focus of observational studies,
such as the DOPPS, and of panels that review evidence to develop
practice guidelines, such as the K/DOQI.

Survival after initiation of RRT

Morbidity and mortality are high in late stages of CKD and remain
high among those who survive to the start of dialysis therapy. After
initiation of dialysis, mortality depends largely on patient charac-
teristics and comorbid conditions, particularly age and diabetes.
Comparative studies of treatment modalities have clearly identi-
fied that kidney transplantation provides superior outcomes [85],
and even more so when from a living donor [86]. Studies of the
mortality risk for peritoneal dialysis versus hemodialysis have been
somewhat inconclusive, as no large randomized studies of these
dialytic treatment options have been performed and patient se-
lection may influence the outcomes. Age may serve as an exam-
ple for important differences in patient selection; compared with
patients treated with hemodialysis, those treated with peritoneal
dialysis are on average younger in the USA and older in Italy [87].
Thus, selection practice may explain some of the conflicting com-
parative survival results of peritoneal dialysis versus hemodialysis
from different countries. In the USA, peritoneal dialysis appears
to be associated with lower mortality risk in the first 1 or 2 years of
dialysis, followed by a higher mortality risk. This early benefit of
peritoneal dialysis, particularly among nondiabetic patients, may
be related to greater preservation of residual kidney function with
peritoneal dialysis [88]. These issues are reviewed in detail in the
chapters in part 6 (hemodialysis) and in part 7 (peritoneal dialysis)
of this textbook.

Differences in ESRD patient survival for Europe, Japan, and the
USA have been found to be based largely on registry data, after ad-
justing for age and diabetes [89]. Subsequent study of hemodial-
ysis patients, based on the DOPPS, confirmed these significant
differences, albeit of a lesser magnitude, when allowing for greater
adjustments for case mix and achieving better death ascertainment
[90]. A more recent analysis of the DOPPS II data indicated that the
mortality difference between the USA and Europe was confirmed
but suggested that it could be largely explained by differences in
vascular access [91].

Further studies of hemodialysis patients have indicated that
several treatment factors are associated with mortality risk. The
DOPPS pointed to a large number of factors that may be modifi-
able. Specifically, significantly lower mortality risk was associated
with less catheter use and greater arteriovenous fistula use [92] as
well as greater compliance with guidelines for Kt/V, hemoglobin,
albumin, phosphorus, and calcium and avoiding large interdialytic
fluid weight gains [93]. Additionally, the DOPPS analyses suggest

that better quality of life indicators [94], less depression [95], and
better nutrition [96] are strongly associated with longer survival.

The mortality risk has been shown to be relatively high in the
early phase after initiation of dialysis. According to the DOPPS,
this risk is elevated for the first 4 months and then appears to
level off [97]. Among survivors to subsequent years, the mortality
risk appears to show a gradual increasing trend by the fifth year
compared with the second year [98].

Among causes of death, those related to atherosclerotic heart
disease and congestive heart failure are dominant. Infection deaths
are strongly associated with catheter use for vascular access. With-
drawal from dialysis precedes death in about 20% of deaths in the
USA, about half of them due to failure to thrive and half following
acute complications [99]. Withdrawal from dialysis is practiced
differently in different countries; for example, much lower rates
have been reported in Japan and Italy and much higher rates have
been reported in the USA [100].

Hospitalization may serve as a proxy for morbidity. On average,
dialysis patients are hospitalized nearly twice yearly [7]. Modi-
fiable factors associated with higher case mix-adjusted hospital
admissions include more severe anemia and hyperphosphatemia
[83,101]. Cardiac problems account for most admissions, and
these same laboratory abnormalities are associated more promi-
nently with cardiac admissions. Catheter use for vascular access is
strongly associated with greater risks of hospitalization for infec-
tions [102].

Dialysis therapy is successful overall in prolonging life. How-
ever, survival of patients on dialysis is similar to survival of pa-
tients with serious malignancies, such as colon or prostate can-
cer [103]. A greater focus on modifiable practices may influence
better outcomes. A recent study strongly suggested a causal rela-
tionship between practice and outcomes by showing that dialysis
facilities that improved their compliance with guidelines for dial-
ysis dose and anemia control had improvements in their patients’
survival during the same time period compared with those with
little change in treatment, where outcomes did not improve [82].
Transplantation clearly provides a better quality of life [104] and
longer survival than dialysis in virtually all patient groups [85].
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Definition of surveillance

The US Centers for Disease Control and Prevention (CDC) de-
fines surveillance as “the ongoing, systematic collection, analy-
sis, interpretation, and dissemination of data regarding a health-
related event for use in public health action to reduce morbidity
and mortality and to improve health” [1]. Data obtained through
surveillance may be used for public health action, program plan-
ning and evaluation, measuring the burden of disease in specified
populations, monitoring the quality of care patients receive, and
evaluating trends in outcomes of care [1–4].

Chronic kidney disease (CKD) patients have a unique set of
medical comorbidities that can affect morbidity and mortality
rates, including anemia, renal osteodystrophy, and blood pres-
sure. In addition, several process measures, such as dose of dial-
ysis, type of vascular access, and markers of nutritional status,
are associated with morbidity and mortality. Data from a number
of surveillance systems have demonstrated that there is marked
variation in the care of patients with CKD. This variation in
care offers opportunities for the improvement in the care of pa-
tients, and surveillance systems provide an excellent mechanism
to identify these variations in care [5–7]. In this chapter, we de-
scribe several sentinel surveillance systems in place for these med-
ically complex patients, including governmental systems, such
as the US Renal Data System (USRDS) and the End-Stage Re-
nal Disease Clinical Performance Measures (ESRD-CPM) Project
Database in the USA, and private systems, such as the Dialysis
Outcomes and Practice Patterns Study (DOPPS) and the National
Kidney Foundation (NKF) Kidney Early Evaluation Program
(KEEP).

US ESRD surveillance systems

There are two national surveillance systems in the USA for patients
with ESRD. These are the USRDS and the ESRD-CPM Project
Database.

USRDS
The USRDS, a national registry of ESRD patients in the USA, was
created in 1988 with funding from the National Institute of Di-
abetes and Digestive and Kidney Diseases. Patient-level data are
supplied by the Centers for Medicare & Medicaid Services (CMS),
the Organ Procurement and Transplant Network (OPTN), and
proprietary databases. Until 2002, when their program was termi-
nated, the CDC also provided the USRDS with facility-level data
on reuse practices, water treatment, antibiotic use, hepatitis levels,
and rates of human immunodeficiency virus infection and AIDS.
Data from these sources have been integrated and compiled in a
format suitable for biomedical and economic research analyses.

From the USRDS, an Annual Data Report is produced each
year that provides information on the characterization of the total
kidney disease patient population and the distribution of patients
by sociodemographic characteristics across treatment modalities,
the incidence and prevalence of ESRD, hospitalization, transplan-
tation, and mortality rates, and economic analyses.

The USRDS database (more information may be obtained at
http://www.usrds.org) contains the following information:� Demographic, diagnosis, and treatment history for all Medicare
beneficiaries with ESRD� Medicare enrollment and entitlement data, including historical
information on Medicare secondary payor status and employee
group health plan status
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� CMS paid claims records� CMS Standard Information Management System data main-
tained by the ESRD Networks and used for patient tracking� CMS ESRD Annual Facility Survey data� Dialysis facility ownership status� CMS ESRD CPM data� CMS minimum data set to determine which ESRD beneficiaries
are nursing home residents� Medicare 5% enrollment and utilization data, used to estimate
numbers of persons with CKD, diabetes, and/or heart disease in
the general Medicare population� OPTN wait list information, transplant events, and posttrans-
plant follow-up� MEDSTAT Marketscan databases� CDC surveillance data (historical; data collection was termi-
nated in 2002).

Researchers interested in obtaining data from the USRDS may
complete a study request form online, following the processes out-
lined on the USRDS website (http://www.usrds.org/request.asp).

The ESRD-CPM Project Database
CMS’s Health Care Quality Improvement Program is a national
surveillance system designed to monitor the quality of care pro-
vided to beneficiaries. Since 1994, CMS, in collaboration with the
18 ESRD Networks (regional organizations contracted by CMS to
perform quality oversight activities to ensure the appropriateness
of services and protection for dialysis patients), has conducted an
annual data collection to assess the quality of care of US dialysis
patients. The data collection effort was known as the ESRD Core
Indicators Project from 1994 to 1999. In response to the Balanced
Budget Act of 1997, CMS sought the broad participation of the
nephrology community in the development of CPMs based on
NKF’s Dialysis Outcome Quality Initiative (DOQI) clinical prac-
tice guidelines [8–11]. In 1999, the ESRD Core Indicators Project
was merged with the ESRD-CPM development effort. Since 1999,
the ESRD-CPM Project has collected quality-of-care information
in the areas of anemia management, hemodialysis adequacy, peri-
toneal dialysis adequacy, and vascular access for hemodialysis pa-
tients. Although not an official CPM, information is also collected
on serum albumin. (Reports and data collection forms may be
found at http://www.cms.hhs.gov/CPMProject.)

Annually, each ESRD Network validates the census of ESRD
patients within their geographic region. The following groups of
patients have been included in the project:� A nationally representative 5% sample of adult (≥ or 18 years or
older) in-center hemodialysis patients, stratified by the 18 ESRD
Networks (1994 to present)� A nationally representative 5% sample of adult peritoneal dial-
ysis patients (1995 to present)� The identified universe of pediatric in-center hemodialysis pa-
tients, ages 12 to under 18 years (2000–2001)� The identified universe of pediatric in-center hemodialysis pa-
tients, ages 0 to under 18 years (2002 to present)

� The identified universe of pediatric peritoneal dialysis patients,
ages 0 to under 18 years (2005 to present).

Data are collected on in-center hemodialysis patients from Oc-
tober to December of the year prior to the study year (i.e. October–
December 2004 for the 2005 study year) and for the peritoneal
dialysis patients from October of the year prior to the study year
to March of the study year (i.e. October 2004–March 2005 for
the 2005 study year). The data are aggregated, analyzed, and re-
ported annually in the ESRD-CPM Annual Report. Every facility
in the country receives the Annual Report and is able to compare
their performance against regional and national findings for their
adult hemodialysis patients. For adult peritoneal dialysis patients
and for all pediatric patients (hemodialysis and peritoneal dialysis
patients), national comparison findings are provided.

ESRD Network and treatment center quality
improvement activities

A primary function of the ESRD surveillance system is to pro-
mote practice-based quality improvement activities designed to
remedy less-than-adequate care [5]. These activities facilitate the
translation of information about facility-specific, guideline-based
performance measures into activities to improve care. Although
each Network designs its own intervention activities, these in-
terventions are typically directed at treatment centers needing
improvement, rather than the system of treatment centers, and
include dissemination of relevant guidelines (national, Network,
and facility feedback reports on quality of care; distribution of
management algorithms; workshops on methods to improve the
quality of care in the treatment center) and continued supervi-
sion of poorly performing treatment centers [6]. Network-specific
interventions that were subsequently found to be independently
associated with an increased rate of improvement in care included
workshop participation and continuing Network supervision of
facilities selected for intervention [12]. Additional data suggest
that changes in care documented by this surveillance system were
associated with improved survival among ESRD patients [13].

Improvement has been noted in the areas of hemodialysis ad-
equacy and in anemia management for adult hemodialysis and
peritoneal dialysis patients. The percentage of in-center hemodial-
ysis patients with a mean single-pool Kt/V of 1.2 increased from
74% in late 1996 to 91% in late 2004 (Figure 2.1). From 1997 to
2004, the percentage of adult in-center hemodialysis patients with
a mean hemoglobin of 11 g/dL increased from 43% to 83%; for
adult peritoneal dialysis patients, the increase was from 55% to
82% (Figure 2.2). Similar improvement has been noted for pedi-
atric in-center hemodialysis patients. The percentage of pediatric
patients with a mean single-pool Kt/V of 1.2 increased from 87%
in late 2001 to 89% in late 2004. Sixty-two percent of pediatric
patients had a mean hemoglobin of 11 g/dL in late 2001 compared
with 67% in late 2004.

The NKF’s Kidney Disease Outcomes Quality Initiative
(K/DOQI) clinical practice guidelines for vascular access in 2001
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Figure 2.1 Percentage of adult hemodialysis patients in the USA with mean single-pool Kt/V of ≥1.2, 1996–2004. Data are from the ESRD-CPM Project.

recommended that primary arteriovenous (AV) fistulae be con-
structed in at least 50% of all new kidney failure patients and that
40% of prevalent patients have a native AV fistula [14]. Trend data
from the ESRD-CPM Project indicate only modest improvement
toward attaining these goals. For the last quarter of 2004, 37% of
incident and 39% of prevalent adult in-center hemodialysis pa-
tients were dialyzed with an AV fistula as their access (Figure 2.3).

Thus far, there have been 52 publications and 123 abstracts de-
scribing findings from the ESRD-CPM Project data. One of the

goals of Healthy People 2010 [15] is to eliminate disparity for all
groups. Data from the ESRD-CPM Project have been examined
to determine whether disparity exists for groups of ESRD patients
in regard to both processes of care and outcomes, such as sub-
sequent hospitalization, transplantation, and mortality [16–20].
Other analyses linking the ESRD-CPM Project data with CMS
administrative and claims data have examined the association of
intermediate outcomes with hospitalization and mortality [7,21–
24].
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Figure 2.2 Percentage of adult ESRD patients in the USA with mean hemoglobin of ≥11 g/dL by modality, 1997–2004. Data are from the ESRD-CPM Project.
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Figure 2.3 Percentage of adult hemodialysis
patients in the USA with an AV fistula as their access,
1998–2004. Data are from the ESRD-CPM Project.

Other national ESRD surveillance systems

A number of other national or international registries for ESRD
patients have been developed by either governmental or private
agencies. The defining characteristic of these registries is that they
have been voluntary and capture a variable fraction of the ESRD
population. Some of the larger registries are presented below. The
reader is referred to the websites of these organizations for addi-
tional information.

European Renal Association–European Dialysis and
Transplant Association Registry
The European Renal Association–European Dialysis and Trans-
plant Association (ERA-EDTA) Registry collects data on renal re-
placement therapy (RRT) via the national and regional renal reg-
istries in Europe. The 2003 annual report included information
based on 55 registries from 27 countries. Section A of this report
contains data on incidence and prevalence from 32 national and
regional registries from 12 countries whose individual patient data
are included in the ERA-EDTA Registry database (shown in dark
gray in Figure 2.4) as well as data on patient survival, graft sur-
vival, and expected remaining lifetimes. Section B of the report
provides aggregated data from 24 national and regional registries
from 17 countries that were obtained via individual patient data,
center questionnaire data, or information from health authori-
ties (shown in light gray in Figure 2.4). Data in Section B are
not included in the ERA-EDTA Registry database. These registries
complete the tables themselves and return them to the ERA-EDTA
Registry office for inclusion in the annual report(http://www.era-
edta-reg.org/index.jsp) [25].

Canadian Organ Replacement Register
The Canadian Organ Replacement Register (CORR) is the na-
tional information system on renal and extrarenal organ failure

and transplantation in Canada. The first Renal Failure Register
was started in 1972. CORR collects data from hospital dialysis pro-
grams, regional transplant programs, organ procurement organi-
zations, and kidney dialysis services offered at independent health
facilities. The registry includes information on both renal and ex-
trarenal transplantation. The most recent annual report provides
data for a 10-year period (http://secure.cihi.ca/cihiweb/dispPage.
jsp?cw page=AR 5 E) [26].

Australia and New Zealand Dialysis and
Transplant Registry
The Australia and New Zealand Dialysis and Transplant Registry
(ANZDATA) is an organization set up by Kidney Health Australia
and the Australia and New Zealand Society of Nephrology to mon-
itor dialysis and transplant treatments. ANZDATA is funded by the
Australian and New Zealand governments and Kidney Health Aus-
tralia. All kidney specialists throughout Australia and New Zealand
report patient information every 12 months to ANZDATA. The
most recent annual report includes data from the calendar year
2004 (http://www.anzdata.org.au/) [27].

Other ESRD surveillance systems

DOPPS
DOPPS is a prospective, observational study that was initiated in
1996 (DOPPS I) with data from 308 hemodialysis units in seven
countries (17,000 patients), including 145 facilities from the USA,
followed by additional data from 62 facilities from Japan and 101
facilities from five European countries (France, Germany, Italy,
Spain, and the UK). More than 12,800 patients were added in
DOPPS II from 322 hemodialysis units from the seven DOPPS
I countries as well as Australia, Belgium, Canada, New Zealand,
and Sweden (Figure 2.5). DOPPS III was initiated in 2005, and the
data collection effort includes parameters that allow for a better
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Figure 2.4 Countries participating in the ERA-EDTA Registry. The 12 countries in dark grey provide individual patient data. The 17 countries in medium grey provide
aggregated patient data from 24 national and regional registries [25].

understanding on how some dialysis facilities accomplish better
adherence and achievement of K/DOQI targets than others.

For DOPPS I and II, the study design focused on five key ele-
ments: 1) within each country, random selection of dialysis units
stratified by type of facility and geographic region, with facility
sampling proportional to size within each stratum; 2) collection
of demographic data, diabetes as the cause of ESRD, and mortal-
ity data for all chronic maintenance hemodialysis patients in each
study dialysis unit (cumulative hemodialysis census); 3) collec-
tion of additional detailed patient data from a random selection
of 20–40 patients within each dialysis unit at study entry (medi-
cal questionnaire) and at 4-month intervals throughout the study
(interval summary); 4) collection of kidney disease quality-of-life
information from this random sample as well as other data regard-
ing a patient’s medical care as indicated in a questionnaire com-
pleted by the patient at study entry and annually thereafter (pa-
tient questionnaire); and 5) collection of detailed facility practice
information, assessed from patient data and from questionnaires
completed annually by the dialysis unit’s medical director (medi-
cal directors survey) and by the unit’s nurse manager or designee

(unit practices survey) [28]. In DOPPS II, data were collected for
both a cross-section of chronic hemodialysis patients and sequen-
tially on 5354 new patients within 30 days of initiating dialysis.
The latter cohort allowed for the determination of the practices,
characteristics, and outcomes of patients since the initiation of
chronic hemodialysis therapy.

Facilities chosen for participation in DOPPS were required to
treat more than 25 hemodialysis patients to ensure that the facility
was of sufficient size to obtain accurate estimates of facility prac-
tices and outcomes. Patients from each dialysis unit were chosen
randomly. In addition, facilities were chosen so that there was a
representative sample of dialysis units in each country. The im-
plementation of these criteria allowed for the investigators to pro-
vide nationally representative results for in-center hemodialysis
therapy.

The data collected in DOPPS II provide detailed information
on sampled patients, including patient demographics and more
than 70 other variables, including medical comorbidity, socioeco-
nomic status, insurance coverage, laboratory values, medication
use, hospitalization and outpatient events, vascular access use and
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(randomly selected sites stratified by unit type and region)
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(60 facilities)

Europe
(140 facilities)
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Figure 2.5 Countries participating in the DOPPS [28].

vascular access procedures, dialysis prescription, delivered dialysis
dose, residual kidney function, nutritional measures, aspects of
medical care before ESRD, kidney transplant wait-listing, patient
quality of life, physician-diagnosed and patient-reported measures
of depression, date and cause(s) of death for patients who died dur-
ing the study, and transfer to or from peritoneal dialysis or kidney
transplantation.

This extensive database allows DOPPS investigators to analyze
information on patient demographics, comorbidities, laboratory
measures, and practice patterns for characterization of these data
elements, as well as to determine cross-sectional associations and
prospective associations with outcomes of interest. The database
includes mortality data for more than 100,000 patients and detailed
longitudinal data from almost 30,000 hemodialysis patients. This
large database also allows for analyses of practice pattern variations
in hemodialysis patients. Thus far, more than 70 publications have
described findings from the DOPPS data [29].

Surveillance systems for CKD stages 1–4
There are few surveillance systems for stage 1–4 CKD that are avail-
able in the public domain. Difficulties with identifying patients
with CKD have hampered efforts to develop surveillance systems.
The October 2005 ninth revision of the International Classification
of Disease (ICD-9) coding now includes specific codes for each of
the five stages of CKD (ICD-9 codes 585.1–585.5). In addition, leg-
islation in both British Columbia (Canada) and New Jersey (USA)
now mandate that laboratories provide an estimate of glomeru-

lar filtration rate (GFR) based on serum creatinine levels. More
widespread use of these specific CKD codes, in conjunction with
more widespread use of automated estimates of GFR based on
serum creatinine levels, will facilitate the development of addi-
tional surveillance systems. In the absence of these systems, mass
screenings have substituted for surveillance systems in identifying
patients with CKD.

KEEP
In the USA, the NKF developed the KEEP program to 1) evaluate
the feasibility of detecting large numbers of previously unidentified
persons with CKD or at high risk for CKD in communities with
at-risk populations, and 2) determine the prevalence of selected
risk factors and level of kidney function within that group.

The pilot study, KEEP 1, was conducted from 1997 to 1999 in 21
cities, and data from this study demonstrated that 71.4% of 889 in-
dividuals screened had at least one abnormal test value [30]. Since
then, KEEP screening programs conducted by NKF affiliates had
enrolled more than 37,000 individuals at the time of publication of
the 3rd Annual Data Report from KEEP in 2005 [31]. Screenings
are advertised through local media (radio and television stations
and newspapers), announcements by clergy from the pulpit, fly-
ers, posters, and information provided to dialysis patients, with an
emphasis on minority communities [32]. Screening sites include
churches, hospitals, health centers, schools, community centers,
and dialysis units.
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Consenting individuals completed a screening questionnaire, a
self-report instrument that collects information regarding socio-
demographic status (e.g. race and ethnicity, age, education),
personal and family health history, and life-style behavior (e.g.
smoking). Those persons with hypertension or diabetes or a first-
order relative with hypertension, diabetes, or kidney disease were
screened for kidney disease risk factors. Blood pressure, blood
glucose, serum creatinine, hemoglobin, microalbuminuria, hema-
turia, pyuria, body mass index, and estimated GFR (eGFR) were
obtained for these eligible persons. Those persons who did not
meet eligibility criteria were given educational material and en-
couraged to maintain a healthy life-style [30].

At the completion of data collection, participants were given
a copy of their test results that had been reviewed by a KEEP
physician, educational materials and, if needed, a list of health
care providers who could provide follow-up care. Approximately
2 months after the screening, participants who had been encour-
aged to see their physician were contacted to determine whether
follow-up had occurred and whether abnormal test results had
been corroborated.

Although less than 10% of KEEP participants reported that they
had kidney disease or kidney stones, more than 50% of partici-
pants had CKD as defined by NKF K/DOQI guidelines, compared
with 13% of National Health and Nutrition Survey (NHANES)
participants. CKD of stages 1, 2, and 3 was found in 16%, 22%,
and 15% of KEEP participants, respectively, compared with <5%
in each stage for NHANES participants (Figure 2.6). Among those
patients with CKD (Figure 2.7), stage 2 CKD was noted in 41%
of KEEP participants, with a range of 39–42% among different
race and ethnic groups. Stage 3 CKD was found in 42% of the
White population compared with 17–21% in other racial and
ethnic groups [31].
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Figure 2.6 CKD in KEEP and NHANES participants by CKD stage. CKD stages 1,
2, and 3 were found in 16%, 22%, and 15% of KEEP participants, respectively;
occurrence of each stage was 5% or less in the NHANES population. Adapted from
KEEP 2005 Annual Report, Figure 5.3.

Fifty-seven percent of KEEP participants returned the study
follow-up form. Of these 14,441 participants, a total of 8244 saw a
doctor, of which 51% were seen for hypertension and 48% for ab-
normal urine testing. A total of 3449 participants learned that they
had anemia, 1605 participants learned that they had hypertension,
and 741 participants learned that they had diabetes mellitus; all
were started on a medical intervention [31].

The KEEP study demonstrates the high yield of a high-risk
screening program in detecting previously unknown disease as
well as the benefit of a screening program in tracking individuals
with known clinical conditions to evaluate the control and progress
of management of hypertension and diabetes, conditions that are
well-recognized as risk factors for CKD.

Province of British Columbia
The British Columbia Renal Agency (BCPRA) and the British
Columbia Ministry of Health Services have jointly developed a pa-
tient register to help identify and track the quality of care and status
of patients at all stages of CKD, including at-risk populations. The
register is supported by existing Ministry administrative data and
the BCPRA’s Patient Registration and Outcome Management In-
formation System. This registry includes data from more than 30
nephrology (CKD and ESRD) units in British Columbia to pro-
vide information on individual patient management, nephrology
unit management, continuous quality improvement and research,
and outcomes-based planning.

As of October 2002, more than 2000 dialysis patients and 2600
CKD patients were registered in this database, which captures
data on all patients seen by nephrologists. Once registered, pa-
tients are tracked over their entire clinical course; thus complete
data, including medication lists, dialysis start dates, and death, are
accessible. Demographic variables such as age, gender, and diag-
nosis of kidney disease are entered into the database as part of
essential information. Diabetic status (either insulin-requiring or
non-insulin-requiring) is entered as a comorbid condition, and
the level of kidney function at the time of registration is also en-
tered. Laboratory values including hemoglobin, transferrin satu-
ration, and serum chemistries are all either manually entered or
automatically uploaded from laboratory systems in the province.
Changes in treatment status (from CKD to dialysis or transplant
or death) are captured within the database, as it forms the basis
of funding of kidney services. Any patient requiring erythropoi-
etin therapy must have hemoglobin and transferrin saturation
values entered into the database before the prescription for the
drug can be processed. Other prescribed medications are also en-
tered into the database [33]. Additional information about the
British Columbia Renal Agency may be found on their website
(http://www.bcrenalagency.ca/).

Okinawa (Japan) Screening Program
The Okinawa Screening program is a unique demonstration of a
longitudinal cohort study of a community-based screening pro-
gram that was first conducted in 1983. The study has provided
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Figure 2.7 CKD in KEEP and NHANES participants by CKD stage and race and ethnicity. The percentage of KEEP participants with stage 2 CKD was similar across race and
ethnicity groups, at 39–42%. Stage 3 CKD, however, was found in 42% of the white population but only 17–21% of other racial and ethnic groups. From KEEP 2005 Annual
Report, Figure 3.35.

insights on the natural history of risk factors and longitudinal
outcomes of the thousands of individuals who participated in the
screening program. Over 10% of the adult population in Okinawa
participated in the 1983 screening survey [34]. This program iden-
tified several key findings, including the following: 1) the strong
association between dipstick proteinuria at baseline and increased
risk of ESRD after 17 years of follow-up, even at levels of protein-
uria of 1+ (odds ratio of 1.93 for ESRD) [34]; 2) a continuous
increase in risk of ESRD with increasing body mass index, primar-

ily in men [35]; 3) uric acid as an independent risk factor for ESRD
[36] and other.

National Kidney Foundation of Singapore
Screening Program
Similarly, the National Kidney Foundation of Singapore Screening
Program is unique in its goal of developing a comprehensive mul-
tilevel strategy for the prevention of ESRD in the population. The
design of the Singapore model includes 1) screening populations
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at risk for CKD, 2) monitoring of standards of care for chronic
diseases associated with CKD, 3) institution of a disease man-
agement program to facilitate management of patients with dia-
betes and hypertension, which are among the leading causes of
ESRD in the country, and 4) longitudinal tracking of individuals
who participated in the screening program [37]. Given Singapore’s
multi-ethnic population and high burden of chronic diseases that
are associated with CKD, the Singapore program suggests that
differences in risk for kidney disease exist across racial and eth-
nic subgroups. In particular, the program demonstrates that 1)
the relationship between body mass index and proteinuria in this
multi-ethnic population is J-shaped, 2) the association between
blood pressure and proteinuria is continuous and begins to oc-
cur even at levels considered within the normal range for Western
populations, 3) a family history of kidney disease is a risk factor
for proteinuria, and 4) among its pediatric population, a low body
weight was found to be predictive of proteinuria [37,38].

Altogether, these population-based studies suggest the possible
use of a surveillance and screening program, not merely in identify-
ing persons at increased risk for CKD but also to determine unique
population-specific risk factors that may be modifiable. Longitu-
dinal analyses of these populations should be performed in order
to evaluate whether interventions aimed at these risk factors are
effective in reducing the burden of CKD in the population.

Practice-based screening and quality
management for CKD

Practice-based screening for CKD is a relatively undeveloped field.
This is due to the difficulties in identifying patients with CKD based
on ICD-9 codes (as discussed above) and the slow acceptance of
the provision of automated estimates of GFR by local and national
laboratories.

Quality management of both dialysis and nondialysis CKD pa-
tients has been facilitated by guideline development in key areas
of CKD. In 1995, the NKF launched the DOQI to develop clinical
practice guidelines for dialysis patients and health care providers.
The goal of this project was to improve the quality of care delivered
to all patients with kidney disease. The first set of guidelines for
dialysis patients, in the areas of hemodialysis, peritoneal dialysis,
anemia management, and vascular access, was published in 1997
[8–11]. These guidelines were updated in 2001 [14,39–41] and
again in 2006 [42–45].

In 1999, the NKF developed guidelines for CKD patients who
were not on dialysis. The rationale for this change was that early
intervention and appropriate measures can prevent the loss of kid-
ney function in some patients, slow the progression of the disease
in many other patients, and ameliorate organ dysfunction and
comorbid conditions in those patients who progress to kidney
failure and ESRD. To reflect these expanded goals, the reference to
“dialysis” in DOQI was changed to “disease,” and the new initia-
tive was termed the Kidney Disease Outcomes Quality Initiative
(K/DOQI). The first of these K/DOQI guidelines, on the evalua-

tion, classification, and stratification of CKD, was released in 2002
[46].

CKD is defined in five stages, based on the estimated level of
kidney function and the presence of other signs of kidney disease,
such as proteinuria, as detailed in chapter 1 of this text. The GFR is
estimated from equations using serum creatinine, patient demo-
graphics, and in some cases, other serum and laboratory data. This
classification of CKD provides a framework for additional guide-
lines in CKD, where evaluation and management are linked to the
level of kidney function. There are now K/DOQI guidelines for
anemia (in 2006 for dialysis and nondialysis patients) [42], nutri-
tion [47], hypertension [48], hyperlipidemia [49], bone and min-
eral metabolism [50], and cardiovascular disease [51]. Guidelines
for the care of the CKD patient with diabetes mellitus published
in 2007.

The process of guideline development follows several principles.
First, guideline development is scientifically rigorous and based on
a critical appraisal of the available evidence. This process is carried
out by both an evidence review team and the workgroup members.
Second, participants involved in developing the guidelines are from
multiple disciplines. These participants include not only nephrol-
ogists, but also other internists, surgeons, nurses, dietitians, social
workers, and other content experts as deemed appropriate by the
workgroup. Third, the workgroups charged with developing the
guidelines are the final authority on their content and evidence
rating.The guidelines are evidence based whenever possible, and
the rationale and evidentiary basis of each guideline are explicit.
Each of the draft guidelines undergoes a peer review process where
nephrologists and other content experts worldwide are asked to
provide comments that are reviewed by the workgroup. Modifi-
cations to the guidelines are made by the workgroup prior to the
publication of the guidelines.

These guidelines have been widely adopted. They were used
as a template for national clinical performance measures in the
USA that were developed and implemented by the Health Care
Financing Administration (now named the Centers for Medi-
care & Medicaid Services). They have been translated into more
than a dozen languages, and selected components of these guide-
lines have been adopted in various countries across the world.
The new classification of CKD into five stages has been widely
adopted in research and was adopted in a revision of the ICD-9
codes released in October 2005. Implementation tools for each
of the guidelines are available from Kidney Learning System
(http://www.kidney.org/professionals/KLS/). This NKF organiza-
tion develops implementation tools by using information provided
by workgroup members, other content experts, and Kidney Learn-
ing System staff.

Other guideline development organizations
A number of other national and international organizations have
developed guidelines, and many of these guidelines are summa-
rized at the website http://www.kdigo.org/welcome.htm. Although
in general these guideline statements are similar to those devel-
oped by K/DOQI, there are differences not only in the targets
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recommended for particular parameters but also in the evidence
review and evidence-grading processes. It thus became evident that
there would be benefits both in terms of a standard approach to
guideline development worldwide; also, the potential duplication
of effort among these many organizations led to the formation of
an international guideline development group called Kidney Dis-
ease Improving Global Outcomes, or KDIGO. The stated goal of
KDIGO, launched in 2003, is “to improve the care and outcomes
of kidney disease patients worldwide through promoting coordi-
nation, collaboration and integration of initiatives to develop and
implement clinical practice guidelines” [52]. The KDIGO website
has a list of guideline statements from a number of national and
international organizations that allows for the direct comparison
of recommended targets among different guidelines.

Summary

A number of surveillance systems have been developed for patients
with CKD. ESRD surveillance systems are well-established in many
countries, and documentation of improvement in intermediate
outcomes over time has been demonstrated. CKD surveillance
systems are of more recent origin and are not prevalent in most
developed countries. Additional efforts are needed to expand CKD
surveillance programs. The development of guidelines in a number
of areas of CKD should help to facilitate the choice of intermediate
outcomes for these surveillance systems.
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Evidence for progression of primary and
secondary chronic kidney diseases

Etiology as a determinant of progression
In experimental studies, progressive loss of kidney function is con-
sistently observed in many different animal models of chronic kid-
ney diseases (CKD) [1]. In contrast, observational clinical data and
available data from the recruitment phase prior to enrollment in
controlled prospective studies have revealed that a considerable
proportion of patients with CKD progress at a slow rate, and we
know from our clinical observations that a substantial proportion
of patients do not progress at all. One of the factors determining
the rate of progression (i.e. the natural course of CKD) is the un-
derlying renal disease. For example, progression is rather slow in
membranous glomerulonephritis (GN) and immunoglobulin A
(IgA) GN and more rapid in focal segmental glomerulosclerosis,
autosomal-dominant polycystic kidney disease (ADPKD), and di-
abetic nephropathy, whereas in malignant hypertension and scle-
roderma fulminant progression is usually observed in the short
term. Because controlled clinical trials with placebo treatment are
ethically no longer permissible in patients with progressive CKD,
historical data on spontaneous rates of progression are still of con-
siderable interest [2–10].

Risk factors of progression
It is clinically useful to distinguish between modifiable and non-
modifiable risk factors for progression of CKD (Table 3.1). Some
modifiable risk factors of progression can be eliminated simply by
avoidance, for example, smoking, nonsteroidal anti-inflammatory
drugs (NSAIDs), or herbal medicines, whereas elimination of oth-
ers, such as elevated blood pressure and proteinuria, necessitates
aggressive treatment and strict control. The list of modifiable risk
factors also includes recently discovered potential risk factors, such

as the endogenous nitric synthase inhibitor asymmetric dimethy-
larginine [11,12]. In diabetic patients glycemic control (as reflected
by the level of HbA1C) determines long-term cardiovascular (CV)
risk [13,14] and also renal risk, particularly in the first years of the
disease.

Although there is no controlled prospective evidence available
on this point, it is plausible to assume that the earlier interven-
tion starts, the greater the effect on retardation of progression. In
support of this view are the observations in several studies that
low baseline glomerular filtration rate (GFR) is a strong predic-
tor of progression and the comparison of outcomes for diabetic
nephropathy, hypertension, and renin–angiotensin–aldosterone
system (RAAS) blockade between studies with early [15] versus
late [16,17] interventions.

Confounding effect of cardiovascular prognosis
on progression
It is of note that even in early diabetic or nondiabetic renal disease,
the risk of death (mainly from cardiovascular causes) is greater
than the risk of progress to end-stage renal disease (ESRD) [18]
(Table 3.2), and results from several recent large clinical trials have
revealed that even incipient renal failure is an important indepen-
dent CV risk factor [19–28].

Assessment of CKD progression

Measurement of GFR
GFR can be assessed using different methods. The gold standard for
measurement of true GFR is still inulin clearance, but iohexol, Cr-
EDTA, or iothalamate clearances are valuable alternatives. These
clearance measurements are cumbersome, however, and too ex-
pensive for use in clinical routine or epidemiological studies. Thus,
estimates of GFR based on the measurement of serum creatinine
are widely accepted, for example, the MDRD or Cockroft-Gault
equation, but in the interpretation of literature one has to keep in
mind that these estimates of GFR are not very accurate, particu-
larly in the near-normal range [29,30]. Furthermore, the equations
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Table 3.1 Some modifiable and nonmodifiable risk factors for progression
of CKD.

Risk factor for CKD progression

Modifiable risk factors
Blood pressure
Albuminuria, proteinuria
Obesity, metabolic syndrome
Smoking
Glycemic control in diabetic patients
Use of NSAIDs
Herbal medicine (e.g. Chinese herbs)
Lead
Radiocontrast media
Some antibiotics and antiviral drugs (e.g. amino glycoside antibiotics)
Dyslipidemia?

Nonmodifiable risk factors
Age
Gender
Etiology of renal disease
Family history
Ethnicity

have not been validated for specific populations and ethnicities,
for example, the very old, patients with a renal allograft, or African
Americans or Asians. A major problem remains, because the re-
sults of the MDRD equation depend on the accuracy of serum
creatinine measurement, which can vary considerably between
laboratories, and this again has to be considered when evaluating
the literature. Alternative possibilities are new indicators of GFR,
such as serum cystatin C, that are not confounded by muscle mass
or tubular transport of creatinine, etc. [29,31].

Quantification of albuminuria and proteinuria
Albuminuria is usually categorized as micro- or macroalbumin-
uria, but several important questions concerning the measurement
of urinary albumin excretion rate have not been resolved: in which
sample should albumin be measured, that is, in spot urine (with or
without creatinine correction), morning urine, or 24-h urine, and
which method should be used for the measurement, that is, im-
mune detection or high-performance liquid chromatography [32].

Despite these unresolved methodological problems albuminuria,
as a continuous variable, is an impressively powerful predictor of
both renal and cardiovascular outcomes in nondiabetic [33] as
well as in diabetic [34] individuals (Table 3.3).

The urinary protein excretion is measured as total urinary pro-
tein (Biuret); the upper limit is 150 mg/24 h. Confounders of
proteinuria (and also of albuminuria) are physical exercise, fever,
and orthostasis (particularly in lordotic young individuals). In pa-
tients with CKD proteinuria is an independent treatment target, in
addition to blood pressure lowering, to prevent progression, and
reduction of proteinuria is predictive for lower rate of progression
and renal function (GFR) loss (see below).

Renal resistance index
Studies in kidney transplant recipients have indicated that an in-
creased renal segmental arterial resistance index (RI) measured
by Doppler ultrasound is associated with worse renal outcome
[35]. In patients with type 2 diabetes mellitus, an increased RI
is associated with the presence of established diabetic nephropa-
thy, that is, a higher-grade albumin excretion rate accompanied by
reduced creatinine clearance [36,37]. It has been speculated that
assessment of RI in patients with CKD is an easy-to-assess indi-
cator of progression [38]. Because biopsy studies are lacking, it
is not clear whether a high renal RI in diabetic patients is merely
the result of structural changes of renal vessels or changes of the
elastic properties of larger vessels (e.g. aortic stiffness) also modify
RI. As a result, studies using this index will not be considered in
the following discussion of the clinical measures of progression in
CKD.

Perspectives
The assessment of GFR is not an optimal index of renal function
loss, because the remaining glomeruli compensate by increasing
single-nephron GFR so that up to 40% of renal parenchyma may be
lost without a change in whole-kidney GFR (Table 3.4). This may
explain metabolic abnormalities in patients with primary renal dis-
ease compared to healthy controls despite normal or near-normal
whole-kidney GFR, for example, elevated asymmetric dimethy-
larginine levels [39], insulin resistance [40], or dyslipidemia [41].
Thus, there is a need for novel indicators of kidney function, per-
haps those assessing processes beyond perfusion and filtration.
Moreover, apart from assessing steady-state renal function, there is

Table 3.2 Estimated GFR reductions and relative risks of death and of progression to ESRD.a

Patient group GFR (mL/min/1.73 m2) and CKD stage No. of patients % on renal replacement therapy % Mortality

60–89 without proteinuria 14,202 0.07 14.9
60–89 with proteinuria, CKD stage 2 1741 1.1 19.5
30–59, CKD stage 3 11,278 1.3 24.3
15–29, CKD stage 4 777 19.9 45.7

a The risk of death was greater than risk of progression to ESRD during the 5-year observation period of 27,998 patients who had estimated GFRs of less than
90 mL/min/1.73 m2 (data are from reference 18). CKD stages 2, 3, and 4 are the stages of CKD according to the National Kidney Foundation K/DOQI) criteria.
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Table 3.3 Studies suggesting that albuminuria predicts CV events and diabetes.

Event that albuminuria predicts and study(s)

Cardiovascular death
Klausen et al. 2004
Hillege et al. 2002
Romundstad et al. 2003

Cardiovascular events
Gerstein et al. 2001
Wachtell et al. 2003

Cardiac ischemic events
Borch-Johsen et al. 1999

Coronary artery disease
Tuttle et al. 1999

Survival after myocardial infarction
Berton et al. 2004

Stroke
Yuyun et al. 2004

Onset of type 2 diabetes
Brantsma et al. 2005

also a need to monitor the activity of the kidney-specific processes
underlying renal damage. Promising approaches are the measure-
ment of podocyte excretion rates, urinary angiotensinogen excre-
tion, and proteomic analysis of the urine [42–44]. Some of the
more promising alternatives to GFR are listed in Table 3.4.

Prevention of progression of CKD

Prevention or delay of progression
Measures designed to reduce or prevent chronic kidney injury and
the risk factors known to mediate this injury have been shown to
reduce progression in controlled studies. However, to date, we do

Table 3.4 Limitations of GFR and potential alternative approaches to assess
renal dysfunction beyond GFR.

Limitation or alternative approach

Limitations of GFR� Whole-kidney GFR does not take into account partial compensation by single-
nephron hyperfiltration� GFR does not capture processes initiating and maintaining progressive loss of
renal function� GFR does not capture injury to tubular cells

Selected examples of parameters beyond GFR� Podocyte count in urine� Podocyte protein in urine� Exosomes in urine� Proteomic analysis of urine� Tubular marker proteins in urine

not know whether any of these measures will completely abrogate
the risk of progression to the hard end point of ESRD or merely
delay its onset, valuable though this might be. If the evolution
of the incidence of ESRD in type 1 and recently also type 2 dia-
betes is any indication, however, the observation of a progressive
reduction of the incidence of ESRD in type 1 diabetes and its sta-
bilization in type 2 diabetes is cause for cautious optimism. Recent
evidence emerging from experimental models of kidney damage
indicates that to a limited extent glomeruli with focal segmental
glomerulosclerosis are capable of undergoing self-repair with re-
versal of glomerulosclerosis, presumably as long as the number
of podocytes is not too seriously depleted [45,46]. Additionally,
progressive loss of renal function after an episode of acute renal
failure, particularly in the elderly, is now recognized as a potential
cause for CKD. Thus, optimal management to prevent acute renal
failure [47,48], including that from nephrotoxic injury, should re-
duce the burden of CKD [49]. These conditions and management
options are detailed in section 3 of this book. Evidence from ob-
servational studies and from controlled clinical trials supports the
efficacy of a number of therapeutic interventions that may ame-
liorate the development and progression of CKD. These measures
are summarized in Table 3.5. These are discussed in the context of
the CKD burden in populations and are detailed further in section
6 of this book.

Treatment strategies
Blood pressure lowering
In patients with CKD an important unresolved issue is which as-
pect of blood pressure should be targeted for control. Observa-
tional studies and post hoc analyses of intervention trials have
documented that systolic blood pressure is more predictive of re-
nal function loss than diastolic blood pressure or pulse pressure
(the latter of which is also highly predictive for cardiovascular
events) [50,51]. Currently poorly documented in kidney disease
patients are the relative roles of casual blood pressure, home blood
pressure, ambulatory 24-h blood pressure, night-time blood pres-
sure, or blood pressure variability as predictors of renal outcome.
Observational data indicate that, independent of time-averaged
24-h blood pressure, high nocturnal blood pressure is associated
with more rapid loss of renal function in nondiabetic [52] and
diabetic [53] patients.

Published guidelines propose a target blood pressure of below
130/80 mmHg for patients with CKD and diabetes [54–56]. The
prospective controlled evidence for this recommendation is prob-
lematic, however. In the Modification of Diet in Renal Disease
(MDRD) trial, which examined 840 patients with predominantly
nondiabetic kidney disease, a nonsignificant trend was observed
for the primary end point of less GFR loss during a mean ob-
servation period of 2.2 years in patients randomized to intensified
blood pressure control (i.e. a target mean arterial blood pressure of
92 mmHg) compared to those randomized to usual blood pressure
control (i.e. a target mean arterial blood pressure of 107 mmHg),
or −2.8 versus −3.9 ml/min/1.73 m2/year in patients with base-
line GFR between 25 and 55 mL [57]. Closer inspection of the
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Table 3.5 Interventions proposed to halt progression of CKD

Strength of Strength of
Intervention evidencea recommendationsb Reference(s)

Blood pressure lowering A Is recommended 57–59, 62, 63
Reduction of proteinuria A Is recommended 16, 17, 58, 73–76
Blockade of RAAS

With ACEi or ARB in conventional doses A Is recommended 15–17, 74, 88, 158, 159
Dose escalation and/or combination ACEI or ARBs
if response unsatisfactory

Indirect May be considered 91–93

Mineralocorticoid receptor blocker (spironolactone, eplerenone) Indirect May be consideredc 98
Renin inhibitors No evidence Cannot yet be recommended

Cessation of smoking B Is recommended 102, 104–107
Weight reduction in obese subjects Indirect Is recommendedd 113, 116–120
Avoidance of NSAIDs and other nephrotoxic drugs C Is recommended 160–164
Reduction of salt intake C Should be considered 135
Low-protein diet B May be consideredc 57, 141–157

Source: Based on ADA 2005 [158].
a Strength level A, randomized controlled clinical trials, may be assigned based on results of a single trial; level B, cohort and case–control studies, post hoc, subgroup analysis,
or meta-analysis, prospective observational studies and registries; level C, expert opinion, observational studies, epidemiological findings, safety reporting from large-scale use
in practice.
b “Is recommended,’’ part of routine care, exception to therapy should be minimized; “Should be considered,’’ majority of patients should receive the intervention; some
discretion in application to individual patients should be allowed; “May be considered,’’ individualization of therapy is indicated; “Is not recommended’’ (or cannot yet be
recommended), therapeutic intervention should not be used.
c Until safety data are available, considered only if estimated GFR is normal and no hyperkalemia is present.
d Note of caution: because of the risk of malnutrition and the potential adverse impact on later outcome of dialysis, this is no longer advisable in advanced kidney failure.
e Is recommended particularly if protein intake is very high, as assessed by urinary urea excretion.

data revealed, however, that initially GFR decreased more in the
group randomized to intensified blood pressure control (i.e. 3.4
ml/min/1.73 m2 vs. 1.9 mL/min/1.73 m2 for 4 months), an effect
that was thought to be hemodynamically mediated. The subse-
quent decline in GFR in the intensified blood pressure control
group, however, was less than in the control group. Further post
hoc analysis has indicated that the benefit of blood pressure lower-
ing was restricted mainly to patients with proteinuria of >1 g/24 h
[58]. Patients with proteinuria of <1 g/24 h were mostly patients
with ADPKD; it remains unclear whether they were less respon-
sive to the intervention because of their underlying renal disease
rather than because of the absence of significant proteinuria. The
evidence from the MDRD study has become more solid with the
results of a longer-term observation of these patients for a median
observation period of 5.9 years. A significant and persisting, but
not progressively widening, difference in the slowing of the decline
in GFR has been observed in patients randomized to intensified
blood pressure control versus usual care [59].

In contrast to the positive results from the MDRD long-term
follow-up study, two large prospective studies, the African Amer-
ican Study of Kidney Disease and Hypertension (AASK) and the
REIN 2 study [60,61], have found no significant difference overall
between patients randomized to ordinary and lower blood pres-
sure targets. It may not be appropriate, however, to consider all
patients with advanced CKD as one homogenous group. In the

AASK trial there was a tendency in patients with proteinuria above
300 mg/24 h to have a slower rate of loss of GFR at the lower blood
pressure target, and this was most evident in the few patients with
proteinuria above 1 g/24 h. This observation raises the issue as to
whether one identical blood pressure target is appropriate for all
patients with kidney disease irrespective of their rate of protein
excretion. Post hoc analyses of two recent major clinical trials in
patients with advanced diabetic nephropathy, the Irbesartan Dia-
betic Nephropathy Trial (IDNT) study [62] and the Reduction of
Endpoints in Non-Insulin-Dependent Diabetes Mellitus with the
Angiotensin II Antagonist Losartan (RENAAL) study [63], clearly
show that at any given level of systolic blood pressure, renal end
points, defined as a doubling of serum creatinine or ESRD, were
progressively lower with lower achieved seated systolic blood pres-
sure at 12 months (Figure 3.1) However, at systolic blood pressures
below 120 mmHg all-cause mortality was higher by a factor of 3.
It is unclear whether this higher observed mortality at the low-
est treated blood pressures was caused by preexisting cardiac or
other diseases or whether it was the result of too-aggressive an-
tihypertensive treatment. This observation is reminiscent of the
J-curve phenomenon, specifically, a paradoxical increase of mor-
tality with aggressive lowering of diastolic blood pressure in hyper-
tensive patients in general, presumably because of cardiac events.
This finding was recently reiterated in the International Verapamil-
Trandolapril Study (INVEST) in patients with known coronary
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−1.0Figure 3.1 Achieved systolic blood pressure and
progression of diabetic nephropathy (A) and all cause
mortality (B) in patients with type 2 diabetes. From
the IDNT study, post hoc analysis [63].

heart disease [64]. From these observations, it may be prudent
not to lower systolic blood pressure below 120 mmHg or diastolic
blood pressure below approximately 70 mmHg in kidney disease
patients with known coronary heart disease.

Reduction of proteinuria
It has been known for a long time that proteinuria is a predictor of
more rapid loss of renal function in patients with CKD [65]. Quite
unexpectedly it has also been shown that the change in proteinuria
during treatment is a powerful predictor of progression beyond
that predicted because of any concomitant change in blood pres-
sure [66,67]. This observation lends support to the hypothesis of

Remuzzi et al. [68] that proteinuria is a potent CKD progression
promoter. Furthermore, the change in proteinuria predicts not
only renal but also cardiovascular events, and this holds true both
for patients with frank proteinuria and also in patients with mi-
croalbuminuria [69,70]. The conclusion of Khosla and Bakris [71]
therefore seems justified, that proteinuria per se is an important
therapeutic target apart from and independent of blood pressure.
This recommendation has been integrated into the recent National
Kidney Foundation Kidney Disease Outcomes Quality Initiative
(K/DOQI) guidelines [56]. Specifically, the K/DOQI guidelines
recommend reduction of proteinuria to less than 1 g/24 h [56],
and some authors have even recommended 0.3 g/24 h [72].
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Figure 3.2 Progression: effects of current level of systolic blood pressure and
current urine protein excretion. From reference 73 with permission of the publisher.
Data show the relative risks for patients with a current urine protein excretion of
1.0 g/day or greater (223 events) and in patients with a current urine protein
excretion of less than 1.0 g/day (88 events). Patients with a systolic blood pressure
of 110–119 mmHg as the reference group. Single multivariable model including
two levels for urine protein excretion, six levels for systolic blood pressure, and the

interaction of current systolic blood pressure and current urine protein excretion.
Covariates include assignment to angiotensin-converting enzyme inhibitor versus
control group, sex, age, baseline systolic blood pressure, baseline diastolic blood
pressure, baseline urine protein excretion, baseline serum creatinine concentration
(<2.0 or 2.0 mg/dL [<177 or 177 μmol/L]), interaction of baseline serum
creatinine and baseline urine protein excretion, interaction of baseline serum
creatinine and current urine protein excretion, and study terms.

The evidence for this guideline recommendation in nondiabetic
patients comes from clinical trials summarized by Jafar et al. [73]
(Figure 3.2), including particularly the REIN [74,75] and AIPRI
[76] studies for angiotensin converting enzyme inhibitors (ACEi),
but also from the results of the RENAAL [16] and IDNT [17]
studies for angiotensin receptor blockers (ARBs). As with MDRD
trial, the attenuation of GFR loss in these trials was greater in CKD
patients with proteinuria of >1 g/day [58]. In the REIN study
mostly nondiabetic patients with advanced CKD were randomized
to treatment groups after stratification according to baseline pro-
teinuria (below 1 g/day, between 1 and 3 g/day, and above 3 g/day).
The rate of progression in placebo-treated patients was greatest in
patients with proteinuria above 3 g/day. They were also the ones
who benefited most from RAAS blockade with ramipril, with the
greatest attenuation of the rate of loss of GFR [74].

The validity of the assumption that, independent of blood pres-
sure control, the combination of ACEi and ARBs can reduce pro-
teinuria further compared to the monotherapies was supported
by several recent studies [77,78]. Furthermore, in diabetic [79]
as well as in nondiabetic patients [80], it has been noted that an
inverse correlation exists between the initial reduction of protein-
uria and the subsequent decline in GFR. For ARBs, post hoc anal-
yses of two recent studies (RENAAL for losartan and IDNT for
irbesartan) provided evidence that reduction of proteinuria pre-
dicts the occurrence of fewer renal end points, independent of

the antihypertensive agent used (in the IDNT study irbesartan,
amlodipine, or alternative antihypertensive medication was used)
[62,63].

In nondiabetic individuals, an increased albumin excretion rate
is a predictor of a future decrease in estimated GFR [80]. However,
there is no controlled clinical trial evidence to date that a reduction
of albumin excretion in the microalbuminuric range at baseline
reduces the renal risk in nondiabetic patients. Such evidence is,
however, available with respect to reduction of CV events [69].
In contrast, there is abundant evidence in diabetic patients that
reduction of microalbuminuria is associated with less progression
of diabetic nephropathy; the evidence initially arose from obser-
vational studies on patients with type 1 diabetes [82] and later
from controlled clinical trials in patients with type 1 [83,84] and
type 2 [85] diabetes. Additionally, the Bergamo Nephrologic Dia-
betes Complications Trial (BENEDICT) by Ruggenenti et al. [86]
documented that it is not only possible to attenuate microalbu-
minuria but also to prevent its development in a large proportion
of patients. In this study, administration to nonmicroalbumin-
uric patients with type 2 diabetes of trandolapril, but not vera-
pamil, with attainment with both of equally intense lowering of
blood pressure, reduced the onset of albuminuria over a median of
3.6 years of observation significantly from 10.0% for patients on
placebo combined with control antihypertensive treatment com-
pared to 6.0% for those on trandolapril. This question is currently
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Figure 3.3 Progression of nephropathy in type 2 diabetes: influence of achieved systolic blood pressure, RAAS blockade with irbesartan, and their interaction. Data are from
a post hoc analysis of the IDNT results (reference 62).

being investigated further in the ROADMAP study using the ARB
olmesartan [87].

RAAS blockade
The US National Kidney Foundation recommends either ARBs
or ACEi as first-line antihypertensive agents for the treatment of
diabetic renal disease [56]. This recommendation is based largely
on the findings from clinical studies demonstrating their reno-
protective effects in patients with type 1 and type 2 diabetes and
nephropathy (Figure 3.3) [15,16,17,88]. In addition to lowering
blood pressure and reducing proteinuria, these clinical trials data
support the view that blockade of renin, angiotensin, or aldos-
terone, the RAAS, might have direct and specific renoprotective
effects. In normotensive patients with type 2 diabetes and mi-
croalbuminuria, treatment with enalapril for 5 years stabilized the
decline in renal function (and reduced proteinuria) compared to
placebo [85]. Similarly, in normoalbuminuric patients with type
2 diabetes and hypertension, treatment with enalapril for 6 years
stabilized creatinine clearance and prevented the development of
albuminuria [89]. These study results highlight the potential clin-
ical impact of initiating RAAS blockade even before the onset of
overt albuminuria in patients with type 2 diabetes.

One important question has yet to be resolved in large-scale
clinical trials, specifically, whether increasing the dose of ACEi
and/or ARBs above the level of maximal blood pressure lowering
offers additional renoprotection through a direct RAAS inhibition
in patients with nondiabetic or diabetic kidney disease. Studies in
experimental models of kidney disease have documented increased
intrarenal RAAS activity, and treatment with RAAS inhibitors

resulted in significant attenuation of progression independent of
the effect on systemic blood pressure [90]. Clinical evidence for
a blood pressure-independent effect by RAAS inhibition on pro-
teinuria as an accepted surrogate marker of progression comes
from two recent small studies in patients with nondiabetic [91]
and diabetic [92] CKD and from the much larger IRMA 2 study
(Irbesartan in Patients with Type 2 Diabetes and Microalbumin-
uria) [93]. In the IRMA 2 study, 590 hypertensive patients with
type 2 diabetes and microalbuminuria were randomized to the
addition of either placebo to conventional antihypertensive treat-
ment or the ARB irbesartan, at a dose of either 150 mg or 300 mg
daily, and were followed for 2 years. The primary outcome was
the time to the onset of diabetic nephropathy, defined by per-
sistent albuminuria of >200 μg/min. In the 300-mg irbesartan
treatment group 5.2% of patients reached the primary end point,
whereas in the 150-mg Irbesartan group 9.7% developed per-
sistent albuminuria, and in the placebo group 14.9% developed
persistent albuminuria (hazard ratios: 0.30 [95% confidence in-
terval 0.14–0.61] [P < 0.001] and 0.61 [95% confidence interval
0.34–1.08] [P = 0.08] for the two irbesartan groups compared
to control, respectively). Because the average blood pressure dur-
ing the course of the study was similar in both ARB treatment
groups, the authors concluded that irbesartan has renoprotective
effects independent of its clinical blood pressure effects. Impor-
tantly, serious adverse events were less frequent among the pa-
tients treated with irbesartan (P = 0.02) [93]. In the two smaller
studies with ultra-high-dose ARB therapy no adverse effects
were observed, including, notably, no effects on measured GFR
[91,92].
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When considering the role of each of the components of the
RAAS in mediating the progression of nondiabetic and diabetic
CKD, one must take into account recent data that support the
view that aldosterone may be of importance as well. This is some-
what reminiscent of what has been shown for chronic congestive
heart failure. There is experimental [94] as well as indirect clinical
[95–98] evidence that aldosterone inhibition may be beneficial in
arresting progression of CKD. Schjoedt et al. [98] evaluated the
short-term effect of spironolactone on albuminuria in 20 diabetic
patients with nephrotic-range albuminuria (>2500 mg/24 h) in
a double-blind, crossover trial. Patients were randomly assigned
initial treatment with either 25 mg of spironolactone once a day or
placebo added to their baseline antihypertensive regimen, which
included an ACEi or an ARB at maximally recommended doses.
They found that spironolactone treatment significantly reduced
proteinuria and concluded that inhibition of aldosterone may of-
fer further renoprotection when added to recommended renopro-
tective strategies, including maximal RAAS blockade. Concerns
remain with respect to the risk of hyperkalemia, particularly in
patients with advanced CKD. Large prospective trials are necessary
to evaluate the efficacy and safety of this approach. The prelim-
inary clinical trials data described above indicate, however, that
complete RAAS inhibition may not be accomplished even with
high-dose ACEi and ARB monotherapy [91,92] or combination
therapy [99], raising expectations for direct renin inhibitors. It
remains to be proven whether this new class of antihypertensive
agents that act by blocking “completely” the RAAS will confer
renoprotection of greater magnitude than that observed with the
ACEi and ARBs.

Smoking
In the general population cigarette smoking is associated with an
increased risk of albuminuria and renal disease [100,101]. Smok-
ing is also associated with an increased renal risk in nondiabetic
and diabetic patients with CKD. Among patients with IgA GN (as
a model of immunological renal disease) or ADPKD (as a model of
nonimmunological disease) in a retrospective case–control study,
Orth et al. [102] found that the risk of progressing to ESRD was
significantly higher in smokers compared to nonsmokers, but the
risk was markedly attenuated in patients on ACEi therapy. In dia-
betic patients it has been known for a long time that smokers have
a higher risk of developing microalbuminuria and also progress
more rapidly to overt nephropathy and renal failure [103–107]. Ac-
cording to Biesenbach et al. [106], smokers progress twice as fast
to ESRD as nonsmokers. Although ACEi obviously attenuate GFR
loss in smokers, they do not completely prevent it, even when tar-
get blood pressure values are reached [107]. Because no difference
of proteinuria was observed in smoking compared to nonsmok-
ing diabetic persons with renal disease, it has been concluded that
vascular lesions are more important promoters of the excess CKD
progression among smokers than the glomerular lesions of classi-
cal Kimmelstiel-Wilson glomerulosclerosis [108]. Regalado, Yang,
and Wesson demonstrated in a prospective cohort an association
of smoking with more rapid progression of CKD in hypertensive

patients in the absence of diabetes [109]. This risk appeared to
be particularly important for African Americans in their cohort
study. These data further support the notion that the risk of CKD
from smoking is mediated through the effects of smoking on renal
microvascular disease.

Is there evidence that cessation of smoking improves renal prog-
nosis? Controlled studies to address this question would be uneth-
ical. In an observational study Sawicki et al. [104] compared pro-
gression in type 1 diabetic patients according to smoking habits.
Progression was loosely defined as an increase in proteinuria or
serum creatinine or a decrease in GFR. Progression was observed
in 53% of the smokers (n = 34) but significantly less in exsmok-
ers (n = 24; 33%) and nonsmokers (n = 35; 11%). Chuahirun
et al. also demonstrated that markers of kidney injury in diabetic
patients without overt nephropathy but with controlled hyper-
tension on ACEi improved in a cohort of individuals who were
successful in quitting smoking [110].

Obesity
In patients with morbid obesity a unique form of focal segmen-
tal glomerulosclerosis may be found with nephrotic proteinuria
[111] and rapid progression to kidney failure [112]. In patients
with various types of kidney disease, body mass index (BMI) is
an independent predictor of proteinuria and loss of kidney func-
tion, particularly in IgA GN [113], in kidney transplant recipients
[114,115], and in patients with unilateral renal agenesis or a rem-
nant kidney [116]. In uninephrectomized individuals, for exam-
ple, live kidney donors [117], the risks of proteinuria and loss of
kidney function are higher if the individual is obese.

The question arises whether weight reduction improves indices
of kidney damage. In severely obese patients without overt kidney
disease but with hyperfiltration, Chagnac et al. observed normal-
ization of GFR and reduction of albuminuria after gastroplasty
following a decrease of BMI from 48 to 32.1 kg/m2 [118]. In
morbidly obese patients with chronic proteinuric nephropathy
(including diabetic nephropathy and chronic glomerulonephri-
tis), weight loss after caloric restriction with a decrease of BMI
from 37.1 to 32.6 kg/m2 reduced urinary protein excretion from
2.9 to 0.4 g/day [119]. The reduction of proteinuria was simi-
lar in magnitude to what is achieved with ACEi treatment [119].
The effect of weight reduction has also been studied in protein-
uric patients with moderate obesity [120]. In such obese patients
with chronic proteinuric nephropathies, a loss of 4.1% of body
weight (BMI reduction from 33.0 to 31.6 kg/m2) decreased pro-
teinuria by 31.2% (from 2.8 to 1.9 g/day) [120]. However, in pa-
tients with advanced kidney failure on hemodialysis, a low BMI
predicts poor CV survival, and the survival advantage progres-
sively improves with higher BMI values extending into the range
of morbid obesity [121]. It is therefore likely prudent to advise
against weight reduction in patients with advanced stages of CKD,
possibly CKD stage 3 or higher; however, the exact threshold of
CKD where the risks of weight reduction outweigh the benefits
cannot be determined from the clinical trial evidence currently
available.
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Salt intake
In the early decades of the past century low salt intake was a stan-
dard feature of the treatment of patients with renal disease [122].
With the advent of diuretics this aspect of management of re-
nal patients was largely abandoned. However, in addition to the
large body of clinical evidence that low dietary salt intake reduces
blood pressure [123] and oxidative stress [124], low dietary salt
has been demonstrated to attenuate proteinuria, renal function
loss, glomerulosclerosis, and interstitial fibrosis in various exper-
imental models of renal damage [125–131]. It is important to
emphasize that the benefits of low salt intake could not be repro-
duced in the experimental model of uninephrectomized SHR rats
by the administration of a diuretic [127]. This observation could
have potential clinical importance.

In humans, evidence pointing to the renal benefit of dietary
salt restriction comes from short-term studies on renal function
that suggest a transient increase of filtration fraction as a surro-
gate marker of glomerular capillary pressure [132], which could
be reversed by RAAS blockade and presumably represents evanes-
cent counterregulation [133]. Reduction of proteinuria was seen
in Black patients during short-term intervention [134]. Both a
slowing of loss of GFR and cessation of further increases of pro-
teinuria after reduction of sodium intake were reported from
a retrospective analysis of an Italian series [135]. In particular
because of its potential multiple health benefits, salt restriction
as a public health measure directed towards individuals at risk
for CKD and CKD progression is in great need of further well-
designed human studies and constitutes a promising area of renal
research.

Water intake
As Koranyi observed in the 19th century, reduced urinary osmolal-
ity (and hence the capacity to concentrate urine) is one of the first
functional signs of renal dysfunction and primary kidney disease
[136]. Both the capacity to concentrate urine and the capacity to
excrete excess water are reduced in advanced renal disease. Because
of the limited urine-concentrating capacity, and uncontrolled clin-
ical observations that volume depletion may cause acute deterio-
ration of renal function, it had been recommended conventionally
that in patients with impaired renal function, the daily water intake
should be above 1500 mL. As a safeguard against hyponatremia
in these patients with limited excretory capacity for water, the
daily water intake has usually been restricted to 3000 mL. Fish-
berg suggested that “if renal function is poor as revealed by the
concentration test one should not restrict the fluid intake, because
the elimination of a large volume of urine is the only safeguard
of the patient with impaired concentrating power” [137]. Experi-
mental studies by Bankir et al. [138,139] have provided evidence
that water intake might attenuate progression. They reported that
increased water intake in the animal renal ablation model atten-
uated progression in parallel with reduced vasopressin concen-
trations and less O2-demanding solute transport in the ascending
limb of Henle’s loop. Until recently, no further human clinical trial

evidence was available to inform this question beyond the above
recommendations, which are based largely on biological plausibil-
ity and customary practice. However, recent evidence from clinical
trials in humans has seriously challenged the validity of these prior
recommendations. Thus, in a retrospective analysis of data from
the MDRD study, higher urine volumes and, by implication, higher
water intakes in the steady state were associated with more adverse
renal outcome, even when adjusted for a number of relevant con-
founders [140]. This has led to the competing recommendation
that CKD patients should not be encouraged to ingest high water
loads. The issue has remained controversial and is in need of con-
trolled studies.

Protein intake
A recent observational study found that the risk of a progressive
decline of renal function increases with increasing protein intake
in women with moderate CKD [141]. A large randomized trial,
however, failed to demonstrate that low-protein diets improved
renal survival (MDRD), although several small studies with less
rigorous end points showed better renal outcomes in those on
low-protein diets among nondiabetic [142,143,144] as well as di-
abetic patients [145,146]. This finding was not consistent across
all studies, however [147,148,149]. Several meta-analyses came to
the conclusion that dietary protein restriction had a positive ef-
fect on renal outcomes despite significant heterogeneity between
the studies [150,151,152]. The data are difficult to interpret, how-
ever, because observation periods and end points differed between
the studies. The one study to address this issue which is regarded
as definitive because of its size and study design was the MDRD
study [57]. A total of 585 patients with moderate CKD (GFR, 25–
55 mL/min) were randomized to a typical protein (1.3 g/kg/day)
or low-protein (0.58 g/kg/day) diet (study A). In addition 255
patients with severe CKD (GFR, 13–24 mL/min) were random-
ized to a low (0.58 g/kg/day) or very low (0.28 g/kg/day) protein
diet plus a mixture of ketoacids (study B). After an average of
2.2 years the intention-to-treat analysis showed no significant dif-
ference between the diets, although there was a trend toward a
slower rate of GFR decline in the very low protein group in pa-
tients with advanced CKD [57]. A secondary analysis of the data
from study B of the MDRD trial evaluating the achieved dietary
protein intake found an inverse correlation between achieved total
protein intake and GFR loss [153]. An achieved total protein in-
take lower by 0.2 g/kg/day was associated with a 1.15-mL/min/year
reduced loss of GFR, equivalent to 29% of the mean GFR decline
[153].

Although under properly supervision very low protein diets
have been claimed to be nutritionally safe [154,155] and do not
adversely affect function and structure of skeletal muscle [156],
follow-up observations of the MDRD study have documented a
nutritional decline in patients on protein restriction, which is a
matter of considerable concern in view of the high mortality as-
sociated with reduced body weight observed in incident dialysis
patients [157].
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4 Epidemiology and Screening for Chronic
Kidney Disease
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Epidemiology of chronic kidney disease as a
basis for a population-based system for
surveillance and screening for kidney disease

Applying a standard system for the definition and classification
of chronic kidney disease (CKD) is essential. Only through an es-
tablished system that is consistently utilized can disease trends be
tracked over time. To achieve this, the National Kidney Founda-
tion in its Kidney Disease Outcomes Quality Initiative (K/DOQI)
guidelines has proposed a staging classification for CKD, and
these guidelines have been extensively described elsewhere [1].
The guidelines also provide an extensive review of the test charac-
teristics of the various screening tests for CKD, and this is further
discussed in chapter 2 of this textbook.

Screening for CKD serves two general goals. The first is to di-
agnosis and intervene early in the chronic phase of kidney disease
in order to modify renal outcomes, particularly in high-risk pop-
ulations. The second is to intervene in order to improve nonrenal
outcomes, including cardiovascular outcomes and mortality. Nu-
merous studies of a wide spectrum of populations have shown
that low glomerular filtration rate (GFR) is clearly associated with
cardiovascular disease and cardiovascular disease risk factors. For
instance, systolic blood pressure, cholesterol levels, and the per-
centage of patients with low levels of high-density lipoproteins are
more prevalent in patients with reduced GFR, as shown in the
Heart Outcomes and Prevention Evaluation (HOPE) study and
the Cardiovascular Health Study [2,3], the Hypertension Optimal
Treatment Study [4], the Framingham and Framingham Offspring
studies [5,6], and the Atherosclerosis Risk in Communities study
[7]. Similarly, the prevalence of cardiovascular disease is higher in
those with a decreased GFR [4,5,8,9]. The implications of CKD
and proteinuria as risk markers for cardiovascular disease are not
within the scope of this discussion; a more extensive analysis of

the cardiovascular implications of CKD is presented in chapter 5
of this textbook.

For screening and surveillance to be feasible, it is important to
consider the following factors:� The natural history of CKD, including the likelihood of disease
progression based on the stage of CKD detected. Screening and
surveillance become relevant only if it is clear that the associated
abnormality increases the risk of disease progression. The natu-
ral history of disease is also relevant in determining the optimal
interval of screening for a particular population.� The target population for screening, as this determines the
screening tool’s success at identifying a true increase in risk for
CKD and CKD progression (positive predictive value)� Screening frequency or the interval between two successive
screening tests.� Ability of a screening program to impact clinical outcomes, in-
cluding mortality, progression to end-stage renal disease (ESRD),
and development of other comorbidities.

These factors will be described in detail in the following sections.

Impact of natural history of CKD on screening

Tables 4.1 and 4.2 present a summary of the published literature on
the natural history of CKD in general and proteinuria in particular.
As is evident from the literature, there is clear variability in the
progression of CKD, particularly in the presence of clinical factors
such as diabetes, hypertension, or proteinuria.

Table 4.1 reflects the annual decline in GFR, whereas Table 4.2
presents the likelihood of disease progression by degree of pro-
teinuria. An extensive body of literature shows that the presence
of elevated levels of albumin in the urine is associated with a sig-
nificantly greater risk of development of progressive renal insuffi-
ciency and should be a component of surveillance and screening
programs for CKD.

As shown in Table 4.1, the annual decline of GFR differs
markedly by clinical history and presence of proteinuria. Based on
the National Health and Nutrition Evaluation Survey (NHANES),
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Table 4.1 Annual decline in GFR by clinical history.

Annual decline in GFR
Clinical history and GFR References (mL/min/1.73 m2)

No diabetes or hypertension
No proteinuria, normal GFR

Coresh et al. 2003 [10]
NKF Clinical Practice Guidelines 2000
(http://www.kidney.org/professionals/doqi/kdoqi/-
4 class g1.htm)

Mean decrease, 1.0

Proteinuria
Progression from stages 2–4 CKD to ESRD

Ruggenenti et al. 1998 [12]
Jones et al. 2006 [91]

4.2
5.3

Hypertension
No proteinuria, progression from stages 2–4 CKD
to ESRD
Proteinuria, progression from stages 2–4 CKD to
stage 5

Agodoa et al. 2001 [11]

Agodoa et al. 2001 [11]
Ruggenenti et al. 1998 [12]
Klahr et al. 1994 [13]
Toto et al. 1995 [102]
Wright et al. 2002 [104]

1.4

3.9

Diabetes
No proteinuria, normal GFR to K/DOQI stages 2–4

Stages 2–4 to 5
Proteinuria, normal GFR to K/DOQI stages 2–4

Stages 2–4 to 5

Nelson et al. 1996 [14]
Nosadini et al. 2000 [15]
Rachmani et al. 2000 [16]
Lebovitz et al. 1994 [105]
Gaede et al. 1999 [106]
Gaede et al. 2003 [107]
Nosadini et al. 2000 [15]
Lewis et al. 2001 [17]
Brenner et al. 2001 [18]
Ruggenenti et al. 2000 [19]

1.1

2.8
4.1

5.2

in the absence of diabetes or hypertension, the average member
of the adult US population is estimated to have an approximate
annual decline in GFR of 1 mL/min/1.73 m2 in the presence of
normal renal function at baseline [10]. The degree to which re-
nal function continues to decline beyond a certain GFR in the
absence of hypertension, diabetes, or proteinuria is not known.

In the presence of hypertension, but without proteinuria, Agodoa
and others [11] showed a GFR decline of 1.4 mL/min/1.73 m2,
and this deterioration increased significantly to approximately 3.9
mL/min/1.73 m2 in the presence of proteinuria [12,13]. In the
presence of diabetes, multiple studies have demonstrated an an-
nual decline in GFR that increases from 1.1 mL/min/1.73 m2 in

Table 4.2 Disease progression by degree of proteinuria.

Clinical history and
[reference] Predictor Outcome Population

No hypertension or diabetes

Verhave et al. 2004 [20] Elevated urinary albumin
excretion

4.2% developed GFR <60 mL/min/
1.73 m2 after 4-year follow-up

The Netherlands, excluded those with
GFR <60 mL/min/1.73 m2 at baseline

Iseki et al. 2003 [21] No proteinuria to trace
1+ proteinuria
≥ 2+ proteinuria

18-yr ESRD incidence 0.2%
18-yr ESRD incidence 1.4%
9.2%

Japanese

Tozawa et al. 2003 [109] Proteinuria 1+ or
greater

RR of ESRD, 11.29 in men, 12.5 in
women

Japanese

High risk for CVD
Ishani et al. 2006 [22]

Proteinuria 1+
Proteinuria ≥2+

OR 3.1 (CI, 1.8–5.4)
OR 15.7 (CI, 10.3–23.9)

12,866 men at high risk for CVD

Abbreviation: RR, relative risk.
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the absence of baseline proteinuria and renal insufficiency [14–16]
to 5.2 mL/min/1.73 m2 among patients with proteinuria and renal
insufficiency at baseline [17–19]. What these studies demonstrate
is the following: 1) there is a background rate of deterioration of
renal function, 2) this decline in renal function is dramatically
hastened by the presence of diabetes and hypertension, and 3) the
presence of proteinuria is an important marker for progression of
CKD.

Table 4.2 is another representation of the clinical importance
and natural history of proteinuria, as it presents the likelihood of
progression to significant chronic renal insufficiency and ESRD
based on clinical history and presence of proteinuria. As shown in
Table 4.2, numerous studies support that albuminuria in and of
itself, regardless of the level of GFR, is an important predictor of
renal function decline. In the absence of hypertension or diabetes,
the PREVEND study (Prevention of Renal and Vascular End-Stage
Renal Disease), a longitudinal study initiated in 1997 that looked
at the impact of albuminuria in the development of renal and
cardiovascular disease in the general population, showed that the
presence of an elevated urinary albumin excretion was associated
with development of renal insufficiency 4 years after follow-up
[20]. The study identified older age, higher blood pressure, serum
cholesterol and serum glucose, degree of albuminuria, and rela-
tively lower GFR as predictors of significant renal insufficiency in
a population without known risk factors for CKD. Similarly, Iseki
and colleagues in an 18-year longitudinal study of the general pop-
ulation of Okinawa revealed a significant stepwise increase in the
incidence of future ESRD based on a screening dipstick protein-
uria [21]. As shown in Table 4.2, the presence of dipstick-positive
proteinuria of 2+ or greater is associated with a 9.2% incidence
of ESRD, and even with lower degrees of proteinuria (1+), there
was an increased risk of ESRD compared to patients with dipstick-
negative proteinuria. The increased risk of ESRD associated with
proteinuria was even higher in a population at high risk for car-
diovascular disease [22]. As shown in the MRFIT study (Multiple
Risk Factor Intervention Trial), which included 12,866 men who
were at high risk for heart disease, the presence of a single dipstick
proteinuria of 1+ was associated with an odds ratio (OR) of 3.1
(confidence interval, 1.8–5.4) for development of ESRD in over 25
years of follow-up. When dipstick proteinuria was 2+ or greater,
the associated OR was 15.7 (confidence interval, 10.3–23.9). A sim-
ilar predictive power of proteinuria in the development of ESRD
in other populations considered at high risk for development of
ESRD will be discussed extensively below. These studies unequiv-
ocally show the relationship between proteinuria and subsequent
development of ESRD.

Less clear is the relationship between normal levels of albumin-
uria and microalbuminuria on the development of CKD. Indeed,
although there are numerous studies that show that microalbu-
minuria is associated with an increase in both all-cause and car-
diovascular mortality in apparently healthy populations [23–25],
as well as in those with existing cardiovascular risk factors in the
HOPE trial [26] or hypertension in the LIFE and AASK trials [27],
studies that show an association between lower levels of albumin-

uria and renal outcomes have only been recently published. In the
PREVEND study, for instance, high-normal levels of urinary albu-
min were found to be associated with an increased risk of chronic
kidney disease in the general population [20].

Thus, published evidence on the natural history of CKD un-
equivocally demonstrates the relationship between high levels of
albuminuria and progression to CKD, supporting the use of this
measure in a surveillance and screening system. Whether this is of
value in the general population or only in high-risk populations is
further discussed below. Finally, because there is no evidence on
the use of normoalbuminuria or microalbuminuria for screening
in the general population, this does not appear to be justified at
present.

Impact of other factors on development of a
surveillance and screening system

A second consideration in developing a surveillance and screening
system is to define the target population. If CKD were extremely
infrequent in a population, then screening would not be produc-
tive. A screening test’s likelihood of truly detecting an individual
at increased risk for CKD, or the positive predictive value, depends
on the proportion of the screened population with CKD [28,29].
Indeed, a screening program’s positive predictive value can be im-
proved by focusing on the population at increased risk, that is, the
group of individuals with a higher prevalence of CKD. A summary
of the published literature identifying the populations at increased
risk for CKD is presented in the next section.

Another important factor to consider is the screening frequency,
or the interval between two successive screening tests. This, too,
depends primarily on the incidence rate of CKD in the target
population. For a low-risk population with a low incidence of
CKD, high frequencies of screening will yield a lower number of
identified cases and, as a consequence, the potential for a reduction
in the number of cases of ESRD will be low.

Finally, evaluating a screening program for CKD in terms of its
ability to impact on the number of ESRD cases, or the development
of cardiovascular and all-cause morbidity and mortality, is com-
plex. Even a randomized study that evaluates the effects of a screen-
ing program is difficult for a variety of reasons, as summarized by
McClellan and others [30], including the feasibility and cost of the
study and the unique biases associated with screening programs.
In particular, when comparing survival curves between screened
and unscreened populations, it is certain that longer survival will
be observed in the screened population [28,29]. This is due to three
factors: 1) lead time bias, with which patients are detected earlier
than they would have been based on clinical symptoms; 2) length
time bias, with which patients with a longer preclinical, and likely
less-aggressive, kidney disease course are more likely to be detected
by screening programs; and 3) selection bias, with which patients
who are relatively healthy have a greater tendency to participate in
screening programs. Indeed, the improved outcomes that may be
attributed to early detection and early intervention with screening
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Table 4.3 Older age and risk of CKD.

Data source [reference] Study population Exposure End point Results

Patel et al. 2005 [32] VA, retrospective
longitudinal cohort, 48%
with CKD at baseline

GFR (stage of CKD) Mortality rate, 3-yr
follow-up

Mortality in those without CKD, 4.7
deaths/100 person-yrs; increased w/
progressive CKD to 20.1 deaths/100
person-yrs if GFR 15–29 mL/min/1.73 m2

Shlipak et al. 2006 [35] The Cardiovascular Health
Study, population-based
study of adults ≥65 yrs in
4 US communities

GFR and cystatin C
conc

Death, cardiovascular
outcomes, CKD, and
others

High prevalence of “preclinical disease,’’
those at greater risk for progression to
CKD in this elderly population

programs are difficult to separate from these inherent biases of
screening programs.

High-risk populations for CKD

Elderly
Older age is significantly associated with mortality regardless of the
presence of preexisting disease [31]. Several studies have demon-
strated an increased risk of CKD progression in older populations.
Working with the Veterans Administration (VA) population, Patel
and others evaluated the 3-year mortality rate of older patients with
or without CKD [32]. As shown in Table 4.3, the mortality rate
increased with worsening degree of baseline GFR. Furthermore,
the authors noted that the risk in the VA population, previously
reported to have a greater illness burden than the general popula-
tion [33], is greater than that observed using a community-based
population, with a sevenfold-greater risk of death among those
with relatively higher GFR levels in the VA population [34]. Simi-
larly, the Cardiovascular Health Study, a longitudinal cohort study
of elderly persons in four communities in the USA demonstrated
the high prevalence of a condition that the authors identified as
“preclinical disease” in the elderly community. The term preclini-
cal disease was likened to prediabetes by those authors, in that the
constellation of clinical characteristics is associated with a high
rate of progression to CKD [35]. The study further noted that in
this older population, there was a value in the use of cystatin C as
a predictor for future CKD. In the absence of any other evidence
of CKD, those elderly patients with elevated cystatin C concentra-
tions were found to have a fourfold-increased risk for developing
CKD on follow-up. These studies demonstrate the elevated risk of
CKD associated with older age.

Hypertension
Hypertension as a risk factor for CKD has been clearly established.
As shown in Table 4.4, CKD is highly prevalent in patients with
treated essential hypertension. An analysis of the NHANES data
showed that reduced GFR was present in 51.4% of screened adults
with hypertension and on no medications and in 64.4% of screened

adults with hypertension and receiving medications [10]. An anal-
ysis of the SHEP study (Systolic Hypertension in the Elderly Pro-
gram) demonstrated a relative risk of 2.4 for a decline in kidney
function among SHEP participants (placebo group) in the high-
est quartile of systolic blood pressure compared to those in the
lowest quartile [36]. Perneger and colleagues, by integrating sev-
eral population studies, estimated a rate of 14.6/100 patients for
the development of CKD in hypertensive patients with normal
baseline renal function [37]. Similarly, Segura and colleagues ob-
served a deterioration in creatinine clearance (CrCl) to less than
60 mL/min/1.73 m2 in 14.6% of a hypertensive population with
baseline normal renal function [38]. Indeed, more recent studies
have demonstrated an increased risk of CKD among patients with
essential hypertension, in contrast to the earlier thought that the
prevalence of CKD in the presence of essential hypertension is
quite low [39].

Cardiovascular disease
Innumerable studies have documented the increased risk of car-
diovascular disease in the presence of CKD [40,41]. This is dis-
cussed in chapter 5. Similarly, in addition to the strong relation-
ship between hypertension and ESRD, cardiovascular disease in
and of itself is also known to increase the risk for CKD, resulting in
a vicious cycle given that CKD is known to amplify cardiovascular
disease [42]. Using the HOPE study findings, which was a ran-
domized trial designed to test the use of an angiotensin converting
enzyme inhibitor (ACEi) and vitamin E in patients at high risk
of cardiovascular events (Heart Outcomes and Prevention Evalua-
tion Study), Mann and colleagues evaluated the predictive value of
low levels of albuminuria that were below the cutoff used to define
microalbuminuria for the development of clinical proteinuria and
several cardiovascular outcomes [26]. Their analysis showed that
in the individuals with established risk factors for cardiovascular
disease, even low levels of albuminuria were significantly associ-
ated with development of clinical proteinuria. The relative risk for
developing higher-grade proteinuria was 17.5 in both diabetic and
nondiabetic patients. In fact, other findings of the HOPE study in-
cluded that one of every three patients with diabetes developed mi-
croalbuminuria, and of these, one of five developed nephropathy
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Table 4.4 Hypertension and cardiovascular disease as risk factors for CKD.

Data source
[reference] Study population Exposure End point Results

Coresh et al. 2003 [10] NHANES III cross-sectional
survey

Hypertension (among others) Presence of CKD 51.4% of those with hypertension on
no medication and 64.4% of those
with hypertension and on medication
had reduced GFR

Young et al. 2002 [36] Placebo arm of the Systolic
Hypertension in the Elderly
Program

Elderly men and women; blood
pressure

Risk of decline of kidney
function

2.4 adjusted RR for decline in kidney
function in the highest quartile of SBP
compared to lowest quartile

Perneger et al. 1993 [37] Integrated analysis of several
population studies

Four national databases (US
Census, NHANES, Hypertension
Detection and Follow-up
Program trial, USRDS)

Abnormal serum creatinine 14.6/100 patients (over 13 yrs
follow-up)

Segura et al. 2004 [38] Patients with essential
hypertension and normal renal
function at baseline

Observational cohort study
looking at relationship between
blood pressure and CKD

CrCl <60 mL/min/1.73 m2 Mean follow-up of 13.2 yrs, 14.6%
developed renal insufficiency

Mann et al. 2004 [26] Heart Outcomes and Prevention
Evaluation (HOPE) study, a
randomized trial designed to
test use of an ACEi and vitamin
E in patients at high risk of
cardiovascular events

Normoalbuminuria (below
microalbuminuria cutoff,
>2 mg/mmol)

Clinical proteinuria Baseline microalbuminuria predicted
clinical proteinuria with RR of 17.5 in
both diabetic and nondiabetic patients
over 4.5-year follow-up; baseline
microalbuminuria also increased RR of
primary outcome of MI, stroke, or CV
death (RR, 1.83)

McClellan et al. 2004 [44] Medicare fee-for-service
patients with primary diagnosis
of AMI and a primary diagnosis
of CHF

Presence of preexisting
cardiovascular disease as
defined by AMI and CHF
diagnoses

Presence of CKD (defined
as MDRD eGFR <60 mL/
min/1.73 m2

CKD in 51.7% of AMI and 60.4% of CHF
patients; CKD increased risk of death in
yr 1for CHF patients (OR 1.6) and AMI
(OR 3.1); increased risk of progression
to ESRD among those with CKD

Abbreviations: ACEi, angioteusin converting enzyme inhibitor; AMI, acute myocardial infarction; CHF, congestive heart failure; RR, relative risk.

[43]. McClellan and others also demonstrated the increased risk
of progressive CKD among patients with cardiovascular disease
[44]. Using the Medicare database, those authors evaluated the
relationship between CKD as defined by a reduced estimated GFR
of <60 mL/min/1.73 m2 in Medicare patients with a discharge
diagnosis of either acute myocardial infarction or congestive heart
failure. The study revealed that not only was there a high preva-
lence of previously undetected CKD in these two patient groups,
but also there was an increased risk of ESRD among patients with

CKD in addition to their cardiovascular disease, and they had an
increased risk of death within 1 year after discharge.

That the presence of cardiovascular disease is a risk factor for
CKD is most clearly apparent with the inclusion of kidney disease
screening in the guidelines for the management of cardiovascular
disease [45]. This advisory acknowledges the strong correlation
between the risk factors and the occurrence of cardiovascular dis-
ease and CKD, and strongly recommends the routine screening of
patients with cardiovascular disease for evidence of kidney disease.

Table 4.5 Diabetes and risk of CKD.

Data source Study population Exposure End point Results

Kramer et al. 2003 [48] Type 2 diabetes mellitus in NHANES Albuminuria Low GFR In 30% of adults with type 2 diabetes and
normoalbuminuria, GFR was low

MacIsaac et al. 2004 [49] Type 2 diabetes mellitus,
cross-sectional survey of outpatients
of a hospital

Albuminuria Low GFR In 39% of adults with type 2 diabetes and nor-
moalbuminuria, GFR was <60 mL/min/1.73 m2
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Table 4.6 Family history and risk of CKD.

Data source [reference] Study population Exposure End point Results

Jurkovitz et al. 2002 [50] Voluntary screening of family
members of patients with ESRD

Family history CrCl <60 mL/min,
proteinuria

13.9% of family members had a CrCl <60 mL/
min; 9.9% had proteinuria of ≥1+

Freedman et al. 2001 [51] 4365 incident dialysis patients
treated in a single year

Incident dialysis
patients

Family history of ESRD 20% of patients reported having a first- or
second-degree relative with ESRD

Ferguson et al. 1988 [52] Matched case–control study of
dialysis patients matched to
controls residing in area
surrounding dialysis centers

History of CKD in a first-
or second-degree
relative

Risk of ESRD History of CKD in first- or second-degree
relative was associated with increased risk for
being a prevalent ESRD patient

Bergman et al. 1996 [108] First -degree relatives of patients
with hypertensive ESRD

Relative of ESRD patient Renal abnormality Evidence for CKD was seen in 65% of
participating families

O’Dea et al. 1998 [53] Patients with ESRD ESRD Family history of ESRD 28% of patients had a first-, second-, or
third-degree relative with CKD, compared with
15% of comparison spouses

Lei et al. 1998 [54] First-degree relatives of new ESRD
patients

Family member of ESRD
patient

ESRD OR of ESRD was 1.33 (CI, 0.7–2.6) for one
first-degree relative with CKD, 10.4 (2.7–40.2)
for two or more first-degree relatives

Diabetes
Diabetes is well-recognized to have reached epidemic proportions
worldwide. In fact, an analysis by Jones and others suggested that
the increase in incident ESRD over recent years is directly at-
tributable to the combination of the rise in the incidence and
prevalence of diabetes, as well as an increased risk in develop-
ing ESRD among patients with diabetes [46]. That there is a
clear and established relationship between diabetes and CKD is
well-documented, and this has been the subject of extensive re-
view elsewhere [47]. Rather than providing a review of the over-
whelmingly convincing data documenting the increased risk for
nephropathy in diabetes, it is important to point out a novel find-
ing presented by Kramer and others (Table 4.5). In their analysis
of adults in their study with type 2 diabetes mellitus, 30% were
found to have a low GFR in the absence of proteinuria [48]. That
a reduced GFR can exist in diabetic patients in the absence of al-
buminuria was also shown in a study in Australia in which 39%
of adults with type 2 diabetes had a GFR of <60 mL/min/1.73 m2

despite having a normal albumin excretion level [49]. These stud-
ies provide evidence that for patients with diabetes, screening for
nephropathy requires testing for both albuminuria and reduced
GFR. Whether those diabetic patients who present only with re-
duced GFR in the absence of albuminuria follow a different clin-
ical course and require different interventions deserves further
study.

Family history
Several studies have demonstrated that individuals with a family
history of CKD are at greater risk for kidney disease compared
to those without any family history (Table 4.6). Among family

members of patients with ESRD, it was shown that 13.9% had
reduced CrCl (below 60 mL/min) and 9.9% had proteinuria of 1+
or greater on voluntary screening [50]. In another study, 20% of
incident dialysis patients were reported to have a first- or second-
degree relative with ESRD [51]. In a case–control study of dialysis
patients matched to controls residing in areas surrounding dialysis
centers, it was also shown that compared to controls, those with
a family history of CKD was a significant predictor for being a
prevalent ESRD patient [52]. That a family history of CKD is
associated with CKD has been shown in both black and white
patients [53]. Finally, the association between family history and
CKD appears to be dose dependent. Lei et al. showed that the
OR for ESRD was 1.3 for those with a single first-degree relative
with CKD but that the odds dramatically increased to 10.4 in the
presence of two or more first-degree relatives [54]. These studies
demonstrate the association between CKD and a positive family
history, arguing for targeted screening for CKD among individuals
with such a family history.

Race and ethnicity
Evidence for race and ethnicity as risk factors for CKD is extensive
(Table 4.7). To begin with, the US Renal Data System (USRDS)
has shown that certain racial and ethnic groups have a higher age-
and gender-adjusted risk of ESRD compared to the white popula-
tion [55]. Factors that potentially account for the racial disparity
in CKD include true biologic differences in risk and disease pro-
gression [56], a higher prevalence of low birth weight in certain
racial and ethnic groups, which evidence reveals is a risk factor
not only for CKD but also for hypertension and diabetes [57],
and socio-economic factors leading to differential quality of and
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access to health care [58]. Low birth weight as a partial explana-
tion of the observed racial difference is of interest [59]. As dis-
cussed in a separate section below, evidence exists that suggests an
association between low birth weight and risk of CKD. Further-
more, the prevalence of low birth weight is up to twofold higher
among African Americans compared to white and Hispanic groups
[60]. Together, these suggest the potential contribution of prena-
tal and postnatal characteristics in the subsequent development of
CKD.

Another contributing factor to the excess burden of CKD in
certain racial and ethnic groups is the higher rates of predisposing
factors to kidney disease development and progression, includ-
ing higher rates of diabetes mellitus, hypertension, and glomeru-
lonephritis [61]. With diabetes, for instance, African Americans,
Hispanics, and Native Americans are recognized to have markedly
higher rates of diabetes mellitus compared to white people. Simi-
larly, as shown by the NHANES data, 34% of African Americans
have hypertension, compared to 29% in the white population and
21% in Hispanic populations [62], and more African Americans
develop hypertension-related ESRD compared to white people
[63]. Socio-economic factors that lead to disparities in access to
care have also been documented, with 31% of the African Ameri-
can population living below the federal poverty level compared to
11% of the white population [64].

As shown in Table 4.7, racial differences in the prevalence and
risk for CKD are striking. Using the NHANES data, Jones and
colleagues showed that the prevalence of albuminuria in African
Americans is 50% higher compared to other racial and ethnic
groups [65]. Interestingly, clear differences in various Asian ethnic
groups have also been demonstrated in Hong Kong and Singapore
[66,67]. The NHANES data were also used in an analysis that
showed that the higher incidence of ESRD in African Americans is
partly attributable to a faster rate of progression of CKD compared
to that in other racial groups [56].

Racial differences in the rate of ESRD were also demonstrated in
the health screening of the integrated health care system of Kaiser
Permanente, in which Blacks and Asians were found to have sig-
nificantly higher age-adjusted rates of ESRD compared to Whites
[68]. The differences between black and white populations were
similarly demonstrated in the MRFIT study, although the racial
difference identified by this study was significantly attenuated by
adjustments for multiple confounding factors [63]. Even the risk
of developing ESRD secondary to diabetes appeared to have racial
differences, as shown by Karter et al., who found that Asians had
an adjusted risk of 1.85 for developing diabetic ESRD compared
to white people [69].

Analyses from the REGARDS cohort study, which aims to iden-
tify risk factors that lead to an increased mortality rate from stroke
among black patients, has provided additional insight into the
question of race and CKD risk. In this analysis of racial differences
in the prevalence of CKD among participants in this cohort, there
was a clear shift in the black/white OR with advancing degrees of
renal insufficiency. In particular, the OR for a GFR between 50
and 59 mL/min/1.73 m2 was 0.51, with fewer blacks than whites

having this degree of renal insufficiency, whereas at a GFR of
<10 mL/min/1.73 m2, the OR had flipped to 4.19, with a sig-
nificantly greater odds for Black patients to have a more ad-
vanced degree of renal insufficiency compared to White patients
[70].

Thus, for numerous reasons, it is evident that certain racial
subgroups are at markedly greater risk for the development or
more aggressive progression of CKD. Screening programs aimed
to identify those at increased risk can potentially lead to earlier
and more aggressive intervention. Although such an approach is
theoretically appropriate, no published studies exist that demon-
strate the clinical benefit gained from taking part in a screening
program. Even if a randomized controlled trial for screening were
performed, as stated in the earlier section of this chapter, unique
screening-specific biases would need to be teased out from the true
benefit gained from taking part in a screening program.

Other risk factors for CKD
Data exist on several other clinical features that may place indi-
viduals at increased risk for CKD. As summarized in Table 4.8,
these factors include obesity, low birth weight, and the presence
of metabolic syndrome. In Sweden for instance, Ejerblad and col-
leagues demonstrated that a body mass index (BMI) of 25 kg/m2

or greater at the age of 29 years was associated with a threefold-
increased risk of having an elevated serum creatinine [71]. Indeed
as shown in Table 4.8, obesity as a risk factor for CKD was seen
whether CKD was defined as a decline in GFR or as the presence
of microalbuminuria and whether this was evaluated in a cohort
study or in a cross-sectional study.

There is also significant evidence that low birth weight is asso-
ciated with CKD. In nondiabetic populations, Yudkin and others
showed an association between low ponderal index (weight for
height) and an increased OR for microalbuminuria [72]. Among
Pima Indians with type 2 diabetes, it was also shown that both
extremes of BMI were significantly associated with albuminuria,
with an OR of 2.3 for albuminuria among those with low birth
weight compared to those with normal birth weight [73]. A sim-
ilar increased risk for nephropathy in low birth weight women
with type 1 diabetes was also reported by Rossing and colleagues
[74]. Finally, low birth weight was also shown to be associated
with ESRD, with an OR of 1.4 for developing ESRD among those
with a birth weight of <2.5 kg compared to those with normal
birth weight [75]. These studies potentially show that obesity and
low birth weight should be increasingly recognized as risk factors
for CKD, and these factors should be considered in developing
screening and surveillance programs.

Patterns of awareness and treatment of stage 1–4 CKD
in the general population
There is growing evidence that the detection and treatment of ear-
lier stages of diabetic [47] and nondiabetic kidney disease [76,77]
can delay, if not prevent, further progression of kidney injury,
and this evidence has been incorporated into clinical practice
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Table 4.7 Race and ethnicity and risk of CKD.

Data source [reference] Study population Exposure End point Results

Jones et al. 2005 [46] National Health and Nutrition
Evaluation Survey
(US, multiethnic)

Race Albuminuria Prevalence of albuminuria 50% higher in
African Americans than in non-African
Americans

Li et al. 2005 [66] Population-based screening
program
(Hong Kong, Chinese)

Predictors of urinary
abnormalities

Urinary abnormalities Prevalence of 5% for proteinuria

Chadban et al. 2003 [110] Cross-sectional study,
Australians of European
descent and Asians

Predictors of urinary
abnormalities

Urinary abnormalities Prevalence of 2.4% for proteinuria, 16%
with either proteinuria, hematuria, or
reduced GFR

Ramirez et al. 2003 [67] Cross-sectional study,
multiethnic

Clinical and demographic
factors

Urinary abnormalities Prevalence of 1.1% for proteinuria

Hsu et al. 2003 [56] National Health and Nutrition
Evaluation Survey and US
Renal Data System
(US, multiethnic)

Race Development of ESRD More aggressive disease and increased rate
of progression of CKD contributes to higher
incidence of ESRD in African Americans

Hall et al. 2005 [68] 299,168 adult members of an
integrated health care delivery
system who underwent
screening in 1964 and 1985
(Kaiser Permanente) (US,
multiethnic)

Race and ethnicity Incidence of ESRD Age-adjusted rate of ESRD 14.0/100,000
PY in Asians (10.5–18.5); 7.9/100,000 PY
in whites (6.5–9.6); 43.4/100,000 PY in
blacks (36.6–51.4)

Klag et al. 1997 [63] Men screened for entry into
MRFIT study

Race and ethnicity Incidence of ESRD Age-adjusted ESRD incidence 13.9 and
44.2/100,000 yrs for white and black
populations, respectively, after adjustments
RR reduced to 1.9 in blacks vs whites

Karter et al. 2002 [69] Prospective cohort study of
62,432 diabetic members of a
health insurance plan (US,
multiethnic)

Race Risk of ESRD and other
diabetic complications

Adjusted risk of 1.85 (1.4–2.4) for diabetic
ESRD among Asians compared to whites

McClellan et al. 2006 [70] Nationally representative,
population-based cohort of
individuals ≥45 yrs old

Race GFR Distribution of GFR significantly different
between black and white participants,
whereas CKD more prevalent among white
than black participants at relatively lower
grades of CKD; odds of lower GFR for
blacks vs whites increased with more
advanced degrees of CKD

Toto 2004 [103] AASK, prospective randomized
controlled trial of use of
antihypertensive regimens in
1100 nondiabetic African
American adults (US)

Effect of aggressive blood
pressure vs usual blood
pressure lowering in African
Americans with hypertensive
nephrosclerosis using three
different regimens

Rate of decline of GFR No difference in rate of decline and renal
outcomes between blood pressure groups
or between antihypertensive regimens;
those assigned to ramipril had significantly
lower ESRD and composite renal outcome

Abbreviation: PY, person-years.

guidelines [50,78,79], and the contemporary management of CKD
is discussed in section 6 of this textbook.

Despite the well-documented benefits of early detection and
treatment of CKD, population-based studies have found that
awareness of impaired kidney function among individuals with

CKD is minimal, and this lack of awareness should be consid-
ered a potential risk factor for progressive CKD. Analyses of the
NHANES data found that 8% of participants with stage 3 CKD re-
sponded that they had been told by a health care provider that they
had “weak or failing kidneys” (excluding kidney stones, bladder

50



BLBK043-Molony September 23, 2008 0:5

Chapter 4 Screening for Chronic Kidney Disease

Table 4.8 Other potential risk factors for CKD.

Risk factor and data
source [reference]

Study population Exposure End point Results

Obesity
Ejerblad et al. 2006 [71] Population-based case–control

study of incident moderately
severe CKF in Sweden

BMI at age 25
and highest
lifetime BMI

Creatinine >3.4 in
men, >2.8 in
women

BMI ≥25 kg/m2 at age 29 associated with 3-fold increased
risk of CKD; BMI ≥30 among men and ≥35 in women
anytime during lifetime had a 3- to 4-fold increased risk
High BMI increased risk of GFR in 5th or lower percentile;
each unit increase in BMI SD was associated with 1.2-fold
increased risk for new-onset kidney disease

Fox et al. 2004 [111] Framingham Offspring cohort BMI GFR A continuous increase in risk of ESRD with increasing BMI
primarily in men; higher BMI associated with higher degrees
of albumin excretion, primarily in men

Iseki et al. 2004 [21] Okinawa longitudinal cohort study BMI CKD BMI ≥30 associated with RR of 1.77 for CKD; after adjusting
for diabetes and other predictors, remained significant at 1.57

Cirillo et al. 1998 [112] Population-based cohort study Predictors of
albuminuria

Microalbuminuria Higher baseline BMI associated with increased risk for CKD,
OR of 1.45 in those with BMI >26.6 vs those with BMI
<22.7

Hallan et al. 2006 [113] Cross-sectional survey of
Nord-Trondelag County (HUNT
Study); 30,485 men and 34,708
women

BMI CKD Each 1 unit increase in BMI was associated with 5% increase
in CKD risk

Gelber et al. 2005 [114] Physicians Health Study, cohort
study of 11,104 healthy men

BMI GFR Those with weight gain >10% had increase in CKD risk to
1.27 compared to those with weight that remained within
5% of their baseline

Low birth weight
Yudkin et al. 2001 [72] Community-based populations BW, length, and

ponderal index
Albuminuria Those in the lowest third for ponderal index had an OR of 3.1

for microalbuminuria compared to those in highest third for
ponderal index

Nelson et al. 1998 [73] Pima Indians with type 2 diabetes BW Albuminuria As compared to those with normal BW, those with low BW
had an OR of 2.3 and those with high BW had an OR of 3.2

Rossing et al. 1995 [74] Type 1 diabetes BW percentile Nephropathy Among women with IDDM, 75% had evidence of
nephropathy among those whose BW was ≤2.7 kg (10th

percentile) compared to 35% in those with BW ≥4 kg (90th

percentile)

Lackland et al. 2002 [75] Medicaid beneficiaries in a US
region

BW ESRD Among those with BW <2.5 kg, OR for developing ESRD was
1.4 compared to those with normal birth weight

Abbreviations: CRF, chronic kidney failure; BW, birth weight; IDDM, insulin-dependent diabetes mellitus.

infections, or incontinence) [78]. Awareness of CKD increased as
the stage of CKD increased and was higher among individuals
with albuminuria and among women [78]. Similar low levels of
awareness of impaired kidney function and proteinuria have been
reported for other high-risk populations [50].

The lack of reported awareness among individuals with stage 3–
4 CKD is consistent with reports that clinicians frequently fail to
recognize evidence of injury and impaired kidney function among
their patients [79,80] and that patients in North America and
Europe with CKD may not be referred early for specialist care
[81,82], which may be associated with less than optimal care of
CKD [83]. There is evidence that the care of CKD patients by both
primary care physicians and kidney specialists is characterized by

inadequately managed hypertension [84] and anemia [85] and
under prescription of cardiovascular medications [86,87] as well as
routine preventive care [88]. Recently there has been interest both
in Europe and North America in the role of clinics dedicated to the
management of CKD [89] with growing evidence that such care is
better in quality [84,90,91] and may be associated with improved
outcomes, including delayed progression of CKD [92–94].

Cost-effectiveness analyses for CKD screening

Another important consideration in determining the appropriate-
ness of a screening program is its cost-effectiveness [30]. Because
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of the lack of studies that evaluate the effectiveness of screening
programs in improving clinical and economic outcomes, the lim-
ited number of publications that have addressed the issue of cost-
effectiveness of screening have largely been based on computer
simulation models. Furthermore, the focus of the literature is on
cost-effectiveness of screening for nephropathy in the context of
diabetes mellitus.

Diabetic nephropathy
Without exception, all studies on the cost-effectiveness of screen-
ing for nephropathy in patients with diabetes, whether type 1 or
type 2, have been based on simulation models as summarized in
Table 4.9. Simulation models are subject to a number of limita-
tions, including dependence on key assumptions, such as the rate
of progression of various stages of CKD as well as the efficacy of
treatment in reducing the risk of progression. Nevertheless, the
findings of the cost-effectiveness analyses for screening for dia-
betic nephropathy are overwhelmingly in favor of either one of
two strategies: routine screening for microalbuminuria followed
by treatment, or routine treatment with an ACEi or angiotensin re-
ceptor blocker (ARB) upon diagnosis of diabetes mellitus. Clearly
dominated, that is, not deemed to be cost-effective, is screening
for gross proteinuria.

Studies that have evaluated the cost-effectiveness of screening
for diabetic nephropathy are shown in Table 4.9. Of further im-
portance for study is the routine treatment of patients with dia-
betes with antiproteinuric therapy. Golan and others, modeling
patients with newly diagnosed type 2 diabetes mellitus, demon-
strated that routine treatment had the lowest progression to ESRD
or death and had a marginal cost-effectiveness of only $7500 for
every quality-adjusted life year (QALY) compared to the strategy of
screening for microalbuminuria followed by treatment [95]. Sim-
ilarly, Kiberd and Jindal showed that routine treatment with ACE
inhibitors 5 years after diagnosis of type 1 diabetes produced the
longest life expectancy, more quality-adjusted life years, and had
the lowest cost of care if ACE treatment were assumed to reduce
microalbuminuria development by 26% [96]. These analyses raise
the question of whether there is a potential value in designing a
clinical trial that compares routine treatment with ACEI or ARB
on diagnosis of type 2 diabetes, or after several years of having type
1 diabetes, with the current standard of care that includes annual
screening for microalbuminuria.

Nondiabetic nephropathy
In contrast to screening for type 1 and 2 diabetic nephropathy,
cost-effectiveness studies for the screening for proteinuria in a
nondiabetic population are extremely limited. Boulware and col-
leagues examined the cost-effectiveness of annual screening for
proteinuria in the absence of diabetes mellitus [97]. In this study,
routine screening with a urine dipstick test during annual phys-
ical examination tests was compared with incidental testing or
testing during symptom development. The authors demonstrated
that in the absence of diabetes or hypertension, routine screening
for proteinuria was not within the range considered cost-effective,
with an estimated cost of $282,818/QALY gained. Only in patients

60 years or older did screening in the absence of hypertension or
diabetes approach a cost-effectiveness range, with $53,372/QALY
gained. In contrast, routine screening in the presence of hyper-
tension was highly favorable, with a cost of $18,621/QALY gained,
and this was cost-effective even with screening at 30 years of age.
Screening in patients with diabetes was cost-saving, with a savings
of $217 and gain of 0.1 QALY/person. Indeed, this analysis suggests
the value of screening high-risk populations, in that screening for
proteinuria only in the presence of hypertension, diabetes, or older
age is cost-effective. This is in marked contrast to the findings of
Craig et al. who showed that a single opportunistic dipstick screen-
ing results in significant cost savings [98]. The differences in the
conclusions of these two analyses demonstrate the limitations of
simulation models given that analyses are sensitive to model as-
sumptions, including reliability and reproducibility of screening
tools and the natural history of disease progression [99]. Another
important shortcoming of existing cost-effectiveness studies is the
failure to account for the benefit gained from preventing the car-
diovascular outcomes of proteinuria. Thus, these evaluations of
the cost-effectiveness of screening using simulation models only
highlight the lack of appropriately designed studies to evaluate the
outcomes of screening for CKD.

Discussion and recommendations for future
research

Evidence for improving population outcomes through the imple-
mentation of population-based CKD screening programs is not
convincing. However, the value of surveillance systems in tracking
trends of disease and overall disease burden should be considered.
In addition, though definitive randomized clinical trials evaluat-
ing the effectiveness of screening programs in reducing ESRD rates
may not be feasible, review of the extensive literature on the out-
comes of CKD in populations at high risk, such as those in certain
clinical and demographic subgroups, warrants the consideration
of targeted screening and intervention among high-risk popula-
tions.

Other important questions on the value of screening for CKD
in the population remain, including 1) determining the optimal
time to initiate screening in high-risk populations, 2) identifying
an appropriate screening frequency that balances cost and utility
of screening, 3) determining whether it is truly clinically feasible
and appropriate to treat all diabetic patients upon diagnosis with
an ACEi or ARB rather than to perform screening for evidence of
early or overt nephropathy, 4) performing follow-up of programs
that focus on screening high-risk populations, and 5) defining the
harms and costs of screening.

In evaluating the true increase in risk for CKD in certain demo-
graphic and clinical populations, additional studies on the follow-
ing aspects should be considered, as summarized by Ramirez [99]:
1) continued evaluation and examination of clinical biomark-
ers and genetic markers for the occurrence and progression of
CKD, 2) development of race- and ethnicity-specific prediction
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Table 4.9 Cost-effectiveness analysis of screening for diabetic nephropathy.

Data source Diabetes type and
[reference] Comparison groups population Outcome

Kiberd et al. 1999 [115] Annual screening for microalbuminuria 1 yr
after diagnosis of diabetes and then
treatment with ACEi, vs treat all with ACEi
1 yr after diagnosis

Type 2, Pima Indians If routine ACEi treatment reduced development of
microalbuminuria by 9% and reduced progression of
microalbuminuria to macroalbuminuria by 50%, cost per
life year gained was $15,000

Herman et al. 2003 [117] Treatment with losartan for hypertension
and nephropathy, vs conventional
antihypertensive treatment (non-ACEi,
non-ARB)

Type 2 diabetes with
nephropathy and
hypertenison; analysis of the
RENAAL clinical trial

Treatment with losartan resulted in reduction in ESRD
days by 33.6 over 3.5 yrs, translating to net cost savings
per patient of $3522 over 3.5 yrs

Palmer et al. 2004 [118] Early treatment with irbesartan
(microalbuminuria only), late treatment with
irbesartan (overt diabetic nephropathy) vs
standard antihypertensive treatment
(non-ACEi, non-ARB)

Type 2 diabetes with
nephropathy and
hypertension; analysis of the
IDNT data

Compared to standard therapy, early irbesartan
treatment resulted in savings of $11.9 million; late
irbesartan resulted in savings of $3.3 million for every
1000 patients

Golan et al. 2000 [95] Routine treatment with ACEi, screening for
microalbuminuria or screening for gross
proteinuria

Patients with newly
diagnosed type 2 diabetes

Routine treatment of newly diagnosed diabetes had
lowest progression to ESRD or death, screening for gross
proteinuria had lowest benefit and highest cost; marginal
cost-effectiveness of routine treatment was $7500 per
QALY compared with screening for microalbuminuria

Kiberd & Jindal 1998 [96] Screening for microalbuminuria then
treatment, routine ACEi treatment 5 yrs after
diagnosis, vs a risk-based strategy in which
high-risk patients received routine treatment
and low-risk patients received treatment
only upon abnormalities

Type 1 diabetes Routine treatment with ACEi 5 yrs after diagnosis
produced longest life expectancy, more QALYs, and had
lowest associated cost if routine drug therapy reduced
microalbuminuria development by 26%.

Siegel et al. 1992 [120] Screening for microalbuminuria then
treatment vs screening for gross proteinuria
and treatment

Type 1 diabetes Screening for microalbuminuria and treatment cost
$7900 to $16,500 per QALY, within range considered
cost-effective

Borch-Johnsen et al.
1993 [121]

Screening and intervention program vs no
screening

Type 1 diabetes Increase in life expectancy by 4–14 yrs depending on
effectiveness of ACEi treatment, estimated 33–67%
effectiveness

Kiberd et al. 1999 [116] Screening for microalbuminuria vs screening
for gross proteinuria and hypertension

Type 1 diabetes Screening for microalbuminuria would produce an
additionally QALY at an incremental cost of $27,042
compared to screening for gross proteinuria and
hypertension

Palmer et al. 2000 [119] Modeled seven different complications of
diabetes; evaluated nephropathy
management including screening for
microalbuminuria and then treatment

Type 1 diabetes Screening for microalbuminuria and treatment dominate
altenatives, as this was both cost-saving and life-saving

Dong et al. 2004 [122] Treatment with ACEi immediately following
diagnosis of type 1 diabetes vs treatment
after onset of microalbuminuria

Type 1 diabetes Routine treatment with ACEi following diagnosis is
cost-effective; estimated cost per QALY gained is
$13,814 if onset of diabetes is 20 yrs and HbA1c is 9%;
cost is $39,350 per QALY gained if onset is at 25 yrs and
HbA1c is 7%

Rodby et al. 1996 [123] Compared treatment of diabetic
nephropathy with captopril vs placebo

Types 1 and 2 diabetes,
reanalysis of clinical trial
(Collaborative Study Group)

Treatment with captopril was cost-savings with benefit
of $32,550 direct costs saved for IDDM and $9900 direct
costs saved for NIDDM per patient

Abbreviations: IDDM, insulin-dependent diabetes mellitus; NIDDM, non-insulin-dependent diabetes mellitus.
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equations for the occurrence and progression of CKD, 3) an eval-
uation of the generalizability of intervention strategies across pop-
ulations, 4) development of a CKD surveillance model (and not
just an ESRD registry), among others. Both the KDIGO position
statement and the ISN Consensus Workshops on Prevention have
also released similar position statements on additional studies re-
quired in the field of kidney disease surveillance, screening, and
prevention [100,101].
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In establishing a severity stage classification for chronic kidney
disease (CKD), the goal of the National Kidney Foundation Kid-
ney Disease Outcomes Quality Initiative (K/DOQI) was to develop
a public health approach to the disease aimed at facilitating epi-
demiological studies and clinical trials as well as the application
of clinical practice guidelines [1]. Although this classification did
not aim at predicting renal risk, albuminuria and glomerular fil-
tration rate (GFR) cutoff levels set to define CKD stages reflect a
graded increase in the risk of major renal and cardiovascular out-
comes, including progression to end-stage renal disease (ESRD)
and premature death [1,2].

Recommendations for evaluating individuals at risk mainly rely
on urine albumin measurement and equation-estimated GFR. In
this chapter, we will first very briefly describe the reference methods
for these two measures as well as issues related to their use in
specific subgroups. In the second part, we will review the main
studies providing risk estimates of ESRD as well as of all-cause
mortality and cardiovascular events associated with CKD, with
special emphasis on variations by age, gender, and race.

Estimation of GFR

GFR has been considered the best indicator of global kidney func-
tion for many years [3–6]. It can be measured using slightly dif-
ferent methods, each of which has advantages and limitations. All
of these are based on measurement of renal or plasma clearance of
an exogenous tracer, such as inulin, which is historically the gold
standard, radiolabeled molecules ([51Cr]EDTA, [125I]iothalamate,
and 99mTc-DTPA), or radiocontrast agents (iohexol and iothala-
mate). However, these GFR measurements can only be performed

in specialized centers, and they are much too time-consuming
and costly for routine use in monitoring kidney function. Thus,
in clinical practice, GFR has to be estimated using endogenous
filtration markers. Creatinine, which is an amino acid derivative
with a molecular mass of 113.12 Da, is by far the most widely used
one, although it does not fulfill all the criteria of an ideal filtration
marker. In particular, creatinine production depends on muscle
mass and to a lesser extent on protein intake. As a consequence,
serum creatinine concentration is thus influenced by factors such
as gender, age, ethnicity, and diet. In addition, although creatinine
is principally eliminated by glomerular filtration, urinary excre-
tion is in part mediated by tubular secretion, especially in subjects
with reduced renal function. Different equations have been devel-
oped that provide an estimation of GFR based on serum creatinine
concentration and on subject characteristics, such as age, gender,
ethnicity, or body weight. They have been derived by using re-
gression techniques to model the observed relationship between
serum creatinine concentration and measured GFR in study pop-
ulations. Up to now, two creatinine-based equations have been
extensively studied and are widely used: the historical Cockcroft-
Gault formula [7] and the abbreviated Modification of Diet in
Renal Disease (MDRD) study equation [8,9]. The results of the
main studies that assessed the performance of these formulas have
been recently reviewed by Coresh et al. [10] and are summarized
in Table 5.1.

The Cockcroft-Gault equation, which was developed to be an
estimation of creatinine clearance rather than measured GFR,
has several limitations. It tends to systematically overestimate
GFR in subjects with low GFR and in subjects with high body
mass index, while it tends to underestimate GFR in the elderly
[11–14]. For example, in a cohort of subjects with GFR higher
than 60 mL/min/1.73 m2 and older than 65 years, on aver-
age the Cockcroft-Gault formula underestimated GFR by 14.5
mL/min/1.73 m2 in men and by 10.7 mL/min/1.73 m2 in women
[12]. By contrast, the MDRD formula tends to perform better than
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Table 5.1 The main studies that have analyzed the performance of the Cockcroft-Gault and MDRD formulas adapted from [10].

Author
[reference] Year Type Population Subgroup (n) Marker

Mean GFR
(range)
(mL/min/1.73
m2)

Creatinine
calibration

MDRD vs.
Cockcroft-
Gault

Bias
(%)a R2 P30

Lewis et al.
[82]

2001 RS African Americans
with hypertensive
nephrosclerosis

Total (1703) [125I]iothalamate
(U)

57 (10–140) Yes MDRD better −3 0.82 88

Poggio et al.
[11]

2005 CP Cleveland Clinic
Foundation GFRs

CKD overall (828)
w/ diabetes (249)
w/o diabetes (579)
kidney donors (457)

[125I]iothalamate
(U)

32 (10–74)
24 (9–52)
36 (10–81)
106 (85–130)

Indirect MDRD better −3 m
1 m
−4 m
−9 m

0.81

0.13

71
63
74
86

Rule et al.
[15,83]

2004 CP Mayo Clinic GFRs CKD (320)
kidney donors (580)

Cold iothalamate 48 (5–133)
101 (63–177)

No MDRD better
Neither

−6.2
−29

0.79
0.19

75
54

Gonwa et al.
[84]

2004 CP iver Tx patients Pre-Tx (1447)
3 mos post-Tx (887)
1 yr post-Tx (1297)
5 yrs post-Tx (521)

[125I]iothalamate
(U)

91 (2–260)
59 (2–240)
53 (2–150)
55 (2–140)

No Neither
(MDRD
better)

−4
7
−15
−18

0.45
0.38
0.52
0.56

67
62
68
66

Froissart et al.
[12,18]

2005 CP HEGP GFRs
(French clinical site)

Overall (2095)
mGFR <60 (1051)
mGFR >60 (1044)
age <65 (1500)
age >65 (595)
kidney donors (162)

[51Cr]EDTA (U) 61 (2–166)
67 (2–166)
45 (3–127)
98 (68–153)

Yes MDRD −1.0
1.3
−3.3
−1.2
−0.6
−5.5

0.83
0.74
0.44
0.80
0.86
0.29

87
83
92
87
87
64

Ibrahim et al.
[17]

2005 RS Type 1 diabetics in
DCCT

Total (1286) [125I]iothalamate
(U)

122 (75–140) Indirect Neither −22 0.13 78

Verhave et al.
[16]

2005 CP CVD risk screening SCr <1.5 mg/dL
(850)

99m Tc-DTPA (U) 99 (33–201) No Similar −12.4 0.34 89

Stevens et al.
[23]

2007 CP-RS CKD-EPI
collaborative study

Total (5504)
eGFR < 60 (2874)
eGFR > 60 (2630)

[125I]iothalamate 68 Yes, IDMS ND 5.8 m
3.0 m
8.7 m

83
82
84

Abbreviations: RS, research study; CP, clinical practice; Tx, transplant; CVD, cardiovascular disease; mGFR, mean GFR (in mL/min/1.73 m2); SCr, serum creatinine.
a An “m’’ following the bias value indicates the value is the median.

the Cockcroft-Gault equation in these subgroups of patients, and it
appears to be reasonably accurate in most CKD patients. The major
limitation of the MDRD formula seems to be an underestimation
of GFR in subjects with high GFR. This has been shown by analy-
sis of different cohorts, including potential kidney donors [15,16],
diabetic patients without CKD [17], or subjects with and without
CKD [11,18]. However, it should be stressed that, at high levels of
GFR, a small relative error in serum creatinine measurement will
induce a large error in estimated GFR and that the uncertainty of
the estimate increases with the absolute value of the GFR. This can
be depicted by plotting the interquartile range of measured GFR
as a function of estimated GFR (Figure 5.1). It emphasizes the fact
that variability of serum creatinine measurements among clinical
laboratories can lead to very significant differences in GFR estima-
tion, particularly in subjects with high GFR, and the necessity to
calibrate creatinine assays [19,20]. Recently, initiatives have been
developed to standardize serum creatinine measurements and im-

prove their accuracy through the preparation of high-level certi-
fied reference materials set by isotope–dilution mass spectrometry
(IDMS) [21]. A slightly modified IDMS-MDRD formula is now
available that should be used with calibrated serum creatinine as-
says [22], since the formula has been validated on a large external
set of data collected through the CKD-EPI collaborative study
[23].

Cystatin C, a 13-kDa protein, is an alternative endogenous fil-
tration marker. Its main advantage is the relative stability of its
production, which is mainly independent of muscular mass vari-
ations. During the past few years, some predictive equations to
estimate GFR have been developed. Two sets of equations issued
from the CKD-EPI collaborative study have been proposed: one
using cystatin alone as a GFR marker, and a second using both
creatinine and cystatin [24]. This combined approach slightly im-
proves the predictive performance of the formula. The main recent
GFR predictive equations are summarized in Table 5.2.
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Figure 5.1 Predicted values of the measured GFR as a
function of the estimated GFR value using the MDRD
formula. Solid lines represent the upper and lower
boundaries of the 95% confidence interval of the
measured GFR values for each value of eGFR. The
dotted line represents the mean measured GFR value for
each value of eGFR [12].

Table 5.2 GFR prediction formulas recently developed based on large data sets of patients (900–3400 independent patients).

GFR marker, method (reference lab or reference
material) eGFR formula [reference]

Creatinine, Jaffe colorimetric (Cleveland Clinic Foundation) Abbreviated MDRD (four variables) [9]

SCr (mg/dL): eGFR = 186 × (SCr)−1.154× (age)−0.203× (0.742 if female) × (1.212 if Black)

SCr (�mol/L): eGFR = 32,789 × (SCr)−1.154× (age)−0.203× (0.742 if female) × (1.212 if Black)

Creatinine, Jaffe colorimetric (Mayo Clinic Clinical Lab) Mayo quadratic [15]

SCr (in mg/dL; SCr with a constant value of 0.8 mg/dL if measured creatinine < 0.8 mg/dL):
eGFR = exp[1.911 + (5.249/SCr) − (2.114/SCr2) − (0.00686 × age) − (0.205 if female)]

Creatinine, Jaffe colorimetric calibrated to
IDMS-standardized Roche enzymatic assay (IDMS, NIST
914a)

Abbreviated MDRD refitted for IDMS standardization [22]

Scr (mg/dL): eGFR = 175 × (SCr)−1.154× (age)−0.203× (0.742 if female) × (1.212 if Black)

SCr (�mol/L): eGFR = 30,850 × (SCr)−1.154× (age)−0.203× (0.742 if female) × (1.212 if Black)

Cystatin C, nephelometry (Dade-Behring/Siemens) CKD-EPI cystatin alone [24]

SCys (mg/L): eGFR = 127.7 × (SCr)−1.17× (age)−0.13× (0.91 if female) × (1.06 if Black)

Creatinine and cystatin C, nephelometry for SCys
(Dade-Behring/Siemens) and Jaffe colorimetric calibrated
to IDMS-standardized Roche enzymatic assay (IDMS, NIST
914a) for SCr

CKD-EPI combined SCr and SCys formula [24]

SCr (mg/dL) and SCys (mg/L):
eGFR = 177.6 × (SCr)−0.65× (SCys)−0.57× (age)−0.20× (0.82 if female) × (1.11 if Black)

SCr (�mol/L) and SCys (mg/L):
eGFR = 3271 × (SCr)−0.65× (SCys)−0.57× (age)−0.20× (0.82 if female) × (1.11 if Black)

Abbreviations: BSA, body surface area; SCr, serum creatinine; SCys, serum cystatin; NIST, National Institute of Standards and Technology.
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It is worth noting that although similar in structure to risk
prediction equations, such as the Framingham risk function [25],
currently utilized GFR equations do not provide an estimate of risk
directly; that is, calculated GFR is not expressed as a risk estimate
for future events. However, the combined cystatin and creatinine
equation may be a first step in integrating relative risk in GFR pre-
diction formulas, because cystatin on its own has been recognized
as an independent risk marker for cardiovascular morbidity and
overall mortality [26].

Assessment of proteinuria

Timed versus untimed urine sample
Measurement of proteins in a 24-h urine collection has long been
considered the gold standard for quantitative assessment of pro-
teinuria. However, collecting urine over such a long period of time
is quite burdensome, and reliable 24-h urine collections are quite
difficult to obtain. This has prompted the National Kidney Foun-
dation and KDIGO to recommend using protein/creatinine or
albumin/creatinine ratios obtained in untimed urine samples to
quantitatively assess proteinuria or albuminuria. Although the ex-
cretion rate of creatinine in the urine varies according to age, gen-
der, ethnicity, and body size, and although protein and albumin
excretion rates may vary throughout the day, different studies have
shown a strong correlation between protein and albumin excre-
tion rates and protein/creatinine and albumin/creatinine ratios
in a spot urine sample. In 2005, Price et al. performed a system-
atic review of studies comparing 24-h protein excretion and pro-
tein/creatinine ratios assessed in a random spot urine sample [27].
Their analysis of 20 studies showed that the correlation coefficient
between the two values was above 0.90 in 14 studies of 20 and
above 0.80 in 16 studies of 20.

Albuminuria versus proteinuria
In adults, the National Kidney Foundation K/DOQI guidelines
recommend measurement of albuminuria rather than protein-
uria, because it is a more sensitive marker of CKD due to diabetes,
hypertension, or glomerular disease [1]. In addition, it seems log-
ical to measure a well-defined protein that is filtered in increased
amounts even when glomerular lesions are minimal rather than
a mixture of proteins that include albumin but also proteins that
are normally filtered by the glomerulus and reabsorbed by tubular
cells, such as low-molecular-weight proteins, and proteins that are
normally produced by tubular cells and excreted in the urine, such
as uromodulin. However, the usefulness of albuminuria for diag-
nosis of CKD has been mostly demonstrated in patients with dia-
betes and kidney disease. In these patients, albuminuria provides
the earliest clinical evidence of nephropathy and is an early predic-
tor of patients at higher risk of progressive loss of renal function,
both in type 1 and type 2 diabetic patients [28–31]. In the general
population, the PREVEND study has provided evidence that at
low level albuminuria are also a risk factor for subsequent impair-

ment of renal function. In this large epidemiological study that
included more than 80,000 subjects with a mean follow-up of 4
years, an albumin/creatinine ratio above 30 mg/g at inclusion was
an independent risk factor for an estimated GFR (eGFR) of <60
mL/min/1.73 m2 at 4 years [32].

Threshold values
The threshold used to define proteinuria is usually 300 mg/day or
200 mg/g of creatinine [1], which roughly correspond to protein
concentrations that are detected by dipstick analyses. Although this
threshold appears not to be grossly flawed on clinical grounds, one
can question the fact that it is not higher than the limit used to
define “clinical albuminuria” or “macroalbuminuria” [1].

Regarding albuminuria, the Third National Health and Nu-
trition Evaluation Survey showed that, in a very large cohort of
subjects, about 95% of those less than 50 years of age had an albu-
min/creatinine ratio of less than 3 mg/g [33]. Because creatinine
excretion rate varies according to gender and ethnicity, it may seem
necessary, for the sake of precision, to define gender-specific cutoff
values for albuminuria as defined by this ratio. However, due to the
greater complexity that such modifications would introduce, the
inherent uncertainty in assay precision, and the existence of other
factors influencing importantly creatinine excretion rate besides
gender, a KDIGO position paper did not advocate using gender-
specific cutoff values for diagnosis of CKD and considered 30 mg/g
as the threshold level [34]. Furthermore, this threshold is consis-
tent with the recommendations of JNC-7 and recommendations
from the American Diabetes Association [35]. However, when as-
sessing albuminuria, it is important to remember that verification
of increased albumin excretion requires at least two out of three
positive tests on independent determinations.

Mortality and ESRD risk associated with CKD

There are numerous studies that have linked CKD to all-cause
mortality and cardiovascular events in various populations, in-
cluding cohort studies and cohort analyses of randomized trials,
but those linking CKD to the risk of ESRD are scarce [36,37]. With
a few exceptions, risks associated with GFR level or albuminuria
have been analyzed separately.

GFR level and risk for progression to ESRD
In most studies, renal replacement therapy (RRT) is used as a
surrogate outcome for ESRD. Therefore, ESRD risk estimates are
influenced by geographic variations and trends over time in access
to treatment. Based on data from the US Renal Data System 2000
annual report, the cumulative lifetime risk of developing ESRD
requiring RRT was estimated by gender and race in 20-year-old
Americans as follows: 7.3% and 7.8% in African American men
and women and 2.5% and 1.8% in white men and women [38].
Because RRT incidence rates are 2 to 3 times lower in Europe and
Australia than in the USA [39,40], cumulative risks are likely to be
reduced proportionally in these countries.
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Table 5.3 Cumulative 5- and 10-year incidence rates of competing risks for kidney failure and death in patients with CKD
stage 3 (n = 3047)

No. of cases (%) or incidence (95% CI)
Patient age and
incidence data category Men Women Total

Age <69 yrs
No. (%) 279 (28) 704 (72) 983

Renal failurea

5 yrs 0.05 (0.03–0.09) 0.02 (0.01–0.03) 0.03 (0.02–0.04)
10 yrs 0.12 (0.08–0.20) 0.04 (0.02–0.08) 0.07 (0.05–0.11)

Death
5 yrs 0.20 (0.16–0.27) 0.08 (0.06–0.11) 0.12 (0.10–0.15)
10 yrs 0.26 (0.20–0.35) 0.13 (0.09–0.17) 0.17 (0.14–0.21)

Age 70–79 yrs
No. (%) 404 (35) 759 (65) 1163

Renal failure
5 yrs 0.02 (0.01–0.04) 0.01 (0.01–0.02) 0.01 (0.01–0.02)
10 yrs 0.06 (0.03–0.11) 0.03 (0.01–0.07) 0.04 (0.02–0.07)

Death
5 yrs 0.41 (0.35–0.46) 0.21 (0.18–0.25) 0.28 (0.25–0.31)
10 yrs 0.65 (0.58–0.73) 0.40 (0.35–0.46) 0.49 (0.45–0.54)

Age >79 yrs
No. (%) 245 (27) 656 (73) 901

Renal failure
5 yrs 0.02 (0.01–0.05) 0.01 (0.00–0.02) 0.01 (0.00–0.02)
10 yrs 0.05 (0.03–0.11) 0.01 (0.00–0.03) 0.03 (0.01–0.05)

Death
5 yrs 0.64 ( 0.57–0.71) 0.53 (0.49–0.57) 0.56 (0.52–0.60)
10 yrs 0.88 (0.81–0.95) 0.83 (0.77–0.89) 0.84 (0.80–0.89)

Total
No. (%) 928 (30) 2119 (70) 3047

Renal failure
5 yrs 0.03 (0.02–0.04) 0.01 (0.01–0.02) 0.02 (0.01–0.02)
10 yrs 0.08 (0.05–0.11) 0.03 (0.02–0.04) 0.04 (0.03–0.06)

Death
5 yrs 0.41 (0.38–0.45) 0.28 (0.26–0.30) 0.32 (0.30–0.34)
10 yrs 0.61 (0.56–0.67) 0.47 (0.43–0.50) 0.51 (0.48–0.55)

Source: Reference 43.
a Kidney failure was defined as irreversible CKD stage 5 or initiation of RRT.

Available studies have consistently shown that at any stage of
CKD the risk of death is greater than the risk of progression to
ESRD. Some studies have also shown that the magnitude of both
risks, i.e. death or ESRD, stratified by CKD stage varies importantly
with age, gender, and race.

In a large cohort of 28,000 health maintenance organization
members (>17 years old; mean age, 66 years), Keith et al. [41]
showed that the percentages of patients reaching RRT, either trans-
plant or dialysis, over a 5-year observation period versus those
dying were 1.1 versus 19.5%, 1.3 versus 24.3%, and 19.9 versus

45.7% for those patients at baseline with CKD stages 2, 3, and 4,
respectively. Moreover, among patients with comparable levels of
eGFR, older patients have higher rates of death and lower rates of
treated ESRD than younger patients [42].

Table 5.3, adapted from Eriksen and Ingebretsen [43], displays
the 5- and 10-year competing risks of true ESRD and death in a
population-based cohort of 3047 Norwegian patients (>20 years
old; median age, 75 years) with persistent CKD stage 3 at baseline,
identified from all serum creatinine levels measured in a geograph-
ically defined population. The 10-year risk of ESRD, defined as
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CKD stage 5, that is, either an eGFR of less than 15 mL/min/1.73
m2 or RRT, was 4%, 13 times lower than the risk of death in this
cohort. The risk of ESRD was 3 times higher in men than in women
and twice as high in patients less than 69 years old than in older pa-
tients. As expected, the relative risk of death versus ESRD increased
strongly with age, from 2.4 (17% vs. 7%) among the youngest age
group to 28 (84% vs. 3%) in the oldest group. Compared with
the general population, the standardized incidence rate ratios of
ESRD and death for CKD patients in this Norwegian population
were 36.6 and 3.1, respectively, among those younger than 69 years
but only 3.7 and 2.2, respectively, in the oldest age group. Simi-
lar results with regard to the risk of progression to ESRD versus
mortality according to age were observed in a retrospective cohort
from England [44].

The competing risks of death versus ESRD were examined in
advanced CKD stages in a population-based inception cohort of
920 Swedish adults aged 18–74 years with CKD stage 4 or stage 5
not on dialysis. Of this cohort, 8% started RRT within 6 years, only
10% died before initiating RRT, but 42% were dead by 6 years [45].
These findings taken together favor the conclusion that premature
death rather than denial of RRT explains the higher risk of death
versus ESRD for patients with earlier stages of CKD.

Finally, ecologic studies linking data on the CKD prevalence
derived from nationally representative population-based surveys
with the RRT incidence derived from national renal registries have
shown that the 5-year risk of treated ESRD is 5 times higher in
African Americans with stage 3 plus CKD (5%) than in their white
counterparts (1%) [46] and 2.5 times higher in US whites than
in Norwegians [40]. Causal interpretation of these results should
nevertheless be made with caution, as ecologic associations based
on aggregate measures may not accurately reflect true associations
at the individual level [47].

GFR level and risk for all-cause mortality and
cardiovascular events
Studies linking GFR level with mortality have been extensively re-
viewed by Tonelli et al. and Vanholder et al. [36,48]. Despite varia-
tions in design, study populations, event rates in controls, and def-
initions of CKD, more than 90% of the studies found an increased
risk of all-cause and cardiovascular mortality with decreasing GFR,
both before and after adjustment for potential confounders [36].
An independent graded association between a reduced eGFR and
the risk of death and de novo or recurrent cardiovascular events
was consistently observed in cohorts of patients with heart fail-
ure [49,50], cardiovascular disease or high cardiovascular risk
[51,52], and hypertension [53], as well as in the general population
[54–63].

In a cohort of 1,120,000 health plan members, Go et al. [57]
showed that the age-standardized rates for death from any cause
and for cardiovascular events, defined as any hospitalization for
coronary heart disease, heart failure, ischemic stroke, or peripheral
arterial disease, increased substantially with progressively lower
GFR. Taking patients with an eGFR of ≥60 mL/min/1.73 m2 as
the reference, and after adjustment for demographics and several

comorbidities, the risk of death strongly increased as GFR declined,
from a 17% increase in risk with an eGFR of 45–59 mL/min/1.73
m2 to 80%, 220%, and nearly 500% increases for GFRs of 30–44,
15–29, and <15, respectively. The adjusted risk of any cardio-
vascular events followed a similar pattern, with a 43% increase
in risk for a GFR of 45–59 mL/min/1.73 m2 and 100%, 180%,
and 240% increases for GFRs of 30–44, 15–29, and <15, respec-
tively. However, O’Hare et al. [62] demonstrated using a different
study population that whereas severe reductions in eGFR were
associated with an increased risk for death in all age groups, very
moderate reductions in GFR (50–59 ml/min/1.73 m2) were not as-
sociated with significantly increased risk among those older than
65 years.

In a pooled analysis of data from four large US community-
based longitudinal studies including 22,634 individuals, Weiner
et al. [60] found that CKD was an independent risk factor for
all-cause mortality but not for myocardial infarction or stroke.
However, there was a significant interaction between kidney func-
tion and race. In African Americans, CKD defined as an eGFR of
<60 mL/min/1.73 m2 was associated with a more than a 100% in-
crease in risk of myocardial infarction and 83% increase of all-cause
mortality, whereas in whites the risk of all-cause mortality only was
significantly increased by 31%. Reduced kidney function was also
associated with increased risk for incident heart failure [64]. Fi-
nally, in a large cohort of participants in the MONICA Augsburg
survey, the authors investigated the gender-specific association of
CKD with cardiovascular mortality and incident myocardial in-
farction. After adjusting for common cardiovascular disease risk
factors, they found similar hazard ratios for both events in men
and women [63].

Proteinuria and risk for ESRD and cardiovascular
outcomes
Urinary protein (or albumin) excretion of 300 mg/24 h (300 mg/g
urinary creatinine) or greater is a major and well-established deter-
minant of progressive kidney failure in patients with glomerular,
diabetic, and hypertensive nephropathies. Numerous clinical stud-
ies have shown a strong graded relationship between proteinuria
level and the risk of either 50% decrease in GFR, ESRD, or death.
Moreover, there is evidence that treating proteinuria in these pa-
tients improves renal outcome [65–67]. These studies are reviewed
and discussed in detail by Ritz in chapter 3.

In contrast, studies investigating the link between the presence
of proteinuria at screening and the risk for poor renal outcomes
in the general population are scarce. In a 17-year follow-up of
106,177 participants in a community-based mass screening in
Japan, Iseki et al. [68] showed that a positive dipstick proteinuria
(1+ or greater) was associated with a relative risk for developing
ESRD of 1.9 in men and 2.4 in women, compared with partic-
ipants with no or trace proteinuria. Similarly, in the PREVEND
study, which was a large population-based cohort of 6894 adults
aged 20–75 years from the city of Groningen, the Netherlands, par-
ticipants with baseline screened macroalbuminuria (>300 mg/24
h), which was present in 0.6% of the general population, had faster
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annual declines in GFR (7.2 mL/min/1.73 m2/year) than controls
without albuminuria (2.3 mL/min/1.73 m2/year) [69]. The 4-year
follow-up of this study was not long enough, however, to evaluate
the risk of the progression to ESRD.

The significance of microalbuminuria, in the range of 30–300
mg/24 h (30–300 mg/g urinary creatinine), as an early marker
of renal injury and a predictor of progressive CKD is less clear
[70]. Microalbuminuria was initially defined as a range of dipstick-
negative albuminuria predicting future overt nephropathy in pa-
tients with type 1 diabetes mellitus [71]. Its predictive value was
later extended to patients with type 2 diabetes mellitus. In the
UK Prospective Diabetes Study (UKPDS), a randomized clinical
trial including 5097 patients with newly diagnosed type 2 diabetes
and a median follow-up of 10.4 years, the annual probability of
progression from stage to stage of kidney injury (incidence) was
estimated as follows: 2%/year from no nephropathy to microal-
buminuria, 2.8% from microalbuminuria to macroalbuminuria,
and 2.3% from macroalbuminuria to elevated serum creatinine
or RRT [72]. The annual probability of not progressing to a more
advanced stage of nephropathy or death was 93.8% for patients
with microalbuminuria, and the estimated median duration in
this stage was 10.9 years. For patients with microalbuminuria, the
annual death rate, 3%/year, was similar to that of progressing to
macroalbuminuria, but for those with macroalbuminuria, the an-
nual death rate of 4.6% was twice as high as that of progressing
to worse nephropathy. Relative to patients with no nephropathy,
those with microalbuminuria, macroalbuminuria, or an elevated
serum creatinine or RRT had a 2.2-fold, 3.4-fold, and 13.9-fold
increased risk of death, respectively.

Although similarly robust evidence of progression from mi-
croalbuminuria to overt nephropathy and ESRD are lacking in
other segments of the population, there is increasing evidence that
microalbuminuria is associated with GFR decline in the general
population as in patients with hypertension [70]. Data from the
PREVEND study showed that an elevated urinary albumin ex-
cretion predicted de novo development of chronic kidney failure
defined as an eGFR of <60 mL/min/1.73 m2 [32]. In the African
American Study of Kidney Disease and Hypertension (AASK),
there was a graded relationship between continuous level of albu-
minuria and the risk of either a 50% decrease of GFR, ESRD, or
death, starting in the microalbuminuric range [67].

Both micro- and macroalbuminuria are well-established risk
factors for cardiovascular outcomes, including fatal and nonfatal
coronary heart disease, chronic heart failure, and stroke. Multi-
ple studies and secondary analyses of large databases have shown
strong independent associations of albuminuria with an increased
risk for these events, as reviewed by Basi et al. [70]. This association
is well-documented in patients with diabetes or hypertension [39-
41], as well as in nondiabetic, nonhypertensive individuals from
either selected or unselected populations [56,73–78].

It is evident from all these studies that microalbuminuria is
definitely a major predictor of cardiovascular risk in all individu-
als and of progressive renal disease in diabetic patients. Whether
it also predicts poor renal outcomes in nondiabetic populations

is likely, albeit not yet proven. These results are important from a
public health perspective of primary prevention of both cardiovas-
cular disease and ESRD, as albuminuria is a potentially modifiable
risk factor. Lowering of albuminuria by either an angiotensin con-
verting enzyme inhibitor or an angiotensin II receptor blocker is
indeed associated with a better renal and cardiovascular outcome
in patients with overt proteinuric nephropathy as well as in dia-
betic patients with microalbuminuria [65,66,81]. However, robust
clinical trials evidence that similar treatment of nondiabetic indi-
viduals with microalbuminuria [75], a condition that can affect
from 6 to 20% of all adults depending on the population, is ben-
eficial, safe, and cost-effective to prevent cardiovascular and renal
diseases is currently not available.
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Introduction

The concept of acute renal failure (ARF) has undergone signifi-
cant reexamination in recent years. Mounting evidence suggests
that acute, relatively mild dysfunction of the kidney, manifest by
changes in urine output and blood chemistries, portends serious
clinical consequences [1]. Although the term acute renal failure is
relatively new, its first description as ischuria renalis was by William
Heberden in 1802 [2]; it has nonetheless become entrenched in
our medical lexicon. During the first World War the syndrome
was named “War Nephritis” [3] and was reported in several publi-
cations. The syndrome was then largely forgotten until the second
World War, when Bywaters and Beall published their classical pa-
per on crush syndrome [4]. It is Homer W. Smith who is credited
for the introduction of the term acute renal failure, in a chapter on
“Acute renal failure related to traumatic injuries” in his textbook
The Kidney—Structure and Function in Health and Disease (1951).
The same year, an entire issue of the Journal of Clinical Investigation
was dedicated to ARF [5].

Thus, it should come as little surprise that in most reviews and
textbook chapters [6,7], the concept of acute kidney dysfunction
still emphasizes the most severe forms, with severe azotemia and
often with oliguria or anuria. It has only been in the past few years
that moderate decreases of kidney function have been recognized
as potentially important, e.g. by the SOFA score [8] and in studies
on radiocontrast-induced nephropathy [9].

However, not only has there been a lack of consensus regard-
ing the concept of ARF, but also there has been, until very re-
cently, no consensus on the diagnostic criteria or clinical defini-
tion of ARF. Distressingly, this has resulted in multiple different
definitions being used. For example, a recent survey revealed the
use of at least 35 different definitions of ARF in the literature

[10]. Along with differences in patient characteristics, this lack
of uniformity in the diagnosis has probably contributed to the
wide variation in the reported incidence and outcome of ARF
(incidence ranges between 1 and 31% [11,12], and mortality is
between 28 and 82% [12,13]). Obviously if one study defines
ARF as a 25% or greater rise in serum creatinine while another
study defines ARF based on the need for renal replacement ther-
apy (RRT), the two studies will not describe the same cohort of
patients. A linear correlation between the degree of kidney dys-
function and the outcome of acute kidney dysfunction has been
described; the more strict the definition of ARF, the greater the
mortality [10].

Another element that has emerged in recent years is the observa-
tion that small decrements in kidney function are important. For
example, Levy et al. [9] found that a 25% increase in serum cre-
atinine after administration of radiocontrast was associated with
a worse outcome in those patients experiencing the decrement in
function compared to those patients who did not experience a 25%
or greater increase in serum creatinine. Chertow et al. [14] defined
hospital-acquired acute kidney dysfunction as an increase of serum
creatinine of >0.3 mg/dL and found that this was independently
associated with mortality.

Similarly, Lassnigg et al. [15] saw, in a cohort of patients who
underwent cardiac surgery, that acute kidney dysfunction, defined
as an increase of serum creatinine of ≥0.5 mg/dL or a decrease
greater than 0.3 mg/dL, was associated with decreased survival.

The reasons why small alterations in kidney function lead to
increases in hospital mortality are unclear. Possible explanations
include the untoward effects of acute kidney dysfunction, such as
volume overload, retention of uremic compounds, acidosis, elec-
trolyte disorders, increased risk for infection, and anemia [16].
Although, acute kidney dysfunction could simply be colinear with
unmeasured variables that lead to increased mortality, multiple
attempts to control for known clinical variables have led to the
consistent conclusion that kidney dysfunction is independently
associated with adverse outcome. Furthermore, more severe kid-
ney dysfunction tends to be associated with even worse outcome
compared to milder abnormalities.
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Figure 6.1 RIFLE classification scheme for AKI. The
classification system includes separate criteria for serum
creatinine (SCreat) and urine output (UO). The criterion that
leads to the worst possible classification should be used.
Note that RIFLE-F is present even if the increase in SCreat is
<3-fold, as long as the new SCreat is ≥4.0 mg/dL (350
μmol/L) in the setting of an acute increase of at least 0.5
mg/dL (44 μmol/L). The shape of the figure denotes the
fact that more patients (high sensitivity) will be included in
the mild category, including some without actually having
kidney failure (less specificity). In contrast, at the bottom,
the criteria are strict and therefore specific, but some
patients will be missed. From Bellomo et al. [17]; used with
permission.

From acute kidney failure to acute kidney injury

As with many conditions in acute medicine, early detection affords
a better opportunity to intervene. Furthermore, milder forms of
renal dysfunction have clinical importance and therefore staging
(mild to severe) is desirable in order to better describe the syn-
drome. For these reasons, the Acute Dialysis Quality Initiative
(ADQI), an international consensus group comprised of nephrol-
ogists and intensivists with expertise in acute kidney dysfunction,
proposed the RIFLE criteria to define and stage acute kidney dys-
function (www.ccm.upmc.edu/adqi/ADQI2) [17]. The acronym
RIFLE stands for the three severity stages of r isk, injury, and
f ailure (in order of increasing severity) and the two outcome
stages of loss and end-stage kidney disease. The three severity
stages are defined on the basis of either increases in serum crea-
tinine or decreases in urine output (Figure 6.1), where the more
severe of either criterion is used. The two outcome criteria, loss
and end-stage kidney disease, are defined by the duration of loss
of kidney function.

The RIFLE criteria were published as a workgroup document
on the ADQI website in June 2003 and published online May 2004
and in print August 2004 [17]. Since then multiple studies have
been published using the RIFLE criteria [18–29] (Table 6.1), with
the majority published within the past 12 months. In addition, the
Acute Kidney Injury Network (AKIN) organized two conferences
endorsed by critical care and nephrology societies from around
the world with the aim of developing a broader consensus on the
definitions and terminology for ARF. In particular, this group has
proposed the term acute kidney injury (AKI) to define the entire
spectrum of acute kidney dysfunction from its earliest and mildest
forms to the need for RRT. We will therefore adopt this term for new

studies, as we have previously [1,24], although we will continue to
use ARF when describing older studies.

Epidemiology of AKI

In one Spanish multicenter study, Liaño et al. defined ARF as a
sudden rise in serum creatinine concentration to >177 μmol/L in
patients with normal kidney function, or a ≥50% rise in serum
creatinine in patients with previous mild to moderate chronic kid-
ney failure (serum creatinine <264 μmol/L) [30]. In this study, a
collaborative prospective protocol with 98 variables was devel-
oped to assess all ARF episodes encountered in the 13 tertiary care
hospitals in Madrid, Spain. An overall incidence of ARF of 209
cases per million population (pmp)/year; (95% confidence inter-
val [CI], 195–223) was reported. The incidence of acute tubular
necrosis (ATN) was 88 cases pmp (95% CI, 79–97), prerenal ARF
was 46 pmp (95% CI, 40–52), acute onset chronic kidney failure
presenting as ARF was 29 pmp (95% CI, 24–34), and obstruc-
tive ARF was 23 pmp (95% CI, 19–27). In 187 cases, mortality
was attributed to underlying disease, and thus corrected mortality
due to ARF was 26.7%. Dialysis was required in 36% of patients
and was associated with a significantly higher mortality (65.9 vs.
33.2%; P < 0.001). More recently, in a prospective study of adult
patients admitted in 43 Spanish intensive care units (ICUs), ARF
was defined as a creatinine level of ≥2 mg/dL or oliguria and a
urine volume of <400 mL/24 h in patients with normal baseline
function, and in patients with chronic kidney disease, ARF was
defined as a 100% increase in serum creatinine, excluding patients
with a baseline creatinine of ≥4 mg/dL [31]. This study found an
incidence of ARF of 5.7%, with 55% of cases occurring on admis-
sion. Mortality was 42.3% during the ARF episode, and recovery
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Table 6.1 Studies in which the RIFLE criteria for AKI were used.

AKI defined No. patients
by GFR (1) with max RIFLE
or by UO Outcome score/total

Study [reference] Cohort Aim of study and GFR (2) criteria Occurrence of AKI patients in subgroup

Herget-Rosenthal [18] 85 ICU patients, initial
normal GFR

Evaluate cystatin C vs
creatinine

1 No 44/85 (51.8%) R: 3/85 (3.5%)
I: 13/85 (15.3%)
F: 28/85 (32.9%)

Hoste [19] 704 AKI patients treated
with RRT

Impact of BSI NA Yes NA L: 9.2% (no BSI), 43.5%(BSI)
E: 0.5% (no BSI), 8.1% (BSI)

Bell [20]a 207 CRRT patients Long-term outcome 2 Yes NA R: 17/207 (8.2%)
I: 50/207 (24.2%)
F: 121/207 (58.5%)
L: 3/207 (1.4%)
E: 16/207 (7.7%)

Abosaif [21]a 183 ICU patients with AKI
on admission

Outcome 2 No NA R: 60/159 (37.7%)
I: 56/159 (35.2%)
F: 43/159 (27.0%)

Kuitunen [22] 813 cardiac surgery
patients

Incidence and outcome
of AKI

2 No 156/813 (19.2%) R: 88/813 (10.8%)
I: 28/813 (3.4%)
F: 40/813 (4.9%)

Guitard [23] 94 liver transplant patients Incidence and outcome
of AKI

1 No 60/94 (63.8%) I: 39/94 (41.5%)
F: 21/94 (22.3%)

Hoste [24] 5383 ICU patients Incidence and outcome
of AKI

2 No 3,617/5,383
(67.2%)

R: 670/5383 (12.4%)
I: 1436/5383 (26.5%)
F: 1511/5383 (28.1%)

Uchino [25] 20,126 patients admitted
to the hospital

Incidence and outcome
of AKI

1 No 18% R: 9.1%
I: 5.2%
F: 3.7%

Lin [26] 46 ECMO patients Incidence and outcome
of AKI

2 No 36/46 (78.3%) R: 7/46 (15.2%)
I: 18/46 (39.1%)
11/46 (23.9%)

Heringlake [27] 29,623 cardiac surgery
patients

Incidence and outcome
of AKI

1 No 15.4% (range,
3.1–75%)

R: 9% (2–40%)
I: 5% (0.8–30%)
F: 2% (0.6–33%)

Lopes [28]b 126 burn patients Incidence and outcome
of AKI

2 No 35.7% R: 14.3%
I: 8.7%
F:: 12.7%

Ahlstrom [29] 658 ICU patients, classified
w/in 3 days of ICU
admission

Evaluation of different
scoring systems,
including RIFLE criteria,
for hospital mortality

2 Yes 52.0% R: 168/658 (25.5%)
I: 100/658 (15.2%)
F: 74/658 (11.2%)
L: 1/658 (0.2%)

Abbreviations: NA, not applicable or not available; BSI, bloodstream infection; ECMO, extracorporeal membrane oxygenation.
a Patients were classified at inclusion in the study (on admission to the ICU or at the start of CRRT).
b Patients were classified on occurrence of maximum RIFLE class during the first 10 days of hospital admission.

of kidney function occurred in 85.6% of the survivors. Four other
large epidemiological surveys, in which a less sensitive but more
specific definition of ARF was used, i.e. ARF defined by the need
for RRT, found an incidence of approximately 100 pmp/year. The
incidence in Australia ranged from 80 to 134 pmp/year [32,33], in
Finland an incidence of 80 pmp/year was found [34], and recently,

Bagshaw et al. reported an incidence of severe ARF defined as need-
ing new RRT of 110 pmp/year in a Canadian population [35].

Recent retrospective data suggest that there is a rise in the in-
cidence of ARF in the USA, while mortality rates are declining
[36,37]. Different definitions or coding of ARF may hamper correct
interpretation of these findings. However, this limitation seems

73



BLBK043-Molony September 20, 2008 19:59

Part 2 Acute Kidney Injury

unlikely based on the study by Waikar et al. [37]. Those authors
evaluated the accuracy of administrative codes for ARF for appli-
cations in clinical epidemiology and health services research by
comparing codes of the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) from hospital dis-
charge records against serum creatinine-based definitions of ARF
[38]. The study revealed that 4.2% of discharges received a code
for ARF. In comparison to a diagnostic standard of a 100% change
in serum creatinine, ICD-9-CM codes for ARF had a sensitivity
of 35.4%, specificity of 97.7%, positive predictive value of 47.9%,
and negative predictive value of 96.1%. Compared with reviews of
medical records, ICD-9-CM codes for ARF had a positive predic-
tive value of 94.0% and negative predictive value of 90.0%.

AKI defined by the RIFLE criteria
An overview of studies using the RIFLE criteria for AKI is presented
in Table 6.1.

All studies used the severity grading criteria of risk, injury, and
failure, but only three studies [19,20,29] also used the outcome
criteria loss and end-stage kidney disease. Two of these studies
were in a cohort of AKI patients defined by the need for RRT.
Ahlstrom et al. [29] and Bell et al. [20] classified both severity
grades and outcome classes. However, all patients included in the
study by Bell and colleagues were treated with chronic RRT for
AKI. These subjects therefore had severe AKI, and thus represent
only a subgroup of the overall population.

Severity grading was performed according to the RIFLE criteria
on creatinine and urine output criteria in 8 of the 11 studies that
reported on severity grading [20–24,26,28]. However, Lin et al.
[26] used different urine output criteria cutoffs than those of RI-
FLE. The three remaining studies defined severity of AKI based
only on change of serum creatinine level and not on urine out-
put [18,25,27]. The reasons for this were diverse. Herget-Rosenthal
compared assessment of glomerular filtration rate (GFR) by serum
creatinine and cystatin C levels. Uchino retrospectively evaluated
hospital-wide cases, which prevented assessment of urine output
[25]. In addition, the study by Heringlake was a large prospective
study on practice patterns in cardiac surgery in German cardio-
vascular centers [27], and urine output was not collected. Inter-
estingly, one group chose to use the Cockcroft-Gault equation for
assessment of creatinine clearance, rather than use a change in
serum creatinine levels, as all other authors did [21]. When the
baseline serum creatinine level is unknown in a patient without
a history of chronic kidney insufficiency, ADQI proposed back-
calculation of the “baseline” serum creatinine concentration using
the four-variable Modification of Diet in Renal Disease (MDRD)
study equation, assuming a GFR of >75 mL/min/1.73 m2 [17].
This was done in only four studies [24–26,29]. Kuitunen also used
the MDRD formula, however not for assessment of a baseline cre-
atinine level but for assessment of GFR [22].

Most studies used the RIFLE criteria to assess the occurrence
of AKI in specific cohorts. However, two studies used the RIFLE
criteria for other specific purposes. Herget-Rosenthal evaluated
whether a serum level of cystatin C is a better marker for GFR than

a serum creatinine level [18], and Hoste used the RIFLE outcome
criteria as a secondary outcome parameter in a study on the impact
of bloodstream infection in AKI patients treated with RRT [19].

The occurrence of AKI defined by RIFLE criteria in various
different cohorts ranged from 15.4 to 78.3% (Table 6.1). This is
higher than is generally accepted when the classic terminology of
ARF is used. The large study by Uchino demonstrated that almost
18% of hospitalized patients in a large tertiary care hospital had an
episode of AKI as defined by RIFLE using serum creatinine criteria
[25]. This is much higher than the incidence of 4.9% reported in a
hallmark study using data from 1979 [39] or 7.2% in a follow-up
study that used data from 1996 [40]. Although the definition of
AKI used in these earlier studies differs from the RIFLE criteria,
the sensitivity seems comparable. Hou and Nash defined AKI as a
rise in serum creatinine of >0.5mg/dL for patients with a baseline
of <1.9 mg/dL, >1.0 mg/dL for patients with a baseline between
2 and 4.9 mg/dL, and >1.5 mg/dL for patients with a serum cre-
atinine level of >5.0 mg/dL [39]. An explanation for the higher
rates of AKI could be that the RIFLE criteria are more sensitive,
especially for patients with acute or chronic disease. Alternatively,
the three cohorts may have had different baseline characteristics
and/or different comorbidities. The trend of increasing incidence
for the same definition suggests that the latter explanation seems
more plausible. Increasingly, patients are now older, suffer from
more comorbidities, such as diabetes or cardiovascular disease,
and are more frequently exposed to diagnostic and therapeutic
procedures with potential to harm the kidneys.

Two large studies in cardiac surgery patients using the RIFLE
criteria indicated that the incidence of AKI after cardiac surgery
is about 15–20% [22,27]. This is a considerably higher incidence
than the incidence of AKI of <8% that is generally accepted in this
specific cohort of patients [11,41–44]. In a single-center, tertiary
care, general ICU setting, two out of three patients experienced an
episode of AKI [24]. This was comparable to the 52% incidence
found by another group in a study that included two different ICUs
from the same hospital [29] and considerably higher than the in-
cidence of renal dysfunction generally reported (generally rang-
ing from about 5% [45] up to 31% in specific patient subgroups
[12,46]). Finally, small studies in specific groups of patients, such
as patients with cardiogenic shock on extracorporeal membrane
oxygenation, liver transplantation, or burns, also demonstrated
high ICU period prevalence rates for AKI, with rates of 78, 64, and
35.7%, respectively [23,26,28].

In summary, the RIFLE criteria for AKI are more sensitive than
more traditional definitions of ARF. The incidence of AKI defined
by the RIFLE criteria is much higher (2–10 times higher) than the
incidence of more traditionally defined ARF, but the incidence for
both appears to be increasing.

Outcomes in AKI

Most studies, with few exceptions, have reported a stepwise in-
crease of mortality for increasing RIFLE class. One exception is
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Table 6.2 Mortality outcome of AKI defined by RIFLE criteria and by individual
RIFLE severity grades after correction for other comorbidities.

OR (for LR) or
Study Statistical RIFLE HR (for CPH)
[reference] test used criterion (95% CI) P value

Kuitunen [22] LR AKI 2.616 <0.001
Hoste [24] CPH AKI 1.7 (1.28–2.13) <0.001

CPH Risk 1.0 (0.68–1.56) 0.896
Injury 1.4 (1.02–1.88) 0.037
Failure 2.7 (2.03–3.55) <0.001

Uchino [25] LR Risk 2.536 (2.152–2.988) <0.0001
Injury 5.412 (4.547–6.442) <0.0001
Failure 10.124 (8.318–12.32) <0.0001

Lopes [28] LR Risk 5.6 (1.2–26.8) <0.001
Injury 6.2 (1.1–47.8) 0.008

Abbreviations: LR, logistic regression analysis; CPH, Cox proportional hazard
analysis; OR, odds ratio; HR, hazard ratio.

the study by Bell et al. [20], who included only patients who were
treated with CRRT, suggesting that these patients already had se-
vere AKI. In all other studies, increasing severity classes of AKI
indeed had worse outcomes. In four studies, multivariate analyses
were performed to assess the impact of AKI defined by RIFLE af-
ter correction for other comorbidities (Table 6.2). AKI defined by
RIFLE criteria was associated with increased mortality in all four
studies.

Limitations of the RIFLE criteria

Use of the urine output criterion of the RIFLE criteria has been
more controversial and less widely used compared to the creatinine
criterion. Although decreased urine output has a high specificity
and sensitivity for acute kidney dysfunction, the urine output cri-
teria have significant limitations. First, sensitivity and specificity
may be lost when diuretics are used. The use of diuretics is not
explicitly addressed in the RIFLE criteria, although their use is
common practice with AKI patients worldwide (with reported
utilization rates ranging between 59 and 70%) [47,48]. The urine
output criterion can only be accurately assessed in patients with
urinary catheters. Thus, the use of urine output criterion may be
limited to an ICU cohort. However, these data should also prompt
reconsideration of the need for monitoring urine output and im-
proved rigor in this monitoring in most hospital settings outside
of the ICU or operating room. Another limitation of the urine
output criterion is that there are many reasons that might inter-
fere with exact measurement of urine output, such as mechanical
issues, including obstruction of the urinary bladder catheter by
debris or blood clots and kinking of the catheter. Finally, the sen-
sitivity of the urine output criterion for risk, injury, and failure
may not be well-calibrated with the respective creatinine criteria.
In other words, at-risk patients defined by the creatinine criterion
may be more severely ill compared to at-risk patients defined by

the urine output criterion. This could be one explanation for the
different impact of increasing RIFLE class on mortality in the two
large studies by Hoste (creatinine and urine output criteria) [24]
and Uchino (creatinine criterion only) [25]. Baseline mortality in
non-AKI patients was comparable. However, mortality for patients
in the risk, injury, and failure groups was much higher in the co-
hort studied by Uchino compared to the cohort studies by Hoste,
despite the fact that the latter was derived from a hospital-wide
population and the former a general ICU population.

Another limitation of the RIFLE criteria is the need for a base-
line creatinine level in order to calculate the proportional decrease
of kidney function. A proportional increase in serum creatinine
better represents changes in kidney function compared to a sever-
ity gradation based completely on specific cutoffs, as in the SOFA
score [8]. A patient who has an increase of serum creatinine from
0.5 to 1.1 mg/dL has a 120% decrease of kidney function and this
would be classified as RIFLE injury; however, this same patient
would have a renal SOFA score of 0. Baseline serum creatinine lev-
els are, however, not always known in patients who are admitted
to the emergency department or ICU. And if there are data, what
is the correct baseline? For example, a serum creatinine level after
a 1.5-week hospitalization period in an elderly patient with pneu-
monia may be falsely low due to loss of muscle mass and decreased
creatinine production [49]. Creatinine at admission is probably
less biased by loss of muscle mass; however, it may be elevated
already due to early kidney dysfunction. In patients without a his-
tory of chronic kidney disease, back-calculation of a “baseline”
creatinine level using the MDRD equation has been proposed;
however, this can only provide an approximate value, and the va-
lidity of this equation across all populations has been questioned.
The MDRD equation was validated in a large data set of US pa-
tients with moderate to severe chronic kidney insufficiency and
was not validated in patients with near-normal kidney function,
in patients with underlying diabetes mellitus, or in the very el-
derly. However, recent reports from different parts of the world
suggest general validity in other groups of patients and ethnicities
[50–52].

Another issue was raised by Herget-Rosenthal et al. [18]. These
authors demonstrated that serum cystatin C levels allow for an ear-
lier determination of AKI than serum creatinine. Although serum
creatinine has its limitations, it has been the biomarker of choice
for evaluation of kidney function for many years. Recently, other
biomarkers for detection of AKI have emerged.

Biomarkers of renal tubular injury

Several serum and urinary markers, such as neutrophil gelatinase-
associated lipocalin (NGAL) [53,54], kidney injury molecule-
1 (KIM-1) [55], cysteine-rich protein 61 (also called CCN1)
[56], spermidine/spermine N(1)-acetyltransferase [57], cystatin
C [18,58], and urine interleukin-18 (IL-18) [59–61], have been
identified as potential markers of early tubular injury (see
Table 6.3).
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Table 6.3 Potential biomarkers in early detection and surveillance of AKI.

Biomarker Study Patients Results Comments

Cystatin C Villa et al. [62] 50 critically ill patients Serum cystatin C correlated better with
GFR than did serum creatinine

1/cystatin C versus CCr: r = 0.832, P < 0.001
1/creatinine versus CCr: r = 0.426, P = 0.002

Herget- Rosenthal et al. [18] 85 patients at high risk to
develop AKI

Increase in blood level of cystatin C
significantly preceded that of creatinine

Serum cystatin C increased by ≥50%, 1.5 ±
0.6 days earlier than creatinine

Ahlstrom et al. [58] 202 consecutive adult ICU
patients

Serum cystatin C was as good as plasma
creatinine in detecting AKI in intensive
care patients

Cystatin C had poor predictive value for hospital
mortality

NGAL Mishra et al. [53] 71 children undergoing
cardiopulmonary bypass

NGAL in urine at 2 h after
cardiopulmonary bypass was the most
powerful independent predictor of acute
renal injury

NGAL conc in urine at 2 h had area under ROC
curve of 0.998; sensitivity was 1.00 and
specificity was 0.98 for a cutoff value of 50 μg/L

KIM-1 Han et al. [55] 6 patients with
biopsy-proven ATN

For each unit increase in normalized
KIM-1 there was a >12-fold-higher risk
for the presence of ATN (odds ratio, 12.4;
95% CI, 1.2–119)

Small study with questionable statistical and
clinical relevance

IL-18 Parikh et al. [59] Nested case–control study
within Acute Respiratory
Distress Syndrome Network
trial (400 urine specimens
from 52 patients and 86
controls)

Urine IL-18 levels of >100 pg/mL are
associated with increased odds of AKI of
6.5 (95% CI, 2.1–20.4) in the next 24 h

On multivariable analysis, urine IL-18 on day 0
was independent predictor of mortality

Of these markers, cystatin C has been evaluated most extensively.
Cystatin C is a nonglycosylated protein that is produced at a con-
stant rate by nucleated cells. Its low molecular mass (13.3 kDa) and
positive charge at physiological pH levels facilitate its glomerular
filtration. Following filtration, it is reabsorbed and almost com-
pletely catabolized in the proximal renal tubule. Because of its con-
stant rate of production, its serum concentration is determined by
glomerular filtration. For these reasons, cystatin C has the poten-
tial to be a useful marker in detecting AKI. Villa et al. conducted
an evaluation of serum cystatin C concentration as a real-time
marker of AKI in critically ill patients and demonstrated that cys-
tatin C correlated better with GFR than did creatinine and was
diagnostically superior to creatinine (receiver-operating charac-
teristic [ROC] area under the curve for cystatin C, 0.927; 95%
confidence interval, 86.1–99.4; ROC area under the curve for cre-
atinine, 0.694; 95% confidence interval, 54.1–84.6) [62]. Subse-
quently, Herget-Rosenthal and coworkers evaluated early detec-
tion of AKI by cystatin C and showed that the increase in blood
levels of this marker significantly preceded that of creatinine [18].
Moreover, according to the R, I, and F criteria of RIFLE, cystatin
C detected renal dysfunction 2 days earlier than did creatinine. It
also predicted the long-term need for RRT in patients with AKI
moderately well. A subsequent study evaluated serum cystatin C
as a marker of kidney function in ARF and its power in predicting
survival of ARF patients [58]. Serum cystatin C, plasma creatinine,
and plasma urea were measured in 202 patients upon admission to
the ICU, daily during the first 3 days, and 5–7 times a week during

the rest of the ICU stay. In this study, serum cystatin C showed ex-
cellent positive predictive value for ARF in critical illness. However,
it was not clinically useful in predicting mortality.

Using a genome-wide interrogation strategy, investigators have
identified NGAL as one of the most strikingly up-regulated genes
and overexpressed proteins in the kidney after ischemia [54,63].
The clinical applicability of NGAL in AKI was demonstrated by
Mishra et al., who studied 71 children undergoing cardiopul-
monary bypass [53]. Serial urine and blood samples were analyzed
by Western blotting and enzyme-linked immunosorbent assay for
NGAL expression. Using multivariate analysis, the investigators
found that the urinary NGAL 2 h after cardiopulmonary bypass
was the most powerful independent predictor of acute renal in-
jury. The study also revealed that for the concentration of NGAL
in the urine at 2 h, the area under the receiver-operating charac-
teristic curve was 0.998, sensitivity was 1.00, and specificity was
0.98, using a cutoff value of 50 μg/L.

KIM-1 is a type 1 transmembrane protein whose expression is
markedly up-regulated in the proximal tubule in the postischemic
kidney in rat models. In a pilot study, Han et al. evaluated the
appearance of KIM-1 in the urine of 40 patients with acute (23
patients) or chronic (9 patients) kidney failure and normal kid-
ney function (8 patients) and the tissue expression of KIM-1 in
kidney biopsy specimens from 6 patients with biopsy-proven ATN
[55]. The investigators found that there was extensive expression
of KIM-1 in proximal tubule cells in biopsies from the six patients
with confirmed ATN. Moreover, when adjusted for age, gender,
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Figure 6.2 Relationship between outcome and RIFLE class across different studies. See text for details. Adapted from Hoste et al. [64].

and length of time between the initial insult and sampling of the
urine, these investigators found that for subjects in this small co-
hort, a 1-unit increase in normalized KIM-1 was associated with
a 12-fold risk (odds ratio, 12.4; 95% CI, 1.2–119) for the presence
of ATN.

IL-18 has been shown to be an important mediator of inflam-
mation. Urine IL-18 levels have been shown to increase in patients
with ATN, both in animal models and human studies [59–61].
In humans, IL-18 was shown to have a sensitivity and specificity
of >90% for diagnosis of established kidney injury [59]. In this
study, on multivariable analysis, the urine IL-18 concentration was
an independent predictor of mortality.

Large human trials evaluating the usefulness of various
biomarkers for early detection of AKI are lacking. However, theo-
retically such biomarkers could play an important role in the diag-
nosis and management of AKI. Currently available serum markers
for other disease processes, such as troponin-I and brain natriuretic
peptide, have correlated fairly well with the degree of the underly-
ing disease. Serum brain natriuretic peptide levels also decline with
adequate response to therapy. Theoretically, serial measurement of
a biomarker could potentially help clinicians identify early disease
and/or follow the response to treatment once disease is advanced.
With ongoing research, an analogous biomarker for AKI is perhaps
not too far in the future. In addition, further research exploring

the value of biomarkers in terms of prognosticating for patients
with AKI (both survival and renal recovery) will be necessary.

Conclusions

Small changes in kidney function in hospitalized patients are im-
portant and impact outcomes, hence the shift of terminology from
ARF to AKI. RIFLE criteria provide a uniform definition of AKI
and are increasingly used in the literature. RIFLE severity grades
represent patient groups with increasing severity of illness, as illus-
trated by the increasing proportion of patients who die or require
treatment with RRT.
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7 Pre-Renal Failure and Obstructive Disease
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Introduction

Pre-renal azotemia is the most common form of acute renal failure
(ARF) in hospitalized patients and, if uncorrected, can lead to
ischemic parenchymal damage and acute tubular necrosis (ATN)
[1,2]. The clinical syndrome of pre-renal failure is characterized by
intact tubular function with impaired filtration function because
of renal hypoperfusion and usually manifests as low urine volume,
reduced urinary concentration of sodium (UNa) and fractional
excretion of sodium (FeNa%), and an elevated ratio of blood urea
nitrogen to serum creatinine (Cr).

Pre-renal failure is the result of either true volume depletion,
as occurs with hemorrhage or excessive diuresis, or “effective”
volume depletion in circumstances such as congestive heart fail-
ure (cardiorenal syndrome), liver failure with ascites (hepatorenal
syndrome), and sepsis. The etiologies for pre-renal failure are out-
lined in Table 7.1. In both instances decreased intravascular volume
causes baroreceptor stimulation and enhanced adrenergic output,
leading to systemic and local regulatory mechanisms aimed at
restoring normal perfusion pressure.

At the level of the kidney, a complex interplay between neuroen-
docrine and vasoactive agents initially compensates for decreased
perfusion pressure. Specifically, angiotensin II causes preferen-
tial vasoconstriction of the efferent arteriole, increased proximal
tubular reabsorption, elevation of glomerular hydrostatic pres-
sure, and a reduced glomerular ultrafiltration coefficient. Because
of angiotensin II preferential constriction of the efferent arteri-
ole, with mild to moderate volume depletion, the glomerular fil-
tration rate (GFR) is maintained. With severe volume depletion,
frank ischemic ATN may ensue. Since the GFR in such situations is
dependent on relative efferent arteriolar vasoconstriction, the use
of angiotensin II antagonists, such as angiotensin converting en-
zyme (ACE) inhibitors and angiotensin receptor blockers (ARBs),

can precipitate ATN. The vasoconstrictor effects of angiotensin II
are opposed by endogenously produced prostaglandins and ni-
tric oxide. When used acutely in pre-renal failure, nonsteroidal
anti-inflammatory drugs lead to unopposed vasoconstriction and
worsening of renal function.

In response to decreased renal perfusion, activation of the renin–
aldosterone axis and release of antidiuretic hormone also occur,
increasing sodium and water retention in an attempt to restore in-
travascular volume. These temporizing physiologic measures are
necessary to maintain perfusion pressures in the face of frank vol-
ume depletion but are ineffective in sepsis and clearly deleterious
in conditions such as heart failure with pulmonary edema.

Given this background, pre-renal failure is not a simple case
of hypovolemia that can be corrected by administration of in-
travascular crystalloid or colloid. Treatment must, by necessity,
be directed at the underlying pathophysiology that has triggered
the compensatory physiologic response common to all etiologies.
Therefore, an evidence-based approach to the treatment of pre-
renal azotemia requires a review of the available data in several
subgroups of patients and cannot take a “one size fits all” approach.

Diagnosis

Many causes of pre-renal failure are clinically obvious. With re-
liance on history, physical examination, and certain laboratory
findings, patients with true volume depletion are often easily iden-
tified and can be treated with aggressive volume repletion. Such
patients demonstrate orthostatic hypotension, tachycardia, dry
mucous membranes, low urinary output, and poor skin turgor.
Although much has been made of the utility of urinary indices
in ARF (vide infra), they are unnecessary in such situations, and
patients promptly respond to volume resuscitation. Likewise, the
argument over using colloid or crystalloid in these patients is moot,
as simple crystalloid solutions have proven very effective. It is only
in the complex patient, usually in an intensive care unit (ICU),
that such controversies are more germane. In essence, one is try-
ing to differentiate the patient with pre-renal failure physiology
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Table 7.1 Causes of pre-renal failure.

Decreased Cardiac Output Redistribution/Vasodilation

Myocardial infarction Cirrhosis
Congestive heart failure Nephrotic syndrome
Pericardial tamponade Pancreatitis
Positive pressure ventilation Sepsis
Pulmonary embolism Crush injuries

Intestinal obstruction
Hypovolemia Vascular Disease

Hemorrhage Renal artery stenosis
Diuresis Atheroembolism
Diarrhea Vasculitis
Excessive sweating Aortic aneurysm dissection

who will not benefit (or be frankly harmed) by fluid resuscitation
from one who will quickly recover with crystalloid or colloid infu-
sion. For example, a patient with cirrhosis of the liver and ARF has
clinical and laboratory findings consistent with pre-renal failure.
Will volume repletion reverse the renal failure because true volume
depletion is present, or is it hepatorenal syndrome? In both scenar-
ios the kidneys are underperfused, but administration of fluid will
only help in the former and be deleterious in the latter. In the liver
failure patient measurement of the central venous pressure (CVP)
or pulmonary artery occlusion pressure (PAOP) could be used as a
guide to therapy, or the clinical response to an infusion of saline, as
recommended by the Second International Ascites Club [3]. Yet,
none of these diagnostic methods has been subjected to rigorous
scientific analysis. Similarly, in the patient with septic shock, on
multiple vasopressors and positive pressure ventilation, early ARF
may be pre-renal failure in nature but aggressive fluid resuscitation
may only serve to aggravate hypoxemia by worsening acute respira-
tory distress syndrome (ARDS). Indeed, in the recently published
Fluids and Catheter Treatment Trial by the ARDS Network group,
a fluid-conservative treatment strategy targeting a CVP of 3 or a
PAOP of 7 decreased the number of ventilator days and ICU length
of stay without any increase in the incidence of ARF or need for
dialysis [4].

CVP and PAOP
Although physicians often rely on CVP and PAOP to guide fluid
administration and determine whether or not a patient has true
volume depletion, there is little evidence that such measurements
are clinically useful. Although there are no trials that have assessed
the utility of these measurements specifically for determining the
reversibility of pre-renal failure, one can reasonably extrapolate
from available data regarding their ability to predict improvement
in stroke volume, cardiac output, and urine output.

The CVP and PAOP are frequently used as means of determin-
ing cardiac preload and volume status. However, their use has been
criticized because of poor ability to predict which patients will have
improvement in their hemodynamic status when given fluid re-
suscitation [5]. As reviewed by Michard and Teboul, in three of five

trials assessing the ability of CVP to predict fluid responsiveness
in critically ill patients, defined as an improvement in either stroke
volume or cardiac output, there was no significant difference in the
baseline CVP measurements between responders and nonrespon-
ders. The two remaining studies reported lower baseline values
of CVP in responders; however, the marked overlap of individual
CVP levels did not allow for the identification of a discriminatory
cutoff value. Likewise, baseline PAOP was not significantly lower
in responders versus nonresponders in seven of nine studies. Three
studies reported a significant difference in the baseline PAOP be-
tween the groups, being higher in responders in a single study and
lower in responders in two studies. However, in none of the studies
could a cutoff PAOP value be found that predicted the hemody-
namic response to volume expansion. In normal subjects, Kumar
and associates demonstrated a lack of correlation between initial
CVP and PAOP values and both end diastolic volume and stroke
volume [6]. Furthermore, changes in both parameters following
3-L saline infusion did not correlate with changes in end diastolic
volume and cardiac performance.

In addition, numerous randomized controlled trials (RCTs) and
meta-analyses assessing the benefit of pulmonary artery catheters
(PAC) in a variety of clinical circumstances have been reported [7–
9]. In a meta-analysis of 13 RCTs, the use of PAC neither increased
overall mortality and hospital days nor conferred any benefit [10].
Likewise, in an RCT of 676 patients with shock mainly from sepsis,
ARDS, or both, early use of PAC did not significantly affect mor-
tality or morbidity, including the need for dialysis [11]. Therefore,
in critically ill patients with multiple reasons for pre-renal failure
(sepsis, capillary leak with third spacing, positive pressure venti-
lation, hypoalbuminemia, cardiac dysfunction, and liver disease),
measurement of CVP and/or PAOP does not improve outcome
and has poor predictive value for improvement in renal function.

Urine output
The development of oliguria (urine output of less than
400 mL/day) does not assure the presence of pre-renal failure. It oc-
curs in both pre-renal failure states and numerous other causes of
ARF, including ATN, obstructive nephropathy, glomerulonephri-
tis, and atheroembolic disease. Despite the compensatory mech-
anisms invoked in response to decreased renal perfusion that in-
crease salt and water retention by the kidneys in pre-renal failure
states, higher urine outputs can ensue in the face of underlying
chronic kidney disease, salt wasting states such as adrenal insuf-
ficiency and cerebral salt wasting, concomitant use of diuretics,
osmotic diuresis, and the presence of nonreabsorbed anions, such
as ketones and bicarbonate in the urine.

Urinalysis
Urinalysis is often used to differentiate various causes of ARF. In
pre-renal failure, the urine is concentrated and the urinary sedi-
ment is bland. Bland urinary sediment, however, does not allow
for discrimination between true and effective volume depletion.
Furthermore, patients with pre-renal failure can have abnormal
sediment if they have a pre-existing renal disorder, bilirubin in the
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Table 7.2 Urinary indices in ARF.

No. of patients with condition/total no. of patients

Index and range Pre-renal failure Oliguric ATN Nonoliguric ATN

Urine Na (mEq/L)
<20 18/30 (60%) 0/24 (0%) 2/13 (6%)
20–40 12/30 (40%) 14/24 (59%) 11/31 (35%)
>40 0/30 (0%) 10/24 (41%) 18/31 (59%)
FeNa%
<1 27/30 (90%) 1/24 (4%) 4/31 (12%)

Source: Adapted from reference 14.

urine (causing granular casts), or microscopic hematuria and bac-
teruria from an indwelling bladder catheter. The utility of the uri-
nalysis in differentiating pre-renal failure from acute kidney injury
(AKI) has been called further into question by the results of two
recent systematic reviews on the urinary findings in sepsis-related
AKI (human and experimental animal studies). These systematic
reviews demonstrated substantial heterogeneity between studies
and suggested that the scientific basis for the use of urinary mi-
croscopy in septic AKI and, by extension, to differentiating ATN
from pre-renal failure is weak [12,13].

Urinary indices
The measurement of UNa and calculation of the FeNa% has been
routinely recommended as a means to differentiate oliguric pre-
renal failure from oliguric ATN, as shown in Table 7.2. In the
sentinel study reported by Miller et al. a UNa concentration of less
than 20 mEq/L had an 80% sensitivity and specificity for differen-
tiating pre-renal failure from ATN in the face of oliguria [14]. The
FeNa% performed even better, with a sensitivity and specificity
of 98 and 95%, respectively. The utility of either measurement
was significantly less in the absence of oliguria. However, there
are numerous exceptions to the general rule [15–17]. Both UNa
and FeNa% can be low, suggestive of pre-renal failure with ARF
from rhabdomyolysis, radiocontrast nephropathy, acute glomeru-
lonephritis, multiple myeloma, amphotericin B toxicity, and early
obstructive nephropathy. More to the point, the finding of renal
sodium avidity does not allow one to discriminate between true
and effective volume depletion nor reliably predict reversibility
with volume administration.

It is also important to point out that in the study by Miller et al.
patients were excluded if they had an elevated baseline creatinine
(>1.6 mg/dL), received any diuretic within the preceding 24 h, had
evidence of underlying adrenal or liver disease, or had glucosuria
or bicarbonaturia [14]. Also, the percentage of patients with sep-
sis was not described, nor was the actual cause of ATN provided.
With only 85 patients included in the study, it is probable that
in the medically complex patient these indices have lower sensi-
tivity and specificity or predictive powers than the paper actually
suggests.

The use of diuretics can increase urinary sodium loss even in
the face of pre-renal failure, thus negating the utility of the FeNa%.
Since the fractional excretion of urea (FeUN%) is primarily depen-
dent on passive forces, it is less influenced by the administration
of diuretics and may be useful in the evaluation of ARF. A group
of 102 patients with ARF was divided into three subgroups: pre-
renal failure, pre-renal failure treated with diuretics, and ATN.
The FeNa% was low in 92% of prerenal failure patients and
48% of pre-renal failure patients receiving diuretics. Both groups
had similar and significantly lower FeUN% values than the ATN
patients [18].

Treatment

In the patient with clinically obvious volume depletion, adequate
fluid resuscitation can be achieved by the administration of crys-
talloids, such as normal saline or lactated Ringers solution. Such
patients often show remarkable improvement in their renal func-
tion over a short period of time.

In the complex or critically ill patient, the situation is more chal-
lenging. In this population, it is difficult to accurately determine
intravascular volume and whether the pre-renal failure is due to
true or effective volume depletion, while concern is great for the
potential harm of indiscriminant fluid administration in the face
of acute lung injury or frank ARDS. There is also debate on what
type of fluid, colloid versus crystalloid, is best for volume resusci-
tation in such patients. Although not specifically done to address
pre-renal failure, review of recent clinical trials in these areas can
provide some type of general guideline.

Goal-directed hemodynamic management
and fluid therapy
Previous observational nonrandomized studies had shown that
patients who survived critical illness had higher values for cardiac
index and oxygen delivery than those who died and that those val-
ues were higher than normal physiologic levels [19,20]. Two stud-
ies of surgical patients showed significant decreases in mortality
associated with therapy directed at increasing hemodynamic pa-
rameters to supraphysiologic values, whereas no benefit was seen in
patients with sepsis and mixed groups of critically ill patients [21–
24]. Subsequently, two RCTs assessed the benefit of goal-directed
hemodynamic therapy in critically ill patients. In one trial of 100
patients randomized to dobutamine or placebo, there were no dif-
ferences in mean arterial pressure or oxygen consumption despite
higher cardiac index and oxygen delivery in the treatment group
[25]. In fact, the treatment group had a significantly higher mor-
tality rate than the placebo group. In another trial of 762 patients
randomized into one of three intervention groups, hemodynamic
therapy aimed at achieving supranormal values for cardiac index
or normal values for mixed venous oxygenation saturation did not
reduce morbidity or mortality [26].

More recently, Rivers and colleagues reported their experience
with early goal-directed therapy in the treatment of severe sepsis

82



BLBK043-Molony September 10, 2008 20:23

Chapter 7 Pre-Renal Failure

and septic shock [27]. Patients with severe sepsis or septic shock
were randomly assigned upon arrival to the emergency center to
either 6 h of early goal-directed therapy or standard therapy prior
to admission to the ICU. Active intervention aimed at achieving
a central venous oxygen saturation of 70% included saline bo-
luses targeted to a CVP level of 8–12 mmHg, vasopressor agents to
maintain a mean arterial pressure greater than 65 mmHg, trans-
fusion to a hematocrit of 30%, and dobutamine. Although the
patients assigned to active intervention received more fluid and
blood products in the initial 24-h period, they experienced a sig-
nificantly reduced rate of organ failure and death.

Finally, the ARDS Clinical Trials Network assessed optimal fluid
management in patients in the ICU with acute lung injury [4].
In this RCT, 1000 patients were assigned to either a conservative
or liberal strategy of fluid management using explicit protocols
applied for 7 days. The mean cumulative fluid balances in the
conservative versus liberal groups were −136 ml and 6992 mL,
respectively. Although there was no difference in mortality, the
conservative group had significantly reduced ventilator and ICU
days and improved oxygenation. Importantly, conservative fluid
management did not increase the need for RRT.

Crystalloid versus colloid fluids
The putative superiority of colloid over crystalloid fluids in the
resuscitation of the critically ill patient has been a source of con-
siderable controversy. Aggressive hydration with crystalloid so-
lutions such as normal saline can worsen interstitial edema and
pulmonary function. Colloidal solutions, such as various starches
and human albumin, might appear to be attractive alternatives,
but there is little solid evidence of their superiority in clinical
trials. Systematic reviews of randomized controlled trials com-
paring crystalloids with colloids have yielded conflicting results.
Some trials have found an increased mortality rate associated
with the administration of human albumin and hydroxyethyl-
starch, while others have not [28–31]. More recently, a large, ran-
domized, controlled prospective trial of albumin versus saline
in almost 7000 critically ill patients found no benefit of one
over the other [32]. Specifically, there was no demonstrable ef-
fect on mortality, renal function, or the frequency of renal re-
placement therapy. Of note, patients with cirrhosis were excluded
from this trial, and limited data suggest that albumin is useful
to prevent ARF in cirrhotic patients with spontaneous bacterial
peritonitis [33].

Summary
In the complex medical patient, pre-renal failure can occur from
either true or effective volume depletion. Since both circumstances
share the same physiologic derangements, clinical parameters such
as urine output and urinary electrolytes do not have any discrim-
inatory power between the two. It is also difficult to predict which
patients will benefit from volume resuscitation based on measure-
ment of the CVP or PAOP. Often, the only way to determine if
the renal failure is reversible is to provide an empiric “fluid chal-
lenge” and assess the clinical response. With regard to approaching

the critically ill patient who may be functionally pre-renal failure,
fluid management is dependent on timing. Early intervention with
goal-directed therapy, resulting in a positive fluid balance in the
first 24 h, is associated with reduced organ failure. In patients al-
ready in the ICU with lung injury, a conservative fluid approach
improves pulmonary function without adverse renal effects.

Cardiorenal syndrome

Cardiorenal syndrome is a recently recognized constellation of
findings in patients with combined cardiac and renal dysfunc-
tion. Such patients have pulmonary edema refractory to diuretics,
recurrent hospitalizations, progressive renal failure, and markedly
reduced quality of life. However, no explicit diagnostic criteria have
been adopted, as yet, for cardiorenal syndrome. It is nonetheless
a common medical condition. The prevalence of chronic kidney
disease (GFR of ≤ 60 mL/min) in the US population is estimated
to be 16 million adults. In these patients, cardiac failure is fre-
quently present and a major cause of mortality [34,35]. Likewise,
the development of renal dysfunction in heart failure patients has
a significantly negative impact on prognosis. In the Evaluation of
Losartan in the Elderly (ELITE) study, comparing an ACE inhibitor
to an ARB in the treatment of heart failure, nearly 30% of patients
experienced worsening renal function [36]. In the Studies of Left
Ventricular Dysfunction trial, risk factors for renal failure included
older age, low ejection fraction, use of diuretics, low systolic blood
pressure, and diabetes mellitus [37]. Patients who develop wors-
ening renal function have increased hospital length of stay, higher
costs, and higher mortality rates [38].

The pathophysiology of cardiorenal syndrome is incompletely
understood. It is not simply a “low cardiac output” syndrome,
since up to as many as one-half of patients have cardiac ejec-
tion fractions greater than 40%, and several studies could not
find a correlation between worsening renal function and ejection
fraction [38,39]. More than likely, cardiorenal syndrome is the
result of a complex interplay between local and systemic neuro-
humoral systems, such as the renin–angiotensin–aldosterone sys-
tem, sympathetic nervous system, natriuretic peptides, nitric ox-
ide, prostaglandins, endothelin, and inflammatory mediators. It
is not surprising, therefore, that traditional methods for treating
heart failure prove either ineffective or exacerbate renal dysfunc-
tion and have prompted interest in novel therapies, such as isolated
ultrafiltration.

Treatment of cardiorenal syndrome
Determining the best evidence-based treatment of cardiorenal syn-
drome is a challenging clinical problem, since most heart failure
trials have excluded patients with impaired renal function. Fur-
thermore, as mentioned, cardiorenal syndrome is not simply a
low-flow problem that corrects with traditional therapies used in
congestive heart failure. Each organ dysfunction appears to in-
teract in such a way that traditional measures may be rendered
ineffective.
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Diuretics
The role of diuretics in cardiorenal syndrome is controversial. Of-
ten, they are not effective in achieving the desired fluid removal
and weight loss. In heart failure trials, 20% of patients treated with
intravenous diuretics fail to lose weight or actually gain weight
during their hospitalization [40]. This diuretic resistance has been
shown to be an independent marker of poor outcome. Aggressive
attempts to overcome the resistance with higher diuretic doses,
continuous infusion, or addition of a second diuretic agent acting
distally to a loop diuretic often are associated with worsening renal
function, an independent risk factor for mortality [41].

Loop-diuretic resistance results from the interplay of several
factors, including poor intestinal absorption, decreased delivery
to the kidney, increased sodium absorption proximal and distal to
the loop of Henle, and excess sodium intake. Strategies to overcome
resistance include adding an additional diuretic agent that acts at
another site, increasing the dose and frequency of the diuretic,
and changing from intermittent to continuous infusion. However,
a Cochrane review comparing continuous to intermittent bolus
diuretic for congestive heart failure was unable to confirm any
superiority from this maneuver [42]. Addition of hyperoncotic
(>5%) albumin has also been advocated as a means of increasing
diuresis. In analbuminemic animals, addition of albumin increases
salt excretion [43]. However, albumin did not improve diuresis in
a small trial of humans with nephrotic syndrome [44].

ACE inhibitors and ARBs
ACE inhibitors and ARBs have clearly been shown to improve
survival in patients with heart failure [45]. Most studies, however,
excluded patients with significant chronic kidney disease (Cr ≥
2.0 mg/dL).

The Cooperative North Scandinavian Enalapril Survival Study
(CONSENSUS) included severe heart failure patients with crea-
tinine values less than 3.5 mg/dL [46]. In the subgroup with Cr
greater than 2.0 mg/dL, use of an ACE inhibitor significantly im-
proved outcome. Nevertheless, in CONSENSUS 30% of all patients
experienced an increase in their serum Cr, although few patients
needed to stop the medication.

In order to avoid precipitating acute renal dysfunction, ACE
inhibitors and ARBs should be started at low doses in patients
who are considered not to be volume depleted and who are off of
any nonsteroidal anti-inflammatory agents.

Natriuretic peptides
B-type natriuretic peptide (BNP) is produced by the myocardial
ventricles in response to increased stress. BNP results in arterial and
venous vasodilation, increased sodium excretion, and suppression
of the renin–angiotensin–aldosterone system.

Nesiritide, a synthetic BNP, was assessed in heart failure pa-
tients in the Vasodilation in the Management of Acute Congestive
Heart Failure trial [47]. Compared to intravenous nitroglycerine,
nesiritide significantly lowered PAOP at 1 h, although there was no
difference in the degree of dyspnea. Nesiritide was equally effective

in patients with or without renal dysfunction (Cr > 2.0 mg/dL)
[48].

In another trial nesiritide was given to patients with recent in-
creases in baseline Cr associated with congestive heart failure exac-
erbation (mean Cr increase from 1.5 to 1.8 mg/dL) [49]. Compared
to placebo, there were no changes in urine output, sodium ex-
cretion, glomerular filtration rate, or effective renal plasma flow.
This finding suggests that nesiritide is ineffective in cardiorenal
syndrome.

More concerning are recent reports that the use of nesiritide in
congestive heart failure may be associated with an increased risk
of acute renal dysfunction and mortality. In a meta-analysis of five
randomized trials including 1,269 patients, the use of nesiritide was
significantly associated with the development of acute renal dys-
function (an increase of Cr of ≥ 0.5 mg/dL) [50]. Furthermore, in
three RCTs that reported mortality rates, the use of nesiritide was
associated with a hazard ratio for death of 1.8 (P = 0.057) [51].

Ultrafiltration
Ultrafiltration (UF) for therapy-resistant chronic volume overload
is an increasingly utilized treatment modality. With the advent of
technology that allows for low blood flow and ultrafiltration rates,
and also venous access through a peripheral location, the use of
isolated UF will likely become commonplace in the treatment of
cardiorenal syndrome.

The Ultrafiltration Versus IV Diuretics for Patients Hospitalized
for Acute Decompensated Congestive Heart Failure trial compared
UF and intravenous diuretics in 200 patients [52]. Compared to pa-
tients who received diuretics, patients randomized to UF lost more
weight and, at 90 days, had less rehospitalization and unscheduled
clinic and emergency center visits. However, overall mortality rates
were equal in both groups. In addition, there is justified concern
if isolated UF becomes more prevalent outside the research en-
vironment that excessive UF rates may result in hypotension and
worsening renal function.

Obstructive nephropathy

Urinary tract obstruction should always be considered in the dif-
ferential diagnosis of ARF. Regardless of cause, obstruction of uri-
nary flow leads to renal impairment, which early in the course of
the condition is reversible if the obstruction is alleviated. Tubular
function is initially affected; however, prolonged obstruction leads
to tubular damage and parenchymal atrophy.

Clinical manifestations of urinary tract obstruction vary de-
pending on the location, duration, and degree of obstruction. In
patients with complete bilateral obstruction or with an obstructed
solitary kidney, anuria (<50 mL urine output in 24 h) can be the
presenting feature, whereas in patients with partial obstruction,
the urinary output can vary from oliguria to polyuria. Although
pain is more likely to be associated with acute blockage, obstruc-
tion may be totally asymptomatic and occur without overt clin-
ical manifestations or suggestive laboratory findings. Therefore,
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obstructive nephropathy should always be considered as a cause of
renal failure when an obvious pre-renal failure or intrinsic renal
cause is not identified. The location of obstruction is anatomically
divided into upper and lower urinary tract at or below the level
of the bladder. Common causes of lower urinary tract obstruction
include urethral strictures, prostatic hypertrophy, and neurogenic
bladder.

Diagnosis of urinary tract obstruction can be difficult. Anuria,
flank pain with a palpable mass, or a palpable bladder are obvious
clues. The laboratory evaluation can be helpful. Hyperkalemia with
a nonanion gap metabolic acidosis is suggestive of a renal tubular
acidosis associated with obstruction [53]. The urinary sediment
may be bland or demonstrate crystals or hematuria, depending on
the etiology of the obstruction. Patients may have very dilute urine
due to the presence of an acquired form of nephrogenic diabetes
insipidus [54].

Ultrasonography is the most useful test for the presence of ob-
struction. Although hydronephrosis is usually demonstrated, there
are circumstances when hydronephrosis is not seen despite uri-
nary tract obstruction: 1) early in the course of obstruction (12–
24 h) when the collecting system is relatively noncompliant; 2) in
the face of severe volume depletion when glomerular filtration is
severely depressed; and 3) when the collecting system is encased
by retroperitoneal lymphadenopathy or fibrosis [55,56].

Conversely, the finding of hydronephrosis on ultrasound does
not prove the presence of obstruction, since it is also seen in high
urinary flow states such as diuretic use and diabetes insipidus,
pregnancy, previous obstruction, and congenital megaureter. In
a series of 192 patients with ARF, hydronephrosis unrelated to
obstruction was noted in 11% of patients [57].

Although ultrasound is the preferred imagining modality for
initial assessment of obstruction, its use has been supplanted by
noncontrast helical computed tomography (CT) scan in the eval-
uation of flank pain and nephrolithiasis. In a single-center study
of 864 patients evaluated for flank pain, 34 underwent both helical
CT scan and ultrasound [58]. Compared to helical CT, ultrasound
was found to have a sensitivity and specificity for renal stones of 81
and 100%, respectively, although the sensitivity for ureteric stones
was only 46%. In the same study, the sensitivity and specificity for
the detection of hydronephrosis were 93 and 100%, respectively.

In another study, 181 consecutive patients with acute flank pain
underwent a combination of helical CT, ultrasound, and unen-
hanced radiography [59]. When compared with the diagnostic
accuracy for ureterolithiasis of combined ultrasound and unen-
hanced radiography, helical CT had greater sensitivity (92% vs.
77%) and negative predictive value (87% vs. 68%).

Treatment of obstruction and its timing is dependent on the eti-
ology. Patients with small stones (>5 mm) can be managed conser-
vatively with aggressive hydration and pain control in the absence
of infection. Bladder catheterization should be performed if there
is reason to suspect that bladder outlet obstruction is present; pos-
sible clues to this diagnosis include suprapubic pain, a palpable
bladder, or an older man with unexplained renal failure. Mea-
surement of a urinary postvoid residual is often advocated in the

detection of outlet obstruction but has not been subjected to any
rigorous evaluation. Nor is there a standard method of measure-
ment or definition. Up to one-third of patients with bladder outlet
obstruction demonstrated by urodynamic testing do not have an
elevated postvoid residual [60]. Upper tract obstruction is relieved
with either percutaneous nephrostomy tubes or ureteral stenting,
depending on cause, availability, and local expertise.

The duration and severity of obstruction are the major deter-
minants for the recovery of renal function after its correction. The
longer the duration of obstruction, the less likely are the chances
for complete renal recovery. There are few published data on the
relationship between duration and obstruction and renal recovery
rates. The variability is likely related to the severity and cause of ob-
struction, the presence of underlying chronic kidney disease, and
concurrent infection. Case reports, however, have documented re-
nal recovery after correction of obstruction lasting 12 months [59].

Postobstructive diuresis
Postobstructive diuresis occurs when there is correction of com-
plete bilateral obstruction or complete obstruction of a solitary
kidney. It involves the production of a large volume of urine that
results from a defect in urine-concentrating ability, impaired reab-
sorption of urinary sodium, and solute diuresis from the retained
urea and intravenous administration of sodium-containing solu-
tions [62]. Although numerous textbooks discuss the proposed
pathogenesis and treatment of postobstructive diuresis, there is
very little information in the medical literature that describes its
clinical course or outcome other than case reports and case se-
ries. There certainly are no RCTs. Patients with relief of complete
obstruction are considered at risk for developing postobstructive
diuresis and should be carefully monitored. It has been recom-
mended for patients without pulmonary edema, congestive heart
failure, or altered consciousness from uremia that urine losses be
replaced by oral intake. Intravenous replacement fluids are given
only if the patients develop orthostatic hypotension, tachycardia,
hyponatremia, or a urine output of more than 200 mL/h [63].
On the other hand, in high-risk patients with altered sensorium,
congestive heart failure, or pulmonary edema, replacement of half
the hourly urine output with half-normal saline has been recom-
mended. If the patient is hyponatremic, normal saline should be
used instead. None of these recommendations has been subjected
to any rigorous clinical trial. Nonetheless, they do appear to be
prudent and reasonable based on clinical experience.
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Renal failure in the setting of cirrhosis is a common complica-
tion that accounts for major morbidity and mortality. A frequent
cause of kidney dysfunction in patients with advanced cirrhosis
is hepatorenal syndrome (HRS), which occurs in the absence of
parenchymal kidney disease. HRS is defined as functional renal
failure characterized by renal vasoconstriction and a low glomeru-
lar filtration rate (GFR) that develops in patients with advanced
cirrhosis and ascites; however, it occasionally occurs in patients
with alcoholic hepatitis or acute liver failure [1–4]. There are two
types of HRS, as previously defined by the International Ascites
Club: type 1 HRS is the acute form and is associated with very poor
prognosis, and type 2 HRS is a chronic form that develops slowly
over weeks with a better survival rate [1]. Although advances in
medical therapy are very promising, liver transplantation remains
the treatment of choice in suitable candidates. Uncontrolled stud-
ies demonstrate that the use of splanchnic vasoconstrictors, such
as terlipressin, midodrine, and norepinephrine, in combination
with albumin as a plasma expander or the use of a transjugular in-
trahepatic portosystemic shunts (TIPS) are effective in improving
renal function in cirrhosis. HRS can be prevented in the setting
of spontaneous bacterial peritonitis (SBP) with intravenous albu-
min and in alcoholic hepatitis with oral pentoxifylline [3,5]. This
chapter will review the pathogenesis, clinical features, therapy, and
prevention of HRS.

Pathogenesis

The main characteristic of HRS is the presence of renal vasocon-
striction [6,7]. This vasoconstriction occurs late in the natural
history of patients with cirrhosis and ascites and is a consequence
of a continuous process where several underlying mechanisms,
including changes in systemic arterial circulation, increased por-
tal pressure, impaired cardiac function, and activation of systemic

and renal vasoconstrictor factors, act on the renal circulation and
lead to functional renal failure without histological damage of the
kidneys.

Arterial vasodilation
Portal hypertension due to an abnormal liver architecture and in-
creased intrahepatic resistance of blood flow is the main factor
responsible for the development of splanchnic arterial vasodila-
tion. This vasodilation occurs mainly due to the production of ni-
tric oxide and other vasodilators (calcitonin gene-related peptide,
substance P, carbon monoxide, and endogenous cannibinoids)
as a consequence of endothelial stretching and possibly bacterial
translocation [8]. Plasma volume accumulates in the splachnic
bed, causing a compensatory response due to a fall in central blood
volume with activation of systemic vasoconstrictor and antinatri-
uretic systems, such as the renin–angiotensin–aldosterone system
(RAAS), the sympathetic nervous system (SNS), and arginine va-
sopressin (AVP), accounting for sodium and water retention and in
advanced stages, renal vasoconstriction as the kidney senses a rel-
ative hypovolemic state (Figure 8.1) [9–11]. The ongoing action of
such vasoconstrictor factors acting on the kidney eventually leads
to HRS. This occurs because although in the early stages of cirrhosis
renal blood flow may be kept within normal limits due to the effect
of local renal vasodilators, with time circulating vasoconstrictors
overcome the effect of renal vasodilators, leading to severe renal
vasoconstriction and reduction in GFR [7,12]. In some patients
precipitating factors such as bacterial infections worsen circula-
tory dysfunction and may trigger renal vasoconstriction [5,13]. At
this stage, the stimulation of the RAAS, SNS, and AVP is so intense
that their vasoconstrictor effects cannot be overcome, and HRS
develops.

Reduced cardiac output
Circulatory dysfunction in cirrhosis has been the classic defining
pathophysiological alteration that leads to HRS; however, recent
evidence suggests that a reduction in cardiac output may play a
role as well [14]. As discussed above, a complex interplay between
the splachnic, systemic, and renal circulation takes place once
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Figure 8.1 Pathogenesis of HRS in cirrhosis. Extrahepatic nitric oxide production is secondary to endothelial stretching and bacterial translocation. The main precipitating
factors are SBP, other bacterial infections, large volume paracentesis (LVP) without plasma expanders, and alcoholic hepatitis. Splanchnic vasodilation arising from portal
hypertension, an increased plasma volume, and a decreased cardiac output seem to play an equally important role in the decreased renal perfusion leading to HRS.

portal hypertension is established. In the initial stages of cirrho-
sis in the process of progressive vasodilation, both intravascular
volume and cardiac output increase to maintain systemic hemody-
namic homeostasis. However, with progression to decompensated
cirrhosis a patient’s clinical status may worsen, for instance, due
to a bacterial infection. A consequent decrease in cardiac output
and effective arterial blood volume may occur, thereby reducing
renal perfusion and possibly contributing to the development of
HRS. Two studies suggested that the development of HRS occurs
in the setting of a reduction in cardiac output and that the progres-
sion of circulatory and renal dysfunction in cirrhosis is not only
due to splanchnic vasodilation but also to a fall in cardiac output
[15,16]. In the first study of 23 patients with SBP, the 8 patients
who developed renal failure had a significantly reduced cardiac
output compared to those that did not develop renal failure [15].
In the second study, 66 patients with cirrhosis and ascites were
longitudinally followed. Twenty-seven patients (41%) developed
HRS, and in all cases cardiac output at the time of HRS was sig-
nificantly decreased compared to the cardiac output in the same
patients measured before the occurrence of HRS [16]. These stud-
ies support the concept that HRS occurs in the setting of worsening
circulatory function with a significant decrease in cardiac output in
the setting of marked splanchnic vasodilation [15,16] (Figure 8.1).
The exact pathogenic mechanisms that cause this decrease in car-
diac output are not completely understood and therefore deserve
further investigation.

Clinical features

HRS occurs in about 10% of hospitalized patients with cirrhosis
and ascites [17]. The probability of developing HRS in patients
with cirrhosis and ascites is 18% at 1 year and 39% at 5 years of
follow-up [17]. Individuals who have HRS for the most part ex-
hibit clinical features of advanced cirrhosis, and most have high
model for end-stage liver disease (MELD) and Child-Pugh scores,
along with low arterial blood pressure and severe urinary sodium
retention (urine sodium, ≤10 meq/L) [17,18]. The MELD score
is a mathematically derived score calculated from serum biliru-
bin, serum creatinine, and the international normalized ratio for
prothrombin time used for organ allocation by liver transplant
centers in the USA [19]. Spontaneous dilutional hyponatremia
(serum sodium, ≤130 meq/L) is commonly present in patients
with HRS due to an increased solute-free water retention because
of elevated levels of AVP [20]. Serum creatinine levels are elevated
and in fact define HRS; however, they are usually lower than those
seen in noncirrhotic patients with acute renal failure, due to a re-
duced muscle mass and low endogenous production of creatinine
in cirrhosis [21–23]. The two types of HRS as previously defined
by the International Ascites Club [1] are shown in Table 8.1. In
type 1 HRS renal function deteriorates with an increase in serum
creatinine to a level higher than 2.5 mg/dL in less than 2 weeks.
This type of HRS, if not treated, is associated with a very poor
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Table 8.1 Clinical types of HRS.

Type 1: Rapid and progressive impairment of renal function, defined by a doubling
of initial serum creatinine to a level higher than 2.5 mg/dL or a 50% reduction of
the initial 24-h creatinine clearance to a level lower than 20 mL/min in less than 2
weeks.

Type 2: Impairment in renal function with serum creatinine of >1.5 mg/dL that
does not meet criteria for type 1.

prognosis, with a median survival time of 2 weeks (Figure 8.2)
[16,17]. In type 2 HRS there is a steady decline in renal func-
tion, and serum creatinine levels usually range between 1.5 and
2.5 mg/dL [1]. Most patients with type 2 HRS have a median
survival time of 6 months if they do not receive a transplant
(Figure 8.2) [17,18,23].

Type 1 HRS may develop spontaneously, but in many cases it
is precipitated by bacterial infections, such as SBP or sepsis, acute
alcoholic hepatitis, and large-volume paracentesis without albu-
min expansion [3,5,13,24]. Bacterial infections and SBP precipi-
tate type 1 HRS in 10–30% of patients with advanced cirrhosis and
ascites despite resolution of the infection [5,13,25]. Therapeutic
paracentesis (≥5 L) without albumin expansion may precipitate
type 1 HRS in nearly 15–20% of cases [24]. Renal failure may occur
in up to 10% of cirrhotic patients with gastrointestinal bleeding,
but in most cases it is due to acute tubular necrosis (ATN) and not
HRS [26]. Contrast medium for radiological procedures does not
seem to be associated with an increased risk of kidney failure in
patients with cirrhosis and ascites [27].

Clinical diagnosis

The diagnosis of HRS is based on specific clinical criteria that aim to
exclude other causes of kidney failure that are not functional. The
diagnostic criteria proposed by the International Ascites Club for
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Figure 8.2 Probability of survival of patients with cirrhosis according to type of
HRS. (From Alessandria et al., 2005 [18], with permission.)

Table 8.2 Diagnostic criteria of HRS.

Major criteriaa� Chronic or acute liver disease with advanced hepatic failure and portal
hypertension� Low GFR, as indicated by a serum creatinine concentration greater than
1.5 mg/dL or 24-h creatinine clearance of <40 mL/min� Exclusion of shock, ongoing bacterial infection, volume depletion, or use of
nephrotoxic drugs� No sustained improvement in renal function (decrease in serum creatinine to
1.5 mg/dL or less) despite stopping diuretics and volume repletion with 1.5 L of
isotonic saline� No proteinuria or ultrasonographic evidence of obstructive uropathy or
parenchymal renal disease

Minor Criteria� Urine volume lower than 500 mL/day� Urine sodium lower than 10 mEq/L� Urine osmolality greater than plasma osmolality� Urine red blood cells less than 50 per high power field� Serum sodium concentration lower than 130 mEq/L

Source: Adapted from reference 1.
aOnly major criteria are necessary for the diagnosis of hepatorenal syndrome.

the diagnosis of HRS are outlined in Table 8.2 [1]. Unfortunately,
it seems that in clinical practice HRS is not accurately diagnosed,
as evidenced by two retrospective studies. In one study, 59% of
patients with cirrhosis and kidney failure labeled as having HRS
fulfilled the proposed criteria [28]. Another report from a large
tertiary care center indicated that out of 140 patients diagnosed as
having HRS only 29% met the diagnostic criteria and the majority
of misdiagnosed cases were due to ATN and sepsis-related renal
failure [29].

Common causes of renal failure in cirrhosis that should be
excluded before the diagnosis of HRS is made include pre-
renal failure secondary to volume depletion, ATN secondary to
shock, drug-induced renal failure (mainly from nonsteroidal anti-
inflammatory agents or aminoglycosides), and glomerulopathies
in patients with viral hepatitis [30,31]. In cases of pre-renal fail-
ure, renal function usually improves after plasma volume expan-
sion with an intravenous dose of 20–40 g of albumin. Proteinuria
(>500 mg/day) and/or ultrasonographic abnormalities of the kid-
neys indicate parenchymal renal disease and preclude the diagnosis
of HRS.

Management

When considering treatment, the type of HRS must always be taken
into account, as the two types differ in time course and prognosis.
In type 1 HRS patients, current practice supports their hospital-
ization in a closely monitored acute care unit. A central line may
be helpful in assessing volume status after patients receive plasma
expansion when ruling out other causes of renal failure, but the
utility of central pressure monitoring has yet to be established with
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Figure 8.3 Possible mechanism of action of the different therapies for HRS.
Therapies that improve renal function are vasoconstrictors, such as terlipressin,
midodrine, or norepinephrine (which act by ameliorating arterial vasodilation)
combined with albumin (which improves circulatory function). TIPS may reverse
HRS by reducing portal pressure as well as increasing effective arterial blood
volume.

an randomized, controlled trial (RCT) in this specific patient pop-
ulation. Patients with type 2 HRS can be managed as outpatients.

Given that patients are frequently malnourished and require a
sodium-restricted diet, a nutritionist should be a part of the team
taking care of the patient. In patients with dilutional hyponatremia,
fluid restriction of 1 L/day is recommended, as pharmacological
therapy is not yet available for this condition [20]. Apart from
routine hematological and biochemistry blood tests, all patients
must undergo a diagnostic paracentesis to rule out SBP and have
blood cultures performed to rule out other bacterial infections,
as prompt treatment of infections may result in improvements
in renal function. Diuretics need to be stopped, because they can
worsen renal failure and may cause electrolyte disturbances. Fi-
nally, probably the most important aspect of providing care to
patients with HRS is assessment of candidacy for orthotopic liver
transplantation (OLT).

In patients that are candidates for OLT, all efforts should be
made to improve renal function in order to obtain a better outcome
after transplantation. Current available therapies for type 1 HRS
include the use of splanchnic vasoconstrictors, albumin, and TIPS.
A summary of the therapeutic interventions available for HRS is
outlined in Figure 8.3.

Pharmacological therapy
Systemic vasoconstrictors given with plasma expansion are cur-
rently the most-used form of pharmacologic therapy for HRS
[2,12,32–50]. Splanchnic vasoconstrictors are used in conjunc-

tion with albumin because they counteract the intense vasodi-
lation of the splachnic circulation and improve effective arterial
blood volume, which in turn supresses the endogenous vasocon-
strictor factors responsible for HRS (Figure 8.3). Vasoconstrictor
therapies used in HRS include vasopressin analogues (ornipressin
and terlipressin) and �-adrenergic agonists (midodrine and nore-
pinephrine). Albumin has been used concomitantly with these
vasoconstrictors as a means of improving effective arterial blood
volume and therefore further suppressing endogenous vasocon-
strictor factors (RAAS and SNS) responsible for the intense re-
nal vasoconstriction in HRS [35,39,40,42,43,47–50]. In addition,
albumin administration by expanding circulating blood volume
may increase cardiac preload and cardiac output, which may im-
prove effective arterial blood volume leading to improved GFR
[51] (Figure 8.3).

Terlipressin
Vasopressin analogs have a marked vasoconstrictor effect in the
splanchnic circulation and therefore have been used for treating
patients with portal hypertension-related complications, such as
bleeding gastroesophageal varices. Ornipressin, although effective
in HRS, caused significant ischemic side effects in about one-third
of patients and was abandoned [32,33,52]. Terlipressin, a safer
synthetic analog of vasopressin with fewer side effects (approxi-
mately<10% of cases) has been succesfully used in the past decade,
and one randomized and several nonrandomized studies indicate
that it reverses renal failure in type 1 HRS [35–37,39–46,50]. The
administration of terlipressin and intravenous albumin improves
renal function, with a reduction of serum creatinine and improve-
ment in GFR in aproximately 60% of patients with type 1 HRS
(range, 42–92% initial response rates in the reported clinical trial)
[35–37,39,46,50] (Table 8.3). The dose of terlipressin ranged from
0.5 to 1 mg every 6–12 h in two studies [42,43]. In other studies,
the administered dose was an intravenous bolus of 0.5 mg every
4 h, and it was increased in a stepwise fashion to 1 mg every 4 h
and 2 mg every 4 h every 3 days if a significant reduction in serum
creatinine level (≥1 mg/dL) was not observed during each 3-day
period [35,39]. Also in another study terlipressin, administered as
a continuous intravenous infusion starting at 2 mg/day with an in-
crease every 2 days (in a stepwise manner to 4, 6, 8, and 12 mg/day
if no significant reduction in serum creatinine [≥30%] was ob-
served), was found to be efficacious when given in combination
with albumin [50].

The dose of albumin administered in most studies was 20–
40 g/day [35,39,40,42,43,50]. In most cases renal function starts
to improve within 48–72 hours. The end point of treatment is
a reduction in serum creatinine to a value less than 1.5 mg/dL,
and in general this takes between 1 and 2 weeks. In four studies
of patients with type 1 HRS, the recurrence of HRS among ini-
tial responders after stopping treatment ranged between 17 and
64% [36,39,42,50]. In the study with the highest rate of recurrence
(64%), albumin was not administered with terlipressin [36]. In
the other studies with lower recurrence rates (17–55%), albumin
was administered at the doses described above, and in most cases
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Table 8.3 Treatment of type 1 HRS patients with terlipressin.

Response Median
in control Severe side Median survival,

Study [reference] Responsea (%) Recurrenceb (%) group effectsc (%) survival (days) control group

Uriz 2000 [35]d 7/9 (77) 0/7 (0) 1/9 39
Mulkay 2001 [36] 11/12 (92) 6/11 (55) 0/12 42
Moreau 2002 [37] 53/91 (58) NRe 18/99 43
Colle 2002 [42]d 11/18 (61) 7/11 (64) 0/18 24
Halimi 2002 [41] 13/18 (72) NR 4/18 NR
Ortega 2002 [39]d 14/21 (66) 2/12 (17) 1/21 40
Solanki 2003 [43]d,f 5/12 (42) NR 0/12 3/12 NR 0/12
Danalioglu 2003 [40]d 3/7 (42) NR NR NR
Angeli 2006 [50]d 12/19 (63%) 3/12 (25) NR 230g

aThe definition of response varied between studies; however, in all studies it was defined as a marked decrease in serum creatinine.
bRecurrence of HRS after treatment withdrawal in responder patients; the definition of recurrence also varied between studies.
cMany patients presented with self-limited abdominal cramps and/or diarrhea during the administration of the first doses of terlipressin, which were not counted as severe side
effects.
dReceived concomitant albumin as plasma expander.
eNR, not reported.
fAn RCT.
gMean transplant-free survival in complete responders.

a repeat course of terlipressin with albumin was effective in de-
creasing serum creatinine [39,42,50] if HRS recurred after com-
pletion of the first course. Short-term (15 days to 1 month) survival
among patients responding to terlipressin has ranged from 40% to
80% [35–37,39,42,50] (Table 8.3). In the one RCT that compared
terlipressin-based therapy to customary care, survival at 15 days
was 40% in the terlipressin group and zero in the control [42]. Sur-
vival was seen only in those who demonstrated improvement in
renal function. Although the data on this therapeutic approach are
encouraging, there is undoubtedly a need for additional prospec-
tive RCTs assessing the role of terlipressin and albumin in improv-
ing renal function in HRS.

Midodrine, octreotide, and norepinephrine
The use of midodrine (an �-adrenergic agonist) in association with
octreotide, an inhibitor of the release of glucagon, and albumin
also may improve renal function in cirrhotic patients with HRS.
However, available data are so far limited to only two nonrandom-
ized observational cohort studies with a total of 19 patients [47,48].
In these two studies there was improvement in renal function and
GFR with suppression of renin, aldosterone, norepinephrine, and
AVP to normal or near-normal levels in 73% of cases (15/19 pa-
tients). Overall survival in these two cohorts was 58% at 3 months.
In the second, larger study, long-term survival was seen only in pa-
tients who had undergone either a TIPS procedure or a liver trans-
plant [48]. In the earlier of these cohort studies, the administered
dose of midodrine was between 7.5 mg orally three times daily with
an increase to 12.5 mg three times daily if needed and octreotide
at 100 μg subcutaneously three times daily with an increase to
200 μg three times daily if needed [47]. In addition, 20–40 g of in-

travenous albumin was given daily [47]. In contrast, in the second
study the investigators used midodrine at 2.5 mg daily combined
with a continuous intravenous infusion of octreotide of 25 μg/h
(previous bolus injection of 25 μg/h) and 50 g/day of intravenous
albumin [48]. Interestingly, another study showed that octreotide
was ineffective when administered alone [53]. The administra-
tion of a continuous infusion of norepinephrine (0.5–3 mg/h) for
5 days combined with intravenous albumin resulted in a signif-
icant improvement of renal function in a cohort of 12 cirrhotic
patients with type 1 HRS [49]. Improvement in renal function was
observed in 10 patients in association with an increase in mean ar-
terial pressure and a marked reduction in renin and aldosterone
levels [49]. Unfortunately, there is scarce rigorous clinical trials’
evidence on these therapeutic regimens for HRS; only two of these
trials are formal RCTs and both are of very small size. Despite the
fact that the available data from observational and cohort studies
are promising, more rigorous randomized controlled studies are
needed in order to determine if any of these interventions have
a beneficial role in HRS (Table 8.4) in terms of long-term renal
function preservation, overall survival, and/or transition to OLT.

Aim of pharmacological therapy
The most important objective when treating HRS is to reverse re-
nal failure in order to provide a successful bridge to OLT, so that
suitable candidates can undergo transplantation with less morbid-
ity and side effects to posttransplant medications and have sim-
ilar survival as patients without HRS. Patients with HRS treated
sucessfully with terlipressin and albumin before OLT have a similar
posttransplantation outcome and survival as patients transplanted
without HRS [54]. In four cohort studies, patients that responded
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Table 8.4 Treatment of type 1 HRS patients with oral midodrine (Mido) and subcutaneous or intravenous octreotide (oct), octreotide intravenous infusion alone, intravenous
norepinephrine, and TIPS.

1-month
Response 1-month survival in

Treatment [reference] Responsea (%) Recurrenceb (%) control group Side effectsc survival (%) control group (%)

Mido + Oct [47]d 5/5 (100) 0/5 (0) 1/8 3/5 80 15
Mido + Oct, TIPS [48] 10/14 (71) 4/14 (29) NR 50
Norepinephrine [49] 10/12 (83) NR 2/12 50
Oct [53]d,e 2/7 (61) NR 2/9 NR 28.5 55

Abbreviations: Mido, midodrine; Oct, octreotide; NR, not reported.
aThe definition of response varied between studies; however, in all studies it was defined as a marked decrease in serum creatinine.
bRecurrence of HRS after treatment withdrawal in responder patients; definition of recurrence also varied between studies.
cPatients presented with self-limited tingling, abdominal cramps, and/or diarrhea during the administration of the first doses of midodrone–octreotide.
dPatients received concomitant albumin as plasma expander.
eCrossover study of placebo and octreotide.

to therapy of HRS with terlipressin plus albumin or octretide,
midodrine, and albumin had an increased survival compared to
those who did not respond [37,39,48,50]. Whether this observed
increase in survival after transplant in responders is a direct effect
specific to a particular pharmacological therapy or rather simply
a result of the identification of a less-ill patient group cannot be
determined from these studies.

Nonpharmacological therapy
Liver transplantation
In the past OLT was the only available effective therapy for pa-
tients with HRS, and it continues to be the treatment of choice
for HRS in candidate patients. The survival of cirrhotic patients
with HRS treated by OLT is 85% at 1 year and 73% at 3 years, al-
though the presence of HRS is associated with increased morbid-
ity and early mortality after transplantation [55]. In fact, patients
with HRS who undergo transplantation have more complications,
spend more days in the intensive care unit, and have a higher
in-hospital mortality rate than transplanted patients without an-
tecedent HRS. Transplantation for type 1 HRS is limited by the
fact that many patients die before the operation because of their
advanced liver disease, a short average survival time after onset of
HRS, and a prolonged waiting time for transplantation in most
liver transplant centers [56]. Therefore, since patients with type
1 HRS have a very poor prognosis, this group of patients should
be given higher priority for transplantation [56]. In fact, the im-
plementation of the MELD score in the USA has placed patients
with HRS at a higher priority level for liver transplantation due
to the fact that creatinine is a strong variable in the mathematical
model [19]. In addition, the MELD score provides a good estimate
of prognosis in patients with type 2 HRS [18].

TIPS
TIPS is a nonsurgical intervention performed percutaneously that
creates a connection (by means of a prosthetic shunt) within

the liver between the portal and hepatic vein, thereby reduc-
ing portal pressure. This method has been used as an alterna-
tive therapy to surgical shunts for cirrhotic patients bleeding
from esophageal or gastric varices who are refractory to endo-
scopic and medical treatment. The rationale for using TIPS in
HRS is based on the fact that reduction of portal pressure im-
proves circulatory function and supresses RAAS and SNS activity
(Figure 8.3).

There are scarce data regarding the use of TIPS in HRS. Four
uncontrolled studies indicate that TIPS may improve renal func-
tion and GFR as well as reduce the activity of RAAS and SNS
in patients with cirrhosis and HRS [48,57–59]. Improvement in
renal function observed in these uncontrolled studies after TIPS
placement alone was slow and successful in approximately 60–
70% of patients [48,57–59]. Studies assesing TIPS for type 1 HRS
have only included patients with preserved liver function and ex-
cluded those with a history of hepatic encephalopathy, Child-Pugh
scores of ≥12 or serum bilirubin of >5 mg/dL. A combined ap-
proach using the combination of vasoconstrictors with TIPS in
14 patients for the treatment of type 1 HRS revealed that those
with preserved liver function (Child score, <12) who responded
to oral midodrine plus intravenous octreotide and albumin and
then had a TIPS performed had an excellent outcome, with re-
nal function that continued to improve and completely normalize
[48]. Nonetheless, this study included a limited number of pa-
tients, was uncontrolled for either aspect of the intervention, and
was associated with an overall mortality of 50% at 2 months. Thus,
larger studies using this approach are required in patients with
type 1 HRS before the efficacy of this combined approach can be
accepted.

Dialysis
The use of hemodialysis and peritoneal dialysis is ineffective in
HRS because patients are prone to develop significant side effects,
including arterial hypotension, coagulopathy, and gastrointestinal

93



BLBK043-Molony September 10, 2008 20:27

Part 2 Acute Kidney Injury

bleeding [60,61]. Although dialysis is not routinely recommended
in HRS, it may be a temporary option in patients who have ex-
hibited no response to vasoconstrictors or TIPS or in those who
develop severe volume overload, metabolic acidosis, or refrac-
tory hyperkalemia. Data on the extracorporeal albumin dialysis
(MARS) system seem to be promising. This system uses a cell-
free albumin-containing dialysate that is recirculated and perfused
through charcoal and anion exchange columns connected to a
hemodialysis machine, enabling the removal of albumin-bound
substances, such as bilirubin, bile acids, and cytokines [62]. In a
prospective RCT of 19 patients with Child C cirrhosis and type 1
HRS, there was a decrease in serum bilirubin and serum creati-
nine levels and an improvement in serum sodium, urine volume,
mean arterial blood pressure, and mortality when the data were
analyzed using parametric statistical tests for the 13 patients who
underwent MARS versus the 5 patients who received hemofiltra-
tion and customary care [62]. In a recent systematic review of
MARS compared to conventional therapy in patients with severe
liver failure, a meta-analysis of the four RCTs identified and that
included the only RCT in patients with HRS failed to demonstrate
a survival benefit from MARS in liver patients in general [63]. A
survival advantage was demonstrated only when nonrandomized
trials were included in the review. MARS should, therefore, still
be considered an experimental treatment, and further controlled
studies are clearly needed before advocating its use in the man-
agement of patients with type 1 HRS. An alternative approach to
MARS, Prometheus, is currently undergoing clinical evaluation
and comparison to MARS [64].

Prevention

The two clinical scenarios in which prevention of HRS has been
successful are SBP and alcoholic hepatitis. In SBP, intravenous al-
bumin (1.5 g/kg at diagnosis of infection and 1 g/kg 48 h later) pre-
vents the development of HRS because it counteracts an enhanced
arterial splanchnic vasodilation triggered by the infection, causing
an even more reduced effective arterial blood volume with addi-
tional activation of vasoconstrictor systems [5]. In one study, the
incidence of HRS in patients with SBP not administered albumin
was 33% and only 10% in those that received albumin [5]. In addi-
tion, there was less in-hospital mortality in those receiving albumin
(10%) than in those not receiving albumin (29%) [5]. However, it
seems that other plasma expanders, such as intravenous hydrox-
yethyl starch, are not effective in preventing renal failure in the
setting of SBP [65]. In patients with acute alcoholic hepatitis, oral
pentoxifylline (400 mg three times daily for 1 month) also reduces
the incidence of (8% in pentoxiphylline vs. 35% in placebo) and
mortality (24% in pentoxiphylline vs. 46% in placebo) of HRS [3].
There have been no follow-up studies confirming these results nor
studies to evaluate their generalizability to other clinical settings;
however, these two methods of prevention are widely accepted in
the clinical setting.
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Introduction

The incidence, etiology, and outcomes of acute kidney injury (AKI)
vary greatly, depending on the chosen definition and specific pop-
ulation being studied. In the majority of hospitalized patients, AKI
is usually the result of prerenal azotemia (reversible renal insuffi-
ciency caused by renal hypoperfusion) or acute tubular necrosis
(ATN) [1,2]. ATN is a form of AKI that results from injury (is-
chemic or toxic) to the tubular epithelial cells. In recent case series
ATN has accounted for 45–63% of AKI cases hospitalized [3,4].
Furthermore, a study based upon the Program to Improve Care
in Acute Renal Disease found ischemic (nonnephrotoxic) ATN to
be the most common cause of AKI, occurring in over 40% of all
patients [5]. It should be noted that sustained prerenal azotemia
has been shown to be a major predisposing factor towards the
development of ischemic ATN [6]. In hospitalized patients, ATN
commonly results from a variety of ischemic (hypotension, sepsis,
etc.) and nephrotoxic (pharmacologic, radiocontrast, rhabdomy-
olysis, etc.) insults, often in additive or synergistic combinations
[7]. ATN results in intrinsic renal parenchymal injury character-
ized by tubular cell apoptosis and necrosis, which leads to impair-
ment of renal function.

Diagnosis

The diagnosis of ATN (nephrotoxic or ischemic) may be distin-
guished from that of prerenal azotemia via serum markers (plasma
electrolytes, blood urea nitrogen, and creatinine) and evaluation
of urine electrolytes, osmolality, and sediment [8,9]. The tubu-
lar dysfunction of ATN may be associated with an elevated urine
sodium concentration and a fractional excretion of sodium (FeNa)
{[(urine sodium/plasma sodium)/(urine creatinine/plasma crea-
tinine)] × 100} greater than 1%. Additionally, owing to tubular

damage that results in the impaired ability to concentrate and
dilute urine, isosthenuria is present [10]. Of course there are ex-
ceptions to these findings; in the setting of chronic kidney disease
or following recent diuretic use, the diagnostic accuracy of urine
chemistries to distinguish prerenal azotemia versus ATN decreases.
Additionally, ATN in the setting of rhabdomyolysis, hemolysis,
sepsis, or heart failure has been shown to be associated with urine
sodium of less than 10 mEq/L and a fractional excretion of sodium
of less than 1% [11–13]. As such, one must use caution when at-
tempting to make a diagnosis of ATN based solely on laboratory
data. Fortunately, ATN does have characteristic urinary sediment
that includes renal tubular epithelial cells and granular and muddy
brown casts, but these findings may be transient or unrecognized
by an inexperienced observer. Despite years of investigation, no
“gold standard” for the diagnosis of ATN exists. Thus, the diagno-
sis must rely on a combination of data from the patient’s history,
physical examination, and laboratory studies, including urine sed-
iment. The utility of various diagnostic strategies to differentiate
pre-renal azotemia from ATN are discussed in further detail in
chapter 3.

Pathophysiology

Although there is still much to be discovered in the complex biol-
ogy of ATN, there are increasingly sophisticated experimental data
characterizing the pathophysiology of this syndrome (Figure 9.1).
Current evidence suggests that the course of ischemic ATN has
several phases: prerenal, initiation, extension, maintenance, and
repair. Tubular cell structure and function are severely impaired
during the renal hypoperfusion of the initiation phase. Eventually,
the tubular basement membrane is denuded by the sloughing of
tubular cells. This sloughing leads to cast formation and intratubu-
lar obstruction, which results in a decrease in glomerular filtration
rate (GFR) [12,13]. Additionally, this permits glomerular filtrate
back-leak, which leads to a further decrease in GFR [14]. In the ex-
tension and maintenance phases of ATN, several inflammatory cy-
tokines and chemokines promote vasoconstriction, contributing
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Figure 9.1 The serial phases of ischemic ATN.
(Reprinted from Sutton et al. [16] with permission of
the publisher.)

to a milieu that promotes renal hypoperfusion, medullary conges-
tion, and generalized tissue injury [14,15]. Lastly, when successful,
the repair phase (which is an area of extremely active investigation)
consists of death and exfoliation of the proximal tubular cells.
These cells are then repopulated and eventually mature and regain
their differentiated character [1]. Although ATN is a complex and
poorly understood syndrome, a broad spectrum of research initia-
tives are currently in progress to further our understanding of its
pathogenesis and pathophysiology to inform the timing and tar-
geting of prophylactic and therapeutic efforts to improve patient
outcomes.

Outcomes

In the early stages of ATN there is an opportunity to correct in-
sults (ischemic or nephrotoxic) that have caused the initial damage.
Provided this adjustment is made, renal function will generally im-
prove, although it may not return to preinsult level. It should be
noted, however, that severe and acutely irreversible loss of renal
function may occur in the setting of ATN. When such a loss of
function does occur, it often requires initiation of renal replace-
ment therapy (RRT) and is associated with much higher morbidity
and mortality. Severe acute irreversible loss of function with ATN
is most likely in the setting of preexisting renal disease and/or
repeated ischemic or nephrotoxic insults [16].

Several studies have attempted to gain a clinical understanding
of factors that contribute to patient mortality in ATN. Chertow
et al. [17] performed a multicenter prospective study that followed
over 250 patients with “early ATN.” They documented a 60-day
mortality rate of 36%. Additionally, multivariate analysis identi-
fied the following independent predictors of death in acute renal
failure (ARF) (with relative risks in parentheses): mechanical ven-
tilation (1.86), male gender (2.01), oliguria (<0.4 L/day) (2.25),

chronic immunosuppression (2.37), acute stroke or seizure (3.08),
and acute myocardial infarction (3.14). Similarly, in a multicenter,
prospective, controlled trial that evaluated the use of biocompat-
ible hemodialysis membranes, Parker and colleagues showed that
the severity-of-illness scores (APACHE) within 24 h of the initia-
tion of RRT for ATN can predict patient survival and recovery of
renal function [18]. Despite several recent advances in critical care
and renal replacement therapy, recent studies show that AKI from
ATN still carries a 35–70% mortality rate, depending on the center
and patient population studied [19,20]. Given the severe adverse
impact from ATN, it is imperative that clinicians employ as many
clinically effective preventative strategies as possible in patients
known to be at increased risk for development of ATN by virtue
of their demographic characteristics or their risk of exposure to
ischemia or nephrotoxicants.

Preventive strategies

Ischemic events (vascular and cardiothoracic surgeries, sepsis, and
hypotension) and exposure to several known potential nephrotox-
icants (aminoglycosides, amphotericin B, and rhabdomyolysis) are
part of the everyday experience of modern medicine. As such, sev-
eral trials have been performed to determine if any preventative
strategies are successful when the clinician is faced with the po-
tential of an ATN-inciting agent or event. This section seeks to
describe the studies currently available that inform best practices
with regards to preventive strategies and that provide guidance for
our current evidence-based recommendations.

Prevention of ATN from aminoglycosides
Despite their severe toxicities, aminoglycosides are still a main-
stay of the treatment of life-threatening gram-negative bacte-
rial infections. Nephrotoxicity occurs in 10–20% of patients,
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whereas ototoxicity occurs in 3–10% [21–22]. Briefly, the nephro-
toxicity stems from the proximal tubular damage the drugs in-
duce after being freely filtered at the glomerulus and absorbed
into the proximal tubular cell from the tubular lumen. The po-
tential for tubular damage persists as long as 4 weeks after a single
dose because of prolonged intracellular aminoglycoside accumu-
lation; this may account for the observations of nephrotoxicity
several days after the drug has been discontinued. It should be
noted that aminoglycosides may also affect the distal nephron.
This damage normally manifests itself as a defect in the concen-
trating ability of the kidney (polyuria) as well as severe magnesium
wasting [24]. Despite the elucidation of several risk factors for de-
veloping aminoglycoside nephrotoxicity (duration of treatment,
concurrent diuretics or nephrotoxins, elevated plasma drug trough
levels, and liver dysfunction) [24–23], severe nephrotoxicity still
occurs. Accordingly, several studies have been performed to eval-
uate strategies to minimize this potentially devastating side effect.

Over 60 trials have been conducted that have explored the ben-
efit of altering the dosing schedule for aminoglycoside antibiotics.
Traditionally, these drugs were dosed three times daily, but con-
cerns over the dose exposure led to trials investigating the utility
of once-a-day dosing. Due to the inherent differences in both the
protocols and results of the clinical trials, no fewer than four meta-
analyses have been performed in the hopes of clarifying some of the
contradicting aspects of these studies [24–30]. Each of these works
analyzed 20–42 randomized clinical trials; it should be noted that
10 studies were included in all four of these meta-analyses. Blaser
et al. [27] reported improved clinical efficacy (89.5% vs. 84.7%;
P < 0.001) as well as improved bacteriological efficacy (88.6% vs.
83.4%; P < 0.01) with once-a-day dosing but found no statistical
improvement based on toxicity rates. Barza et al. [29] found a re-
duced incidence of nephrotoxicity (from 7.7% to 5.5%) with daily
dosing but no significant change in the patient’s clinical course.
The largest of these studies, Hatala et al. [30] reported equivalence
with regard to bacteriologic cure and a statistical “trend” toward
reduced mortality and toxicity with once-daily dosing (risk ra-
tio for nephrotoxicity, 0.87; 95% confidence interval [CI], 0.60–
1.26). Lastly, Munckhof et al. [28] compared 20 trials involving
2881 patients and concluded that clinical efficacy improved 3.5%
(P = 0.027) with once-daily dosing but that there were no differ-
ences in terms of the bacteriologic efficacy or toxicity rates. Taken
together, these data have led to the commonplace use of daily
aminoglycoside dosing in clinical practice, even though none of
these meta-analyses reported a statistically robust renal advan-
tage with daily dosing regimens. A recent systematic review in the
Cochrane Database comparing aminoglycoside-based treatment
regimens in patients with cystic fibrosis demonstrated a reduced
renal toxicity benefit to once-daily dosing in children but not in
adults with cystic fibrosis [31].

Unfortunately, there are still several grey areas where the safety
and efficacy of aminoglycoside dosing remains unclear, including
in the elderly, the morbidly obese, and those with chronic kidney
disease (CKD). Additionally, in the face of the ever-growing threat
of antibiotic resistance, several studies have also sought to facilitate

further reductions in drug exposure by evaluating regimens that
entail dosing less frequently than once daily. Although no large
randomized trials or meta-analyses exist, studies like the prospec-
tive controlled trial by Bartal et al. raise the question of whether
all patients should receive aminoglycosides doses on an individual
pharmacokinetic basis (according to personalized trough levels
drawn in response to daily drug administration) [32].

Prevention of ATN from amphotericin B
Amphotericin B, an effective therapeutic agent in treating sys-
temic and invasive mycoses, induces nephrotoxicity in 20–80% of
patients, depending on a variety of factors, including the dose, to-
tal drug exposure, and the population being investigated, as well
as the definition of AKI that is used [33,34]. Despite recent ad-
vances and new agents to treat fungal infections, amphotericin B
still remains an often-used agent for hospital-acquired ATN. All
too often ATN arises with concomitant use of amphotericin B
and another nephrotoxic agent (aminoglycosides, calcineurin in-
hibitors, etc.) [35]. It should be noted that amphotericin B nephro-
toxicity can take on several forms besides ATN (as measured by
increased serum creatinine); these other symptoms include hy-
pokalemia with urinary potassium wasting and hypomagnesemia
with urinary magnesium wasting (due to increased distal tubu-
lar membrane permeability), as well as nephrogenic diabetes in-
sipidus or type 1 (distal) renal tubular acidosis [36]. In addition to
decreasing some of the concomitant risk factors (drug dosage and
avoidance of concomitant nephrotoxins), several other preventa-
tive measures have been investigated.

Prevention of ATN from amphotericin B by saline
(volume expansion)
Animal models have suggested that, in part, the nephrotoxicity of
amphotericin B stems from its ability to enhance tubuloglomerular
feedback [37]. Because volume expansion (salt loading) has been
shown to decrease the sensitivity of tubuloglomerular feedback,
it has been used in an attempt to lower the rates of amphotericin
B nephrotoxicity. Several studies have attempted to evaluate the
utility of volume expansion prior to amphotericin B administra-
tion. A review by Anderson [38] compiled the results from five
studies (120 total patients) that investigated the use of volume ex-
pansion. Anderson concluded that supplementing dietary intake
of sodium chloride before amphotericin B therapy is initiated “will
likely” prevent nephrotoxicity. This statement is based in large part
on the results from the only prospective, double-blind placebo-
controlled trial among the five studies included in the Anderson
review. In that study, Llanos et al. looked at 20 individuals in Peru
being treated with thrice-weekly amphotericin B for mucocuta-
neous leishmaniasis [39]. They found that serum creatinine rose
and creatinine clearance decreased in those individuals who re-
ceived the usual care compared to those who received intravenous
saline prior to amphotericin administration (P < 0.05). Overall
it is difficult to enthusiastically endorse volume expansion, as ad-
equate trials have not been performed, but based on current data
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there appears to be minimal harm in giving patients a saline load
prior to amphotericin B administration.

Prevention of ATN from amphotericin B:
lipid-based formulations
Because of the dose-limiting nephrotoxicity of conventional am-
photericin B, several other formulations have been tried. Addi-
tionally, co-administration of a wide variety of therapeutic agents,
including dopamine [40], has been investigated in the hopes of
reducing amphotericin B nephrotoxicity, but these efforts have
generally been disappointing.

The results of studies with lipid-based formulations of ampho-
tericin B are more promising. Human studies have shown that
there is likely an equal or decreased incidence and severity of AKI
with the administration of lipid-based formulations of ampho-
tericin B [41–44]. To date there have been few randomized trials
demonstrating unequivocal superior efficacy and safety of lipid-
based formulations compared to standard amphotericin B when
the latter is given under optimal conditions. Walsh et al. [44] con-
ducted a randomized double-blind multicenter trial in 687 pa-
tients that compared liposomal amphotericin B with conventional
amphotericin B as empiric antifungal therapy. They showed that
liposomal amphotericin B was as effective as conventional am-
photericin B when used as empirical antifungal therapy and that
it was associated with fewer breakthrough fungal infections, less
infusion-related toxicity, and less nephrotoxicity (16.6% had a
threefold increase in baseline serum creatinine with convention
amphotericin B compared with 8.2% with liposomal). Wingard
et al. performed a double-blind randomized controlled trial (RCT)
that compared two doses of liposomal amphotericin B (3 and
5 mg/kg/day) with amphotericin B lipid complex in 244 neu-
tropenic patients [45]. They found significantly lower rates of
nephrotoxicity in those who received liposomal amphotericin
B compared to amphotericin B lipid complex. In a systematic
Cochrane review of this topic that included literature through
April 2000, Jonhansen and Gotzche [46] noted that all lipid-based
preparations appeared to decrease the occurrence of nephrotoxic-
ity, but conventional amphotericin was rarely administered under
optimal conditions and, therefore, they concluded that it was not
clear that lipid-based formulations conferred any benefit. More-
over, it should be noted that under optimal clinical conditions,
as achieved in the clinical trials, AKI still occurs with the lipid-
based formulations and is more likely to occur in the setting of
concurrent patient exposure to other nephrotoxic agents [42,44].
Overall, although large-scale and long-term outcome trials com-
paring lipid formulations of amphotericin B to the conventional
formulation have not been performed, it appears that the former
may cause less nephrotoxicity.

Prevention of ATN from rhabdomyolysis
Rhabdomyolysis and its associated myonecrosis often results in
ATN and oliguric AKI. The ATN associated with rhabdomyolysis
is often multifactorial. Volume depletion (renal ischemia), renal
tubular obstruction from heme pigment casts, and tubular injury

from the free iron (released from dying muscle) all contribute
to the development of ATN. As many as 50% of all patients with
traumatic rhabdomyolysis develop ATN [47], but this number can
vary greatly depending on the clinical cause of the rhabdomyolysis
as well as the definition used to indentify cases of rhabdomyolysis
and of AKI. Current standard therapy for treating rhabdomyolysis,
regardless of its cause (which can be quite varied), involves aggres-
sive fluid resuscitation with saline and then, once volume repletion
is achieved, urinary alkalinization. The vast majority of studies on
prevention of rhabdomyolysis-induced ATN involve trauma pa-
tients (natural disaster or accidental). Due to the nature of this type
of injury, large-scale RCTs in humans have not been performed to
evaluate the recommended therapeutic interventions.

Prevention of ATN from rhabdomyolysis with
saline resuscitation
Saline resuscitation is the first step in interrupting the pathophys-
iology of rhabdomyolysis-induced ATN. The damaged and dying
muscles sequester large volumes of water and sodium, which re-
sults in rapid intravascular hypovolemia if aggressive fluid resusci-
tation is not initiated [48]. Although mostly retrospective, human
studies have indicated that in order to maintain adequate intravas-
cular volume in traumatized patients at risk for rhabdomyolysis,
it is important to start the fluid resuscitative effort prior to the
extraction of the patient from the scene of the crush injury [49].
The rationale behind this is to restore intravascular volume prior
to the release of heme pigment from injured muscle into the circu-
lation and thus help to prepare the kidneys in advance of the crush
relief. In a small retrospective study, this technique was shown to
decrease the rate of ATN requiring RRT [50]. The ultimate goal
of fluid administration is to initiate a volume diuresis, thereby
washing out any obstructing heme pigment casts in the setting of
massive fluid sequestration into injured muscle tissue. Overall, the
observational trials data support the conclusion that the benefits
of attempting saline resuscitation outweigh the risks for fluid over-
load and pulmonary edema, and as a result it should be attempted
in patients presenting with rhabdomyolysis.

Prevention of ATN from rhabdomyolysis
with mannitol and bicarbonate
In the setting of a successful saline resuscitation, several studies
have attempted to show an additional benefit from initiating a
forced alkalinization of the urine. This is often performed through
the administration of a combination of mannitol and bicarbon-
ate in intravenous solutions. The rationale behind this treatment is
that urine alkalinization prevents the precipitation of the heme pig-
ment casts and thus prevents tubular obstruction and AKI. Addi-
tionally, it is thought that it helps to prevent the dissociation of free
iron from myoglobin [51]. Animal models have shown that in the
setting of experimental traumatic rhabdomyolysis a combination
of 0.9% saline, sodium bicarbonate, and mannitol reduces tissue
injury (via oxidant stress) and restores renal blood flow, better than
either 0.9% saline alone or hypertonic saline [48]. Unfortunately,
these animal data have not been replicated in human studies. The

100



BLBK043-Molony September 10, 2008 20:28

Chapter 9 Acute Tubular Necrosis

literature supporting the use of urinary alkalinization in patients
suffers from the same deficiencies as the saline resuscitation stud-
ies. It is limited to retrospective, nonrandomized studies. Further-
more, these observational studies offer conflicting results with
regards to the utility and effectiveness of urinary alkalinization
in preventing ATN from rhabdomyolysis [50,52–54]. These stud-
ies vary in size from 15 patients to 382 patients, the largest of
which (Brown et al.) did not demonstrate any improvement in
the ATN or mortality rates in those individuals with rhabdomy-
olysis (creatine kinase level greater than 5000 U/L) treated with
bicarbonate and mannitol [53]. The use of these agents cannot be
recommended on the basis of any proven effectiveness reported in
the current body of literature. Additionally, multiple toxicities and
complications can occur with the administration of these agents
(e.g. worsening of hypocalcemia, hypokalemia, hyperosmolality,
mannitol-induced proximal tubular damage, systemic alkalosis)
necessitating close monitoring of electrolytes, intravascular vol-
ume status, and serum and urine pH whenever this intervention is
used.

Prevention of ischemic and postoperative ATN
Patients exposed to hypotension, regardless of the etiology
(surgery, sepsis, hypovolemia, drug induced, etc.) are at risk for
developing ischemic ATN. As mentioned above, the pathophysi-
ology of ATN is complex, but much of what we know is based on
animal and clinical models of ischemic ATN. Combining insights
obtained from animal models with the availability of well-defined
patient cohorts that are at high risk for postoperative ATN, several
studies have been conducted to investigate the prevention (and
therapy) of ATN in the perioperative setting. However, the ma-
jority of these controlled investigations have focused on patients
with established ATN rather than those in the early initiation phase
prior to clinically overt renal failure. Additionally, it should be
noted that although several interventions evaluated in the afore-
mentioned animal models showed dramatic effects in their ability
to minimize injury and dysfunction, their translation to human
studies and clinical practice has been negligible. These interven-
tions include the use of loop diuretics, dopamine, and fenoldopam.
The evidence supporting the role of these interventions in hu-
man ischemic ATN prevention and treatment is outlined below.
A recent systematic review of loop diuretics, dopamine, calcium
channel blockers, angiotensin converting enzyme inhibitors, and
fluid therapy as renoprotective strategies for patients undergoing
surgery has been published by the Cochrane Library [55].

Loop diuretics
In animal models of ATN, loop diuretics minimize the extent of
renal damage and dysfunction [56]. As a result they have been ex-
tensively investigated as a means of preventing ATN in patients
at risk. Randomized controlled trials comparing diuretic infu-
sion to placebo and other agents (e.g. dopamine) have been per-
formed, and the results have been varied. In 1996, Hager et al.
[57] randomized 121 patients to receive low-dose infusions of
furosemide (1 mg/h) or placebo throughout their intensive care

unit (ICU) stay following major thoraco-abdominal or vascular
surgery. They found that there was no difference in serum cre-
atinine or creatinine clearances nor incidence of AKI. It should
be noted that no patient in this study (regardless of study arm)
developed AKI requiring RRT. Subsequent studies have demon-
strated a potential deleterious effect of loop diuretics. In a double-
blind, placebo-controlled trial, Lassnigg et al. randomized 123 pa-
tients to furosemide, dopamine, or saline during and after cardiac
surgery [58]. They described an increased rate of AKI (defined as a
0.5-mg/dL increase in serum creatinine) in those patients receiv-
ing the diuretic infusion (6 of 41) compared to those receiving
saline (0 of 40) (P < 0.01). In light of the data reviewed, indicat-
ing that loop diuretic administration in patients with established
acute renal failure might result in poorer outcomes [59–61] and
the finding that loop diuretic administration does not reduce the
incidence or duration of AKI and RRT, their routine use in patients
at risk of ATN cannot be recommended.

Dopamine
Dopamine, when infused at low doses, has the ability to dilate
both the afferent and efferent arterioles in experimental models
and has been investigated extensively as a preventative tool in ATN.
In the best study of low-dose dopamine therapy for ATN, the ANZ-
ICS group performed a randomized, double-blind, controlled trial
in 328 critically ill patients with early signs of renal dysfunction
(not specifically ATN), comparing dopamine (2 μg/kg/min) with
placebo [62]. They found no difference between the groups in
the primary end point (peak serum creatinine during study drug
infusion) (P = 0.93) or with a variety of secondary end points,
including development of RRT-requiring ATN (P = 0.55), length
of ICU stay (P = 0.67), or hospital-based mortality (P = 0.66).
Although this study may not have been a “pure prevention” trial,
other more conventional prophylaxis trials have been performed
with dopamine therapy. Marik [63] performed a meta-analysis of
the kidney-protective effects of low-dose dopamine and found 21
RCTs that had compared low-dose dopamine to placebo and, after
a quality review, Marik included 15 studies in the final analysis.
Nine of these 15 studies involved postoperative or ischemia-related
ATN; none of these demonstrated a significant beneficial effect
of low-dose dopamine in preventing renal injury. Two additional
meta-analyses [64,65] have been conducted that have included but
were not limited to studies investigating dopamine on postopera-
tive or ischemic ATN. Both of these meta-analyses failed to find a
benefit from low-dose dopamine. The recent analysis by Friedrich
et al. [66] included 61 trials (more than 40 of which involved post-
operative or ischemic insults) encompassing over 3300 patients.
Their analysis demonstrated that dopamine may offer “transient
improvement in renal physiology” (as measured by urine output
during the first 24 h of infusion) but no improvement in survival,
need for RRT, or incidence of AKI (Figures 9.2 and 9.3).

Despite the robust clinical trials literature, use of dopamine
persists in clinical practice because of the perceived beneficial ef-
fects of dopamine on renal perfusion in patients with AKI. The
basic premise of this physiological argument has not been tested
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Study, Year 
(Reference)

Cardiac surgery 
   Schneider et al., 1999 (41) 
   Lassnigg et al., 2000 (45) 
   Woo et al., 2002 (47)

Other surgery 
   Swygerl et al., 1991 (57) 
   Schulze et al., 1999 (66) 
   Biancofiore et al., 2004 (73)

Neonates
   Disessa et al., 1981 (85) 
   Seri et al., 1984 (86) 
   Cuevas et al., 1991 (87) 
   Baenziger et al., 1999 (89)

Miscellaneous indications 
   ANZICS 2000 (90) 
   Sanchez et al., 2003 A (91) 
   Sanchez et al., 2003 B (91) 

Total (95% Cl)

Weight refers to the contribution of each study to the overall estimate of treatment effect. The pooled estimate is calculated by using a random-effects 
model. The summary relative risk is calculated on the natural logarithm scale. The weight of each study is calculated as the inverse of the variance of the 
natural logarithm of its relative risk. The size of the symbol denoting the point estimate does not represent the weighting of the study. See the Methods 
section for a discussion of the weighting. ANZICS = Australian and New Zealand Intensive Care Society; n/n = numbers of deaths/patients randomly 
assigned; RR = relative risk. 

Vascular surgery 
   Balwin et al., 1994 (52) 
   de Lasson et al., 1995 (53)

Intravenous contrast dye 
   Gare et al., 1999 (80) 

Dopamine Group, 
 n/n

0/50

0/42

2/25

2/50

1/42

0/25

0/13

3/22

7/173

1/50

2/25

0/174

1/47

0/34 1/34

0/7

0/8

10/40

0/18

2/7

1/8

7/20

1/15

69/161

8/20

7/20

701

66/163

11/20

9/20

686

0.01 0.1 1

Favors Dopamine Favors Control

10 100

2/18

1/17

0/19

Control Group, 
 n/n

RR
(95% Cl)

RR
(95% Cl)Weight, %

0.5

0.5

0.5

0.5

0.5

0.20 (1.01–4.06)

5.00 (0.25–99.16)

5.26 (0.27–102.66)

0.33 (0.01–7.96)

0.43 (0.02–9.74)

1.70 (0.31–9.28)

15.09 (0.87–262.12)

0.64 (0.06–14.60)

0.33 (0.01–7.91)

0.33 (0.02–7.14)

0.71 (0.32–1.59)

0.28 (0.01–6.43)

1.06 (0.82–1.37)

0.73 (0.37–1.42)

0.78 (0.36–1.68)

0.96 (0.78–1.19)

0.20 (0.01–3.54)

0.6

0.5

0.5

68.1

100.0

7.7

10.2

7.0
0.5

0.6

0.6

1.6

Figure 9.2 Effect of low-dose dopamine on mortality. (Reprinted from Friedrich et al. [65] with permission of the publisher.)

in humans until recently. Recently, Lauschke et al. demonstrated
that “low-dose” dopamine may have a deleterious effect on re-
nal perfusion, specifically in those patients with AKI [66]. They
conducted a prospective, double-blind, randomized controlled
crossover trial in 40 patients (30 with AKI and 10 without). The pa-
tients received, in randomly assigned sequence, alternating doses
of dopamine (2 μg/kg/min) or placebo and had renal resistive
and pulsatility indices measured during four 60-min study peri-
ods. Patients with AKI (doubling of baseline serum creatinine or
a value above 2.0 mg/dL) demonstrated an increase in resistance
indices from baseline (P < 0.01) in response to dopamine. This
study was the first to demonstrate that dopamine adversely affects
renal perfusion and hemodynamics in patients with AKI and that
this response differs from that observed in patients without AKI.
Robust RCTs and meta-analyses of these RCTs demonstrate no
renal or survival benefit from the administration of dopamine to
prevent AKI in patients at risk. On the basis of these clinical tri-
als data, dopamine cannot be recommended as an intervention
to prevent ischemia-related ATN in the medical or surgical ICU
patient.

Fenoldopam
Fenoldopam, a selective dopamine 1 receptor agonist, has been
investigated for renoprotective uses because, like dopamine, it has
been shown in low doses to increase renal blood flow in animal
models without significant systemic adverse hemodynamic effects
[67]. Several RCTs have evaluated the potential prophylactic ef-
fects of fenoldopam in preventing ATN in the settings of radio-
contrast exposure [68,69], sepsis [70], liver transplantation [71],
and cardio-aortic surgery [73–75].

In a prospective randomized placebo-controlled trial, Halpenny
et al. studied 31 hemodynamically stable post-cardiovascular
surgery patients administered either fenoldopam or placebo im-
mediately postoperatively. They assessed renal function in patients
who were sufficiently stable to remain on fenoldopam or placebo at
0–4 and 4–8 h and then on days 1, 2, 3, and 5 postoperatively. They
reported their findings for the first three time periods only, during
which they observed improved renal function in the fenoldopam
group [73]. The long-term benefits and clinical importance of
these data are unclear. In a second prospective randomized double-
blind controlled study, Halpenny et al. [74] studied 28 individuals
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Study, Year 
(Reference)

Dopamine Group, 
n/n

Control Group, 
 n/n

RR
(95% Cl)

RR
(95% Cl)Weight, %

Cardiac surgery 
   Sumeray et al., 2001 (46) 

Other surgery 

   Grundmann et al., 1982 (56) 
   Swygert et al., 1991 (57) 
   Carmellini et al., 1994 (59) 
   Schylze et al., 1999 (66) 
   Biancofiore et al., 2004 (73)

Intravenous contrast dye 
   Weisberg et al., 1994 (75) 
   Abizaid et al,. 1999 B (78)

Other nephrotoxic medications 
   Somio et al., 1995 (81) 

Miscellaneous indications 

   Lumbertgul et al., 1989 (92) 
   ANZICS 2000 (90) 
   Sanchez et al., 2003 A (91) 
   Sanchez et al., 2003 B (91) 

Total (95% Cl)

2/24 0/24

5/173 0/174

1/50 2/47

6/30 10/30

1/15 3/15

1/21 0/21

8/10

4/36 0/36

5/9
35/161 40/163

7/20 6/20

4/20 4/20

610606

19/25 19/25

1/22 1/25

0.01 0.1 1

Favors Dopamine Favors Control

10 100

0.5

44.6

0.6

0.5

5.6

0.8

0.9
0.5

0.4

9.9
27.4

100.0

5.4

2.8

0.93 (0.76–1.15)

1.00 (0.29–3.45)

1.17 (0.48–2.86)

0.89 (0.60–1.32)
0.69 (0.36–1.35)

3.00 (0.13–69.70)

9.00 (0.50–161.29)
0.33 (0.04–2.85)

0.47 (0.04–5.01)

0.60 (0.25–1.44)

1.14 (0.08–17.11)

1.00 (0.73–1.37)

5.00 (0.25–98.96)

11.06 (0.62–198.56)

Weight refers to the contribution of each study to the overall estimate of treatment effect. The pooled estimate is calculated by using a random-effects 
model. The summary relative risk is calculated on the natural logarithm scale. The weight of each study is calculated as the inverse of the variance of the 
natural logarithm of its relative risk. The size of the symbol denoting the point estimate does not represent the weighting of the study. See the Methods 
section for a discussion of the weighting. ANZICS = Australian and New Zealand Intensive Care Society; n/n = numbers of patients requiring renal 
replacement therapy/patients randomly assigned; RR = relative risk. 

`
`

Figure 9.3 Effect of low-dose dopamine on need for RRT. (Reprinted from Friedrich et al. [65] with permission of the publisher.)

undergoing aortic cross-clamping and the effects of intraopera-
tive administration of fenoldopam. Plasma creatinine concentra-
tion increased significantly from baseline on the first postoperative
day in the placebo group (P < 0.01) and not in the fenoldopam
group, but no subsequent data were reported, and the utility of this
small pilot study in informing care is, therefore, limited. Caimmi
et al. [75] randomized 160 patients with CKD (serum creati-
nine > 1.5 mg/dL) undergoing hypothermic cardiopulmonary by-
pass to receive intraoperative and postoperative fenoldopam (0.1–
0.3 μg/kg/min) or conventional care. They found that fenoldopam
was correlated with a shorter duration of mechanical ventilation,
shorter ICU stays, and a lower immediately postoperative serum
creatinine. Unfortunately, once again there was no report of effects
on long-term postoperative renal function compared to placebo.
In the last of these studies, Bove et al. [76] randomized 80 pa-
tients undergoing cardiac surgery to receive an infusion of either
fenoldopam or dopamine for the 24 h following the induction
of anesthesia. The merits of using dopamine as a control aside,
this study failed to show any incremental improvement or benefit
on renal outcomes from the fenoldopam infusion compared to
dopamine.

Morelli et al. [71] conducted a randomized, double-blind,
placebo-controlled trial of 300 patients with sepsis in which pa-

tients received fenoldopam (0.09 μg/kg/min) or placebo for the
entire length of their ICU stay. They found that prophylactic
fenoldopam decreased the rate of renal failure (serum creatinine >

300 μmol/L) compared to placebo (29 vs. 51 patients; P = 0.006).
Additionally, they noted a decrease in the length of ICU stay with
fenoldopam (10.6 ± 9.3 days vs. 13.4 ± 14.0 days; P < 0.001).
These promising data for sepsis suggest that a larger trial should
be conducted for this indication.

Although some of these studies report benefits from the use of
fenoldopam for prevention of ATN, the data do not support the
clinical use of fenoldopam for this purpose at this time, particu-
larly given the potential risk of fenoldopam-induced hypotension,
pending further confirmatory prospective studies.

N-Acetylcysteine
N-acetyl-cysteine (NAC) is thought to potentially protect pa-
tients from contrast-associated nephropathy because of its anti-
inflammatory properties and through modulation of oxidative
stress as an oxygen free radical scavenger [77]. NAC has therefore
been tested in the setting of increased oxidative stress and renal
ischemia associated with either cardiopulmonary bypass (CPB)
or cross-clamping of the aorta for abdominal surgery where NAC
has been administered prior to the onset of overt renal injury in
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order to reduce postoperative AKI. Seven RCTs have evaluated the
renoprotective effects of intra- and/or postoperative NAC infusion
in patients at risk for ischemic and oxidative stress-related ATN
from cardiac or aorta surgery [78–84]. No systematic review of
the literature has been performed to date that summarizes this
literature. Fisher et al. in a post hoc analysis of an RCT of NAC
in cardiac surgery reported a significantly greater decline in calcu-
lated creatinine clearance in patients receiving placebo compared
to those who received NAC [78]. In an RCT of 295 high renal
risk coronary artery bypass graft patients that compared high-
dose NAC (2400 mg/24 h) versus placebo, Burns and collegues
were unable to demonstrate kidney-protective effects from NAC
[79]. They conducted a post hoc analysis of those patients with
baseline renal dysfunction (Cr > 1.4 mg/dL) and reported a non-
significant trend toward less renal dysfunction in this subset of
patients when they received NAC. Ristikankare et al. randomized
80 subjects with CKD undergoing elective cardiac surgery and CPB
to receive either NAC intra- and postoperatively or placebo [80].
They evaluated biomarkers of tubular damage (N-acetyl-beta-d-
glucosaminidase) and serum cystatin C and creatinine clearance
during the first 5 days postoperatively and observed no protective
effect on renal function with NAC [80]. In a second study from the
same institution, Hynninen et al. evaluated whether NAC adminis-
tered intraoperatively afforded renoprotection from ischemic ATN
for patients with normal baseline renal function undergoing ab-
dominal aortic surgery and aortic cross-clamping [81]. They mea-
sured serum creatinine and cystatin C and urinary NAG levels.
They were unable to demonstrate any renoprotective effect with
NAC administration. In a small study of Brazilian patients, Macedo
also was unable to demonstrate renoprotective effects from NAC
during abdominal aortic surgery [82]. In the most recent stud-
ies, Haase et al. investigated the effects of high doses of NAC
(300 mg/kg over 24 h by continuous infusion) on renal func-
tion in a high-risk group of patients undergoing cardiac surgery
with CPB. In this RCT there was no difference in the two groups
in terms of serum creatinine or cystatin C level or urinary NAG
during the 5-day postoperative follow-up period [83]. Thus, only
one RCT demonstrated a small potential benefit from prophylac-
tic NAC administration, one reported a trend toward a benefit in
individuals with CKD, and the remainder of studies reported to
date have demonstrated no benefit in patients at risk for ischemic
ATN associated with cardiac or abdominal surgery. These studies
are mostly small and, therefore, not sufficiently powered to pre-
clude a small beneficial effect. At this time, however, routine use
of NAC in cardiac and aortic surgery as a renoprotective strategy
cannot be recommended.

Modulation of mechanical ventilation settings
Positive-pressure mechanical ventilation alters renal perfusion and
function through a variety of mechanisms [76,85]. In patients with
decreased effective circulating blood volume, increased intratho-
racic pressure promotes a decrease in venous return from the pe-
riphery and may cause hypovolemic shock. Positive pressure venti-
lation, even in the absence of hypovolemia, alters neuro-hormonal

systems (stimulates increased sympathetic outflow, activates the
renin–angiotensin–aldosterone axis, increases nonosmotic vaso-
pressin release, and decreases atrial natriuretic peptide release).
Overall these effects promote systemic and renal vasoconstric-
tion, decreased renal blood flow, and lower GFR. Hypercapnia
and severe hypoxemia (PaO2 < 40 mmHg) have similarly been
shown to result in renal vasoconstriction and decreased blood
flow [85]. Overall, in critically ill patients with compromised cir-
culatory function, it is well-documented that diminished systemic
and renal perfusion (ATN) are common adverse outcomes of res-
piratory failure requiring mechanical ventilation.

Several studies have shown that fluid administration and the
use of vasoactive drugs (dopamine, fenoldopam) can improve
the renal hypoperfusion and decreased GFR associated with posi-
tive pressure ventilation [86–88]. Recently, ventilator-induced pul-
monary and systemic inflammation have been identified as risk
factors for ARF, in addition to known hemodynamic and neuro-
hormonal mechanisms of ventilator-induced renal injury. Evi-
dence from large-scale randomized trials suggests that the proin-
flammatory effects of positive pressure ventilation, specifically
those of lung-injurious ventilatory strategies, may be a source of
AKI [85,89–91]. The ARDSNet Tidal Volume Trial demonstrated
that patients assigned to the lower tidal volume group experience
an increased number of ventilator-free days, improved survival,
and less AKI (defined as serum creatinine > 2.0 mg/dL) (20 ± 11
vs. 18 ± 11 days; P = 0.005) [90]. Additionally, in an RCT, Ranieri
et al. [91] demonstrated that lower tidal volumes and higher PEEP
(lung protective strategy) caused less systemic inflammation com-
pared to standard care, and this correlated with fewer patients
with organ system failures, including less AKI at 72 h postad-
mission. Overall, recent developments have shown that combina-
tions of hemodynamic and lung-protective ventilatory strategies
are the best current approach to minimizing ventilator-induced
AKI. Hopefully, the widespread adoption of these guidelines will
result in a decrease in AKI in critically ill patients.

Other agents
Over the years several additional agents have been investigated
as potential preventative measures. The adenosine agonist theo-
phylline has been studied in the setting of radiocontrast nephropa-
thy [92] as well as following cardiovascular surgery [93]. In RCTs of
80 and 56 patients, respectively, theophylline was shown to be inef-
fective at preventing ATN. Similarly, mannitol has been compared
to standard hydration in a wide variety of settings for ATN pro-
phylaxis. Although some data support its use in the perioperative
kidney transplant setting (discussed in chapter 51), in several small
RCTs mannitol failed to prevent ATN following cardiovascular
surgery [94], vascular surgery [95], and biliary tract surgery [96].

Pharmacologic therapy of established ATN

Several classes of agents have been investigated as potential ther-
apeutic options for established ATN, but the results have been
disappointing.
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Therapy of established ATN with loop diuretics
Loop diuretics are often used during the management of ATN
in the hopes of “converting” oliguric ATN to a nonoliguric state.
Several decades ago, two small RCTs (with 58 and 66 patients)
showed no benefit from increasing urine output with loop diuret-
ics on the duration or severity of AKI [62,97]. Recently, there has
been a renewed interest in this phenomenon, and several new in-
vestigations have sought to redefine the role of loop diuretics in
the setting of established ATN. Cantarovich et al. found that high-
dose furosemide (25 mg/kg/day), in the setting of established AKI,
showed no impact on patient survival or renal recovery rate, despite
increasing total urine output [98]. In this prospective, randomized,
double-blind, placebo-controlled multicenter trial of 338 patients
with AKI requiring RRT, there was no between-groups difference
in the total time on RRT (11.4 ± 8.6 vs. 12.4 ± 8.7 days; not sig-
nificant) despite achieving 2.0 L of urine output with furosemide
administration. Furthermore, Mehta et al. evaluated a multicenter
retrospective cohort of 552 patients with AKI in the intensive care
unit setting. They found that diuretic use in critically ill patients
was associated with an increased risk of death and nonrecovery of
renal function [60]. In contrast, Uchino et al. examined diuretic
use in 1743 patients with AKI at 54 centers [99]. Overall, 64% of
that cohort received diuretic therapy, and extensive multivariate
analysis found that diuretic use was not associated with any in-
crease in mortality. Regrettably, due to lack of randomization and
other confounders, the latter cohort studies are not definitive. In
summary, the current literature does not support the use of loop
diuretics as therapy for ATN to hasten renal recovery or improve
mortality, but when clinically indicated it appears that their use to
control fluid balance remains justified.

Therapy of established ATN with dopamine
As previously mentioned, although several meta-analyses have ex-
amined the role of dopamine in the setting of ATN, many of these
results have combined prevention and therapeutic trials. For in-
stance, in the Friedrich et al. meta-analysis of 61 randomized trials,
only 6 trials studied dopamine as a treatment option for those with
established renal dysfunction [66]. Of these six, only four investi-
gated dopamine use in the setting of potential ATN (critical illness
and congestive heart failure). The remaining two studies measured
dopamine’s performance in the settings of preeclampsia and con-
trast nephropathy [66]. The largest of the included trials was the
ANZICS trial [63], which as previously mentioned examined 328
patients with two or more manifestations of systemic inflamma-
tory syndrome in a 24-h period and at least one indicator of early
renal dysfunction (decreased urine output or changes in serum cre-
atinine). Patients received dopamine (at 2 μg/kg/min) or placebo
until one of the study end points was met (death, RRT, 24 h postres-
olution of systemic inflammatory syndrome or adverse event). In
the end, low-dose dopamine did not confer any clinically signif-
icant protection from renal dysfunction; there was no observed
difference in the primary outcome of peak serum creatinine dur-
ing the study (P = 0.93), RRT rate (P = 0.55), length of ICU stay
(P = 0.67), or in-hospital mortality (P = 0.66). Similarly, a sys-

tematic review by Kellum and Decker [100] looked at dopamine
use in a total of 17 RCTs. They concluded from their systematic
review that “the use of low-dose dopamine for treatment or pre-
vention of acute renal failure cannot be justified . . . and should
be eliminated from routine clinical use.” It should be noted that
this meta-analysis did not formally distinguish between preven-
tion and therapeutic trials. Based on these findings as well as those
from the prevention trials discussed above, the use of dopamine
as a therapeutic option in the setting of ATN cannot be endorsed.

Therapy of established ATN with fenoldopam
In addition to investigation as a prophylactic agent for radio-
contrast nephropathy [101] and sepsis-induced renal dysfunc-
tion, fenoldopam has been studied as therapy for established
ATN [102,103]. Tumlin et al. studied 155 ICU patients with early
ATN and randomized them in a double-blind fashion to receive
fenoldopam or 0.45% saline. They demonstrated that fenoldopam
patients tended to have lower mortality (P = 0.068) and a de-
creased need for RRT. Unfortunately, the study was underpowered,
and the 11% difference in RRT-free survival did not reach statistical
significance. A secondary post hoc analysis of the trial data by these
authors supported the view that in the subsets of patients without
diabetes and those recently undergoing CV surgery improved out-
comes might have been achieved with fenoldopam. The authors
recommended that a larger multicenter trial with stratification
for diabetes mellitus be performed to further explore the potential
therapeutic utility of fenoldopam in the setting of early ATN [104].

Similarly, Brienza et al. [105] recently published their study of
110 ICU patients with AKI, comparing therapy with 4 days of
fenoldopam with low-dose dopamine. Although this study was
randomized, the investigators were not blinded, and the use of
low-dose dopamine as a control arm was less than ideal. Never-
theless, the study showed that the mean serum creatinine as in the
fenoldopam group was lower than that of the dopamine group after
the 4-day infusion period (1.56 vs. 1.81 mg/dl). There was, how-
ever, no difference observed in the rate of RRT in either group. The
clinical significance of this slightly lower serum creatinine after the
4-day infusion period remains unclear. Based upon the results of
these two studies, a larger, multicenter, randomized, double-blind,
placebo-controlled trial of fenoldopam therapy for ATN, stratified
for subpopulations such as diabetic status, seems warranted.

Therapy of established ATN with natriuretic peptides
The natriuretic peptides (NP) are a family of hormones and
pro-hormones that work in concert with the renin–angiotensin–
aldosterone axis to maintain salt and water homeostasis. Atrial
natriuretic peptide (ANP), which promotes afferent arteriolar va-
sodilation and efferent arteriolar vasoconstriction, leading to an
increase in GFR [104], is the best-studied in this family. ANP
and its analogs have been studied as treatment for ATN in several
settings, including radiocontrast nephropathy [105], post-cardiac
surgery [106], and generalized ATN (sepsis, nephrotoxin reaction,
etc.) [107].

In a multicenter randomized, double-blind, placebo-controlled
trial, Allgren et al. looked at anaritide (a synthetic analog of ANP)
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in 504 patients with preexisting ATN [108]. They concluded that
anaritide did not improve the overall rate of RRT-free survival;
however, they reported some possible benefit for the subset of in-
dividuals with oliguric ATN. Only 73% of those with oliguric ATN
required RRT in the anaritide arm compared to 92% receiving
placebo. To evaluate this possibility, Lewis et al. conducted a ran-
domized, double-blind, placebo-controlled trial of 222 patients
with oliguric ATN and found no improvement in the dialysis-free
survival time after a 24-h infusion of ANP (200 ng/kg/min) [108].
It should be noted that 36% of those studied by Lewis et al. received
radiocontrast agent as the precipitating source of their ATN and
that hypotension was more common in the ANP-treated subjects.

Looking at ANP exclusively in the post-cardiac surgery setting,
Sward et al. found that administering 50 ng/kg/min of ANP to
patients with early postoperative renal dysfunction decreased the
requirement of RRT and improved dialysis-free survival [106].
In this prospective, double-blind, randomized placebo-controlled
trial of 61 patients, only 8 patients (28%) receiving anaritide re-
quired RRT or died in the first 21 postoperative days, compared
to 17 (57%) in the placebo arm (hazard ratio, 0.35; P = 0.017).

However, these studies have dosing discrepancies; the Allgren
and Lewis studies that failed to show a benefit in RRT-free survival
dosed ANP at 200 ng/kg/min (resulting in more hypotension in the
experimental arm), compared to 50 ng/kg/min in the Sward et al.
study. The duration of ANP treatment was also different. Thus, the
possibility exists that the negative results from the former, high-
dose studies might be the result of ANP-induced hypotension or
some other confounder. As such, more trials investigating the use
of “low-dose” anaritide are needed in order to fully evaluate the
utility of these agents as ATN therapy.

Recent meta-analyses of brain natriuretic peptide (BNP; nesiri-
tide) trials in the setting of congestive heart failure have generated
some controversy. Sackner-Bernstein et al. in a meta-analysis of five
trials with 1269 patients found nesiritide doses of 0.03 μg/kg/min
significantly increased the risk of renal dysfunction (serum cre-
atinine increase > 0.5 mg/dL) compared to non-inotrope-based
controls or compared to all control groups (including inotropes)
[109]. This association with renal dysfunction was noted at doses
as low as 0.015 μg/kg/min compared to controls; however, there
was no noted difference in dialysis rates. In a separate meta-analysis
by the same authors, nesiritide showed a trend toward increased
30-day mortality [110]. Although none of the studies analyzed was
performed with renal function as a primary end point, the use of
nesiritide for the prevention or treatment of AKI in patients with
CHF is not supported by the current literature.

Therapy of established ATN: other modalities
As previously mentioned, the pathophysiology of AKI is an active
area of investigation, and several potential therapeutic agents have
been identified in experimental models of AKI. Unfortunately,
their role in clinical practice remains unclear [111]. Insulin-like
growth factor 1 (IGF-1) showed a great degree of promise in early
basic science studies and animal models. Yet, despite this early

promise, several clinical trials have failed to demonstrate an ap-
preciable beneficial effect. Among these studies is the multicenter,
randomized, double-blind, placebo-controlled trial conducted by
Hirschberg et al. [112]. In this trial, 72 patients were randomized to
receive either recombinant human IGF-1 (rhIGF-1) or placebo. In
this RCT, rhIGF-1 did not hasten recovery from AKI. Among the
other negative studies, Hladunewich et al. performed a random-
ized placebo-controlled trial in 44 patients with delayed graft func-
tion immediately following cadaveric kidney allografts (a com-
monly used model for postischemic ATN) and compared the use
of IGF-1 to placebo [113]. Patients receiving twice-daily infusions
of IGF-1 for the first six postoperative days achieved no significant
improvement in their renal function, as measured by day 7 inulin
clearance (P = 0.67). IGF-1 is one agent on a long list of potential
therapeutic agents that have shown promise in animal models, but
to date none has demonstrated a clear benefit in clinical practice.

Summary

ATN is an all-too-common and serious complication for hospi-
talized patients. Its course is extremely variable, often necessitates
that patients undergo RRT, and carries a very high mortality rate.
Despite countless trials to investigate potential preventative and
therapeutic agents, to date there exist few proven effective inter-
ventions for ATN.
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Introduction

Iodinated contrast media are commonly employed to enhance as-
pects of radiographic images during diagnostic or interventional
radiological procedures. The contrast media are injected intravas-
cularly, into either an artery or vein. As discussed below, the route
of administration and population studied may be important deter-
minants in the potential for kidney injury and its prevention. Most
of the recent literature on contrast-induced nephropathy has been
in the setting of cardiac angiography and percutaneous coronary
intervention. Estimates of risk, the mechanism of kidney injury,
and the impact of preventive therapies may differ according to the
population studied.

Definition of contrast-induced nephropathy

After exposure to intravascular iodinated contrast medium, sensi-
tive tests of kidney function have identified mild, transient changes
in most cases [1]. Clinically important injury, or contrast-induced
nephropathy (CIN), is less common. There is no single satisfactory
definition of CIN. CIN is often defined as an acute change in kid-
ney function, occurring after contrast injection and in the absence
of other potential causes of acute renal failure. Change in kidney
function is usually recognized as a rise in serum creatinine in terms
of either a fixed (e.g. 0.5 mg/dL [44 μmol/L]) or relative (e.g. 25%)
change following contrast. Despite the prevailing definition, con-
trast solution may be a contributory rather than a sole cause of
acute kidney failure. Concomitant insults may include low blood
volume, surgery, atheroembolic disease, and other nephrotoxins.
There is no specific diagnostic marker for CIN in humans, and
these concomitant insults to the kidney may contribute indepen-

dently to a portion of the higher rate of acute renal failure seen
after cardiac angiography.

The clinical importance of minor, usually transient, changes in
serum creatinine is debatable. Although a 25% increase in serum
creatinine following contrast exposure has been associated with
prolonged hospital stay, adverse cardiac events, and higher mor-
tality both in hospital and in the long term [2–7], these associations
may be explained at least in part by comorbidities, acuity of illness,
or by alternate causes of acute kidney failure, such as atheroem-
bolism. However, the fact that interventions, such as prophylactic
hemofiltration and N-acetylcysteine (NAC), have been found to
reduce both the occurrence of CIN and premature death in some
studies leaves open the possibility that minor acute changes in
kidney function may in some way contribute to the other adverse
outcomes [8–10].

Burden of disease

CIN was reported in one recent cohort study to be the third most
common cause of acute renal failure in hospitalized patients [11].
In this study, contrast was assumed to be the cause of the renal
failure if administered within the prior 24 h and no other major
kidney insult was identified. The reported incidence of contrast
nephropathy, however, varies among studies due to differences in
definition, background risk, type and dose of contrast, imaging
procedure, and the frequency of other potential causes of acute
renal failure.

The presence or absence of background risk factors and the
type of imaging procedure are the most relevant factors influenc-
ing the incidence of CIN. Preexisting renal function is a major
determinant of risk for CIN [2]. In one study of patients under-
going coronary angiography, serum creatinine rose by more than
25% in 14.5% of cases (95% confidence interval [CI], 12.9–16.1),
while 0.77% required dialysis [2]. Baseline estimated creatinine
clearance was below 47 mL/min (0.78 mL/s) in all cases requir-
ing dialysis, many of whom were close to end-stage kidney disease
prior to angiography [2]. Registry data suggest an incidence of
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nephropathy requiring dialysis after percutaneous coronary inter-
vention of 0.44% [12]. In the absence of preexisting renal disease,
the incidence is much lower. In a large clinical trial, only 8% of
patients whose baseline serum creatinine was below 1.5 mg/dL
(135 μmol/L) had an increase in serum creatinine of more than
0.5 mg/dL, and none had a rise of more than 1 mg/dL [13]. All
of the above incidence rates were derived from studies of cardiac
angiography. The literature on risk following intravenous injec-
tion of modern contrast agents for routine diagnostic computed
tomography, for example, is more sparse. The frequency of minor
changes in serum creatinine after intravenous contrast would ap-
pear to be much lower than the frequency reported after cardiac
angiography. The importance of the background level of kidney
function on the incidence rate of acute change in kidney function
has recently been reemphasized [14].

Risk stratification of patients

The first steps in reducing the risk for kidney injury are to identify
modifiable risk factors, to estimate the magnitude of risk, and to
review the indications for contrast. Table 10.1 lists the major fac-
tors that have been associated with an increased risk for CIN. Most
risk factors can be detected with a routine history and physical ex-
amination. Some risk factors, like hypovolemia, can be at least
partially corrected prior to administration of contrast agent. The
risk for decline in kidney function after contrast rises exponen-
tially with the number of risk factors present [4,5,22]. Validated
risk prediction models, such as the one shown in Table 10.2 and

Table 10.1 Risk factors for the development of radiocontrast nephropathy.

Risk factor Comment [references]

Preexisting kidney disease Risk inversely related to level of kidney
function [2,12]

Diabetes mellitus Less of a factor on its own but interacts
with presence of kidney disease [2,15,16]

Heart failure or reduced systolic
function

Seen with NYHA class III/IV pulmonary
edema or LVEF <40% [10,16,17]

Hypotension [16,17]

Low hematocrit [17,18]

Older age [16,17]

High dose of contrast “Tolerable’’ dose may depend on level of
kidney function [12,19,20]

High-osmolality contrast Risk only clearly shown in presence of
preexisting kidney disease [13,21]

Route of administration, cardiac
angiography

Higher rates of CIN reported after cardiac
angiography than after i.v. exposure
[13,14]

Abbreviations: NYHA, New York Heart Association; LVEF, left ventricular ejection
fraction.

Table 10.2 Risk prediction scores for acute decline in kidney function following
percutaneous coronary intervention.

Risk factor Score

Systolic pressure <80 mmHg for >1
h and requiring inotropic of
intra-aortic balloon pump support
within 24 h of procedure

5

Use of intra-aortic balloon pump 5

Heart failure, New York Heart
Association class III/IV and/or history
of pulmonary edema

5

Age >75 yrs 4

Hematocrit <39% for men, <36%
for women

3

Diabetes 3

Contrast media volume 1 (for each 100 ml)

Serum creatinine >1.5 mg/dL or

eGFRa <60 mL/min/1.73m2
4 or 2 (for eGFR 40–60)
4 (for 20–40) 6 (for <20)

Source: adapted from Mehran et al. [16].
aFormula for eGFR: 186 × (serum creatinine [mg/dL])−1.154× (age)−0.203× (0.742
[for women]) × (1.21 [for African Americans]).

illustrated in Table 10.3, have been developed for those undergoing
percutaneous coronary intervention [16].

It is not necessary to measure serum creatinine for every patient
prior to contrast, but this should be done prior to intra-arterial use
and in patients with a history of kidney disease, proteinuria, kidney
surgery, diabetes, hypertension, or gout [23]. Patients with reduced
kidney function may be more easily recognized if estimated crea-
tinine clearance or estimated glomerular filtration rate (eGFR) is
determined from the serum creatinine, using either the Cockroft-
Gault [24] or MDRD [25] formula [eGFR = 186 × (serum creati-
nine, in mg/dL)−1.154× (age)−0.203× (factor of 0.742 if female) ×
(factor of 1.21 if African American). It should be noted that the

Table 10.3 Association of total risk prediction score with specific risks related to
acute decline in kidney function.

% of patients with indicated total risk
score who will:

Have a serum creatinine
Total risk scorea rise >25% or 0.5 mg/dL Require dialysis

≤5 7.5 0.04

6–10 14.0 0.12

11–16 26.1 1.09

≥16 57.3 12.6

aThe total risk score is determined by addition of the scores for each element
(illustrated in Table 10.2).
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Cockroft-Gault formula progressively overestimates GFR as GFR
reaches lower levels whereas the MDRD formula yields an esti-
mate corrected to a body surface area of 1.73 m2, which may not
be appropriate in judging the impact of drug exposure (e.g. con-
trast agent) for an individual. Alternate imaging modalities not
requiring contrast should be considered in those patients with any
risk factors. High-dose gadolinium chelates should not be substi-
tuted for iodinated radiocontrast medium in patients at risk for
CIN, as the former have been shown to be at least as nephrotoxic
as the latter medium when used in this fashion and recently have
been associated with the occurrence of nephrogenic systemic fi-
brosis [26]. Serum creatinine should be measured again at 24–72
h postcontrast in patients at risk for CIN, but estimates of GFR
should not be calculated at that time, as the estimating equations
rely on kidney function being stable and are not valid when kidney
function is changing acutely. Because of the risk of lactic acidosis
when CIN occurs in a patient with diabetes mellitus who receives
metformin, it is recommended that metformin be stopped at the
time of contrast injection and held until CIN has been excluded
[27,28]. The balance of risks and benefits associated with inter-
rupting a patient’s ongoing therapy with diuretics, angiotensin
converting enzyme inhibitors, or angiotensin receptor blockers in
patients at risk for CIN has not been thoroughly studied [29].
It is generally recommended that nonsteroidal anti-inflammatory
drug therapy be interrupted, but empirical data on which to base
this recommendation are lacking.

Preventive interventions

No full Cochrane reviews have been published for preventive inter-
ventions for CIN. Meta-analyses of the impact of N-acetylcysteine
and theophylline have been published and are discussed below.
A general systematic overview of the prevention of CIN has re-
cently been published [30]. The preventive approaches discussed
below generally have been evaluated in randomized clinical trials
as discussed in the relevant sections.

Contrast agent
Contrast media can be classified in a number of ways, including by
osmolality, viscosity, and ionicity. High-osmolality agents, such as
sodium diatrizoate, have largely been abandoned because of their
greater general toxicities. Studies comparing the nephrotoxicities
of contrast agents are presented in Table 10.4. In a meta-analysis of
comparative trials, an increase in serum creatinine of more than
0.5 mg/dL (44 μmol/L) following administration of contrast in
patients with reduced kidney function was less frequent with low-
as opposed to high-osmolality medium (odds ratio, 0.61; 95% CI,
0.48–0.77) [21]. In that analysis, the results for subgroups in tri-
als examining the intervention in particular patient populations
were qualitatively similar but statistically significant only for intra-
arterial injection of contrast and in those patients with preexisting
renal impairment. Due to the small number of events, no conclu-
sion could be reached about the need for dialysis.

More recently, trials have compared the nephrotoxicity of low-
osmolal media, such as iohexol or iopamidol, to the iso-osmolal
agent iodixanol. The results have not been consistent. Only one
trial of patients with diabetes with renal impairment and under-
going cardiac angiography suggested a benefit with iodixanol [31].
Results of further trials are awaited. Thus, either low- or iso-
osmolal medium could be used at this time for patients at risk
for CIN.

The nephrotoxicity of iodinated radiocontrast agents seems to
be dose related. This feature of contrast solution was not always
clear from the early observational studies, because exposure to con-
trast was based on the volume injected (in milliliters). However,
different contrast agents have different concentrations of iodine,
and iodinated media are largely excreted through the kidney. It has
been shown that the area under the curve as a measure of contrast
exposure is closely estimated by dividing the amount (in grams) of
iodine injected by the creatinine clearance [20]. The related mea-
sure, the maximum radiographic contrast dose, in milliliters, can
be determined from the following formula: [(5 ml) × body weight
in kilograms]/(serum creatinine in mg/dL). A value of >1.0 for the
ratio of volume of contrast actually received to the calculated max-
imum radiographic contrast dose strongly predicts nephropathy
requiring dialysis [12]. These studies support the recommenda-
tion that limiting the volume of iodinated contrast injected to
the minimum required to complete the diagnostic or therapeutic
procedure reduces the risk for CIN.

Fluid administration
Administration of fluids is recommended to reduce the risk of CIN.
However, data to support a specific fluid regimen are lacking, and
the optimal fluid regimen remains unclear. Studies evaluating pro-
phylactic fluid therapy are summarized in Table 10.5. Three small
trials compared prolonged intravenous (i.v.) fluid prophylaxis to
regimens involving oral fluid with or without brief supplemental
i.v. fluids administration [36,38,39]. The results were not entirely
consistent, but the trend favors prolonged i.v. therapies. Isotonic
saline was slightly better than 0.45% saline in a large trial of patients
with well-preserved kidney function [37]. Almost all participants
in these trials had received intra-arterial contrast. Based on this
evidence the best recommendations at present are to ensure that
patients receiving contrast are in a state of optimal volume and
hydration as determined by clinical assessment. Fluid restriction
prior to exposure to i.v. contrast should be limited to those cases
where this is truly necessary. For cases at risk for CIN, particularly
those undergoing cardiac angiography, it is recommended that
fluids such as 0.9% saline be continued intravenously for at least
6 h after contrast, in the absence of data showing that a shorter
duration or oral fluid supplementation is comparable.

Bicarbonate
Alkalinization of tubular fluid has been proposed to reduce the
rate of CIN. The mechanism of any benefit might include reduc-
tion of pH-dependent free radical generation in the kidney. In
the only reported trial to date, which involved 119 patients, 81%

112



BLBK043-Molony September 10, 2008 20:46

Chapter 10 Radiocontrast Nephropathy

Ta
bl

e
10

.4
Tr

ia
ls

co
m

pa
rin

g
ris

k
of

CI
N

fo
llo

w
in

g
ex

po
su

re
to

co
nt

ra
st

ag
en

ts
of

va
rio

us
os

m
ol

al
iti

es
.

M
ea

n
Re

su
lt

s,
ba

se
lin

e
co

nt
ra

st
St

ud
y

Ro
ut

e
of

Co
nt

ra
st

Co
nt

ra
st

N
o.

of
ki

dn
ey

#1
vs

.
95

%
CI

[r
ef

er
en

ce
]

co
nt

ra
st

ag
en

t
#1

ag
en

t
#2

pa
rt

ic
ip

an
ts

fu
nc

ti
on

O
ut

co
m

e
m

ea
su

re
co

nt
ra

st
#2

or
P

va
lu

e

Ba
rre

tt
19

92
[2

1]
i.a

.
Va

rio
us

LO
CM

Va
rio

us
HO

CM
30

00
N

A
SC

ri
nc

re
as

e
=0

.5
m

g/
dL

at
24

–7
2

h
O

R
0.

62
CI

0.
0–

1.
3

Ba
rre

tt
19

92
[2

1]
i.v

.
Va

rio
us

LO
CM

Va
rio

us
HO

CM
11

87
N

A
SC

ri
nc

re
as

e
=0

.5
m

g/
dL

at
24

–7
2

h
O

R
0.

64
CI

0.
48

–0
.8

As
pe

lin
20

03
[3

1]
i.a

.
Io

di
xa

no
l

Io
he

xo
l

12
9

Cr
Cl

50
m

L/
m

in
SC

ri
nc

re
as

e
=0

.5
m

g/
dL

by
3

da
ys

3.
1%

vs
.2

6.
1%

P
=

0.
00

2

Ba
rre

tt
20

06
[3

2]
i.v

.
Io

di
xa

no
l

Io
pa

m
id

ol
15

3
SC

r1
.6

SC
ri

nc
re

as
e

=2
5%

by
42

–7
8

h
4%

vs
.3

.9
%

P
=

N
S

Ca
rra

ro
19

98
[3

3]
i.v

.
Io

di
xa

no
l

Io
pr

om
id

e
64

SC
r1

.6
8

SC
ri

nc
re

as
e

=5
0%

by
24

h
3.

1%
vs

.0
%

P
=

N
S

Ch
al

m
er

s
19

99
[3

4]
i.a

.
Io

di
xa

no
l

Io
he

xo
l

10
2

SC
r3

.1
SC

ri
nc

re
as

e
=2

5%
w

/in
7

da
ys

3.
7%

vs
.1

0%
P

=
N

S

Da
vi

ds
on

20
00

[3
5]

i.a
.

Io
di

xa
no

l
Io

xa
gl

at
e

85
6

N
A

N
on

de
fin

ed
re

na
lf

ai
lu

re
re

qu
iri

ng
m

ed
ica

tio
n

0.
5%

vs
.0

.5
%

P
=

N
S

Ab
br

ev
ia

tio
ns

:i
.a

.,
in

tra
-a

rte
ria

l;
LO

CM
,l

ow
-o

sm
ol

al
ity

co
nt

ra
st

m
ed

iu
m

;H
O

CM
,h

ig
h-

os
m

ol
al

ity
co

nt
ra

st
m

ed
iu

m
;N

A,
no

ta
va

ila
bl

e;
N

S,
no

ts
ig

ni
fic

an
t.

113



BLBK043-Molony September 10, 2008 20:46

Part 1 Acute Kidney Injury

Ta
bl

e
10

.5
Tr

ia
ls

of
pr

op
hy

la
ct

ic
flu

id
th

er
ap

y
fo

rp
re

ve
nt

io
n

of
CI

N.

Co
nt

ra
st

Re
su

lt
s,

St
ud

y
os

m
ol

al
it

y,
N

o.
of

M
ea

n
ba

se
lin

e
in

te
rv

en
ti

on
[r

ef
er

en
ce

]
ro

ut
e

In
te

rv
en

ti
on

re
gi

m
en

Co
nt

ro
lr

eg
im

en
pa

rt
ic

ip
an

ts
ki

dn
ey

fu
nc

ti
on

O
ut

co
m

e
m

ea
su

re
vs

.c
on

tr
ol

P
va

lu
e

Ba
de

r2
00

4
[3

6]
Lo

w
,i

.v
.

30
0

m
li

.v
.f

lu
id

du
rin

g,
1.

5–
2.

0
L

flu
id

p.
o.

(1
2

h
po

st
)

2
L

i.v
.f

lu
id

(1
2

h
pr

e/
12

h
po

st
)

39
G

FR
11

0
m

L/
m

in
M

ea
n

ch
an

ge
in

G
FR

by
co

nt
ra

st
cle

ar
an

ce
at

48
h

−3
4.

6
vs

.−
18

.3
m

L/
m

in
/1

.7
3

m
2

<
0.

05

M
ue

lle
r2

00
2

[3
7]

Lo
w

,i
.a

.
1

m
L/

kg
/h

i.v
.0

.9
%

sa
lin

e
(2

4
h

pr
e)

1
m

L/
kg

/h
i.v

.0
.4

5%
sa

lin
e

(2
4

h
pr

e)
13

83
Cr

Cl
84

m
L/

m
in

/5
0

kg
le

an
m

as
s

SC
ri

nc
re

as
e

=0
.5

m
g/

dL
w

/in
48

h
5

pt
s

(0
.7

%
)v

s.
14

(2
%

)
0.

04

Ta
ylo

r1
99

8
[3

8]
M

ul
tip

le
,i

.a
.

75
m

L/
h

i.v
.0

.4
5%

sa
lin

e
(1

2
h

pr
e/

12
h

po
st

)

1
L

w
at

er
p.

o.
(>

10
h

pr
e)

,3
00

m
L/

h
i.v

.
0.

45
%

sa
lin

e
(6

h
fro

m
ca

ll
to

la
b)

36
Cr

Cl
48

m
L/

m
in

M
ea

n
m

ax
ch

an
ge

in
SC

rw
/in

48
h

0.
21

vs
.0

.1
2

m
g/

dL
N

S

Tr
iv

ed
i2

00
3

[3
9]

Lo
w

,i
.a

.
1

m
L/

kg
/h

i.v
.0

.9
%

sa
lin

e
(2

4
h)

Un
re

st
ric

te
d

or
al

flu
id

s
53

Cr
Cl

79
.6

m
L/

m
in

SC
ri

nc
re

as
e

=0
.5

m
g/

dL
w

/in
48

h
1

pt
s

(3
.7

%
)v

s.
9

(3
4.

6%
)

0.
00

5

M
er

te
n

20
04

[4
0]

Lo
w

,m
ul

tip
le

3
m

L/
kg

/h
(1

h
pr

e)
,1

m
L/

kg
/h

(6
h

po
st

),
i.v

.
so

di
um

bi
ca

rb
on

at
e

15
4

m
m

ol
/L

3
m

L/
kg

/h
(1

h
pr

e)
,1

m
L/

kg
/h

(6
h

po
st

)i
.v

.
0.

9%
sa

lin
e

11
9

G
FR

41
–4

5
m

L/
m

in
/1

.7
3

m
2

SC
ri

nc
re

as
e
=2

5%
w

/in
48

h
1

pt
s

(1
.7

%
)v

s.
8

(1
3.

6%
)

0.
02

Ab
br

ev
ia

tio
ns

:i
.a

.,
in

tra
-a

rte
ria

l;
p.

o.
,p

er
os

;C
rC

l,
cr

ea
tin

in
e

cle
ar

an
ce

;N
S,

no
ts

ig
ni

fic
an

t.

114



BLBK043-Molony September 10, 2008 20:46

Chapter 10 Radiocontrast Nephropathy

of whom were undergoing cardiac angiography, isotonic sodium
bicarbonate resulted in a lower frequency of a 25% increase in
serum creatinine within 2 days compared to that following 0.9%
saline infusion [40]. However, the trial was terminated early due
to a lower than expected rate of “events” in the bicarbonate group,
but the timing of the interim analysis and the stopping rules were
not prespecified, and the P value for the difference in event rates
was higher than generally used to prematurely terminate a trial.
Additionally, visual inspection of Figure 3 from the study report
raises the concern that the apparent, albeit small, benefit from
bicarbonate versus saline might be due, at least in part, to a loss of
one tail of the distribution of patients in the bicarbonate arm of this
study. Although it may be reasonable to use a bicarbonate infusion
judiciously in an effort to reduce the rate of CIN, the results of this
trial require replication before bicarbonate-containing solutions
can be recommended as the fluid of choice.

N-Acetylcysteine
NAC might reduce the nephrotoxicity of contrast through an-
tioxidant and vasodilatory effects [41]. Data from trials evaluat-
ing the impact of prophylactic NAC on CIN risk are presented
in Table 10.6. The results of an initial trial were dramatic, but the
event rate, defined as a rise in serum creatinine of>05. mg/dL in the
controls, was unexpectedly high for patients given low-dose intra-
venous low-osmolality contrast [62]. Subsequent trials have largely
involved patients with reduced kidney function undergoing car-
diac angiography. Some have shown benefit and others not; many
are limited by low power and a lack of blinding. The dose of NAC
employed in most trials has not been chosen based on pharma-
cologic principles. Two trials comparing doses of NAC suggested
that higher doses may be required, especially if higher doses of con-
trast are being employed [10,45]. Several meta-analyses of trials
of NAC have been reported. The trials included in these analyses
vary, but more recent and comprehensive meta-analyses suggest
some benefit with NAC (pooled odds ratio range, 0.54–0.73 for
contrast nephropathy, defined variably as elevations of serum cre-
atinine) [64–68]. However, this estimate must be interpreted with
caution, given the heterogeneous results of the individual trials
and the possibility of publication bias, with small negative stud-
ies underrepresented. Also, the effect of NAC on outcomes other
than minor changes in serum creatinine is largely unknown. In-
deed, studies in healthy volunteers have suggested that NAC might
have an effect on creatinine levels unrelated to an effect on GFR
[69]. However, in a recent trial involving patients undergoing pri-
mary angioplasty following myocardial infarction, NAC showed a
dose-related improvement in CIN (defined as a serum creatinine
rise), and there was a parallel beneficial effect on the in-hospital
death rate [10].

Theophylline
Theophylline and aminophylline have the potential to reduce
CIN through antagonizing adenosine-mediated vasoconstriction.
These drugs have been tested in several small trials. Recent meta-
analyses found that the mean rise in serum creatinine was sig-

nificantly but slightly lower at 48 h after contrast administration
among those receiving active therapy than among the placebo
group, but the clinical importance of this finding is not clear, and
there was significant heterogeneity among studies with regard to
changes in serum creatinine [70,71]. There is potential for adverse
effects with theophylline, and the optimal dose for prevention of
CIN has not been established. Further studies are warranted.

Other pharmacological agents
Several other interventions have been proposed to reduce the risk
of CIN, but data are limited to support them. Forced diuresis with
furosemide, mannitol, dopamine, or a combination of these com-
pounds given at the time of the contrast exposure has been associ-
ated with similar or higher rates of CIN compared to prophylactic
fluids alone [72–75]. Negative fluid balance might underlie some
of the observed detrimental outcomes from these pharmacological
interventions.

Generally small randomized trials of vasodilation with
dopamine, fenoldopam, ANP, calcium channel blockers, prost-
aglandin E1, or a nonselective endothelin receptor antagonist failed
to show a reduction in rate of CIN compared to fluid therapy alone
[75–80].

Two small studies of captopril as a prophylactic agent yielded
opposite results. In the first trial serum creatinine rose by more
than 0.5 mg/dL (44 μmol/L) in two (6%) patients given captopril
for 3 days versus 10 (29%) given placebo (P < 0.02) [81]. In the
second study CIN was reported to occur in five (8.3%) patients
given captopril versus one (3.1%) given placebo (P = 0.02) [82].

Ascorbic acid as an antioxidant has been tested in a single ran-
domized trial with patients undergoing cardiac angiography [83].
Serum creatinine rose by 25% or more than 0.5 mg/dL (44μmol/L)
within 2–5 days in 11 (9%) cases given ascorbic acid versus 23
(20%) given placebo (P = 0.02) [83]. However, these results are
difficult to interpret, as the baseline serum creatinine level was
lower in the placebo group and both groups reached a similar
creatinine level postcontrast [83].

Prophylactic renal replacement therapy
Hemodialysis during or shortly after contrast has not been shown
to prevent CIN [84–86]. However, in an initial trial involving pa-
tients with advanced kidney disease (mean creatinine clearance,
26 mL/min) undergoing cardiac procedures, those randomized to
prophylactic hemofiltration in an intensive care unit before and
after contrast had a 25% increase in serum creatinine in three
(5%) cases versus 28 (50%) cases given fluid alone (P < 0.001)
[8]. Death in hospital was also less frequent in the hemofiltration
group (2 versus 14%; P = 0.02) [8]. These results were replicated
in another trial by the same investigators, in which they further
demonstrated that the effects of hemofiltration limited to the post-
contrast period were not significantly different from those with
saline alone [9]. The change in serum creatinine during and soon
after hemofiltration is affected by creatinine removal. This biases
the primary outcome of the proportion suffering a 25% increase
in serum creatinine within a time unspecified by the investigators.
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Table 10.7 Recommendations to reduce risks for CIN.

1. Assess overall risk–benefit balance for the proposed contrast-requiring procedure

2. Assess kidney function prior to contrast injection by eGFR or creatinine clearance from serum creatinine in those due to have intra-arterial contrast and in those at
increased risk of either preexisting reduced kidney function or with other risk factors for CIN

3. Consider whether a non-contrast-requiring procedure would provide the necessary diagnostic or therapeutic result(s)

4. Attempt to correct any modifiable risk factors prior to administration of contrast, including optimization of fluid volume status

5. Avoid use of high-osmolality contrast agents in those at risk for CIN

6. Use the lowest dose of contrast compatible with adequate completion of the diagnostic or therapeutic procedure

7. In patients at risk for CIN, where possible administer i.v. fluids, either 0.9% saline or isotonic sodium bicarbonate, beginning at least 1 h preoperative and continuing for
at least 6 h post-contrast injection. The usual rate of administration is at least 1 mL/kg/h, but care is required in those at risk for fluid overload or pulmonary edema, and
fluid status and balance must be clinically monitored during fluid administration.

8. Consider the use of NAC in patients at risk for CIN. The optimal dose is unclear, but doses of 1200 mg twice a day for 48 h, beginning prior to contrast injection, may be
appropriate, especially if higher doses of contrast are likely to be required.

9. Consider prophylactic hemofiltration before and after contrast in patients with advanced preexisting kidney disease

10. Reassess kidney function by measurement of serum creatinine between 24 and 72 h post-contrast injection in those at risk for CIN

The mechanism of benefit, if any, to the kidney remains speculative.
Marenzi et al. [9] suggest controlled high-volume administration
as one possibility, but their protocol for hemofiltration should
leave the patient in neutral, not positive, fluid balance. Alkalin-
ization by bicarbonate in the hemofiltration replacement fluid is
another possible mechanism. In both trials, hemofiltration, espe-
cially pre- and postcontrast together, was associated with reduced
in-hospital cardiovascular mortality, but the mechanism by which
this might occur is unclear. Given the resource implications, pro-
phylactic hemofiltration should be considered a preventive option
only for those at highest risk due to advanced kidney disease. Fur-
ther studies are indicated to best define the group of patients who
might benefit and the magnitude of this benefit.

Conclusions and recommendations

CIN remains a concern for patients with risk factors, includ-
ing those with preexisting kidney disease, who must undergo
cardiac procedures with iodinated radiocontrast. It is not clear
that the same magnitude of risk applies to patients undergoing
other radiocontrast-requiring procedures, particularly computer
tomography with i.v. contrast. Data on risk from other contrast
agents, such as gadolinium, in this patient population have not
been as robustly assembled, and therefore evidence-based recom-
mendations for prevention of nephrotoxicity from this second class
of agents are not possible at this time.

Many different measures have been suggested to reduce the risk
for CIN from iodinated contrast. Many of the trials of prophylaxis
suffer from methodologic flaws. In most instances the dramatic
apparent efficacy of preventive interventions was observed in ini-
tial trials with very small sample sizes and was not replicated in
subsequent larger studies. Despite the limitations in the evidence
base, some recommendations can be made to prevent kidney in-

jury associated with radiocontrast agents. These are summarized
in Table 10.7.
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11 Miscellaneous Etiologies of Acute
Kidney Injury
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Introduction

This chapter will review some of the less frequent causes of acute
kidney injury (AKI): acute interstitial nephritis, atheroembolic
renal disease, renal myeloma, crystalline nephropathies, and ren-
ovascular syndromes. Due to the relative rarity of these conditions,
there are few randomized controlled trials to guide management.
However, several observational and retrospective studies provide
some insight into the clinical features, natural histories, and ther-
apeutic responses.

Acute interstitial nephritis

Definition, etiology, and pathogenesis
Acute interstitial nephritis (AIN) represents a hypersensitivity re-
action that causes AKI by immune-mediated tubular injury with
interstitial infiltration and glomerular sparing. In one large case
series, AIN was the predominant finding in 2.4% of all native kid-
ney biopsies and in 10.3% of those biopsies performed in cases of
AKI. There has been a documented increase in the incidence over
a 12-year period, perhaps as a result of more liberal prescribing
practices and the expanding drug armamentarium [1].

The localization of inflammatory injury to the renal tubules may
occur through diverse mechanisms, including molecular mimicry
with tubular epitopes or deposition of immunogenic portions of
the inciting agent at the renal interstitium, either alone or as a
hapten [2]. Similar to other hypersensitivity reactions, it is not
dose dependent, there is recrudescence in disease activity upon re-
exposure to compounds with similar biochemical structure, and
there is often multiorgan involvement. Cell-mediated immunity
plays a major pathogenic role, as evidenced by large numbers of T
cells found in the interstitial infiltrates as well as occasional gran-

uloma formation. Immune complexes or anti-tubular basement
membrane antibodies are infrequently noted [3,4], suggesting that
humoral immunity may also be involved.

The major causes of AIN are drugs, infections, and systemic dis-
eases (Table 11.1). When AIN was first described by Councilman
in 1898, it reportedly occurred in the context of scarlet fever and
diphtheria [6], and prior to the advent of antibiotics, infections
were the most common cause of AIN. However, in a recent analysis
of three series totaling 128 cases from 1968 to 2001, drugs were the
leading etiology (71%). Other causes included infections (16%),
idiopathic (8%), tubulointerstitial nephritis with uveitis syndrome
(TINU) (5%), and sarcoidosis (1%) [7]. Among drug-induced
AIN, nonsteroidal anti-inflammatory drugs (NSAIDs; including
salicylates and cyclooxygenase-2 [COX-2] inhibitors) and antibi-
otics were responsible for 44% and 33% of the cases, respectively
[1,7].

Clinical features
In the 1960s, methicillin was a leading cause of AIN, with up to
17% of patients that received prolonged courses of the drug devel-
oping the disease [8]. Methicillin-induced AIN was thus consid-
ered the prototype for this disease, and AIN was viewed as having
a relatively monomorphic presentation. Multiple etiologies have
since been recognized with quite variable clinical features (Table
11.2). The combination of AKI, urinary symptoms (e.g. flank pain,
macroscopic hematuria, or oliguria), and symptoms of hypersen-
sitivity (e.g. rash, fever, or arthralgias) should alert the clinician
to the possibility of AIN. However, signs and symptoms of hyper-
sensitivity may not be present in up to 45% of patients with AIN
(especially in cases attributable to NSAIDs), and in one series they
were present in 19% of patients with drug-induced, biopsy-proven
acute tubular necrosis (ATN) [17]. The temporal relationship be-
tween the initiation of a new drug and the development of renal
injury may also aid in making the diagnosis. Disease manifesta-
tions develop within 3 weeks of initiation of the inciting drug in
about 80% of patients, with an average latency of onset of 10 days
(range, 1 day to >1 year) [2]. The duration of onset may be longer
with NSAIDs, with a mean latent period of 2–3 months [9, 10]. In
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Table 11.1 Causes of AIN.

Drugsa

Antimicrobial agents
Penicillinsb (especially penicillin, ampicillin, and methicillin), cephalosporins, ciprofloxacin,b indinavir, rifampin,b and sulfonamidesb (including cotrimoxazoleb)

NSAIDs, COX-2 inhibitors, salicylates

fenoprofen,b ibuprofen,b indomethacin,b naproxen, phenylbutazone, piroxicam,b tolmentin, zomepirac

Anticonvulsants

Phenytoinb

Diuretics

Furosemide,b thiazides

Gastric antisecretory drugs

Cimetidine,b omeprazole

Other drugs

Allopurinol,b phenindioneb

Infections

Bacteria

Brucella spp.,b Campylobacter jejuni, Corynebacterium diphtheriae, Chlamydia spp., Escherichia coli, Legionella spp., L. interrogans, Mycobacterium tuberculosis,b My-
coplasma pneumoniae, Rickettsia spp., Salmonella spp.,b Staphylococcus spp., Streptococcus spp., Yersinia pseudotuberculosis

Viruses

Cytomegalovirus, Epstein-Barr virus,b hantaviruses, hepatitis B virus, human immunodefficiency virus, herpes simplex virus, measles virus, polyomaviruses

Parasites

Leishmania donovani, Toxoplasma gondii b

Systemic diseases

Light chain gammopathy, sarcoidosis,b Sjogren’s syndrome,b systemic lupus erythematosus, tubulointerstitial nephritis and uveitis sydrome,b Wegener’s and other vasculitides

Other causes
Wasp sting, Chinese herbs, idiopathicb

Source: Johnson & Feehally [5].
a Due to the fact that a very large number of drugs have been associated with AIN, only drug classes and the most common individual offending medicines are listed here.
b Agent that may be associated with granulomatous interstitial nephritis

AIN related to infection or systemic diseases, the clinical features
of the inciting disease usually predominate.

Laboratory findings
Hematuria and/or sterile pyuria are often present but are non-
specific findings. The presence of white blood cell (WBC) casts
is more specific, although they can also be seen in pyelonephri-
tis and certain proliferative glomerulonephritides. Eosinophiluria
(urine eosinophils numbering >1% of the urine WBC count) can
be seen, usually detected more reliably with Hansel’s stain than
with Wright’s stain [18,19]. However, by combining the data from
three series, the presence of eosinophiluria using Hansel’s stain has
a positive predictive value of only 62% and sensitivity of 62%, even
when considering only cases with AKI [18,19,20]. Though the neg-
ative predictive value is high (92%), this is not much greater than
the combined prevalence of the other non-AIN causes of AKI in
these studies (82%). The diagnostic value of eosinophiluria might
be improved if other causes of eosinophiluria, such as urinary tract

infection (28% prevalence of eosinophiluria) and atheroembolic
disease (up to 88% prevalence), are excluded [2,21].

Other laboratory abnormalities that may be present in AIN in-
clude renal tubular acidosis, a concentrating defect, or elements
of a Fanconi’s syndrome. Mild proteinuria is common, but some-
times it may be in the nephrotic range. Though heavy proteinuria
has been reported with AIN from various drugs, it is classically
associated with NSAIDs. Minimal change glomerulopathy with
nephrotic syndrome is present in approximately 38% of AIN cases
from NSAIDs [9]. Signs of multiorgan dysfunction, such as ele-
vated transaminases and hemolysis, are occasionally seen. Lym-
phocyte stimulation testing can confirm hypersensitivity to the
culprit medication if several drug exposures, each with a potential
for causing AIN, have occurred [22]. Renal imaging often reveals
normal to large kidneys with increased echogenicity.

Renal biopsy is the gold standard for the definitive diagno-
sis of AIN. A cellular infiltrate consisting mostly of T cells and
macrophages with edema increases the separation of tubules from
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Table 11.2 Causes of AIN and characteristic clinical and laboratory features.

Inciting agent
[reference(s)] Clinical features Laboratory findings Clinical course

All drugs other than methicillin
[2,5,9]

� Fever (45%)� Rash (42%)� Arthralgia (12%)� Flank pain (45%)� Oliguria (40%)� Macroscopic hematuria (17%)� New or worsened hypertension (20%)

� Hematuria (53%)� Pyuria (50%)� Mild proteinuria (58%)� Eosinophilia (40%)

� Mean 10-day exposure prior to
onset� Temporary dialysis required in
32–50%� CKD remains in 36–40%

Methicillin [2,5] � Hypersensitivity symptoms
common:� Fever (85%)� Rash (25%)� Arthralgias (10%)� Oliguria (25%)� Macroscopic hematuria (80%)

� Hematuria (90%)� Pyuria (95%, often w/ WBC casts)� Mild proteinuria (80%)� Eosinophilia (80%)� Eosinophiluria (almost all patients)

� Mean duration of impaired renal
function, 1.5 mos� Temporary dialysis required in 17%� CKD remains in only 10%

NSAIDs [2,5,9,10] � Hypersensitivity symptoms
uncommon:� Fever, rash, or arthralgias (10%)� Macroscopic hematuria (7%)� New or worsened hypertension (17%)

� Nephrotic-range proteinuria
(38%)� Hematuria (38%)� Pyuria (40%)� Eosinophilia (40%)� Renal biopsy may also show
minimal change disease

� Mean exposure 2–3 mos
before presentation� Temporary dialysis required in
20–38%� CKD remains in 56%

Allopurinol [11] � Hypersensitivity symptoms very
common & robust� Signs of vasculitis possible� Often occurs in setting of renal
insufficiency from accumulation of
the inciting metabolite, oxypurinol

� Eosinophilia fairly common� Hepatitis common� Renal biopsy may reveal immune
complex deposition at TBM

� Mortality may be as high as
25%� Rate of renal recovery unknown

Rifampin [12] � Hypersensitivity symptoms
common & robust:� Fever (45%)� Nausea or vomiting (72%)� Abdominal pain (40%)� Rash uncommon� Flank pain (17%)� Oligoanuria (96%)

� Eosinophilia (7%)� Coombs-positive hemolysis (25%)� Thrombocytopenia (50%)� Hemoglobinuria (17%)� Hepatitis (25%)� Antirifampin antibodies (almost
all patients)� Renal biopsy rarely shows immune
complex deposition at TBM

� Usually occurs 24 h after dose
with current intermittent dosing or
after previous continuous exposure
(up to 1 yr prior)� Dialysis required in almost all cases� CKD remains in only 3%

Leptospiral nephropathy [13] � Preceding exposure to animal
excrement� Fever (93%)� Jaundice (93%)� Hepatomegaly (76%)� Gingival/GI bleeding, purpura (79%)� Macroscopic hematuria (26%)� Conjunctival suffusion (12%)� Altered mental status (50%)� Hypotension (62%)� Oligoanuria (95%)� Rhabdomyolysis (62%)

� Cholestatic hepatitis (93%)� Hemolytic anemia (72%)� Thrombocytopenia (81%)� Hypokalemia (renal wasting) (38%)� Hyponatremia (79%)� Rhabdomyolysis (62%)� Positive blood/urine cultures or
serology� Renal biopsy reveals inflammation
predominating at proximal tubules
early; interstitial hemorrhage
possible

� Nephropathy occurs in 40% of
cases of leptospirosis� Mortality of 26%� Temporary dialysis required in 74%� Persistent tubular transport
defects may remain in 29%� CKD remains in only 10.3%

(continued )
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Table 11.2 (cont.)

Inciting agent
[reference(s)] Clinical features Laboratory findings Clinical course

BK nephropathy [14] � Usually occurs in renal allografts 1 yr
after transplant in setting of
aggressive immunosuppression� May occur in other immunosuppressed
states also (e.g. HIV)� Fever uncommon� Macroscopic hematuria rare

� “Decoy cells’’ (tubular cells with
enlarged nucleus, intranuclear
inclusions) in urine sediment, 100%
sensitivity/71% specificity� Viremia by PCR 100% sensitive/88%
specific� Renal biopsy reveals SV40 stain
positive intranuclear inclusion
bodies

� Acute or gradual deterioration in renal
function� Decreases 5-year renal allograft survival
from 76 to 46%� Often resolves with decrease in
immunosuppression

Sarcoidosis [15] � Extrarenal symptoms of sarcoidosis
predominate with pulmonary, ocular,
and skin symptoms most common� Renal limited disease is very rare� Most often occurs in young adults� Higher incidence in black population

� Eosinophilia (25%)� Hypercalcemia or normocalcemia
despite advanced kidney failure� Chest radiography with hilar
adenopathy and/or infiltrates (90%)� Elevated ACE level not reliable with
renal involvement� Renal biopsy reveals noncaseating
granulomas and giant cells

� Often a remitting/relapsing course
responsive to pulse increase in steroids� CKD remains in 90%

TINU [16] � 3:1 female predominance� Median age of onset, 15 yrs� Eye pain or redness (32%)� Fever (53%)� Weight loss (47%)� Abdominal or flank pain (28%)� Arthralgias or myalgias (17%)� Rash (1%)

� Eosinophilia (17%)� Elevated serum IgG (83%)� Renal biopsy shows granulomas in 13%;
unlike sarcoidosis, uveitis is not
granulomatous

� Uveitis precedes renal disease in 21%, is
concurrent in 15%, and follows it in
65%� Complete renal recovery often
occurs spontaneously within 1 yr� Uveitis recurs in 54%, but recurrence of
AIN is rare� CKD is rare

Abbreviations: GI, gastrointestinal; TBM, tubular basement membrane; SV40, simian virus 40; IgG, immunoglobulin G; CKD, chronic kidney disease.
Note: Particularly distinctive features are noted in bold. The percentages are estimates of the prevalence of the associated finding for each etiology.

one another, and there may be tubulitis or frank tubular necrosis
in severe AIN (Figure 11.1). Neutrophils, eosinophils, and plasma
cells can often also be found. Occasionally there is granulomatous
inflammation, which might provide clues as to the offending agent,
since this is associated with a limited list of causes (Table 11.1).
Immunofluorescence and electron microscopy usually reveal no
immune complexes, but tubular basement membrane deposition
can rarely be seen. Glomeruli are usually normal, but electron mi-
croscopy may reveal foot process effacement in NSAID-associated
AIN. A summary of the relevant laboratory findings is given in
Table 11.2.

Course and treatment
Given the polymorphic nature of the disease and the multiple
potential causative agents, AIN does not have a uniform course
or response to treatment. In the prototype, methicillin-induced
AIN, the prognosis was excellent, with complete recovery of re-
nal function noted in 90% of patients after a mean period of 1.5
months after cessation of the drug exposure [2]. In nonmethicillin,
drug-induced AIN, chronic kidney disease (CKD) is an expected

sequela in 36–40% of cases [2,9]. The prevalence of CKD is even
higher (56%) with NSAID-induced AIN [9]. In one series consist-
ing of seven cases of infection-associated AIN, all had complete
renal recovery. However, in this case series the inciting infections
were readily treatable or self-limited [9]. Indeed, the prognosis for
AIN may depend on the promptness of elimination of the inciting
agent, with those etiologies associated with milder symptoms and
therefore delayed diagnosis (e.g. NSAIDs, chronic infections, sar-
coidosis) having worse prognosis than those with more acute and
dramatic presentations (e.g. methicillin, rifampin, acute bacterial
or viral infections) (Table 11.2).

The heterogeneity of AIN and the lack of randomized, controlled
trials have made it difficult to formulate evidence-based therapeu-
tic strategies. Clearly, the most important therapeutic maneuver
is prompt removal of the inciting agent. Although it is tempting
to combat the hypersensitivity response with adjunctive corticos-
teroids, the usefulness of this intervention remains uncertain. Ret-
rospective studies, including a series of 100 cases pooled from seven
reports [5] and a recent series of 42 cases [1], suggest no reduc-
tion in the incidence of CKD with corticosteroids. However, it can
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Figure 11.1 AIN, drug induced, with hematoxylin and eosin stain. Note the
presence of interstitial edema and predominantly mononuclear inflammatory cells
separating the normally adjacent tubules (A). A few eosinophils (arrows) and a
plasma cell (arrowhead) can be seen on higher power (B). (Courtesy of Dr. Rosa
Davila, Washington University School of Medicine.)

be argued that a beneficial effect is less evident because patients
with more severe disease are more likely to receive corticosteroids.
Indeed, in the two large negative analyses just mentioned, the pa-
tients who received corticosteroids had a tendency toward a higher
peak creatinine (Cr) than the untreated group (mean peak Cr, 9.3
vs. 6.5 mg/dL [reference 5] and 8.0 vs. 6.2 mg/dL [reference 1]).
Although peak serum creatinine has not been shown to correlate
with prognosis [9,23,24], it is still possible that other markers of
worse disease bias clinicians towards corticosteroid treatment.

The best data supporting the use of corticosteroids come from
a series of 14 patients, all with methicillin-induced AIN. Corticos-
teroids were associated with complete renal recovery in six of eight
treated patients, compared to only two of six untreated patients,
and the treated group recovered more quickly (9.3 vs. 54 days)
[25]. Positive observational data with corticosteroids in AIN from
other etiologies exist but are limited to small case series [25,27,28].
In many reports, the most apparent effect of corticosteroids was

an association with a more rapid recovery of renal function. As
for the use of other immunosuppressants, the literature is limited
to rare case reports, mostly involving the more unusual causes
of AIN. One recent retrospective series described the use of my-
cophenolate mofetil in eight cases of steroid-dependent AIN (renal
function worsened with attempts at steroid withdrawal, and all pa-
tients received at least 6 months of corticosteroids). Only two of the
eight cases were thought to be drug induced, with the remaining
cases being idiopathic or associated with systemic diseases such as
sarcoidosis or collagen vascular disease. Treatment with mycophe-
nolate mofetil resulted in a stabilization or slight improvement in
renal function (mean creatinine decreased from 2.3 to 1.6 mg/dL);
however, an average of 2 years of therapy were required [29].

Given these data, a reasonable treatment strategy would be to
reserve corticosteroids for patients with idiopathic AIN, systemic
diseases for which corticosteroids have a proven role (e.g. sarcoido-
sis, Sjogren’s, vasculitides), or cases with characteristics associated
with worse renal prognosis. The latter includes delayed onset of
renal recovery after removal of the inciting agent (>1 week), pro-
longed exposure to the offending agent (>2–3 weeks), preexisting
CKD, and histology with intense and diffuse interstitial infiltrate,
granuloma formation, or significant fibrosis and tubular atrophy
[9,23,24]. A frequently used regimen is oral prednisone, 1 mg/kg,
for a duration of therapy guided by the improvement in renal
function, usually 3 weeks. The presence of conditions that can be
exacerbated by corticosteroid therapy (e.g. slow-healing wounds,
brittle diabetes, or active infection) should dissuade the clinician
from this option. Furthermore, studies have suggested that corti-
costeroids do not alter the course of NSAID-induced AIN [1,30],
but if poor prognostic factors are present, treatment can still be
considered. Other immunosuppressants should be reserved for
cases that are not responsive to withdrawal of the inciting agent
alone when corticosteroid resistance or dependence occurs.

AKI associated with multiple myeloma

Definitions and etiology
Multiple myeloma (MM) is a malignancy of plasma cells, with an
incidence of about 2–4/100,000 people. AKI has been reported as
the presenting feature in 12–20% of patients with MM [31,32]. The
major causes of AKI associated with MM or plasma cell dyscrasias
include prerenal AKI secondary to hypercalcemia and volume de-
pletion, AKI from glomerular disease (light chain deposition dis-
ease and amyloidosis), cast nephropathy (myeloma kidney), and
drug-induced AKI (e.g. intravenous bisphosphonates). Only the
latter two will be discussed in this chapter.

Cast nephropathy
Clinical features and laboratory findings
The diagnosis of cast nephropathy is suspected when patients
present with rapidly declining renal function associated with the
presence of free light chains detected by plasma or urine elec-
trophoresis. There is a paucity of data regarding characteristic
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Figure 11.2 Myeloma cast nephropathy, with hematoxylin and eosin stain. Note
the characteristic eosinophilic, “corrugated paper’’ appearance of this cast that is
adherent to the wall of the tubule. There is resulting tubular cell toxicity and
inflammation, with an interstitial infiltrate and cells engulfing the cast at its point
of adherence (arrow). (Courtesy of Dr. Helen Liapis, Washington University School
of Medicine.)

diagnostic studies, such as the fractional excretion of sodium,
urinalysis, and proteinuria that distinguish cast nephropathy from
other causes of AKI in patients with myeloma. The definitive diag-
nosis is made by kidney biopsy, but this is not routinely performed
unless there are confounding factors that make the diagnosis un-
certain or if the treating physician feels that it is necessary to guide
therapy. On light microscopy, cast nephropathy is manifested by
the presence of large lamellated eosinophilic casts in the distal con-
voluted and collecting tubules. Leakage of tubular contents into the
interstitium can elicit an inflammatory response similar in appear-
ance to interstitial nephritis [33] (Figure 11.2). The casts are com-
prised primarily of monoclonal light chains but also contain albu-
min, Tamm-Horsfall protein, fibrin, and polyclonal light chains.

Course and treatment
Treatment of cast nephropathy should include hydration, correc-
tion of hypercalcemia, and discontinuation of nephrotoxic med-
ications, such as NSAIDs and angiotensin converting enzyme in-
hibitors (ACEi). A retrospective study revealed that patients with
MM and AKI have decreased survival compared to MM patients
without renal impairment (median survival of 22 vs. 47 months)
[34]. However, there was no difference in survival between those
with AKI requiring dialysis versus those with AKI that did not
require dialysis. Thus, there are no data to suggest that dialysis
should be withheld from patients with MM. Three prospective
controlled trials have evaluated the role of therapeutic plasma ex-
change (TPE) in the treatment of cast nephropathy. The first study
evaluated 29 patients with Bence-Jones proteinuria in the setting of
MM and AKI [35]. All patients received corticosteroids and cyto-
toxic therapy, with 15 patients undergoing TPE with hemodialysis
as required (group 1) and the other 14 patients all undergoing
peritoneal dialysis regardless of need (group 2). Renal recovery

was noted in 13 patients in group 1, compared to only 2 patients
in group 2. One-year survival was also significantly higher in group
1 (66% vs. 28%; P < 0.01).

The second study reported no difference in patient survival or
in renal recovery in those assigned to chemotherapy plus TPE
versus chemotherapy alone [36]. The third and largest study eval-
uated 104 patients with AKI and MM and randomized them to
conventional therapy plus TPE versus conventional therapy alone
[32]. There was no difference in the primary composite end point
of death, dialysis, or GFR of <30 ml/min. There was a 52% re-
duction in dialysis dependency among survivors at 6 months in
the TPE arm, but this was not statistically significant. Given the
conflicting data, TPE cannot be generally recommended in the
treatment of cast nephropathy, but it can be considered in patients
with cast nephropathy and rapidly deteriorating renal function in
order to improve renal function and decrease the risk of dialysis
dependency.

AKI secondary to bisphosphonate therapy
Intravenous bisphosphonates are widely used in the treatment
of hypercalcemia of malignancy. Several case reports have doc-
umented AKI and severe symptomatic hypocalcemia associated
with intravenous bisphosphonate (zoledronate and pamidronate)
use in MM. In a series of six patients with AKI associated
with zolendronate, kidney biopsy revealed evidence of tubular
injury with luminal ectasia, cytoplasmic vacuolization, hypere-
osinophilia, loss of brush border, and apoptosis along with inter-
stitial inflammation and fibrosis [37]. The 2003 MM Guidelines
recommend that serum creatinine should be measured prior to ad-
ministration of intravenous bisphosphonates [38]. An elevation of
serum creatinine by 0.5 mg/dL from baseline should trigger either
a dose or schedule adjustment in the administration of bispho-
sphonates. Zoledronate is not recommended if serum creatinine
is greater than 3 mg/dL. A recent case report also suggests that
evaluation for and correction of vitamin D deficiency should be
done before administration of bisphosphonates, to reduce the risk
for life-threatening hypocalcemia [39].

Crystalline nephropathies

Definition, etiology, and pathogenesis
Crystalline nephropathies describe the AKI that results from the
intratubular precipitation of substances. The most common cause
of crystalline nephropathy is tumor lysis syndrome (TLS), which
consists of acute uric acid nephropathy and acute phosphate
nephropathy. Less common causes of crystalline nephropathy in-
clude calcium oxalate, acyclovir, sulfonamides, methotrexate, indi-
navir, and triamterene. There are also case reports associated with
ciprofloxacin, foscarnet, ampicillin, and plasma cell dyscrasias.

Intratubular crystal formation and deposition of a substance is
promoted by three mechanisms: high concentrations in the tubular
fluid, prolonged intratubular transit time, and decreased solubility
[40]. The first two mechanisms occur in the setting of decreased
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effective circulating volume, which is a major risk factor for all
of the crystalline nephropathies. Decreased effective circulating
volume results in increased proximal tubular sodium and fluid re-
absorption, resulting in both a high concentration of the offending
compound in the distal tubule and decreased distal flow rates. This
allows the substance a longer time to precipitate out of the satu-
rated tubular fluid and to accumulate. Underlying CKD is also a
major risk factor for the crystalline nephropathies, because a larger
amount of the compound is excreted per functioning nephron
and drug overdosing for the level of renal function is frequent.
The third mechanism, decreased solubility, is often dependent on
the distal tubular fluid pH. Compounds with a pKa <7, such as
uric acid, calcium oxalate, sulfonamides, methotrexate, and tri-
amterene, tend to precipitate in acidic urine, whereas compounds
with a pKa >7, such as indinavir and calcium phosphate, tend
to precipitate in alkaline urine. The clinical contexts in which the
more common crystalline nephropathies occur are summarized
in Table 11.3. Crystalline AKI from TLS and ethylene glycol in-
toxication are discussed separately due to their unique pathogenic
mechanisms and treatment strategies.

Clinical features
Extensive crystal deposition results in pain from distention of
the renal capsule and is similar in nature to the pain due to
nephrolithiasis. In certain cases (especially with indinavir and sul-
fonamides), macroscopic lithiasis and its characteristic presenting
symptoms can exist alone or concomitantly with intratubular crys-
tal nephropathy [47,48]. Hypocalcemia due to coprecipitation of
calcium in acute phosphate nephropathy and oxalate nephropa-
thy may result in paresthesias, lethargy, or tetany. High levels of
acyclovir seen in AKI can lead to hallucinations, delirium, and
myoclonus. Methotrexate can cause stroke-like symptoms (not
dose related) as well as nausea, rash, and mucositis (usually dose
related).

Laboratory findings
Urine sediment findings are nonspecific and will often reveal
hematuria, pyuria, and mild proteinuria. Although the offend-
ing substances have unique crystal morphologies on urine mi-
croscopy, examining the sediment is not independently diagnos-
tic. Obstructed tubules may not empty urine into the collecting
system, and therefore the absence of crystals dose not exclude crys-
talline nephropathy. The presence of crystals does not prove their
pathogenic role, because calcium oxalate, calcium phosphate, and
uric acid crystalluria can very often be seen in normal individuals.
Furthermore, crystalluria has been found in patients without AKI
in frequencies varying from 100% of healthy individuals receiving
a single 100-mg dose of triamterene and ascorbic acid (for urinary
acidification) to 17% of all patients taking indinavir [47,52].

Renal ultrasound may reveal bilaterally enlarged and echogenic
kidneys and can identify concomitant macroscopic lithiasis. Renal
biopsy is required to make a definitive diagnosis. Light microscopy
can reveal crystalline deposits (usually in the distal tubules), with

a surrounding interstitial infiltrate that may contain giant cells
as part of a foreign body reaction. Evidence of ATN can also be
present, as many of the inciting agents display direct tubular cell
toxicity. Polarized microscopy may demonstrate birefringence, de-
pending on the offending agent (Figure 11.3). A summary of the
characteristic laboratory findings is outlined in Table 3.

Course and management
In most cases of crystalline nephropathy, the renal prognosis is
excellent if further exposure to the precipitating substance can
be avoided. In drug-related crystalline nephropathies, recovery
of renal function is expected to occur within days to weeks after
cessation or even just dose reduction of the drug. An exception is
the underrecognized phosphate nephropathy that may occur after
the use of phosphate-containing laxatives prior to colonoscopy.
Although there was likely selection bias for more severe cases, the
largest series characterizing this disease found that none of 21
affected patients returned to their previous level of renal function
and 4 progressed to require chronic dialysis [41].

The mainstay of prevention is avoidance of the two most fre-
quent predisposing factors: volume depletion and drug overdos-
ing by failing to adjust for renal dysfunction. Establishing a brisk
urine output (e.g.100–150 mL/h or greater) in high-risk patients
is extremely important. For substances with pKa <7 (e.g. uric
acid, calcium oxalate, sulfonamides, methotrexate, triamterene)
urinary alkalinization by administering intravenous isotonic bi-
carbonate solutions or oral citrate can be considered. Urine pH
should be periodically followed to ensure an appropriate level of
alkalinization. Acetazolamide may be added if a metabolic alkalo-
sis ensues. Attempting to acidify the urine to increase the solubility
of weakly basic compounds is dangerous and not recommended.
These preventive strategies are based on underlying pathophysio-
logic mechanisms, and evidence proving reduced renal complica-
tions with these measures is lacking, except perhaps with high-dose
methotrexate administration.

Treatment of established AKI consists of discontinuing the cul-
prit agent and, if nonoliguric and not volume overloaded, applying
many of the same principles used in prevention: forced diuresis
(aggressive volume expansion with judicious use of diuretics) and,
for weak acids, urinary alkalinization. In the setting of AKI, mod-
erate to large doses of diuretics may be required to establish ade-
quate urine flow, and care must be taken with bicarbonate loading
to avoid profound alkalosis. Additionally, early initiation of renal
replacement therapy (RRT) can rapidly decrease the concentration
of some inciting agents (e.g. phosphate, oxalate, and methotrex-
ate). Again, evidence for improvement in renal outcome with these
maneuvers is lacking. See Table 11.3 for details on specific man-
agement strategies.

Tumor lysis syndrome
Pathophysiology
TLS results from the sudden release of several intracellular con-
stituents to the extracellular space from massive tumor cell death.
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Table 11.3 Causes of crystalline nephropathy, their distinctive clinical and laboratory features, and strategies for prevention and treatment.

Inciting agent
[reference] Clinical context Laboratory findings Prevention and treatment Disease course

Phosphate [41] � TLS, especially posttreatment
form� Phosphasoda bowel prep with
risk increased by ACEi/diuretic
use, advanced age, CKD,
and/or female gender� Rhabdomyolysis (rare)� Severe hemolysis (rare)

� Crystalluria with weakly
birefringent, long prisms, often in
rosettes� Hyperphosphatemia (peaking 1–2
days after initiation of treatment
in TLS) out of proportion to renal
insufficiency� Hypocalcemia� Hyperkalemia out of proportion to
renal insufficiency� High LDH in TLS, rhabdomyolysis,
& hemolysis� Renal biopsy: von Kossa-positive
crystals

Prevention� Forced diuresisb� Non-calcium-based phosphate
binders

Treatment� Forced diuresisb� Non-calcium-based phosphate
binders� Avoid treatment of hypocalcemia
unless symptomatic or ECG changes
present� Consider early initiation of RRT,
especially CRRT

Incidence of CKD higher in
cases caused by phosphasoda

Uric acid [42,43] � TLS, especially spontaneous
form� Rhabdomyolysis (rare)� HGPRT deficiency (rare)

� Crystalluria with brownish,
strongly birefringent, rhomboid
plates, rosettes, or needles� UA >15 mg/dL (peaking 2–3 days
after initiation of treatment in TLS)� Urine UA/urine Cr >1 (<0.75
suggests alternative diagnosis)� Hyperkalemia out of proportion to
renal insufficiency� Elevated LDH in TLS &
rhabdomyolysis

Prevention� Forced diuresisb� Allopurinol or rasburicase
Treatment� Rasburicase� RRT (if rasburicase not available)

Full renal recovery expected in
the absence of other insults;
higher mortality in
spontaneous TLS

Oxalate [44] � EG poisoning (9/19 in largest
series developed AKI)� High-dose i.v. ascorbic
acid–xylitol–sorbitol infusions
(rare)� Primary hyperoxaluria (rare)

� Crystalluria with birefringent
monohydrate needles or dihydrate
envelope shapes appearing >4 h
after EG ingestion� Hypocalcemia� In EG poisoning, osmolal gap
>10 mOsm/L & detectable serum
and urine EG early with
subsequent development of
severe anion gap acidosis� Renal biopsy: silver
nitrate/rubeanic acid
stain-positive crystals

Prevention� Forced diuresisb� Consider urine alkalinization� Fomepizole for high-risk EG
ingestiona (ethanol is 2nd line)� i.v. thiamine, magnesium, and
pyridoxine in alcoholic patients

Treatment� Forced diuresisb� Consider urine alkalinization� Avoid treatment of hypocalcemia
unless symptomatic or ECG changes
present� Fomepizole (ethanol is 2nd line) if
EG level >20 mg/dL� Early initiation of RRT, esp. if EG
>50 mg/dL and renal insufficiency
or acidosis present

� Full renal recovery
occurred in 6/9 patients;
dration & severity of AKI is
predicted by severity of
acidosis at presentation

Acyclovir [46] � 11% develop AKI with
high-dose rapid i.v. bolus� Very rare with oral acyclovir or
valacyclovir

� Crystalluria with birefringent
needles with occasional
engulfment by WBC

Prevention� Forced diuresisb� Increase time of i.v. infusion to 1 h
Treatment� Forced diuresisb� Decreasing the dose is sufficient in

40–50% of patients

Full renal recovery expected

(continued )
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Table 11.3 (cont).

Inciting agent
[reference] Clinical context Laboratory findings Prevention and treatment Disease course

Indinavir [47] � 18.6% develop AKI, especially
with longer treatment, smaller
body size, & concurrent
TMP-SMX

� Crystalluria with birefringent
plates, fans, or starbursts� Isosthenuria common� CT with i.v. contrast shows
wedge-shaped perfusion
defects in up to 50%

Treatment� Forced diuresisb� Urologic consultation if concomitant
macroscopic obstruction present
(not uncommon)

AKI is easily reversible as op-
posed to the slowly progressive
injury seen in indinavir-induced
AIN

Methotrexate
[48,49]

� 2–4% develop AKI with
high-dose i.v. therapy;
increased risk in older patients
and with concomitant use of
NSAID or other highly
protein-bound drugs which
increase free methotrexate
levels

� Crystalluria with amorphous
yellow casts� High serum methotrexate level� Anemia, leukopenia, or
thrombocytopenia possible

Prevention� Forced diuresisb� Urinary alkalinization to pH ≥8
Treatment� Forced diuresisb� Urinary alkalinization to pH ≥8� Leucovorin rescue ± thymidine for

extrarenal toxicity until
methotrexate level <0.05 μmol/L� Consider carboxypeptidase G2
(>98% fall in levels by 15 min) vs.
daily 6-h high-flux hemodialysis
(clears drug in 5.5 days)

Median time to renal recovery
to 2–3 wks

Sulfonamides [50] � Usually with high-dose therapy� More common with
sulfadiazine (1.9–7.5%
incidence in AIDS patients)� Low serum albumin may
increase risk from higher free
drug levels

� Crystalluria with variable
shapes from shocks of wheat to
spheres� Positive lignin test (orange
urine upon mixing with 10%
hydrochloric acid)� Densities in parenchyma and in
collection system on ultrasound
are common

Treatment� Forced diuresisb� Urine alkalinization to pH >7.1� Dose reduction usually sufficient� Urologic consultation if macroscopic
obstruction present (not
uncommon)

Full renal recovery is prompt,
sometimes within hours, but
median 6 days

Triamterene [40] � Rare; must distinguish from the
much more common AIN, or AKI
with concomitant NSAID use

� Crystalluria with birefringent
orange casts & spheres� Hyperkalemia out of proportion
to renal insufficiency

Treatment� Forced diuresisb� Urine alkalinization to pH >7.5� May require urologic consultation
for the more common triamterene
stone if obstructed

Full renal recovery is expected

Abbreviations: HGPRT, hypoxanthine-guanine phosphoribosyl transferase; EG, ethylene glycol; i.v., intravenous; TMP-SMX, trimethoprim-sulfamethoxazole; LDH, lactate
dehydrogenase; UA, uric acid; CT, computerized tomography; ECG, electrocardiogram; CRRT, continuous renal replacement therapy; TLS, tumor lysis syndrome.
aPatients at high risk for organ dysfunction in EG poisoning are those with serum EG of >20 mg/dL, or with known recent ingestion of EG with osmolal gap >10mOsm/L, OR
strong suspicion of recent ingestion and 2 of the following: pH <7.3, HCO3 <20mEq/L, osmolal gap >10mOsm/L, and urinary oxalate crystals [45].
bForced diuresis refers to aggressive hydration with judicious use of diuretics to achieve and maintain brisk urine flow rate.

The main risk factor is the presence of a large tumor burden with a
rapid doubling time and thus exquisite response to cytolytic ther-
apy. Most cancers associated with TLS are high-grade lymphopro-
liferative malignancies, with up to 6% of these patients develop-
ing this complication [51]. It has also been reported with several
aggressive solid tumors, including lung and breast carcinoma. Al-
though the disease usually arises in the setting of traditional potent
chemotherapy directed against nucleic acid processing, it has also

been observed with interferon therapy, endocrine therapies such as
corticosteroids or tamoxifen, and radiation therapy. Furthermore,
spontaneous TLS can occur when aggressive cancers rapidly out-
strip their nutrient supply.

The AKI due to TLS has historically been thought of as an acute
uric acid nephropathy. Purine nucleosides are released by dying
cells and are metabolized to hypoxanthine and xanthine. Xan-
thine oxidase converts both intermediates to uric acid. At normal
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Figure 11.3 Oxalate nephropathy, shown with hematoxylin and eosin stain. This
patient developed kidney failure in the setting of primary hyperoxaluria. (A) Note
the distortion of the tubular architecture associated with intratubular deposits of
calcium oxalate (arrowheads). There is an interstitial infiltrate along with interstitial
fibrosis consistent with disease chronicity. (B) Under polarized light the deposits
exhibit birefringence (black arrows). (Courtesy of Dr. Rosa Davila, Washington
University School of Medicine.)

plasma pH, 98% of uric acid exists as the more-soluble ionized
salt, urate (pKa 5.5). In the normally acidic tubular fluid, it ex-
ists primarily as the less-soluble, nonionized uric acid and may
precipitate. Recently, it has become apparent that acute phos-
phate nephropathy is also an important cause of AKI in TLS,
now that hypouricemic therapy is commonly employed for pro-
phylaxis in patients at risk for TLS [51]. Significant amounts
of phosphate complexed with adenosine exist in the intracellu-
lar compartment, especially in metabolically active cancer cells.
Once released by cell death, phosphate precipitates in the renal
tubules and other tissues as calcium phosphate. In spontaneous
TLS, severe hyperphosphatemia is less likely, since the surviving
tumor cells, with their high metabolic rate, rapidly recycle released
phosphate.

Management
Patients at high risk for TLS, such as those with high-grade lym-
phoproliferative malignancies and large tumor burdens about to

receive aggressive cytoreductive chemotherapy, or those with high
pretreatment lactate dehydrogenase, WBC count and serum uric
acid values or patients with urine uric acid/urine creatinine ratio of
>1, preexisting renal insufficiency or leukemic kidney infiltration
[42] should receive preventive therapy. Patients with “laboratory
TLS” (modest perturbations in serum electrolytes but no symp-
toms or evidence of organ dysfunction) should also receive pre-
ventive measures. Volume expansion to achieve brisk urine flow
and hypouricemic therapy should be initiated 2 days prior to the
start of chemotherapy. Urine alkalinization is not recommended
given the potential risk of calcium phosphate precipitation in al-
kaline urine. Alkalemia can also worsen hypocalcemia by increas-
ing protein binding of free calcium. Furthermore, data from an-
imal studies revealed no reduction in the occurrence of uric acid
nephropathy with urine alkalinization [53].

Two options for hypouricemic therapy exist: allopurinol and
rasburicase. Allopurinol (400–800 mg, total daily dose) compet-
itively inhibits xanthine oxidase, thus preventing the further pro-
duction of uric acid. Uric acid levels decrease over the subsequent
2 days with continued excretion of preformed uric acid. Rasburic-
ase is a recombinant uricase enzyme and can convert existing uric
acid to allantoin, which is 5–10 times more soluble in urine than
uric acid. After intravenous administration (0.05–0.20 mg/kg over
30 min), uric acid levels decrease by 86% at 4 h compared to the
12% reduction with allopurinol [54]. However, comparative data
between allopurinol and rasburicase regarding meaningful clini-
cal end points, such as reductions in AKI, dialysis requirement, or
death do not exist. Therefore, the extremely high cost of rasburi-
case deters its use in prevention unless an allopurinol allergy is
present. Nevertheless, one analysis, albeit with serious limitations,
estimated that the prophylactic use of rasburicase over allopurinol
might be cost-effective in children with high-grade lymphoprolif-
erative malignancies [55].

Patients with evidence of organ system dysfunction have “clini-
cal TLS” and require therapeutic rather than preventive interven-
tions. Most patients with resulting AKI will not require dialysis
and will recover to their previous renal function, although patient
and renal prognosis may be worse with spontaneous TLS. Similar
to preventive methods, maintaining adequate urine flow and sup-
pressing further rises in the serum concentration of uric acid and
phosphate is essential. Previously, hemodialysis was sometimes
initiated early in order to rapidly reduce uric acid levels, with a
50% reduction occurring after 6 h of hemodialysis (clearance of
70–145 mL/min) [56]. Rasburicase results in more prompt reduc-
tion of uric acid and eliminates this indication for RRT. However,
when significant hyperphosphatemia is present, early RRT may
still be required along with non-calcium-based phosphate binders
to prevent further phosphate precipitation and/or hypocalcemia.
Indeed, hypocalcemia should not be treated with intravenous cal-
cium without first lowering the phosphorus, unless the patient is
symptomatic or there is evidence of electrocardiographic changes.
With intermittent hemodialysis, phosphorus clearance is fairly in-
efficient (50–90 mL/min) and daily or twice-daily treatments are
needed to achieve negative phosphorus balance. Continuous RRT
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(up to 40-mL/min clearance) may be more effective at reducing
phosphorus levels [57].

Ethylene glycol poisoning
Ethylene glycol is metabolized by hepatic alcohol dehydrogenase
to four toxic organic compounds: glycoaldehyde, glycolic acid, gly-
oxylic acid, and oxalic acid. Accumulation of organic anions (gly-
colate, glyoxylate, and oxalate) leads to severe anion gap metabolic
acidosis. These compounds, especially glycolic acid, are direct cell
toxins and cause multiorgan dysfunction leading to cardiotoxi-
city, ATN, and nervous system depression. Oxalate precipitates
with calcium in several tissues, including the renal tubules, caus-
ing crystalline nephropathy.

The clinical manifestations of ethylene glycol intoxication evolve
over time as the alcohol is metabolized. During the first 30 min
to 12 h, ethylene glycol causes inebriation, with progression to
seizures or coma. Twelve to 36 h postingestion, peak concentra-
tions of organic acid intermediates lead to profound acidosis, with
Kussmaul’s respirations and cardiopulmonary failure. Twenty-
four to 72 h postingestion, the oxalate end product accumulates in
tissues, resulting in AKI. This time course is prolonged in cases of
ethanol co-ingestion, due to its competitive inhibition of alcohol
dehydrogenase.

Treatment of ethylene glycol toxicity should be focused on
decreasing the concentration of toxic metabolites. This can be
achieved by 1) reducing organic acid formation through the use
of competitive alcohol dehydrogenase inhibitors, such as fomepi-
zole or ethanol, 2) increasing metabolite clearance through early
initiation of RRT, and 3) conversion to less toxic metabolites by
cofactor supplementation (Table 11.3).

Atheroembolic renal disease

Definition, prevalence, and pathogenesis
Atheroembolic renal disease refers to the progressive AKI that
arises from occlusion of the renal microvasculature by lipid de-
bris and subsequent inflammation. It is an underrecognized cause
of renal insufficiency in the older patient population, with 4.2%
of renal biopsies from patients over 65 years revealing this sig-
nificant finding [58]. Clinically significant renal atheroemboli oc-
cur in <0.2% of cardiac catheterizations [59] but are more com-
mon with aortography and aortic surgeries. With the progress
of invasive endovascular procedures, the incidence is likely to
increase.

Most patients who develop atheroembolic renal disease have sig-
nificant aortic atherosclerosis, with more severe vascular disease
correlating with a higher incidence of cholesterol embolism [60].
There is usually an inciting event leading to plaque destabiliza-
tion and distal showering of lipid debris, although spontaneous
atheroemboli may occur in up to 21% of cases. Plaque destabi-
lization may occur either from vascular wall trauma from vascular

surgery or percutaneous endovascular procedures (which accounts
for 65% of cases with an inciting event) or from anticoagulation
(21% of provoked cases) [61]. Anticoagulation is thought to cause
hemorrhage into plaques or prevent protective thrombus forma-
tion over ulcerated plaques. The administration of thrombolytics
also can cause lipid release. The cholesterol lodges in the small ar-
terioles and incites thrombus formation, causing distal ischemia
and infarction. Within 5 days there may be recannalization of
the thrombus, but an inflammatory foreign body arteritis ensues.
Because the cholesterol is not soluble and it is never successfully
cleared by phagocytes, inflammation persists and leads to progres-
sive fibrosis and later obliteration of the lumen of the small vessel.
With involvement of multiple arterioles, the result is persistent,
patchy ischemia of several nephrons, instigating progressive renal
insufficiency.

Clinical features and laboratory findings
Atheroembolic renal disease is a disease of the elderly (mean age,
66–70 years) with a male (4:1) and Caucasian (30:1 vs. African
Americans) predominance. Because a significant embolic shower
can occur after an unpredictable period following plaque distur-
bance, the time of disease onset can be quite variable: from 3 days
up to 3 months after the initiating event. Other organ systems,
such as the skin, gastrointestinal tract, and central nervous system,
are commonly involved as well (Table 11.4). In fact, the reliance
on characteristic skin findings for diagnosis (reported in 80% of
cases) may contribute to the underrepresentation of this disease
among the dark-skinned African American population [65]. The
multisystem involvement along with the frequent occurrence of
eosinophilia (48% of cases) and an elevated erythrocyte sedimen-
tation rate mimics vasculitis. Depressed complement levels can
also be seen, with reported rates varying from <15% to 66%
[69,71].

Renal biopsy reveals empty clefts in arcuate and interlobular
arteries and, less commonly, afferent arterioles. These result from
the dissolution of lipid from these sites by the fixation process.
Depending on the age of the lesion, varying degrees of arteritis
and intimal fibrosis can be seen (Figure 4). In severe, acute cases
there may be signs of ATN. Late in evolution, patchy glomerular
sclerosis and tubular atrophy may be visualized in areas supplied
by the affected vessels. Similar arteriolar inflammation or fibrosis
can be found in other tissues, especially the muscle, gastrointestinal
tract, and skin. Biopsy of skin lesions may have the most diagnostic
yield, with a reported sensitivity of 92% [66].

Course and management
Three patterns of disease evolution are apparent in atheroembolic
renal disease [61]. An acute course (35% of cases) resulting from a
massive embolic load is characterized by an abrupt deterioration
in renal function and multiorgan involvement 3–7 days after the
inciting event. The more common, subacute course (56%) occurs
after repeated smaller embolic showers or through progression
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Table 11.4 Clinical findings in patients with renal atheroembolic disease and frequency of occurrence.

Clinical finding Frequency of occurrence (%)

Signs and symptoms
New-onset, accelerated, or labile hypertension 78
Skin findings (cyanotic or ulcerated digits or scrotum, livedo reticularis on back or lower extremities, nodules, less commonly purpura) 80
GI symptoms (nausea, abdominal pain, GI bleeding) 24
CNS symptoms (focal neurologic deficits, progressive dementia) 11
Retinal emboli (Hollenhorst plaque on fundoscopy) 19
Fevers Uncommon

Laboratory findings [reference]
Microscopic hematuria [62,63] 53
Mild proteinuria (rarely nephrotic associated with a secondary collapsing FSGS or accelerated hypertension) [63,64] 63
Eosinophiluria (by Hansel’s stain) [21] 88
Peripheral blood eosinophilia [69] 48–88%
Hypocomplementemia [69,71] <15–66
Various markers of ischemic organ injury (elevated creatinine kinase, amylase/lipase, transaminases) Not uncommon
Elevated erythrocyte sedimentation rate and/or C-reactive protein Very common
Renal artery stenosis by Doppler or angiography [61,62] 44

Abbreviations: GI, gastrointestinal; CNS, central nervous system; FSGS, focal and segmental glomerulosclerosis.
Unless otherwise indicated, frequency data come from combining 3 case series of clinically significant renal disease totaling 171 patients [61, 62, 63]. CK, creatine kinase; CNS,
central nervous system; FSGS, focal segmental glomerular sclerosis; GI, gastrointestinal.

of the obliterative arteritis in previously involved vessels. There
is a stepwise deterioration in renal function, with stabilization
by 3–8 weeks. The least common chronic course (9% of cases)
manifests as a slowly progressive renal insufficiency that is hard
to discriminate from worsening hypertensive nephrosclerosis or
ischemic renovascular disease.

Progression to dialysis dependence occurs in one-third of the
patients who survive the initial insult. Preexisting CKD and a his-
tory of significant claudication confers greater risk for this out-
come [62,67]. Some mild improvement in renal function can oc-
cur with time, from progressive hyperfiltration by the remaining
nephrons. As a result, 21–32% of patients on chronic dialysis from

atheroembolic renal disease can recover enough renal function to
stop dialysis [62,68,69].

Early studies revealed a grim outcome for patients with acute,
multivisceral atheroembolic disease, with 1-year survival rates
of 13–36% [63,70]. Death usually occurs from cardiac ischemia,
heart failure, stroke, or gastrointestinal ischemia with malnutri-
tion [61,63,68]. An aggressive supportive regimen specifically tar-
geting these mechanisms of mortality was prospectively evaluated
in a population with acute multivisceral atheroembolic disease
[62]. Principles of therapy included the following: 1) a proscrip-
tion against further anticoagulation or intravascular manipula-
tions, even in the setting of recurrent cardiac ischemia or vascular

Figure 11.4 Renal atheroembolic disease, H and E stain. Cholesterol clefts
remaining in an intralobular artery where lipid had been prior to the fixation process
are indicated by arrows. The early inflammatory arteritis composed of eosinophils,
neutrophils, and macrophages is later replaced by a giant cell foreign body reaction
(arrow head), intimal proliferation, and fibrosis. (Courtesy of Dr. Helen Liapis,
Washington University School of Medicine)
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stents (if dialysis was required, it was performed without antico-
agulation); 2) aggressive management of heart failure and blood
pressure reduction to <140/80 mmHg with the stepwise use of va-
sodilators (preferentially ACEi), diuretics, and then ultrafiltration;
3) aggressive nutritional support, parenterally if needed. This in-
tensive support strategy resulted in a 1-year survival of 77%, a vast
improvement from previous series. Interestingly, the aggressive use
of ACEi in the setting of AKI was not associated with an increase in
the need for dialysis and allowed eventual dialysis cessation in sev-
eral patients. A similar result (1-year survival of 69%) was noted
in a second uncontrolled study employing the same basic princi-
ples, although there was no mention of preferential ACEi therapy
[61]. Although limited, these studies represent the best data re-
garding treatment, and these principles should be incorporated
in the management of this disease. If the relative contraindica-
tion for anticoagulation makes hemodialysis difficult, peritoneal
dialysis should be considered.

Several adjunctive therapies to improve renal outcome have
been attempted in cases of atheroembolic renal disease. Corticos-
teroids have not been proven to affect renal outcome, but low doses
(0.3 mg of prednisone/kg) might improve anorexia and abdominal
pain from mesenteric involvement [62]. Statins have theoretical
benefits in decreasing inflammation and stabilizing atheroscle-
rotic plaques, thus potentially reducing risks of further embolic
events. An observational analysis found a lower rate of statin ther-
apy among those patients who eventually progressed to end-stage
renal disease (4.3 vs. 30.6% in those not requiring chronic dialy-
sis) [67]. Given the cardiovascular risk factors in this population,
it is prudent to include statin therapy in the treatment regimen.
A few case reports have shown encouraging results with vasodila-
tory prostaglandins (iloprost); however, larger studies are required
[72]. Regarding prevention, one study evaluated the brachial artery
approach during cardiac catheterization in those with extensive
aortic atherosclerotic disease. Although this did not reveal a lower
incidence of cholesterol emboli, the incidence of atheroembolic
disease in this analysis was likely too small to detect an effect [73].
This approach is a reasonable consideration in high-risk patients
undergoing cardiac catheterization.

Renal artery and vein thromboses

Renal artery thrombosis
Acute renal artery thrombosis (RAT) is extremely rare, with only
about 300 cases reported in the literature. Most of the cases are uni-
lateral, and only a few cases of bilateral RAT leading to AKI have
been described. The leading causes of acute RAT are blunt ab-
dominal trauma (acceleration–deceleration injury) and the anti-
phospholipid antibody syndrome [74,75]. Other hypercoagulable
diseases, such as nephrotic syndrome (NS), have also been as-
sociated with RAT. Computerized tomography with intravenous
contrast of the abdomen is the diagnostic modality of choice. Treat-
ment of traumatic RAT is dependent on the duration of ischemia.
In one case series, surgical revascularization had a success rate (de-

fined as independence from dialysis) of 56% if the ischemia time
was less than 12 h. The median ischemic time in the unsuccessful
revascularizations was 48 h, and the mortality in these patients was
29% [76]. At present, there are insufficient data to recommend an
evidence-based treatment plan for RAT.

Renal vein thrombosis
Renal vein thrombosis (RVT), either unilateral or bilateral, is also a
rare cause of AKI. The common etiologies are NS and other hyper-
coagulable states, such as anti-phospholipid antibody syndrome.
Of all the causes of NS, patients with membranous glomeru-
lonephritis have the highest prevalence of RVT (37%) [77]. Se-
lective renal venogram is considered the gold standard for diag-
nosis, but it is not routinely performed due to a high risk for
contrast-induced AKI as well as vascular complications. In one se-
ries, computerized tomography had a sensitivity of 92% and speci-
ficity of 100%. A series investigating Doppler ultrasonography re-
vealed a sensitivity of 85% and specificity of 56%, but this modality
is heavily operator dependent [77]. Magnetic resonance imaging
can also be used, although adequate studies have not evaluated this
modality.

Treatment of RVT involves conventional anticoagulation with
intravenous heparin and warfarin sodium. Use of thrombolytics
in RVT has been reported, but given the risk for bleeding, their
use should be considered only in patients with severe bilateral RVT
with rapidly declining renal function [78]. There are insufficient
data to support the use of primary prophylactic anticoagulation
in patients with NS. At this time, the decision to use prophylactic
anticoagulation should be made on a case-by-case basis, keeping
in mind that membranous glomerulonephritis and patients with
profound hypoalbuminemia (albumin less than 2 mg/dL) proba-
bly have the highest risk of thromboembolism. However, once a
patient has developed a thrombotic event, anticoagulation should
be continued until the resolution of the NS, since the risk of recur-
rence is extremely high [79]. Given these data, it would be prudent
to restart anticoagulation in this select group of patients if the NS
recurs.
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Introduction

Acute kidney injury (AKI) is a common condition in hospital-
ized patients and is an independent risk factor for mortality [1–6].
Interventions to prevent the development of AKI are limited to a
small number of clinical settings, including pre-renal azotemia, ra-
diocontrast nephropathy, and pigment-induced AKI. In addition,
there are no effective pharmacologic interventions for the treat-
ment of most forms of intrinsic AKI. As a result, renal replacement
therapy (RRT) is the cornerstone of care in patients with severe
AKI. Over the past 2 decades there has been a proliferation of
modalities of RRT available for the management of AKI. Whereas
the options for therapy were previously limited to intermittent
hemodialysis (IHD) and peritoneal dialysis (PD), the current ar-
mamentarium also includes various modalities of continuous RRT
(CRRT) and newer “hybrid” therapies, such as extended duration
dialysis and sustained low-efficiency dialysis (SLED). Despite the
increasing technological sophistication of RRT, key management
issues, such as the optimal timing of initiation, selection of modal-
ity, and dosing of RRT, remain controversial. The clinical complex-
ity of patients with severe AKI has made clinical trials addressing
these questions particularly challenging.

This chapter focuses on the role of RRT in the treatment of
AKI and summarizes the current evidence basis for the optimal
timing of initiation of treatment and effects of selection of modality
and dose of therapy on patient outcomes. We also address several
management issues related to the delivery of specific modalities of
RRT for patients with AKI.

Prescription and delivery of RRT

Timing of initiation of RRT
In patients with AKI complicated by intractable hyperkalemia, se-
vere metabolic acidosis, volume overload, or overt uremic symp-

toms, the decision to initiate RRT is straightforward. However,
in the absence of these overt manifestations, there is uncertainty
regarding the optimal time to initiate renal support. Whether the
initiation of RRT before the development of absolute indications,
including overt uremia, volume overload, or metabolic complica-
tions, improves patient outcome has been a matter of some de-
bate. Those who favor early initiation argue that RRT should be
instituted as soon as a significant and persistent reduction in the
glomerular filtration rate develops, prior to the development of
potentially deleterious metabolic abnormalities or volume over-
load. The counterargument is that early initiation of RRT will ex-
pose some patients to risks of treatment, such as the insertion and
prolonged placement of intravenous catheters, the need for antico-
agulation, and the potential for hypotension and other treatment-
related complications; these patients, if managed conservatively,
might recover renal function without ever developing an “abso-
lute” indication for RRT.

Nearly 50 years ago, the prophylactic benefits of dialysis were
initially proposed by Teschan and colleagues and by Easterling
and Forland in uncontrolled case series [7,8]. Several subsequent
retrospective studies aimed to substantiate this hypothesis [9–11]
(Table 12.1). The first prospective study evaluating timing of initi-
ation of RRT was published in 1975 by Conger [12]. In that study,
18 consecutive patients were assigned in an alternating fashion
to early (intensive) or late (nonintensive) IHD [12]. Patients re-
ceiving the intensive regimen exhibited lower mortality (20% vs.
64%; P < 0.01) and less frequent infectious and gastrointestinal
complications. In the only subsequent prospective study on the
timing of initiation of IHD, Gillum et al. randomized 34 patients
to initiate dialysis with even smaller elevations of blood urea ni-
trogen (BUN) and serum creatinine, and they found lower mor-
tality (47% vs. 59%) but more frequent hemorrhagic and septic
complications with the nonintensive management strategy [13].
These differences, however, failed to reach statistical significance.
Collectively, these early studies formed the basis for conventional
teaching that dialytic support should be initiated when the BUN
approaches 100 mg/dL and that there is no added benefit from
earlier initiation in the absence of other specific indications. The

137

Evidence-Based Nephrology. Edited by D. A. Molony and J. C. Craig.

© 2009 Blackwell Publishing Ltd.  ISBN: 978-1-405-13975-5



BLBK043-Molony September 10, 2008 20:49

Part 2 Acute Kidney Injury

Table 12.1 Timing of initiation of RRT.

Study Study method Early RRT Late RRT
No. of
patients Effect(s) of early initiation

IHD studies
Parsons et al. 1961 [10] Prospective/

observational
BUN 120–150 mg/dL BUN >200 mg/dL, clinical

deterioration
33 ↓mortality, ↓ infection

Fisher 1966 [9] Prospective/
observational

BUN <150 mg/dL,
clinical deterioration

BUN >200 mg/dL 235 ↓ mortality

Kleinknecht et al. 1972 [11] Prospective/
observational

Maintenance of BUN
<200 mg/dL

BUN >350 mg/dL, electrolyte
disturbance

500 ↓ mortality, ↓ GI hemorrhage

Conger 1975 [12] Prospective/
randomized

Maintenance of pre-HD
BUN <70 mg/dL, Scr
<5 mg/dL

BUN ∼150 mg/dL, Scr
∼10 mg/dL, clinical indications

18 ↓ mortality, ↓ infectious and GI
complications

Gillumet al. 1986 [13] Prospective/
randomized

Maintenance of pre-HD
BUN <60 mg/dL, Scr
<5 mg/dL

Maintenance of pre-HD BUN
<100 mg/dL, Scr <9 mg/dL

34 ↓ mortality, ↑ hemorrhagic and
septic complications

CRRT studies
Gettings et al. 1999 [14] Retrospective BUN <60 mg/dL BUN >60 mg/dL 100 ↓ mortality

Bouman et al. 2002 [17] Prospective/
randomized

12 h after meeting
inclusion criteria

BUN >112 mg/dL, K
>6.5 mEq/L, severe
pulmonary edema

106 No effect on mortality

Elahi et al. 2004 [16] Retrospective 0.78 ± 0.2 days between
surgery and RRT

2.55 ± 2.2 days between
surgery and RRT

64 ↓ mortality

Demirkilic et al. 2004 [15] Prospective/
observational

Urine output <100 mL
within 8 h after surgery

Scr >5 mg/dL or serum K
>5.5 mEq/L

61 ↓ mortality

Multiple modality studies
Liu et al. 2006 [18] Retrospective BUN ≤ 76 mg/dL BUN >76 mg/dL 243 ↓ mortality

Abbreviations: Scr, serum creatinine.

inherent methodological limitations of these studies, including the
retrospective design of the earlier studies and the small number of
subjects in the two prospective studies, as well as the differences in
technology between the eras when these studies were performed
and current practice, must be taken into consideration in inter-
preting these results.

More recent studies have focused on the timing of initiation of
CRRT. Gettings and colleagues retrospectively assessed outcomes
among 100 consecutive adults with posttraumatic AKI treated with
continuous venovenous hemofiltration (CVVH), stratifying tim-
ing of initiation based on the pretreatment BUN [14]. The early
group (BUN < 60 mg/dL) started CRRT an average of 9 days
sooner than the late group (BUN ≥ 60 mg/dL) (10 ± 15 days vs. 19
± 27 days; P < 0.0001) and had substantially lower preinitiation
BUN (43±13 mg/dL vs. 94±28 mg/dL; P <0.0001). Survival was
found to be nearly twofold greater in the early group (39% vs. 20%;
P = 0.041). Although acuity of illness was comparable in the two
groups, the retrospective study design precluded a comprehensive
assessment of whether the outcomes were related to unrecognized
differences in the clinical characteristics of the two groups. Sim-
ilarly, two retrospective analyses in post-cardiac surgery patients

revealed lower mortality rates in patients in whom CVVH was ini-
tiated based on a urine output of less than 100 mL/8 h, independent
of metabolic parameters, compared to patients in whom CVVH
was not begun until overt metabolic thresholds were met [15,16].
The only prospective randomized study evaluating the timing of
initiation of CRRT to date, reported by Bouman and colleagues,
failed to observe superior outcomes with early initiation of renal
support, although the sample size was small and the overall patient
survival of 70–75% suggested a lower acuity of illness than most
studies of critically ill patients with AKI [17].

Recently, Liu and colleagues analyzed prospectively collected
data from the Program to Improve Care in Acute Renal Disease, a
multicenter observational study of AKI, and assessed risk of death
in patients requiring RRT as a function of BUN prior to initiation
of therapy [18]. Patients were stratified based on the median BUN,
76 mg/dL. Crude survival rates were slightly lower for the patients
who started RRT at higher BUN concentrations, despite a lower
burden of organ system failure. After adjustment for covariates,
stratification by study site and by initial modality of RRT, and
utilization of a propensity score model, the relative risk for death
associated with initiation of renal support at a higher BUN was 2.0
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Table 12.2 Studies comparing modalities of RRT.

Study
No. of IHD
patients

IHD mortality
(%)

No. of CRRT
patients

CRRT
mortality (%)

Unadjusted odds
of death with IHD
(95% CI)

Risk-adjusted
odds or risk of
death with IHDa

Observational studies of IHD vs. CRRT
Mauritz et al. 1986 [64] 22 91 36 75 3.3 NR
Paganini et al. 1988 [65] 47 81 27 82 1.0 NR
Bastien et al. 1991 [66] 32 75 34 50 3.0 NR
McDonald et al. 1991 [67] 10 70 22 82 0.5 NR
Kierdorf et al. 1991 [68] 73 93 73 78 3.8 NR
Kruczynski et al. 1993 [69] 23 83 12 33 9.5 NR
Bellomo et al. 1995 [70]b 84 70 150 61 1.5 NR
van-Bommel et al. 1995 [71] 34 41 60 57 0.5 NR
Neveu et al. 1996 [55] 141 58 28 89 0.2 NR
Rialp et al. 1996 [72]c 21 67 43 76 0.6 NR
Swartz et al. 1999 [19] 137 41 90 68 0.3 NS
Bellomo et al. 1999 [73] 47 57 47 53 1.2 NR
Ji et al. 2002 [74] 92 36 101 41 0.8 NR
Guérin et al. 2002 [20] 233 59 354 79 0.4 NS
Chang et al. 2004 [75] 95 54 53 79 0.3 NR
Gangji et al. 2005 [76] 66 58 36 64 0.8 NS
Swartz et al. 2005 [77] 183 40 200 65 0.4 NS

Randomized studies of IHD vs. CRRT
Mehta et al. 2001 [22] 82 48 84 66 0.63d (0.3–1.4)
John et al. 2001 [21] 20 70 10 70 1.0 (0.1–6.6)
Augustine et al. 2004 [23] 40 70 40 68 1.12 (0.4–3.2)
Uehlinger et al. 2006 [25] 55 51 70 47 1.16 (0.5–2.5)
Vinsonneau et al. 2006 [24] 184 68 175 67 1.05 (0.6–1.7)

Studies of PD vs. CRRT
Phu et al. 2002 [36] (PD patients)e 36 47 34 15 5.1

a NR, not reported; NS, not statistically significant.
b Conventional dialysis predominantly IHD with small number of patients treated with PD and combination of PD and IHD.
c Included some patients who received PD.
d Adjusted for clinical differences in study groups.
e Patients received PD, not IHD.

(95% confidence interval, 1.2–3.2). Thus, although there are data
suggesting that “early” initiation of renal support in AKI is associ-
ated with improved survival, the evidence base is not sufficiently
robust to draw firm conclusions. Resolution of this question will
require adequately powered, prospective, randomized trials.

Modality of RRT
Although previously limited to IHD or PD, the current armamen-
tarium of available RRT modalities includes the multiple forms
of CRRT and the recently introduced hybrid treatments (e.g.
SLED and extended duration dialysis). Unfortunately, objective
and sound data to guide the selection of modality remain limited
(Table 12.2).

Although clinical practices suggest that it is commonly believed
that CRRT is superior to IHD in hemodynamically unstable pa-
tients, clinical trials have failed to demonstrate that this is the

case. However, the propensity for seriously ill and more hemo-
dynamically tenuous patients to receive CRRT rather than IHD,
along with the inherent limitations of retrospective and nonran-
domized study designs, confounded many of the early studies that
compared continuous and intermittent therapies. Several studies
have applied multivariable analyses to adjust for these issues. In a
single-center retrospective study, Swarz and colleagues compared
patients treated with either CVVH or IHD and found an unad-
justed twofold-greater mortality in patients treated with CVVH
[19]. After adjusting for the greater severity of illness in the CVVH
group, no differences in mortality were observed. Similarly, in a
prospective, multicenter, observational study published by Guérin
and colleagues, mortality was 79% in patients managed with CRRT
compared to 59% in patients who received IHD [20]. However,
after adjustment for comorbidities, modality of RRT was not in-
dependently associated with outcome.
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Four randomized controlled trials comparing CRRT and IHD
have been published in peer-reviewed journals. In a small ran-
domized controlled trial designed to compare the effects of CVVH
and IHD on systemic hemodynamics and splanchnic perfusion in
patients with septic shock, mortality was 70% in 20 patients ran-
domized to CVVH and in 10 patients who received IHD [21]. In a
multicenter randomized controlled trial of 166 patients with AKI,
Mehta and colleagues observed intensive care unit and hospital
mortality rates of 59.5% and 65.5%, respectively, in patients ran-
domized to CRRT, compared to 41.5% and 47.6%, respectively,
in patients randomized to IHD (P < 0.02) [22]. However, imbal-
anced randomization resulted in patients in the CRRT arm having
greater severity of illness as measured by APACHE III score and
a higher rate of liver failure, both of which were independently
associated with increased mortality. After covariate adjustment,
the investigators found no difference in mortality attributable to
modality of RRT. In addition to the issues related to imbalanced
randomization, interpretation of this study is also confounded
by a very high rate of crossover between treatment modalities
in both study arms. In a single-center randomized trial involv-
ing 80 patients, Augustine and colleagues reported more effec-
tive fluid removal and greater hemodynamic stability associated
with continuous venovenous hemodialysis (CVVHD) compared
to IHD but observed no difference in survival [23]. Similarly, in
another single-center randomized controlled trial from Switzer-
land, Uehlinger and colleagues observed no difference in survival
in 70 patients randomized to continuous venovenous hemodi-
afiltration (CVVHDF) compared to 55 patients assigned to IHD
[25]. Most recently, the Hemodiafe study, a multicenter random-
ized controlled trial conducted in 21 intensive care units in France,
demonstrated no difference in mortality in 184 patients random-
ized to IHD compared to 175 patients randomized to (CVVHDF)
[24]. This study is particularly notable for the fact that IHD was de-
livered to patients despite marked hemodynamic instability, with
very little crossover between treatment groups.

Multiple meta-analyses comparing outcomes between these
modalities of RRT have been published [26–30]. The first two of
these meta-analyses were published prior to the most recent ran-
domized controlled trials [26,27]. One included both randomized
and nonrandomized studies and concluded that weaknesses in
the quality of the studies significantly limited meaningful com-
parisons between modalities [26]. However, based on weighting
of the studies using an a priori assessment of study quality and
comparability of severity of illness between treatment arms, the
authors suggested that CRRT might be associated with a lower rel-
ative mortality risk. The second of these early meta-analyses was
limited to six randomized trials, of which only one, the trial re-
ported by Mehta and colleagues, was designed to evaluate mortality
as an outcome and had been published in a peer-reviewed journal
[27]. The authors found no differences in survival associated with
modality of RRT. The three subsequent meta-analyses [28–30],
which included the more recent randomized controlled trials of
Uehlinger et al. [24] and the Hemodiafe study [25], differed in
their criteria for including studies, resulting in minor differences

in their calculated odds ratios (ORs) for mortality, but all three
found no differences in mortality associated with use of IHD or
CRRT.

The propensity for hemodynamic instability and intradialytic
hypotension during IHD has led to the suggestion that CRRT
may be associated with an increased likelihood for recovery of re-
nal function [22,31,32]. Although this benefit has been observed
in surviving patients, to conclude that this is attributable to the
modality would fail to account for the competing risk of mortal-
ity. Reanalyzing the data from these studies using the combined
end point of death or nonrecovery of renal function, no differ-
ence in outcome between modalities is observed [33]. In addition,
no differences in recovery of renal function were observed in ei-
ther the single-center randomized controlled trial published by
Augustine et al. or by Uehlinger et al., or in the Hemodiafe study
[23–25].

The initial modalities of CRRT utilized an arteriovenous circuit.
Blood flow through the extracorporeal circuit was driven by the
gradient between mean arterial pressure and central venous pres-
sure. Although these modalities required little technology, they
have been largely supplanted by pump-driven venovenous ther-
apies. Several factors favor the use of venovenous therapies. The
intrinsic resistance of the extracorporeal circuit coupled with the
limited arteriovenous pressure gradient limits blood flow and ulti-
mately the maximal achievable solute clearance with arteriovenous
therapies. In addition, the arteriovenous circuit is associated with
a significantly greater risk of vascular-related complications [34].
For this reason, the arteriovenous therapies should generally be
restricted to situations where equipment for venovenous therapy
is not available.

Solute removal during RRT may occur by diffusion (HD), con-
vection (hemofiltration), or a combination of both (hemodiafiltra-
tion). Theoretically, convective clearance provides greater removal
of middle- and higher-molecular-weight solutes. It has been pos-
tulated that this may be clinically relevant, particularly in patients
with sepsis-associated AKI, because proinflammatory cytokines
are in this molecular size range. In one study, lower tumor necrosis
factor alpha levels were demonstrated using CVVH compared to
continuous venovenous HD; however, no clinical outcome ben-
efit was reported [35]. No studies comparing the relative bene-
fits of convective and diffusive therapies on mortality have been
reported.

Studies comparing other forms of RRT have been limited. One
randomized controlled trial found that CVVH was superior to
PD in infection-associated AKI, although the predominance of
malaria as the cause of AKI limited the study’s generalizability
for Western populations [36]. No studies have directly compared
“hybrid” treatments to either IHD or CRRT, although hybrid ther-
apies have been shown to provide similar hemodynamic stability
and solute control compared to CRRT [37].

In summary, methodological limitations in the observational
studies to date and negative results of randomized trials preclude
the development of evidence-based guidelines for the selection
of RRT modality for the treatment of AKI. Choice of modality
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should therefore be guided by the individual patient’s clinical sta-
tus, provider expertise, and the availability of equipment and per-
sonnel.

Dose of RRT
Although there are extensive data guiding the dosing of dialysis
for patients with end-stage renal disease, the body of evidence
informing prescription of RRT dose in AKI is much more limited.
When evaluating the dosing of IHD, both the dose per treatment
and the treatment frequency need to be considered.

There is a paucity of data regarding the “adequate” per-
treatment dose of IHD in AKI. Paganini and colleagues retro-
spectively evaluated survival as a function of the delivered dose of
dialysis in critically ill patients with AKI [38]. Among patients at
either the low or high extremes of severity of illness, dialysis dose
had no impact on patient outcome. However, in patients with an
intermediate severity of illness, the delivery of dialysis dose in ex-
cess of the 50th percentile (Kt/V, ∼1) was associated with lower
mortality risk than the delivery of lower doses of dialysis. It should
be noted that this median delivered dialysis dose was substantially
lower than what would be deemed appropriate in the setting of
end-stage renal disease. No prospective studies addressing this is-
sue have been published. As a result, given the lack of specific data
for AKI, a consensus panel convened by the multinational Acute
Dialysis Quality Initiative recommended that patients with AKI
receive at least the minimum dose that is considered appropriate
for patients with end-stage renal disease [39]. It is important to
note that several studies have established that there is a significant
discrepancy between prescribed and delivered dose for IHD; how-
ever, routine monitoring of the delivered dose of dialysis is not
common [40–42].

Only one study has evaluated the effects of treatment frequency
of IHD on outcomes among patients with AKI. Schiffl and col-
leagues assigned 160 critically ill patients with acute tubular necro-
sis to daily or alternate-day dialysis on an alternating basis and
found that patients who received daily dialysis had both lower
mortality 14 days after discontinuation of RRT (28% vs. 46%;
P = 0.01) and shorter duration of AKI (9 ± 2 vs. 16 ± 6 days;
P = 0.001) [40]. However, it is important to note that the dose
of dialysis delivered to the alternate-day treatment group was ex-
ceptionally low (mean delivered Kt/V, 0.94 ± 0.11). This resulted
in a markedly elevated time-averaged BUN concentration, which
may have been the reason that this treatment group had a high
incidence of complications, including gastrointestinal bleeding,
mental status alterations, and infections, complications that may
have resulted from inadequate dialysis [40]. Therefore, although
this study demonstrates that increasing the delivered dose of dial-
ysis from a very low level by increasing the frequency of treatment
improves survival, it is not possible to conclude that increasing the
frequency of “adequate” alternate-day or a thrice-weekly schedule
versus daily therapy would improve outcome.

There are more data regarding the appropriate dosing of CRRT.
Ronco and colleagues randomized 435 patients to one of three
CVVH doses, defined by ultrafiltration rates of 20, 35, and

45 mL/kg/h [6]. Mortality was markedly lower in the intermediate-
and high-dose arms (43% and 42%, respectively) compared to the
low-dose arm (59%; P < 0.001). The absence of a survival benefit
of high-dose therapy compared to the intermediate dose argued
against a linear relationship between dose and outcome. Similarly,
Saudan and colleagues reported overall improved mortality when
dialysate flow (CVVHDF) was added to a fixed dose of CVVH [43].
A total of 102 patients were randomized to receive CVVH with a
mean ultrafiltration rate of 25 ± 5 mL/kg/h, and 104 patients were
randomized to CVVHDF with a mean ultrafiltration rate of 24 ±
6 mL/kg h and a mean dialysate flow rate of 18 ± 5 mL/kg/h. The
addition of diffusive clearance was associated with an increase in
28-day survival from 39% to 59% (P = 0.03) and increased 90-
day survival from 34% to 59% (P = 0.0005). In contrast, Bouman
and colleagues did not observe this advantage with higher doses
of CRRT [17]. However, the overall study mortality of less than
30% suggests that the enrolled patients were poorly representative
of most critically ill patients with AKI. More recently, Tolwani and
colleagues reported no difference in outcomes in 200 patients ran-
domized to CVVHDF at either 20 to 35 mL/kg/h [44]. Survival to
ICU discharge or 30 days, whichever was earlier, was 49% in the
patients randomized to the higher dose group, compared to 56%
of patients randomized to the lower dose of therapy.

The largest study evaluating intensity of RRT in AKI, the
VA/NIH Acute Renal Failure Trial Network (ATN) study, utilized
a strategy that included both IHD in hemodynamically stable pa-
tients and either CVVHDF or SLED in hemodynamically unsta-
ble patients [45]. In the intensive management strategy, IHD and
SLED were provided daily (except Sunday), and CVVHDF was
provided with an effluent flow of 35 mL/kg/h; in the less-intensive
strategy, IHD and SLED were provided every other day (except
Sunday), and CVVHDF was dosed at 20 mL/kg/h. In both treat-
ment arms the target delivered single-pool Kt/Vurea for IHD and
SLED was 1.2–1.4/treatment, with an actual delivered dose during
IHD of 1.32 ± 0.36. Sixty-day all-cause mortality was 53.6% in the
563 patients randomized to intensive therapy, compared to 51.5%
in the 561 patients randomized to the less-intensive therapy (OR,
1.09; 95% CI, 0.86–1.40; P = 0.47). There was also no difference
in the duration of RRT, recovery of kidney function, or course of
nonrenal organ system failure.

Thus, although several smaller single-center studies have sug-
gested that increased intensity of RRT is associated with improved
outcomes, this approach is not supported across studies. Differ-
ences between study results most likely reflect differences among
study designs and populations. For example, the delivered dose of
IHD in the ATN study [45] was substantially higher than in the
earlier study of Schifl and colleagues [40]. Similarly, only 12% of
the patients in the study of Ronco and colleagues had sepsis [6],
compared to 63% in the ATN study [45].

In summary, current evidence suggests that in the absence of
specific medical indications (e.g. control of hyperkalemia) in pa-
tients with AKI, there is no additional benefit to providing IHD
more frequently than every other day, with a delivered single-
pool Kt/Vurea of at least 1.2/treatment. Similarly, current evidence
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Table 12.3 Randomized studies of dialysis membranes.

Study [reference]
Biocompatible
membrane

Bioincompatible
membrane

No. of
patients

Biocompatible
membrane
mortality (%)

Bioincompatible
membrane
mortality (%)

P value for
mortality
difference

Schiffl et al. 1995 [46] Polyacrylonitrile Cuprophane 76 37 66 <0.05

Schiffl et al. 1994 [78]a Polyacrylonitrile Cuprophane 52 38 65 <0.05

Kurtal et al. 1995 [52] Polyamide Cuprophane 57 36 28 NSb

Himmelfarb et al. 1998 [48] Polymethylmethacrylate/
polysulfone

Cellulosic based 153 43 54 0.03

Hakim et al. 1995 [47]c Polymethylmethacrylate/
polysulfone

Cellulosic based 72 43 63 0.11

Jorres et al. 1999 [49] Polymethylmethacrylate Cuprophane 180 40 42 0.87

Gastaldello et al. 2000 [50] Polysulfoned Cellulose diacetate 159 60 55 0.57

Albright et al. 2000 [51] Polysulfone Cellulose acetate 66 27 24 0.61

a Patients in this study were included in the 1995 Schiffl et al. study.
b No P value reported. NS, not statistically significant.
c A subgroup of patients that were included in the 1998 Himmelfarb et al. study.
d Included both high-flux and low-flux membranes.

suggests that there is no additional benefit associated with provi-
sion of CRRT at an effluent flow rate of more than 20 mL/kg/h.

Mechanistic considerations in RRT

There are multiple technical considerations that need to be con-
sidered when prescribing RRT. We present data on the choice of
hemodialyzer and hemofilter, use and type of anticoagulation, and
selection of dialysate buffer.

Choice of hemodialyzer and hemofilter
As the result of animal studies suggesting that the activation of
cellular and humoral processes by exposure of blood to bioin-
compatible dialysis membranes delays recovery from experimen-
tal AKI, a series of studies evaluated the effects of membrane bio-
compatibility on outcomes in patients with AKI (Table 12.3). More
than a decade ago, Shiffl and colleagues randomized 76 patients
with AKI to receive RRT with either cuprophane or polyacryloni-
trile membranes [46]. Among patients dialyzed with cuprophane,
there was a higher overall mortality (66% vs. 37%) and increased
death from sepsis (55% vs. 16%). A subsequent single-center trial
by Hakim et al., which was later extended to include additional
study sites, demonstrated improved survival and recovery of renal
function with the use of polymethylmethacrylate or polysulfone
membranes compared to cellulosic membranes [47,48]. The ben-
efit in this study was more substantial in nonoliguric than oliguric
patients. However, a subsequent trial by Jorres et al. did not repli-
cate these results [49]. Subsequent studies have compared vari-
ous unsubstituted and substituted cellulosic membranes to more
biocompatible synthetic dialyzers and have reported conflicting
results as to the benefit of biocompatible membranes on survival
and renal recovery [48,50–52].

Three meta-analyses have been conducted to help resolve these
conflicting data. Jaber and colleagues examined seven studies, in-
cluding both randomized and nonrandomized trials, encompass-
ing a total of 722 patients [53]. Overall mortality rates were sim-
ilar in those dialyzed with bioincompatible versus biocompatible
membranes (46% vs. 45%). A subsequent meta-analysis broad-
ened the study sample by including an additional observational
study by Neveu et al. [54,55]. Overall survival was greater with
synthetic membranes than cellulose-based membranes (62% vs.
55%; OR, 1.37; P = 0.03), although there were no differences
in recovery of renal function. Using sensitivity analyses, the au-
thors also found a survival benefit when synthetic membranes
were compared to cuprophane membranes (OR, 1.64;P = 0.013),
yet no overall survival advantage could be demonstrated with the
use of synthetic membranes (OR, 1.2; not statistically significant).
A more recent Cochrane analysis included nine studies with a to-
tal of 1062 patients and concluded that there is no demonstrable
clinical advantage to the use of biocompatible membranes [56].

Thus, the current body of knowledge suggests that synthetic
membranes provide a survival advantage(s) over cuprophane
membranes for patients with AKI. Data comparing synthetic and
substituted cellulose dialysis membranes are conflicting, and no
firm conclusions can be drawn on the impact of membrane com-
position on recovery of renal function. Since the major advantage
of cellulosic membranes compared to synthetic membranes is their
low cost, these issues may have become moot with the recent re-
ductions in the costs of synthetic membranes.

Use of anticoagulation
The most widely used anticoagulant for RRT in patients with AKI
is unfractionated heparin [57]. Although an effective anticoagu-
lant, heparin is associated with a risk of bleeding and with the
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Table 12.4 Trials comparing lactate-buffered to bicarbonate-buffered fluid in CRRT.

No. of
Study [reference] patients Study method Effects of bicarbonate

Kierdorf [60] 20 Randomized, crossover ↑ chloride,a ↓ lactate, ↓ calcium and
magnesium,b,c ↓ nitrogen excretionb

Thomas et al. [61] 40 Randomized trial ↑sodium and chloride, ↓ lactate

Barenbrock et al. [62] 117 Randomized trial ↑HCO3, ↓ lactate, ↓ hypotensive crises,
↓cardiovascular events, ↓ mortalityd

McLean [63] 54 Nonrandomized
crossover cohort

↑mean arterial pressure, ↓ inotrope
requirement, ↑ sodium, ↑ correction of
acidosis, ↓ lactate

a Within-group effect.
b Variable effect by time period of therapy.
c Within- and between-group differences.
d Among patients with cardiac failure.

development of heparin-induced thrombocytopenia (HIT). Re-
gional heparinization protocols, with reversal of heparin by in-
fusion of protamine into the return line, have been developed to
prevent systemic anticoagulation and minimize bleeding risk. Un-
fortunately, these protocols are cumbersome, may be associated
with paradoxical increased risk of bleeding if excess protamine is
infused, and do not alter the risk of HIT. Other anticoagulants
that are safe in patients with a history of HIT include prostacylin
(prostaglandin I2), hirudin, and argatroban.

Regional citrate anticoagulation has also emerged as a viable
alternative to standard approaches to anticoagulant therapy, par-
ticularly for patients managed with CRRT. Citrate is infused into
the prefilter line and exerts its effect in the extracorporeal circuit
by chelating calcium, which is an essential component in the co-
agulation cascade. A normal systemic ionized calcium concentra-
tion is maintained through the concomitant infusion of calcium
into the return line or a peripheral vein. Multiple protocols for
regional citrate anticoagulation have been developed, but until re-
cently there were few direct comparisons with standard heparin
therapy. In a study of patients with AKI receiving CVVH, Monchi
and colleagues randomized patients to heparin or regional citrate
anticoagulation [58]. Patients who required the use of more than
one dialysis filter were administered the alternate anticoagulant for
subsequent circuits. Median filter patency was greater (70 h vs. 40 h;
P =0.0007), and transfusion requirements were lower with citrate
anticoagulation, whereas adverse events were comparable between
study arms. In a trial of 30 critically ill patients receiving CRRT that
was published by Kutsogiannis and colleagues, hemofilter survival
was nearly three times longer with citrate therapy than heparin
(124.5 h vs. 38.3 h; P < 0.001), whereas risk of hemorrhage was
lower in patients anticoagulated with citrate (relative risk, 0.14;
P = 0.05) [59]. Although unfractionated heparin remains the
most commonly employed strategy for anticoagulation in patients
with AKI who require RRT, these emerging data support the safety
and potential superiority of regional citrate anticoagulation.

Choice of dialysate buffer for CRRT
Historically, lactate and acetate have been the primary buffers used
in replacement fluid and dialysate for CRRT. Both are rapidly me-
tabolized by the liver and skeletal muscle to bicarbonate, providing
their basis for use as effective buffers. Elevations in blood lactate
levels can occur during lactate-buffered CRRT, particularly among
patients with underlying lactic acidosis and/or impaired hepatic
function, potentially contributing to increased protein catabolism
and impaired myocardial contractility. Until relatively recently,
commercially available bicarbonate-based fluids for CRRT were
unavailable due to the instability of bicarbonate solutions stored
in gas-permeable containers. The recent introduction of commer-
cially available bicarbonate-buffered fluids for CRRT coupled with
the findings of studies over the past decade that have compared the
effects of lactate-buffered and bicarbonate-buffered fluids forms
the basis for recommendations for the use of bicarbonate-buffered
fluids for CRRT (Table 12.4).

In 1995, Kierdorf and colleagues randomized 20 patients treated
with CVVH to receive lactate-buffered or bicarbonate-buffered re-
placement fluids using a crossover study design [60]. No substan-
tive differences in metabolic parameters, pH, control of azotemia,
or hemodynamic status were seen between the two groups. Subse-
quently, Thomas et al. randomized 40 patients receiving hemofil-
tration to receive replacement fluids with either bicarbonate or
lactate as the primary buffer and found no differences in correc-
tion of acidosis, hemodynamic parameters, or oxygen transport
variables [61].

More recently, Barenbrock and colleagues demonstrated that
bicarbonate-buffered replacement fluid was associated with fewer
hypotensive episodes (0.26 ± 0.9 episodes/24 h vs. 0.60 ± 0.31
episodes/24 h; P < 0.05) and a lower rate of cardiovascular events
(15% vs. 38%; P < 0.01) than lactate-buffered replacement fluid
[62]. Although overall mortality rates and rates of death in patients
with sepsis were comparable, there was a trend toward decreased
mortality with the use of bicarbonate among those with cardiac
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failure (29% vs. 57%; P = 0.058). A crossover cohort study by
McLean et al. revealed more rapid control of systemic acidosis
with bicarbonate-buffered fluids than with lactate-buffered fluids
in patients treated with continuous venovenous hemodiafiltration
[63]. Mean arterial pressure rose by 5.76 mmHg with bicarbonate-
buffered fluids and fell by 2.66 mmHg during the use of lactate-
containing fluids.

Thus, despite the paucity of data demonstrating a survival ben-
efit with bicarbonate-buffered dialysate and/or replacement fluid,
the preponderance of evidence to date suggests a benefit on hemo-
dynamic and cardiovascular parameters.

Summary

1) RRT remains the mainstay of supportive care for patients with
established AKI. Unfortunately, there is insufficient evidence to
make firm recommendations on the optimal timing of initiation
of RRT.
2) Current data do not suggest superiority of any specific modal-
ity of renal support in patients with AKI, although outcomes with
PD may be inferior. Clinical characteristics of patients, provider
expertise, and locally available technology may all need to be
considered when addressing these issues.
3) In the absence of specific medical indications (e.g. control
of hyperkalemia), there is no additional benefit to providing
IHD more frequently than every other day, so long as the de-
livered single-pool Kt/Vurea is at least 1.2/treatment. Although
some studies have observed improved survival with higher doses
of CRRT, current data suggest that there is no additional benefit
associated with effluent flow rates exceeding 20 mL/kg/h.
4) The benefit associated with biocompatible dialysis mem-
branes is uncertain, although there may be survival advantages
relative to cuprophane membranes. The importance of resolving
this issue, however, may be moot, given the marked reductions
in costs for synthetic membranes over the past decade.
5) Heparin continues to be the primary means of anticoagu-
lation, yet citrate may offer certain advantages and should be
considered an effective alternative.
6) Bicarbonate-buffered fluids for CRRT are now commercially
available. Although it remains unclear whether bicarbonate-
buffered fluids are associated with a survival advantage over
lactate- or acetate-buffered fluids, cardiovascular events may be
less pronounced and hemodynamic stability improved with the
use of bicarbonate-buffered fluid.

Ongoing studies should help resolve many of these unanswered
questions related to the delivery of RRT and the overall goal of
improving outcomes among patients with AKI.
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13 Management of Idiopathic Nephrotic
Syndrome in Adults: Minimal Change Disease
and Focal Segmental Glomerulosclerosis

Alain Meyrier
Hôpital Georges Pompidou and Faculté de Médecine René Descartes, Paris, France.

In 1999, evidence-based recommendations for treating adult idio-
pathic nephrotic syndrome (INS) were published in Kidney Inter-
national [1,2]. One could assume that little has changed regarding
minimal change disease (MCD) and focal segmental glomeru-
lonephritis (FSGS) since then, but a review of the literature shows
that new treatment-related concepts have been developed. First,
not all recommendations presented in the 1999 compendium meet
the second millennium nephrologist’s experience. Second, some
patients with genetic mutations affecting podocin, ACTN-4, or
CD2AP, may develop their first episode of nephrosis as an adult
when it does not respond to immunosuppressive treatment [3–12].
In a series of 139 cases Ghiggheri et al. [13] excluded 18 patients
with mutations, 11% of the entire group. This indicates that some
patients with mutations and who fail immunosuppression may ex-
plain some of the variability in observed treatment effects in trials.
In addition, a number of publications suggest that cases of FSGS
might stem from viral or toxic factors that were not considered
in 1999 but could lead to a response to immunosuppressive ther-
apy different from that of cases with an immunologic background
[14–17].

Other research has led to the notion that MCD and FSGS might
be distinct entities rather than two subsets of INS [18–24]. Finally,
a number of new immunosuppressive agents, marketed in the field
of organ transplantation, have now been tried in the treatment of
INS, and the evidence supporting their use merits discussion.

Definitions

MCD
The definition of MCD has not changed. It presents as nephrotic
syndrome of sudden onset. In adults proteinuria is less selective
than in children. Hypertension may be present. A functional im-
paired glomerular filtration rate is common at onset and normal-

izes with remission. Light microscopy and immunofluorescence
show normal glomeruli. Electron microscopy discloses foot pro-
cess flattening and no immune deposits.

FSGS
In contrast with MCD, our current clinical and histologic knowl-
edge of FSGS has evolved. The onset of nephrotic syndrome can
be more insidious than in MCD, except in the so-called glomeru-
lar tip lesion, a variant whose response to treatment is compara-
ble to that of MCD [26–28]. In other forms, an explosive onset
also seems to entail a response to treatment closer to MCD than
in more progressive forms, although considerable overlap exists
[29]. Hypertension and renal insufficiency are not unusual from
the onset. Proteinuria is not selective. A detailed discussion of the
histopathology of FSGS is beyond the scope of this chapter but is
available elsewhere [30–34]; it is not covered further here because
there are no implications for specific treatment [33,34].

Remission
Complete remission
There is general agreement regarding the definition of complete
remission (CR): 24-h proteinuria of ≤0.3 g and serum albumin of
≥3.5 g/dL, persisting for at least 1 month.

Partial remission
Partial remission (PR) has been variably defined among publica-
tions. An acceptable definition is 24-h proteinuria of >0.3 g and
<3 g, along with a rise of serum albumin of ≥3 g/dL and sta-
ble renal function. A 50% reduction from peak proteinuria has
prognostic relevance and has recently been suggested as an added
component to the definition.

Relapse
The definition of relapse also varies among publications. In
fact, clinicians’ experiences suggest that some patients in whom
treatment has achieved remission may occasionally experience
short spells of minimal and spontaneously decreasing proteinuria
without hypoalbuminemia or clinical manifestations justifying
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Figure 13.1 Time to remission in children (ISKDC) and
in adults treated with corticosteroids for minimal change
disease. (Adapted from ref 38).

treatment. From this experience, 24-h proteinuria of ≥3 g/day for
more than 3 days with incipient decline in serum albumin levels
appears to be an acceptable definition of relapse.

Steroid dependency
Two relapses occurring during steroid therapy or within 14 days
of completing steroid therapy can be accepted as defining steroid
dependency. More than 3 relapses/year may be considered to meet
the definition of “multiple relapses.”

Spontaneous remission
Spontaneous remission may occur in 10–20% of MCD [38]. It
is considered rare in FSGS (3/81 [reference 46] or 1/42 [reference
47]). Yet, it is worth noting that in the most severe variant of FSGS,
that is, collapsing glomerulopathy, Valeri et al. [48] observed three
cases of spontaneous remission.

Renal function: progression to chronic
kidney disease

Aside from functional renal insufficiency, which is not rare in case
of severe proteinuria [49], renal function remains normal in MCD
and tends to decline in FSGS, especially in cases with proteinuria
of >14 g/day and in steroid-resistant patients, in whom end-stage
renal disease (ESRD) is reached within an average time course of
5.5 years [50]. The risk of persistent renal insufficiency in MCD is
extremely low, the only exceptions being concurrent acute tubu-
lar necrosis, seen in the elderly and in people with preexisting
severe hypertension and compromised cortical blood flow [1].
Conversely, the risk for adult patients with nephrotic FSGS who

progress to ESRD following a CR is very low (2/119; 1.7%), some-
what higher following a PR (9/67; 13%), and occurs in over half
of the steroid-resistant group (94/175; 54%) [33]. On a whole, de-
cline in renal function is the rule in FSGS resistant to treatment.
A partial remission portends a significantly better prognosis than
in the treatment-resistant nephrotic patient [29].

MCD

Natural history
MCD presenting in adulthood
In contrast with about 95% of cases of INS, which occur in children
and are due to MCD, this histologic variant makes up less than 50%
of such cases in adults [49]. Although most patients experience a
single attack, a multirelapsing course may occur, especially if the
onset is before 30 years of age.

MCD presenting in the elderly
More than 20% of adult MCD cases affect persons older than
70 years [49]. The precise pathologic diagnosis can be ambiguous,
as some glomerular lesions of focal sclerosis may be secondary to
aging. Elderly nephrotic patients are prone to present with func-
tional renal insufficiency and in some cases acute tubular necrosis.

A first attack of MCD-related NS in adults is usually corticos-
teroid sensitive. Relapses are distinctly less frequent in adults than
in children. Corticosteroid response is slower in adults than in chil-
dren [38,52–54] (Figure 13.1), and 4 months of continuous steroid
treatment is required before one can conclude steroid resistance.
Because of the risks of long-term steroid use, including diabetes
and osteonecrosis, 6 months of full-dose corticosteroid treatment
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before considering alternate therapy, as suggested by the earlier
literature [1], does not seem the proper balance between risk and
benefit today.

Management

Recommendations
Recommendation 1: corticosteroids
Corticosteroids remain the mainstay of first-line treatment of
MCD in adults. The drug of choice is prednisone. Prednisolone
is commonly prescribed, but the pharmacokinetics of this form
of steroid may vary with its intestinal absorption. This is true, for
instance, in patients taking aluminum gels. Prednisone should be
used instead of prednisolone (opinion), with a recommended dose
of 1 mg/kg/day, not exceeding 80 mg. In the elderly some clinicians
use a dosage of 2 mg/kg given on an alternate-day basis, although
no specific study has addressed the issue of similar efficacy and bet-
ter tolerability. The issue of steroid toxicity is well-recognized, but
although weight gain, diabetes, and osteonecrosis are constantly
cited regarding prolonged treatment with steroids in adult MCD,
very few published studies have provided specific long-term data
on the rates of these complications. In adults there are no random-
ized controlled trials (RCTs) that provide evidence on the dose of
corticosteroids that should be given or the frequency or duration.

Only one paper has addressed the option of cyclosporine A
(CsA) as first-line treatment in high-risk patients with adult MCD
[41]. In that study, high-risk patients were those with a history of
psychosis, a history of bleeding duodenal ulcer, or morbid obesity.

Recommendation 2: alkylating agents
Alkylating agents (cyclophosphamide or chlorambucil) are in-
dicated in multirelapsing cases more than for steroid-resistant
forms (opinion), although true steroid resistance is rare in true
MCD, that is, cases in which a repeat renal biopsy carried out after
4 months of unsuccessful corticosteroid therapy still shows MCD.
In most cases the second histopathologic examination discloses
lesions of FSGS that had been overlooked or not sampled on the
first biopsy, or had not yet appeared at the onset of the nephrotic
syndrome, which explains the initial failure of steroids [38,51–54].

Despite the lack of studies specifically related to adult multire-
lapsers, it is likely that cytotoxic agents result in prolonged re-
missions, as shown in RCTs in children. Cyclophosphamide, at
2–3 mg/kg/day, is more commonly used than chlorambucil, with-
out clear evidence of the superiority of one over the other. It should
be administered orally and not in the form of intravenous pulses,
and presumably, considering the experience acquired with child-
hood onset cases, for 8 weeks. Alkylating agents entail known haz-
ards of hematologic, infectious, and oncologic side effects, but
quantifying these risks is not possible given the available data. In
men and women the risk of sterility is significant if the course is
prolonged, and the risk increases with increasing age at the time
of onset of the therapy.

Recommendation 3: CsA
CsA has been used in adults with MCD since 1986 [1]. Its side
effects include hypertension, tremor, gingival hyperplasia, and
hypertrichosis. Conversely, CsA has the advantage of not being
cytotoxic, does not induce sterility, and entails fewer metabolic
disturbances. These reasons may justify its use as first-line treat-
ment in patients at risk of diabetes, osteonecrosis, or infertility.

One of the main safety concerns of CsA therapy in INS is the
potential for nephrotoxicity. This is a class effect common to all cal-
cineurin inhibitors, including tacrolimus [55,56]. Previous studies
indicated that the dosage and type of primary renal disease are
two elements to keep in mind when interpreting a decline in renal
function [45].

A problem that has appeared since 1999 is that of formula-
tion. Most publications mention “cyclosporine” and do not specify
whether they are discussing Sandimmune or Neoral or a generic
form of the drug, which may be important because it is known that
the better pharmacokinetic profile of Neoral may lead to better ef-
ficacy and hence a distinct reduction of dosage [55,56] below the
maximum of 5 mg/kg/day recommended for Sandimmune [45].

Evidence
Aside from clinical scenarios in which steroids are contraindi-
cated [41], CsA first-line monotherapy has been used in many
case series (level IV studies) with very low dosages [57]. One
such study [41] included 86 adult patients with MCD and
nephrotic syndrome that were resistant to conventional therapy or
were steroid dependent or multirelapsers. They were treated with
the Sandimmune formulation at a dose of 5.18 ± 0.94 mg/kg/day.
Superior efficacy was reported in steroid-dependent patients (CR
in 73% of cases and PR in 14%) compared to those who were
steroid resistant (30% and 26%, respectively). Serum creatinine
levels remained stable during CsA treatment. These patients were
not all CsA dependent, as ∼20–25% were progressively tapered off
after 2 years without relapsing [45].

Recommendation 4: mycophenolate mofetil
Studies of mycophenolate mofetil (MMF) in the treatment of MCD
in adults are few and are limited to case series and reports [58–
60]. Considering the encouraging results obtained in childhood
nephrosis (see chapter 66–68), MMF may have a place in the treat-
ment of adult MCD, but so far evidence either supporting or re-
futing its use is absent.

Summary
MCD is not uncommon in adults and may assume a multirelaps-
ing course. The majority of patients respond to corticosteroids
with complete remission, although this may require 4 months of
treatment, compared with 6–8 weeks in children, with the atten-
dant hazards of steroid toxicity. Steroid resistance may be due to
an initially missed diagnosis of FSGS, and resistance should be
considered an indication to verify the diagnosis by a repeat kid-
ney biopsy. The frequency of relapses diminishes with age: after
30 years of age a single attack of NS is the most common variant
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Table 13.1 Treatment of adult MCDa.

Study author Comments and
[reference] Study design No. of patients Treatment outcomes recommendations

Nakayama [38] Retrospective study
Prednisolone 60–80 mg/day in 57 pts
+ Cyc for 6
+ CsA for 2

57 (originally 62, –5 with
spontaneous remissions)

CR: 53/57 (38 within 8 wks, 15
later)
PR: 3/57
F: 1/57
Age of
Early relapsers: 24.4 ± 3.2 yrs
Late relapsers: 42.5 ± 4.4 yrs
Nonrelapsers: 41.9 ± 4.1 yrs

The study suggests that remission
requires 4 mos of treatment before
pronouncing failure

Meyrier [41] Open collaborative prospective
multicenter study (1986–1996) of CsA
(Sandimmune) ∼ 5mg/kg/day

82 CR: 60 (74%)
PR: 11 (13%)

F: 11 (13%)

High predictive value of previous
response to steroids

No decline in renal function

Tse [39] Retrospective study based on age at
onset

50 (35 18–50 yrs old, 15 >50 yrs) 18–50 yrs, CR at wks 2, 4, 6, and
8: 15.6, 62.5, 87.5, and 93.75%
>50 yrs, CR: 9, 45.5, 91, and
100%

The response to steroids is similar,
irrrespective of age

The study confirms that remission
requires 4 mos of treatment before
admitting failure

Matsumoto [57] CsA monotherapy, 2–3 mg/kg/day, after
pulse MP or oral prednisone

36 (26 first attack, 10 relapses) CR: 75% CsA alone, 100% CsA
+ MP, 92% prednisone alone

Too few patients to determine the
superiority of CsA over steroids

Abbreviations: Cyc, cyclophosphamide; F, failure; Rx, treatment; MP, methylprednisolone.
a All studies are case series, level IV.

of MCD. In selected cases, low-dose CsA can be considered an
alternative to steroids, with very little nephrotoxicity. The place of
MMF in the treatment of adult MCD remains to be determined.
The strength of evidence supporting these statements is very low,
being largely based on case series (Table 13.1).

FSGS

Natural history
The incidence and the prevalence of nephrotic FSGS are steadily
rising [61,62]. Patients of black African ancestry are twice as likely
to develop FSGS than patients of white European origin [50]. This
is true of most histological variants, especially the cellular variants
[33,47]. The exception is the glomerular tip lesion [26–28]. The
response to corticosteroid treatment in black people is distinctly
worse than in white people [63], although the overall outcome of
the disease in each race follows the same trend.

Management
All forms of FSGS require treatment, irrespective of the histopatho-
logic variant [27,28,33,34]. The goal of therapy is to reduce, if not
eliminate, proteinuria. Inducing even a partial remission reduces
the rate of deterioration in renal function [29]. Corticosteroids
remain the first-line treatment. Response to steroids is also the
best indicator of a better long-term prognosis. In case of failure, a
panoply of immunosuppressive drugs have been tried, including

new immunosuppressive agents used in solid organ transplanta-
tion. Unfortunately, the majority of these studies have included
few patients and are case series (level IV studies). A few recent
publications on rituximab (reviewed in reference 64) indicate that
the anti-CD20 monoclonal antibody may inconstantly obtain a
remission in cases of FSGS, especially when the NS relapses after
renal transplantation.

Recommendations
Recommendation 1: corticosteroids
The initial response to treatment in adults with FSGS was ana-
lyzed by Korbet et al. [33,66,67]. The trend before 1980 was to
treat for a short time and with low doses of steroids. The highest
CR rates, >30%, were observed in cases treated for >5 months,
and the lowest,≤20%, were seen in patients treated for≤2 months.
Thus, corticosteroid treatment must be sufficiently long. Full-dose
(1 mg/kg/day) prednisone is given for 8–12 weeks, followed in case
of remission, even partial, by slow tapering over months to avoid a
“rebound” relapse [68]. CR portends a favorable outcome, compa-
rable to that of steroid-responsive MCD [50]. In fact, a minority of
patients with nephrotic FSGS achieve stable remission after taper-
ing steroids to complete withdrawal. Most cases are steroid depen-
dent, usually to a high threshold dose. This poses a serious problem,
as pursuing indefinite treatment with a high-maintenance dose
leads to steroid side effects. Steroid dependency or resistance leads
to the need to consider other treatment options, with the aim of
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reducing proteinuria. In the case of steroid dependency, this may
mean trading steroid toxicity for other complications.

In steroid-responsive cases, the rates of CR, PR, and failure are,
respectively, on the order of 50%, 25%, and 25% of cases [33]. The
response to steroids is significantly lower in black patients. Crook
et al. analyzed the response to steroids in a retrospective case series
comprised of 65 African Americans [63] and concluded that in
this group of patients, steroids were in general ineffective and that
the rate of complications was high.

Evidence
Few studies have addressed specifically the effect of steroids on
nephrotic FSGS, with the exception of Crook et al. [63]. A single
case series [64] included a surprisingly high proportion of patients
doing well without treatment. Four case series [36,37,47,69] in-
cluded 151 patients and showed that steroids were credited with
about a 30% complete or partial remission. Troyanov et al. [29] es-
timated by multivariate analysis the significance of PR in nephrotic
FSGS. They showed that even PR portends a significantly better
prognosis than steroid resistance. A special case is that of glomeru-
lar tip lesion, classified by the Columbia group as a variant of FSGS.
A majority of this subset responds to steroids as in MCD, as shown
by Stokes et al. [28] and by Chun et al. [34].

In summary, in the absence of any RCT data, current consen-
sus remains that corticosteroids are the first line of therapy. Full
doses must be applied for an extended period of time before deter-
mining failure. CR portends a very favorable outcome. PR is also
a goal pursued with steroid therapy. A minority of patients with
nephrotic FSGS achieve stable remission after tapering steroids to
a stop. Most cases are steroid dependent. Steroid dependency or
resistance leads to the need to consider other treatment options
aimed at reducing proteinuria, but which trade steroid toxicity for
other complications.

Recommendation 2: alkylating agents
The best indication for use of an alkylating agent is the case of
a steroid-dependent or multirelapsing patient, which is rare in
nephrotic FSGS. Some studies included patients treated with a
combination of cyclophosphamide or chlorambucil and steroids.

Evidence
The best study was a randomized trial in 57 patients by Heering
et al. [70], which included 23 patients treated for 6 months with
steroids and chlorambucil. They achieved 17% CR and 48% PR.
Five of 23 progressed to ESRD. The contributions of other studies
to treatment recommendations about alkylating agents are uncer-
tain, such as Martinelli et al.’s case series [71]. In short, there is no
strong evidence to recommend alkylating agents in the treatment
of FSGS.

Recommendation 3: CsA
CsA has been used for 2 decades in the treatment of FSGS. It has
been shown that its efficacy is greatly increased by a combina-
tion with low-dose steroids [41]. A comparison was made in 226

patients treated for steroid-resistant nephrotic syndrome (the ma-
jority were FSGS with some cases of MCD), with 127 receiving CsA
alone and 103 receiving CsA plus steroids. The proportions of pa-
tients with CR, PR, and failure were, respectively, 14% versus 24%,
12% versus 24%, and 74% versus 52%. CsA combined with low-
dose steroids can therefore be considered both an immunosup-
pressive drug and a steroid-sparing agent to treat resistant forms
of FSGS.

Evidence
In Cattran’s study [35], patients were randomized to a 26-week reg-
imen of low-dose CsA (3.5 mg/kg/day) or placebo in 49 patients
with steroid-resistant FSGS. CsA was tapered over the next 4 weeks
and then stopped. Both groups also received low-dose prednisone
(0.15 mg/kg/day), which was then tapered over the subsequent
8 weeks. Patients were followed up for an average of 200 weeks.
CR was rare. By week 26, CR or PR had occurred in 70% of the
treatment group versus only 4% of the placebo group (P < 0.001).
Relapse off of CsA occurred in 40% of patients achieving remission
by 52 weeks and in a further 20% by week 78, with the remain-
der continuing in remission to the end of the observation period.
Long-term renal function was significantly better preserved in the
CsA group. This trial was the first to demonstrate that low-dose
CsA-induced partial remission reduces the rate of progression of
nephrotic FSGS patients to renal insufficiency.

Another case series [41] was based on 68 patients treated with
5.18 ± 0.94 mg/kg/day of cyclosporine (Sandimmune formula-
tion). The results on nephrotic syndrome were 14 CR (21%), 19
PR (28%), and 35 failures (51%). Other case series have comprised
patients treated with CsA (among other immunosuppressants)
and support the beneficial effect of CsA for inducing at least PR in
nephrotic FSGS.

Recommendation 4: tacrolimus (FK-506)
Tacrolimus, like CsA, is a calcineurin inhibitor that inhibits
T-cell-driven elaboration of cytokines [18,41]. The results with
this medication are roughly comparable to those obtained with
CsA in clinical practice, but there are no RCTs for this indication.
So far, the experience acquired is too scarce to lead to specific
recommendations regarding its use in FSGS.

Recommendation 5: sirolimus
Sirolimus (Rapamycin) inhibits the response to cytokines. The
current experience with this drug is controversial and inadequate
to allow recommendations on its use in FSGS [74,75].

Recommendation 6: MMF
The current experience regarding MMF in the treatment of FSGS
seems more or less encouraging [76–78], but the lack of RCTs
precludes firm recommendations regarding this new immuno-
suppressive drug.
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Table 13.2 Treatment of FSGS.

Study author Comments and
[reference] Study design n Treatment outcomes recommendations

Cattran [35] RCT, 26 weeks CsA (3.5 mg/kg/day) +
low-dose prednisone

49 (26 CsA, 23 placebo) 70% of treated group CR or PR by 26 wks, vs 4% in

placebo group

Relapse: 60% by wk 78; remainder remained in

remission; renal function decline was less in treatment

group than in placebo group

This RCT showed the efficacy for inducing CR + PR in

nephrotic FSGS without affecting renal function

Ponticelli [36] Retrospective multicenter study; included pts

with serum creatinine up to 3 mg/dL Various

regimens applied (steroids, combination or

succession of steroids, and alkylating agents or

CsA)

80 (initially 53 steroids,

27 immunosuppressive

drugs)

First treatment

Steroids (n = 53) Cytotoxic drugs (n = 27)

CR: 21 CR: 8

PR: 10 PR: 3

F: 22 F: 16

Second treatment

Steroids (n = 6) Cytotoxic Rx CsA

CR: 1 CR: 1 CR: 0

PR: 1 PR: 5 PR: 7

1) Major side effects in 11

2) 70% of patients may maintain stable renal function

with prolonged Rx

3) Inclusion of pts with renal insufficiency and

variability of treatment courses make analysis of data

and recommendations difficult

Alexopoulos [37] 17 nephrotic pts with FSGS, 6 not treated and

11 treated w/ prednisolone

4 PR and 4 F treated with add-on Cyc (n = 2)

or CsA (n = 6), 2–3 mg/kg/day for 6–12 mos

11 treated

−→
−→

CR 3 (28 %)

PR 4 (36 %)

F 4 (36 %)

PR: 1

PR: 1

Renal survival at 5 yrs: 86% in treated, 65%

untreated pts (P < 0.03)

Nephrotic FSGS responding to treatment had better

renal survival than in case of F. Age and serum

creatinine at biopsy

independent risk factors leading to ESRD Analysis of

data quite difficult

Ghiggheri [13] Retrospective open nonrandomized study,

children and adults; 84 not treated and 55

treated

139 (18 [11%] who had

mutations were

excluded)

20 pts (36%) responsive to CsA No signs of renal toxicity on repeat biopsy

Note significant percentage of genetic mutations

Chun 2004 [34] Retrospective study based on histology

Prednisone at 1 mg/kg/day for 3–4 mos (up to

80 mg/day) tapered progressively Elderly pts:

alternate-day Rx 4–5 mos

51 Classic FSGS Cell FSGS Tip lesion

17 25 9

CR 6 16 7

PR 3 10 2

NB: Pts in this series could be the same as those

described in Schwartz 1999 (same numbers except for

tip lesion type)

The authors consider cellular FSGS and collapsing

glomerulopathy the same entity

Results of steroid Rx are the same irrespective of

histology Pts with FSGS benefit from prolonged

steroid Rx irrespective of histology

Stirling [69] Retrospective record review in 5 UK renal units

(1975–1999)

136 (76 on steroids; 45

alone, 31 with additional

immunosuppression: 26

Cyc, 26 CsA, 20 Aza)

CR + PR: 67%

Remission with 5-yr survival off dialysis in 94%; F with

5-yr survival off dialysis in 53%

Pts treated with steroids are more likely to enter

remission than those left untreated

Remission rate of up to 80% can be achieved with

prolonged treatment Pts who do not achieve

remission have a poor prognosis

Crook [63] Retrospective review of charts, selection of

majority of African Americans with nephrotic

FSGS

72 (65 African

Americans, 43 treated

with steroids) Follow-up:

48.3 mos

17/43 reached ESRD

26/43 doubled their initial serum creatinine conc

1/3 treated with steroids developed complications

A beneficial effect of steroids was not observed in this

series of predominantly African American adults with

nephrotic FSGS

Deegens [65] Retrospective study of initially untreated

patients with normal renal function and

negative family history; median follow-up

9.4 yrs (2.1–18.6)

20 13 pts in remission without any treatment Renal

function deterioration in 7, among which 4 were

treated

10-year renal survival, 89%

This series has an unusual percentage of patients with

spontaneous remission

Segarra [72] Prospective open study; switch to FK-506 +
full-dose steroids for 25 patients who did not

attain remission with CsA + full-dose steroids

25 At 6 mos, 10 CR + 2 PR + 5 with “diminution of

proteinuria”

Time to remission: 112 ± 24 days

Reversible nephrotoxicity in 40%

FK-506 dependency in 76%

Preliminary results might indicate some superiority of

FK-506 + steroids over CsA + steroids in treatment

of FSGS

Voehringer [74] Prospective open trial of sirolimus in FSGS (5

primary) following failure of CsA–FK-506,

prednisone + MMF, and in 3 on Cyc

7 No effect at 6 mos Sirolimus did not prove to a beneficial effect on

nephrotic syndrome or renal function

Segarra [78] Prospective open trial of MMF in FSGS

resistant to other treatment options

22 Slow remission (150 ± 68 days), CR in 2, PR in 10, F in

10

MMF Rx causes a moderate decrease in proteinuria in

50% of pts who do not have other treatment options;

the response to therapy is largely influenced by

preserved renal function and requires sustained MMF

treatment

Abbreviations: FSGS: focal segmental glomerulosclerosis. RCT: randomized controlled trial. CR: complete remission. PR: partial remission. F: failure (no remission). ESRD: end-stage renal disease. Rx: treatment. CsA: cyclosporine Cyc:
cyclophosphamide. Aza: azathioprine MMF: mycophénolate mofetil Pts: patients.
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Summary
Nephrotic FSGS, irrespective of its histopathologic variant, is al-
ways an indication for a course of full-dose steroids, preferably
prednisone (opinion) and for a minimum of 4 months prior to
labeling the patient steroid resistant (opinion). CR portends an ex-
cellent prognosis. PR is beneficial, both clinically and in terms of
preservation of renal function. In the case of steroid resistance, the
use of a combination of CsA and low-dose steroids obtains partial
or, more rarely, complete remission in about 50–70% of patients,
with a definite advantage regarding long-term preservation of re-
nal function. Among the various other immunosuppressants tried
in the treatment of FSGS, MMF has the advantage of no nephro-
toxicity, but the studies to date, although positive, have been small
and pilot in nature (Table 13.2).

Plasmapheresis

The rationale for treating nephrotic FSGS with plasma exchange
is based on the concept of a glomerular permeability factor, pos-
tulated by Shalhoub in 1974 [79], and despite this factor being the
subject of numerous publications, much remains uncertain about
this factor [18]. There is no evidence that plasma exchange modi-
fies the course of FSGS, outside of the particular case of relapse of
nephrotic syndrome in a kidney transplant recipient [33]. Based
on the concept of a “circulating factor,” plasmapheresis has been
advocated to remove it, reduce proteinuria, and avoid the progres-
sion to renal insufficiency, but there is little evidence for or against
its use [80–86]. In 2001 Bosch and Wendler [87] concluded, in a
review of extracorporeal plasma treatment in primary and recur-
rent FSGS, that there was only poor evidence to support its use,
and no significant additional data have been added since that time.

Similarly, plasma protein adsorption on columns coated with
staphylococcal protein A [88] does not seem to remove specifi-
cally the elusive circulating factor responsible for the proteinuria,
as this experimental protocol also reduces proteinuria in other
glomerulopathies [89].

Pregnancy

INS occurring during pregnancy poses a unique situation. The
majority of the data relative to the effects of immunosuppressive
treatment in pregnancy are based on post-kidney transplantation
reports. High-dose corticosteroids entail a risk to the fetus [90].
Alkylating agents are contraindicated. In the CsA era, case reports,
center reports, and registry data have supported the concept that
successful pregnancy outcomes are possible for mother and new-
born in the presence of stable graft function and well-controlled
maternal comorbidities, such as hypertension. While the risks of
prematurity and low birth weight are greater than those seen in the
general population, there has been no increase in the malforma-
tion rate of newborns. Successful pregnancy outcomes have been
reported in non-renal CsA recipients as well [91–93]. The available

experience with MMF has been limited to organ transplantation
[91–93]. Two newborns with malformations were noted in a lim-
ited case series with MMF exposure, but other factors may have
also been at play. The use of MMF during pregnancy continues
to be an unresolved issue. In summary, CsA seems to be the less
toxic agent to treat a case of INS during pregnancy, but the data
are weak.

References

1 Bargman JM. Management of minimal lesions glomerulonephritis:

evidence-based recommendations. Kidney Int 1999; 55 (Suppl 70): S3–

S16.

2 Burgess E. Management of focal segmental glomerulosclerosis: evidence-

based recommendations. Kidney Int 1999; 55(Suppl 70): S26–S32.

3 Conlon PJ, Lynn K, Winn MP, Quarles LD, Bembe ML, Pericak-Vance M

et al. Spectrum of disease in familial focal and segmental glomeruloscle-

rosis. Kidney Int 1999; 56: 1863–1871.

4 Ruf RG, Lichtenberger A, Karle SM, Haas JP, Anacleto FE, Schultheiss

M et al. Patients with mutations in NPHS2 (podocin) do not respond

to standard steroid treatment of nephrotic syndrome. J Am Soc Nephrol

2004; 15: 722–732.

5 Winn MP. Approach to the evaluation of heritable diseases and update

on familial focal segmental glomerulosclerosis. Nephrol Dial Transplant

2003; 18(Suppl 6): vi14–vi20.

6 Boute N, Gribouval O, Roselli S, Benessy F, Lee H, Fuchshuber A et al.

NPHS2, encoding the glomerular protein podocin, is mutated in auto-

somal recessive steroid-resistant nephrotic syndrome. Nat Genet 2000;

24: 349–354.

7 Huber TB, Simons M, Hartleben B, Sernetz L, Schmidts M, Gundlach

E et al. Molecular basis of the functional podocin–nephrin complex:

mutations in the NPHS2 gene disrupt nephrin targeting to lipid raft

microdomains. Hum Mol Genet 2003; 12: 3397–3405.

8 Caridi G, Bertelli R, Di Duca M, Dagnino M, Emma F, Onetti Muda A

et al. Broadening the spectrum of diseases related to podocin mutations.

J Am Soc Nephrol 2003; 14: 1278–1286.

9 Kaplan JM, Kim SH, North KN, Rennke H, Correia LA, Tong HQ et al.

Mutations in ACTN4, encoding alpha-actinin-4, causes familial focal

segmental glomerulosclerosis. Nat Genet 2000; 24: 251–256.

10 Komatsuda A, Wakui H, Maki N, Kigawa A, Goto H, Ohtani H et al. Anal-

ysis of mutations in alpha-actinin 4 and podocin genes of patients with

chronic renal failure due to sporadic focal segmental glomerulosclerosis.

Ren Fail 2003; 25: 87–93.

11 Niaudet P. Podocin and nephrotic syndrome: implications for the clini-

cian. J Am Soc Nephrol 2004; 15: 832–834.

12 Ghiggeri GM, Carraro M, Vicenti F. Recurrent focal glomerulosclerosis

in the era of genetics of podocyte proteins: theory and therapy. Nephrol

Dial Transpl 2004; 19: 1036–1040.

13 Ghiggeri GM, Catarsi P, Scolari F, Caridi G, Bertelli R, Carrea A et al.

Cyclosporine in patients with steroid-resistant nephrotic syndrome: an

open-label carried out genetic profiling. Clin Ther 2004; 26: 1411–1418.

14 Tanawattanacharoen S, Falk RJ, Jennette JC, Kopp JB. Parvovirus B19

DNA in kidney tissue of patients with focal segmental glomerulosclerosis.

Am J Kidney Dis 2000; 35: 1166–1174.

15 Moudgil A, Nast CC, Bagga A, Wei L, Nurmamet A, Cohen AH et al. Asso-

ciation of parvovirus B19 infection with idiopathic collapsing glomeru-

lopathy. Kidney Int 2001; 59: 2126–2133.

155



BLBK043-Molony September 20, 2008 20:1

Part 3 Primary Glomerulonephritis

16 Li RM, Branton M, Tanawattanacharoen S, Falk RJ, Jennette JC, Kopp

JB. Molecular identification of SV 40 infection in human subjects and

possible association with kidney disease. J Am Soc Nephrol 2002; 13:

2320–2330.

17 Barri YM, Munshi NC, Sukumalchantra S, Abulezz SR, Bonsib SM,

Wallach J et al. Podocyte injury associated glomerulopathies induced

by pamidronate. Kidney Int 2004; 65: 634–641.

18 Meyrier A. Mechanisms of disease: focal segmental glomerulosclerosis.

Nat Clin Pract Nephrol 2005; 1: 44–54.

19 Kerjaschki D. Caught flat-footed: podocyte damage and the molecular

bases of focal glomerulosclerosis. J Clin Invest 2001; 8: 1583–1587.
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Introduction

Idiopathic membranous nephropathy (MN) is a relatively com-
mon immune-mediated glomerular disease and remains the lead-
ing cause of nephrotic syndrome (NS) in Caucasian adults. Its in-
cidence rate has remained constant over the past 3 decades, in con-
trast to other primary glomerular diseases, such as immunoglob-
ulin A (IgA) nephropathy and focal segmental glomerulosclerosis
[1,2]. In the majority of cases, the etiological agent is unknown,
and the disorder is termed idiopathic. Secondary MN forms may
account for up to one-third of cases and are associated with au-
toimmune diseases (e.g. systemic lupus erythematosus [SLE]), in-
fections (e.g. hepatitis B and C), medications (e.g. nonsteroidal
anti-inflammatory drugs [NSAIDs], d-penicillamine, gold), and
neoplasias (e.g. carcinomas) [3]. The association with malignancy
increases with age of the patient, reaching up to 20% in patients
over the age of 60. Because idiopathic and secondary forms have
similar clinical presentations, the designation of idiopathic is made
only after ruling out secondary causes by a careful history, phys-
ical examination, and laboratory evaluation of the patient. It is
crucial to rule out secondary causes of MN, because the manage-
ment of these cases is directed towards removing or correcting
the underlying cause. The disease is rare in children, and when it
does occur, it is commonly associated with an immunologically
mediated disorder such as SLE.

Natural history

MN is a chronic disease, with spontaneous remission and relapses.
There is great variability in the rate of disease progression, and the
natural course is difficult to assess in part due to the different cri-
teria the nephrologist uses to select patients for biopsy, as well as
geographic variability and genetic characteristics of the subjects

that have been presented in the different studies [4–6]. Much of
the data comes from studies that included patients with both id-
iopathic MN and secondary MN as well as treated and untreated
patients [7]. In addition, the majority of studies were conducted
prior to the availability of agents that could potentially modify the
natural course of the disease, such as angiotensin converting en-
zyme inhibitors (ACEi). Spontaneous remissions are said to occur
in up to 30% of cases, usually in the first 2 years after presentation,
but this may happen at any time over the course of the illness.
The proportion of patients going into spontaneous remission is
much lower when patients are selected who have higher grades of
proteinuria at presentation, for example, proteinuria of >8 g/24 h.
The remaining two-thirds of patients who do not undergo spon-
taneous remission generally divide equally into either those with
persistent proteinuria who will maintain renal function long term
or those patients who will progress to kidney failure. In Caucasian
patients with NS, 10-year kidney survival of <70% has been re-
ported [4,8–11]. Because of its high incidence rate, MN remains
the second or third leading cause of end-stage renal disease (ESRD)
among the primary glomerulonephritis types [12]. Even patients
who do not progress but remain nephrotic are at an increased risk
for life-threatening thromboembolic and cardiovascular events. A
rapid change in either the degree of proteinuria or in the rate of loss
of renal function, especially in a previously stable patient, should
raise the possibility of a superimposed condition, for example, in-
terstitial nephritis, anti-glomerular basement membrane disease,
or renal vein thrombosis.

Clinical manifestations

The disease affects patients of all ages and races, but it is more
common in men than women by a 2:1 to 3:1 ratio. Idiopathic MN
is most often diagnosed in middle-aged patients, with the peak in-
cidence during the fourth and fifth decades of life, and is relatively
uncommon in patients under 20 years. At presentation, 60–70%
of patients will have NS. The remaining 30–40% of cases present
with proteinuria of <3.5 g/24 h and are most commonly found at
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the time of a routine examination in an otherwise-asymptomatic
patient. The presence of microscopic hematuria is common (30–
40%), but macroscopic hematuria and red cell casts are rare and
suggest a different histopathology. In patients with idiopathic MN,
serum C3 and C4 complement levels are always normal. At pre-
sentation, the great majority of patients are normotensive, with
only 10–20% having hypertension, and only a small fraction of
patients (<10%) having significant renal insufficiency. Patients
with MN have significant abnormalities in their lipid profile and
are at increased risk for thromboembolic events.

Predicting factors

Evaluating the prognosis is critical in making decisions regarding
when and what to use in terms of treatment, for example, con-
servative versus immunosuppressive treatment in patients with
MN [13–15]. An accurate predictor of outcome of patients with
idiopathic MN would allow separation of those patients who are
likely to have a long-term renal survival without treatment from
those who are likely to progress. This would allow us to target
immunosuppressive treatment to patients at high risk of renal
disease progression. However, finding useful markers that predict
this last group has been difficult. Many individual factors, such as
advanced age, male gender, and selected biopsy findings (e.g. de-
gree of interstitial fibrosis, glomerulosclerosis, vascular damage, or
glomeruli with focal segmental glomerulosclerosis) have all been
found to be predictors of prognosis and/or response to immuno-
suppressive therapy in patients with MN [16]. In addition, the
degree of proteinuria may also predict those who are most likely
to progress. Pei et al. observed a 47% risk for progression in pa-
tients with proteinuria of >4 g/24 h for longer than 18 months
and a 66% risk in patients with proteinuria of >8 g/24 h for more
than 6 months [17]. Urinary excretion ratios of �1-microglobulin,
�2-microglobulin, IgM, and IgG have also been found to be strong
predictors of outcome in MN [18–21]. Determining these ratios
has been helpful in assessing the severity of overall renal injury and
to predict those who are most likely to respond to immunosup-
pressive therapy [22]. Unfortunately, methods for quantification
of urinary �1-microglobulin, �2-microglobulin, IgM, and IgG are
not widely available and this limits their clinical use. There is also
concern with the establishment of cutoff values for these ratios
because they may reflect activity only at certain times during the
course of the disease and under certain conditions, which may vary
widely over time and be independent of the activity of the primary
disease. The degree of renal impairment at presentation has also
been found to correlate with long-term renal survival. However,
renal function at presentation is widely variable and may be inde-
pendent of disease severity. A recent study by Hladunewich et al.
that used glomerular filtration rate (GFR) determinations based
on inulin clearance indicated that, among patients with MN, for
those with nephrotic-range proteinuria the presenting GFR may
be artificially low [23]. Estimating renal function by using a serum
creatinine value is also problematic in these patients because in NS

there is an increase in the tubular secretion of creatinine which may
result in a marked overestimation of the GFR [24]. Thus, the use of
immunosuppressive treatment limited only to those patients who
exhibit deterioration in renal function, based on reaching a deter-
mined serum creatinine threshold, e.g. ≥1.5 mg/dL, may result in
delaying treatment beyond the point at which the kidney damage
may still be reversible.

Thus far, the best model for the identification of patients at
risk was developed with data derived from the Toronto Glomeru-
lonephritis Registry [17,25]. This model takes into consideration
the initial creatinine clearance (CrCl), the slope of the CrCl curve,
and the lowest level of proteinuria during a 6-month observation
period. This risk score assessment has good performance charac-
teristics and to date is the only one that has been validated in two
geographically diverse MN populations, one from Italy and the
other from Finland [25]. Based on data using this model, patients
who present with a normal CrCl, proteinuria of ≤4 g/24 h, and
stable renal function over a 6-month observation period have an
excellent long-term prognosis. Patients whose CrCl remains un-
changed during 6 months of observation but who continue to have
proteinuria of >4 g but <8 g/24 h have a 55% probability of de-
veloping chronic renal insufficiency, and patients with persistent
proteinuria of >8 g/24 h, independent of the degree of renal dys-
function, have a 66–80% probability of progression to chronic kid-
ney failure within 10 years. On the other hand, patients with MN
who were never nephrotic have an excellent long-term renal sur-
vival. A review of this algorithm has recently been published [12].

Response measurements

The best-accepted responses are improved renal survival and com-
plete remission (CR) of proteinuria. About 30% of MN cases will
relapse subsequent to a CR [26]. The great majority who do, how-
ever, will relapse to sub-nephrotic-range proteinuria and will have
stable long-term function. More recently, partial remission (PR)
has been also recognized as a positive outcome. A recent review
of 350 nephrotic patients with MN found that the 10-year re-
nal survival was 100% in the CR group, 90% in the PR group,
and 45% in the no-remission group [27]. Patients with CR or PR
have a similar rate of decline: −1.5 mL/min/year in the CR group
and −2 mL/min/year in the PR group. In contrast, the no-
remission group lost GFR at a rate of −10 mL/min/year. Thus,
both CR and PR appear to be excellent predictors of long-term
renal survival. In the two largest studies of patients with MN who
achieved CR, only a few developed mild renal insufficiency, over a
long observation period, and none progressed to ESRD.

Treatment

Using the algorithm for predicting outcome described above, we
can rationally assign patients to conservative, nonimmunosup-
pressive therapy or to immunosuppressive therapy according to
their risk for renal disease progression.
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Conservative therapy
Conservative therapy is based on controlling edema, dietary pro-
tein intake, blood pressure, and hyperlipidemia. Dietary protein
intake should be restricted to 0.8 g of high-quality protein/kg ideal
body weight/day, as protein restriction may reduce proteinuria
(15–25%) and slow renal disease progression. Blood pressure con-
trol is important both as protection against cardiovascular events
and to reduce proteinuria and slow the progression of the renal
disease. In the Modification of Diet in Renal Disease study, patients
with proteinuria of >1 g/day had a significantly better outcome if
their blood pressure was reduced to 125/75 mmHg [28]. Thus, in
patients with proteinuric renal disease, including MN, the current
target for blood pressure is ≤125/75 mmHg. ACEi and/or an-
giotensin receptor blockers (ARBs) are effective antihypertensive
agents that can reduce proteinuria and slow progression of renal
disease in both diabetic and nondiabetic chronic nephropathy pa-
tients, and for these reasons they are the preferred agents to treat
hypertension in proteinuric renal diseases. However, the following
issues need to be considered when using an ACEi and/or an ARB in
patients with MN: 1) The degree of renal protection is related to the
degree of proteinuria reduction, and if proteinuria is not lowered,
the benefit is substantially attenuated. 2) In patients with MN, the
antiproteinuric effect is modest (<30% decrease) and is more sig-
nificant in patients with lower levels of proteinuria [29–31]. 3) In
contrast to other proteinuric renal diseases, for example, diabetes
mellitus, ACEi may not offer the same degree of renal protection
to patients with MN [31]. In studies by du Buf-Vereijken et al. [11]
and in a review by Troyanov et al. [26], the use of ACEi or ARBs
when subjected to multivariate analysis did not have independent
value in determining the prognosis for patients with MN. Further-
more, Praga et al. showed that in patients with NS, the majority
of which had MN, ACEi were ineffective in reducing proteinuria,
and this poor antiproteinuric response in MN patients was associ-
ated with a poor renal function outcome [33,34]. In those patients
with a significant antiproteinuric response, the effect is usually
seen within 2 months of initiation of therapy [29]. Thus, for pa-
tients with lower levels of proteinuria (<4 g/24 h), treatment with
and ACEi and/or an ARB may be enough to reduce proteinuria to
subnephrotic levels with little chance of significant adverse effect.
However, in patients with higher degrees of proteinuria, the use of
these medications alone is unlikely to result in a substantial reduc-
tion in proteinuria or preservation of renal function. Patients need
to be instructed to follow a low-salt diet, because high salt intake
(e.g. 200 mg Na or 4.6 g sodium/day) can significantly impair the
beneficial effects of angiotensin II blockade.

Lipid abnormalities associated with proteinuria are likely im-
portant players in the high cardiovascular risk seen in these patients
and provide an important target for treatment. Statins may have a
synergistic antiproteinuric effect when combined with ACEi, but
this effect is small and mainly observed in patients with protein-
uria of <3 g/24 h. When used in combination with high-dose cy-
closporine (CsA), statins may increase the risk of rhabdomyolysis.

Patients with severe NS are at increased risk for thromboem-
bolic complications. Mahmoodi et al. recently reported on the

incidence of thromboembolism in a cohort of 298 patients with
NS [35]. During a mean follow-up of 10 years, 29 patients had
at least one episode of venous thromboembolism (VTE) and 43
had at least one episode of arterial thromboembolism (ATE). The
resulting annual incidence rates for VTE and ATE were 1.02% and
1.48%, respectively. However, the incidence of VTE and ATE was
considerably higher in the first 6 months following the diagnosis
of NS (9.85% and 5.52% for VTE and ATE, respectively) [35].
Prophylactic anticoagulation has been shown in retrospective re-
views to be beneficial in reducing fatal thromboembolic episodes
in nephrotic patients with MN without a concomitant increase in
the risk of bleeding [36]. In general, MN patients who are severely
nephrotic (proteinuria of >10 g/day and serum albumin of <2.5
g/day) are candidates for anticoagulation.

In severe untreatable NS, NSAIDs can reduce proteinuria by 30–
50%, are additive to the effects of ACEi, and can provide symp-
tomatic relief [37,38]. The combined use of NSAIDs and ACEi
or ARBs should be conducted under careful monitoring, espe-
cially in elderly patients and in those with hypertension and renal
insufficiency, because acute and nonreversible renal failure may
ensue.

Immunosuppressive therapy
Several treatment strategies, including a variety of immunosup-
pressive agents, have been shown to be at least partially successful
in reducing proteinuria in MN [39]. The available evidence is pre-
sented according to the risk group (e.g. low, medium, and high)
that the patients in the studies most closely represent.

Treatment of low-risk patients
Patients in the low-risk group are categorized by a <5% risk for
progression over 5 years of observation. They are defined by nor-
mal renal function and proteinuria of ≤4 g/24 h over a 6-month
observation period. Evidence to support this approach comes from
published validation studies and from recent data on the clinical
relevance of PR [25,27]. Treatment should be conservative only,
given the excellent prognosis of this group of patients when un-
treated.

Treatment of medium-risk patients
Patients in the medium-risk group are defined by normal renal
function and persistent proteinuria between 4 and 8 g/24 h over 6
months of observation despite the institution of maximum con-
servative therapy.

Corticosteroids
The early US collaborative study of adult idiopathic NS reported
that a 2- to 3-month course of high-dose alternate-day prednisone
resulted in a significant reduction, compared to placebo, in pro-
gression to renal failure, although there was no effect on the degree
of proteinuria [40]. Subsequently, the Toronto Glomerulonephri-
tis Study Group conducted a prospective randomized study in
which patients were assigned to receive either a 6-month course
of prednisone given on alternate days (n = 81) or no specific
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Table 14.1 Corticosteroids treatment in idiopathic membranous nephropathy

Level of Risk Follow-up
Author Year Evidence group N Treatment regimens (months) Outcomes/comments

CSAINS [40] 1979 1 Medium 72 Prednisone 100–150 mg p.o. on
alternate days × 8–12 weeks vs.
placebo

23 10 of 38 controls, but only 1 of 34 given prednisone
had SCr > 5mg/dl or died. Rapid decline of renal
function in controls considered unexpected.

Cattran [41] 1989 1 Medium 158 Prednisone 125–150 mg p.o. on
alternate days × 6 mos vs. placebo

48 Proportion of patients with CR similar in the
2 groups. No differences in annual change in CrCl
between the 2 groups. No sustained difference in
proteinuria

Cameron [42] 1990 1 High 107 Prednisolone 45 mg/m2 on alternate
days × 8 weeks vs placebo

52 No difference in remission rates for NS in either
short (6 and 12 months) or long (48 months) term.
No differences in rates of renal function decline

Short [43] 1987 5 High 15 MTP 1g I.v. × 5 days followed by
prednisolone 100 mg, 75 mg 50 mg,
then 25 mg on alternate days for
4 weeks; then dose decreasing by a
further 5 mg each month

32 Serum creatinine fell by a mean of 46%. In
10 patients the beneficial effect was sustained, but
in 3 it had reversed by six months. In the other
2 patients the progressive decline of renal function
was not influenced

Abbreviations are: p.o., oral; NS, nephrotic syndrome; MTP, methylprednisolone; SCr, serum creatinine; CrCl, creatinine clearance

treatment (n = 77) [41]. Patients in the prednisone group en-
tered the study with a median CrCl of 72 mL/min/1.73 m2 (range,
15–156) and a median rate of urinary protein excretion of 6.8
g/24 h (range, 0.3–26). The study showed no significant benefit of
corticosteroid treatment alone in either induction of remission or
preservation of renal function, even after the data were adjusted to
include only patients with proteinuria at entry of >3.5 g/24 h [41].
Whether greater and more prolonged courses of prednisone, as in
patients with idiopathic focal segmental glomerulosclerosis, may
prove more effective in MN is unknown, but this approach is likely
to be associated with significant steroid toxicity. These studies are
summarized in Table 14.1 [40–43].

Cytotoxic agents combined with corticosteroids
In patients with a moderate risk of progression, a number of ran-
domized trials have suggested that monthly cycling of steroids and
cytotoxic agents is four to five times more likely to induce CR of
NS, and halt disease progression, compared to no therapy or corti-
costeroids alone. The largest studies and with the longest follow-up
were conducted by Ponticelli’s group. The first study compared the
effects of 6-month cycles of methylprednisolone (MTP) admin-
istered intravenously and oral steroids alternating monthly with
chlorambucil, compared to conservative treatment [44]. CR was
achieved in 50%, and PR was found in 31% of the cases. Among
the controls, CR was achieved in 7% and PR in 24% of the patients.
After up to 10 years of follow-up, patients treated with combina-
tion therapy had a 92% probability of renal survival compared
with 60% in the control group, and only 8% of treated patients
versus 40% of untreated ones had reached ESRD [45]. Women and
patients with mild glomerular lesions (stages 1 and 2) were more
likely to enter remission after therapy in this study. A second study

compared 6 months of alternating monthly pulses of MTP plus oral
steroids and chlorambucil cycled as described above versus MTP
pulses plus steroids alone, and the investigators found at 3 years
that 66% of the patients given steroids and chlorambucil versus
42% of patients given steroids alone were in remission; this differ-
ences was significant [46]. At 4 years this difference was no longer
statistically significant, although a seemingly large 20% difference
favoring the combined treatment persisted. In a third study from
the same investigators, patients were enrolled in a 6-month study
comparing MTP pulses on months 1, 3, and 5 followed by oral
prednisone alternating monthly with either chlorambucil (same
doses as in prior studies) or oral cyclophosphamide [47]. The study
showed that 82% of patients assigned to MTP and chlorambucil
versus 93% of patients assigned to MTP and cyclophosphamide
entered a complete or partial remission of the NS (P = 0.116, not
significant). The use of cyclophosphamide was associated with
fewer side effects, but renal function was equally preserved in both
groups for up to 3 years.

These observations have been recently confirmed by Jha et al.,
who reported the 10-year follow-up of a randomized controlled
trial on 93 patients allocated to either conservative therapy or to
receive a 6-month course of alternating predisolone [48]. Protein-
uria was 5.9 ± 2.2 and 6.1 ± 2.5 g/24 h in the conservative and
immunosuppressive therapy groups, respectively. Renal function
was well-preserved, with estimated GFRs above 80 mL/min in both
groups. Of the 47 patients treated with immunosuppressive ther-
apy, 34 achieved remission (15 CR and 19 PR), compared with 16
(5 CR and 11 PR) of 46 in the control group (P < 0.0001). The
10-year dialysis-free survival was 89 and 65% (P = 0.016), and the
likelihood of survival without death, dialysis, or doubling of serum
creatinine was 79% in the treated group versus 44% in the control
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group (P = 0.0006). The incidence of infections was similar in
the two groups [48].

Thus, in a number of studies, both cyclophosphamide and chlo-
rambucil in combination with corticosteroids appear to be effec-
tive in the treatment of patients with idiopathic MN and preserved
renal function, with benefits maintained well beyond the 1-year
treatment period, although relapse rates approached 35% at 2
years. The long-term adverse effects of these cytotoxic agents, in
particular, effects on fertility and also malignancy are the major
drawbacks to the universal application of this form of therapy.
A recent publication suggests that the risk of malignancy is not
increased for patients treated with cumulative cyclophosphamide
doses of ≤36 g but increases significantly in patients with cumu-
lative cyclophosphamide doses of ≥36 g [49]. These studies are
summarized in Table 14.2 [45–48,50–61].

Cyclosporine A
Early uncontrolled studies of CsA suggested an initial benefit but a
high relapse rate [31,62]. In the first single-blind randomized con-
trolled study, 51 patients with steroid-resistant MN were treated
with low-dose prednisone plus CsA and compared to patients
treated with placebo plus prednisone [63]. At the end of 26 weeks
of treatment, 75% of patients (21 of 28) in the CsA group versus
only 22% of patients (5 of 23) in the controls had achieved a PR
or CR (P < 0.001) (CR in two patients in the CsA group versus
one in the placebo group). CsA was well-tolerated, and no subjects
had to discontinue treatment because of adverse effects. Relapses
occurred in about 40% of patients within 1 year of discontinua-
tion of CsA treatment; this is a very similar relapse rate to that seen
with combined cytotoxic agent–corticosteroid regimens. Relapses
should not be considered failure of therapy, because reintroduction
of CsA or its alternative, that is, the cytotoxic agent–corticosteroid
regimen, are usually capable of inducing another remission. Data
from the German Cyclosporine in NS Study Group suggest that
prolonging CsA treatment (>1 year) results in a higher (34% CR
at 1 year) and more sustained rate of remission [64]. Taken to-
gether, these data suggest that CsA can induce a remission (CR or
PR) of NS in 50–60% of patients. Prolonged low-dose CsA (∼1.5
mg/kg/day) could be considered for long-term maintenance of pa-
tients who achieve CR or PR, especially in patients at high risk for
relapse [65]. It is important to emphasize that although reduction
of proteinuria usually occurs within a few weeks, the majority of
CR occurred after more than 6 months of treatment. On the other
hand, if after 3–4 months of CsA therapy at adequate doses protein-
uria is not significantly reduced, it is unlikely that the therapy will
be effective. Significant adverse effects, including hypertension and
nephrotoxicity, can accompany prolonged CsA treatment. The lat-
ter is dose and duration dependent as well as age dependent. These
studies are summarized in Table 14.3 [31,66–69].

Tacrolimus
An alternative to CsA was reported in a recent study by Praga et
al. which evaluated tacrolimus (TAC) monotherapy in idiopathic
MN [70]. In this study, 25 patients with normal renal function

(mean proteinuria, ∼8 g/24 h) received TAC (0.05 mg/kg day)
over 12 months with a 6-month taper, whereas 23 patients served
as controls. After 18 months, the probability of remission was 94%
in the TAC group but only 35% in the control group. Six patients
in the control group and only one in the TAC group reached the
secondary end point of a 50% increase in serum creatinine [70].
Unfortunately, almost half of the patients relapsed after TAC was
withdrawn, and similar to patients treated with CsA, maintenance
of remission may require prolonged use of TAC at a low dose.

Treatment of high-risk patients
Patients in the high-risk group are characterized by progressive
loss of renal function and/or by persistent high-grade proteinuria
of ≥8 g/24 h during the 6 months of observation.

Corticosteroids
The UK Medical Research Council study, a randomized, prospec-
tive, double-blind, controlled trial, assessed the medium-term ef-
fect of an 8-week course of high-dose prednisolone in this patient
population [42]. A total of 103 patients with preserved renal func-
tion (average CrCl, 88 ± 30 mL/min) were randomized to the
treatment group (n = 52) or to the control group (n = 51). Entry
24-h urinary protein excretion was 10.8 ± 6 in the treated group
versus 10.4 ± 5 in the control group. At 36 months, there was no
significant difference regarding the degree of proteinuria between
the control and the treatment group. Similarly, there were no dif-
ferences with regard to loss of renal function between the treat-
ment and control groups (Table 14.1) [40–43]. Renal function
did deteriorate equally in both groups, confirming that this study
population was indeed high risk.

Cytotoxic agents combined with corticosteroids
There has not been a randomized, controlled trial of cytotoxic
agents plus corticosteroids in this high-risk group. A summary of
the studies conducted in this group of patients is presented in Table
14.2 [45–47,50–61].

Cyclosporine
There has been only one controlled trial with CsA in patients
with high-grade proteinuria and progressive renal failure. In this
study, 17 patients of the initial 64 MN patients who had a loss in
CrCl of ≥8 mL/min during the 12-month observation period were
randomly assigned to either CsA treatment (9 patients) or placebo
(8 patients) for 12 months (phase 2) [69]. At the time of initiation
of treatment, the average CrCl of these patients was in the mid-50s,
and they had an average proteinuria of 11 g/day. After 12 months,
there was a significant reduction in proteinuria, and the rate of loss
(slope) of renal function in the CsA group was reduced from −2.4
to −0.7 mL/min/month, whereas in the placebo group the change
was insignificant, −2.2 to −2.1 mL/min/month (P < 0.02). This
improvement was sustained in ∼50% of the patients for up to
2 years after CsA was stopped (Table 14.3) [33,66–69].
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Table 14.2 Cytotoxic treatment in idiopathic membranous nephropathy

Mean
Level of Risk Follow-up

Author Year Evidence group N Treatment regimens (months) Outcomes/comments

Ponticelli [51] 1984 1 Medium 67 MTP 1g i.v. × 3 days followed by MTP
0.4 mg/kg p.o. × 27 days, on months 1, 3 and
5 and CHL (0.2 mg/kg/d) on months 2, 4 and
6, vs. symptomatic therapy.

31 At the end of follow-up 23 of 32 treated patients
(72%) were in CR or PR, as compared with 9 out of
30 controls (30%).

Ponticelli [46] 1992 1 Medium 92 MTP 1g, i.v. × 3 days; followed by MTP
0.4 mg/kg p.o. × 27 days, on months 1, 3 and
5 and CHL (0.2 mg/kg/d) on months 2, 4 and
6, vs MTP alone

48 At 3 years, 66% remission in MTP/CHL group vs
40% in MTP group. At 4 years, the difference was
no longer statistically significant.

Ponticelli [45] 1995 1 Medium 67 MTP 1g i.v. × 3 days followed by prednisone
0.5 mg/kg/d × 27 days on months 1, 3 and 5
and CHL (0.2 mg/kg/d) on months 2, 4 and 6,
vs symptomatic therapy

120 92% probability of renal survival in treated
compared with 60% in the control group. 8% of
treated patients vs. 40% of the untreated group
reached ESRD.

Ponticelli [47] 1998 1 Medium 87 MTP 1g i.v. × 3 days followed by MTP 0.4
mg/kg/d p.o. × 27 days on months 1, 3 and 5
alternating with either CHL 0.2 mg/kg/d or
CYC 2.5 mg/kg/d on months 2, 4 and 6

36 CR/PR in 82% of patients on MTP/CHL vs 93% on
MTP/CYC (P = NS). Side effects lower in the
MTP/CYC group

Jha [48] 2007 1 Medium 93 MTP 1 g i.v. × 3 days followed by
prednisolone 0.5 mg/kg/d p.o. × 27 days on
months 1, 3 and 5 and CYC 2 mg/kg/d on
months 2, 4, and 6, vs. conservative therapy

120 CR/PR in 72% of patients on MTP/CYC vs 35% in
control group

Murphy [52] 1992 2 Medium 40 CYC 1.5 mg/kg × 6 months + DIP/W24 X 2
years vs symptomatic therapy

Treatment group had less proteinuria. No
differences in renal function at 2 years

Donadio [50] 1974 2 Medium 22 CYC 1.5 to 2.5 mg/kg p.o. × 1 year vs.
symptomatic therapy

12 No benefit of CYC on proteinuria, renal function, or
histology

Falk [56] 1992 2 High 26 Prednisone 2 mg/kg on alternate days × 8
weeks, tapered over 4 weeks, vs. CYC
0.5–1 g/m2 i.v. monthly × 6 months, + MTP
(7 mg/kg) × 3 followed by prednisone
(2 mg/kg/alternate days) for 8 weeks, then
tapered over next 4 weeks.

29 No impact of CYC on renal function, level of
proteinuria, or progression to ESRD

West [53] 1987 4 High 26 CYC 2 mg/kg × 20 ± 4 months ± prednisone
vs. prednisone or symptomatic therapy

49 CYC associated with an increased rate of remission
of NS and better preservation of renal function.
Adverse effects were significant.

Jindal [57] 1992 4 High 9 CYC (1–2 mg/kg/d) for a mean of 23. ± 4
months (8 to 54) ± prednisone (6/9 patients;
dose 33 ± 9 mg/d) compared to 17 controls
receiving prednisone, max. dose 50–125 mg
alternate days in 9/17 and 40–80 mg in 6/17,
for a mean of 20 ± 4 months.

64–83 CR in 4/9 and PR in 5/9 in CYC group. One patient
in the CYC group and 10 patients in control group
reached ESRD. Four relapses in 3 treated patients,
and 3 of 4 responded to repeat therapy. Of the 7
controls who did not reach ESRD, only 2 had
persistent NS.

Torres [60] 2002 4 High 19 Prednisone (1 mg/kg/d month 1 0.5 mg/kg/d
month 2, 0.5 mg/kg/d months 3 to 6) together
with CHL 0.15 mg/kg/d for the first 14 weeks,
vs. historic control group on symptomatic
therapy

48 At the end of follow-up, 65% of patients in the
control group had reached ESRD, 10% had
advanced renal failure, and 25% had died. Majority
of treated patients showed stabilization or
improvement of renal function.

(continued )
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Table 14.2 (cont.)

Mean
Level of Risk Follow-up

Author Year Evidence group N Treatment regimens (months) Outcomes/comments

Bruns [55] 1991 5 High 11 CYC, 100 mg/d in all patients + prednisone
(60–100 mg alternate days) in 10/11 patients,
for 1 year

24–25 Serum creatinine decreased in 10 patients on
combined therapy by 6 months and remained stable
in 7/8 followed long-term. Proteinuria decreased
from 11.9 to 2.3 g/d. Similar course observed in the
1 patient on CYC alone.

Warwick [58] 1994 5 High 21 Prednisolone 125 mg alternate days on
months 1, 3 and 5 and CHL 10 mg/d on
months 2, 4 and 6. Later patients received
MTP 1g i.v. × 3 at the start first cycle of
treatment. Four patients were retreated.

39 Renal function stable or improved in 11/21 patients
(52%). Of these 11, PR in 4 and CR in 2. Serum
creatinine >5.7 mg/dl or ESRD in 6 patients (29%).
3 patients died. Side effects + significant
complications related to therapy in >50% of
patients.

Branten [59] 1998 5 High 32 MTP 1g i.v. × 3 days, followed by prednisone
(0.5 mg/kg/d months 1, 3 and 5), and CHL
(0.15 mg/kg/d months 2, 4 and 6); or CYC
(1.5–2 mg/kg/d for 1 year) + steroids in a
comparable dose.

26–38 Renal function improved in both groups but the
improvement was short-lived in the CHL group.
Remissions of proteinuria more frequent after CYC
treatment (15/17 vs. 5/15). CHL associated with
more side effects.

Du Buf-Vereijken [61] 2004 5 High 65 MTP 1g i.v. × 3 days at months 1, 3 and 5,
and prednisone 0.5 mg/kg/48h for 6 months
+ CYC (1.5–2 mg/kg/d) × 12 months

51 Renal function improved or stabilized in all patients.
At the end of follow-up, CR in 16, PR in 31, 4
progressed to ESRD, and 5 patients had died.
Overall survival 86% after 5 years.

Mathieson [54] 1988 6 High 8 MTP 1g i.v. × 3 days; 0.5 mg/kg/d p.o. × 27
days, then CHL 0.15–0.2 mg/kg × 28 days ×
3 cycles

8 Renal function improved in 6, stabilized in 1, and
deteriorated in 1 patient. Proteinuria fell from 15 to
2 g/d. Side effects were severe.

Abbreviations are: MTP, methylprednisolone; CYC, cyclophosphamide; CHL, chlorambucil; DIP/W, dipyridamole/warfarin; CR, complete remission; PR, partial remission.

New therapies
A number of uncontrolled studies have evaluated the effects of
new immunosuppressive agents in the treatment of patients with
MN.

Mycophenolate mofetil
There has been a paucity of studies using mycophenolate mofetil
(MMF) for MN. In a pilot study, Miller et al. treated 16 patients
with 1.5–2 g/day of MMF for a mean of 8 months [71]. These
patients would be categorized as either medium or high risk for
progression given the severity of their proteinuria and the fact that
they had previously failed a variety of other immunosuppressive
drugs. The results were modest: six patients had a ≥50% reduction
in their proteinuria, two had a minor reduction in proteinuria, four
had no change, three were withdrawn because of significant ad-
verse effects, and one stopped treatment on his own. There were no
significant changes in mean serum creatinine, or serum albumin
levels, over the course of the study. In patients who responded,
the lowest degree of proteinuria was reached within 6 months,
suggesting that patients who are likely to respond would do so in
this time frame. This was a pilot study and is somewhat difficult
to interpret as negative or positive, given the setting of resistance
to all other agents. Similar results were reported in a retrospective
analysis of 17 patients with MN who were treated by Choi et al.

(15 patients had nephrotic-range proteinuria and 6 had renal in-
sufficiency) [72]. Patients were either steroid dependent, steroid
resistant, or steroid intolerant, with or without CsA, or they had
been resistant or had a suboptimal response to CsA, or they had
signs of progressive renal failure. Overall, treatment with MMF
(0.5–1.0 g twice daily for a mean of 12 months) combined with
steroids in most patients resulted in a 61% reduction of proteinuria
(7.8 to 2.3 g/24 h; P = 0.001), with eight patients having PR and
two patients CR. Renal function improved in three of six patients
with kidney failure.

More recently, Branten et al. reported on 32 patients with MN
and renal insufficiency (serum creatinine of >1.5 mg/dL) treated
with MMF (1 g, twice daily) for 12 months and compared the
results with those obtained for 32 patients from a historic control
group treated for the same period of time with oral cyclophos-
phamide (1.5 mg/kg/day) [73]. Both groups received high-dose
steroid treatment (methylpredisone, intravenously, 1 g three times
at months 1, 3, and 5, followed by oral predisone at 0.5 mg/kg
every other day for 6 months, with subsequent tapering). Over-
all, 21 MMF-treated patients developed PR of proteinuria, in 6
patients proteinuria decreased by at least 50%, and no response
was observed in 5 patients. Cumulative incidences of remission of
proteinuria at 12 months were 66% in the MMF group versus 72%
in the cyclophosphamide group (P = 0.3). Side effects occurred
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Table 14.3 Cyclosporin A treatment in idiopathic membranous nephropathy

Level of Risk Follow-up
Author Year Evidence group N Treatment regimens (months) Outcomes/comments

Cattran [63] 2001 1 Medium 51 Prednisone (0.15 mg/kg/d) plus CsA
(3–4 mg/kg/d) vs. placebo plus prednisone
× 26 weeks.

19.5 75% of patients in CsA group vs. 22% in control
group achieved PR or CR. Relapse rate 43% in CsA
group vs. 40% in placebo by week 52.

Cattran [69] 1995 2 High 17 CsA 3.5 mg/kg/d × 12 months vs. placebo 21 CsA associated with slower rate of decline in renal
function. Sustained remission of proteinuria in 6/8
CsA patients.

Alexopoulos [65] 2006 3 Medium 51 CsA 2–3 mg/kg/day and prednisone vs CsA
(same dose) alone for 12 mo. responders
were placed on long-term low dose CsA
1–1.5 mg/kg/d and prednisone vs CsA
alone

26 After 12 months of treatment, 26 patients in the
combination group and 17 patients in the CsA
alone group had a CR or PR of proteinuria. Daily
CsA dose was higher in non-relapsers in both
groups while relapsers in both groups had lower
CsA trough levels

Ambalavanan [31] 1996 5 Medium 41 CsA 4–5 mg/kg/d for 3–6 months. Lupus
serology (+) in 12 patients Retreatment in
20 of 31 patients who relapsed after
stopping CsA

18 CsA lowered median proteinuria by 56%, from 7.3
to 3.2 g/24h. In 6 patients with declining GFR
during prolonged CsA therapy, a repeat biopsy
showed more prominent immune deposits and
thicker GBM.

Rostoker [68] 1993 5 High 15 CsA 4–5 mg/kg × 12–30 months
Prednisone 1–2 mg/kg/d × 2 months

40 CR or PR in 11/15 (73%) patients. Relapse in 3/9 on
CsA withdrawal, but the relapse remain sensitive
to CsA. All patients had received corticosteroids
(1 mg/kg/d × 2 months) prior to enrollment.

DeSanto [66] 1987 6 Medium-Low 5 CsA 7 mg/kg/d for 6 months plus MTP
1–0.3 mg/kg/d for one month, reduced to
0.3–0.15 mg/kg on the second month, and
then down to 0.15 mg/kg for 4 months

8 All had failed prior cytotoxic therapy. Prompt
remission of proteinuria in 4/5 patients. No renal
failure.

Abbreviations are: MTP, methylprednisolone; CsA, cyclosporin A; CR, complete remission; PR, partial remission; GBM, glomerular basement membrane

at a similar rate between the two groups, but relapses were much
more common in the MMF-treated group [73].

Rituximab
Evidence from both experimental and human studies has indi-
cated that MN is mediated by the deposition of IgG antibodies in
the subepithelial aspect of the glomerular basement membrane.
Thus, it is reasonable to postulate that suppression of antibody
production by depleting B cells and/or plasma cells may improve
or even resolve the glomerular pathology in MN. Rituximab is
a genetically engineered, chimeric, murine/human IgG1� mon-
oclonal antibody against the CD20 antigen that is found on the
surface of normal and malignant pre-B and mature B cells but is
not expressed on hematopoietic stem cells, normal plasma cells,
or other normal tissues. In a pilot study of rituximab in idiopathic
MN, Ruggenenti et al. prospectively treated eight nephrotic pa-
tients with MN with four weekly courses of rituxan (375 mg/m2)
and followed them for 1 year [74,75]. All patients had complete
depletion of circulating B cells lasting up to 1 year. Proteinuria
significantly decreased from a mean (±standard deviation [SD])
of 8.6 ± 4.2 g at baseline to 3.0 ± 2.5 g at 12 months; −66%; P
<0.005). This included two patients with <0.5 g /24 h and <3.5

g/24 h in three other patients. Proteinuria decreased in the three
remaining patients by 74, 44, and 41%. Renal function remained
stable in all patients. Adverse effects were reported as mild and in-
cluded chills and fever in one patient and an anaphylactic reaction
in another patient. A recent publication from these investigators
suggests that rituximab is likely to be most effective in patients
with a minimal degree of tubulo-interstitial injury [76].

We recently conducted a prospective open-label pilot trial in
15 newly biopsied patients (<3 years) with idiopathic MN and
proteinuria of >4 g/24 h despite ACEi or ARB use for >3 months
and systolic BP of <130 mmHg [71]. Thirteen men and 2 women,
median age 47 years (range, 33–63) and with a mean serum creati-
nine of 1.4 ± 0.5 mg/dL, were treated with rituximab (1 g) on days
1 and 15. At 6 months, patients who still had proteinuria of >3
g/24 h and in whom the total CD19+ B-cell count was >15 cells/�l
received a second identical course of rituximab. All patients toler-
ated rituximab well and achieved swift B-lymphocyte depletion by
day 28. Baseline proteinuria of 13.0 ± 5.7 g/24 h (range, 8.4–23.5)
decreased to 9.1 ± 7.4, 9.3 ± 7.9, 7.2 ± 6.2, and 6.0 ± 7.0 g/24 h
(range, 0.2–20) at 3, 6, 9, and 12 months, respectively (means ±
SD). Fourteen patients completed a 12-month follow-up: CR (pro-
teinuria <0.3 g/24 h) was achieved in two patients, PR (<3 g/24 h)
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Figure 14.1 �Conservative treatment involves the use of ACEi ± ARB blocker to maintain BP<125/75 mmHg, lipid control with HMG-CoA reductase inhibitor, dietary
protein restriction (0.6–0.8g/kg ideal body weight/day), dietary NaCl intake (goal is 2 to 3 g Na) to optimize antiproteinuric effects of ACEi and ARBs, smoking cessation, and
attempt to reduce obesity, if present.
��Decreasing function or complication: start treatment early
���Data from non randomized control studies.

was achieved in six patients, and five patients did not respond. Two
patients progressed to ESRD. The mean drop in proteinuria from
baseline to 12 months was 6.2 ± 5.1 g and was statistically signifi-
cant (P = 0.002, paired t test). Rituximab was well-tolerated and
was effective in reducing proteinuria in patients with idiopathic
MN. However, the responses varied widely among patients, and
further research is needed in order to identify a priori which of
the patients would be likely to benefit from rituximab treatment.
These pilot studies, although encouraging, need to be confirmed
by larger randomized controlled studies before recommendations
can be made regarding rituximab.

Eculizumab
Eculizumab is a new, humanized anti-C5 monoclonal antibody
designed to prevent the cleavage of C5 into its proinflammatory
by-products. In a recent randomized controlled trial (currently
reported in abstract form only), 200 patients with MN were treated

every 2 weeks with two different intravenous dose regimens and
compared to a placebo group, over a total of 16 weeks [78]. Neither
of the active drug regimens of eculizumab showed any significant
effect on proteinuria or renal function compared to placebo. It was
later determined that adequate inhibition of C5 was seen in only a
small proportion of patients, suggesting that the doses given were
inadequate. More encouraging results were seen in a continuation
of the original study, in which eculizumab was used for up to 1
year, with a significant reduction in proteinuria in some patients
(including two patients who went into CR). Whether complement
inhibition with higher doses of eculizumab will prove to be more
effective, as well as safe, in the treatment of MN remains a question.

Adrenocorticotropic hormone
In a study by Berg and colleagues, synthetic adrenocorticotropic
hormone (ACTH) administered for 1 year decreased proteinuria
in patients with idiopathic MN [79,80]. More recently, Ponticelli
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et al. conducted a randomized pilot study comparing methyl-
prednisolone plus a cytotoxic agent versus synthetic ACTH in 32
patients with idiopathic MN [81]. Of these, 16 were randomly
assigned to receive methylprednisolone plus chlorambucil or cy-
clophosphamide (group A), and 16 were assigned to receive ACTH
(group B). ACTH was administered by one intramuscular injec-
tion (1 mg) every other week, with the frequency increased to two
injections per week for a total treatment period of 1 year. Data
were reported according to intention-to-treat analysis. CR or PR
as a first event was attained by 93% of patients in group A (5 CR
and 10 PR) and 87% in group B (10 CR and 4 PR), and the dif-
ference between the two groups was not significant. Side effects
associated with the use of ACTH included dizziness, glucose in-
tolerance, diarrhea, and the development of bronze-colored skin,
which resolved after the end of therapy. Whereas these studies
suggest that prolonged synthetic ACTH therapy may represent an
effective therapy in patients with idiopathic MN, more extensive
randomized studies with longer follow-up are needed before ther-
apeutic recommendations can be made. At the present time, the
synthetic formulation of ACTH used in the above studies is not
available in the USA.

Disease and treatment summary
In conclusion, control of NS, specifically with CR or PR, is clearly
associated with prolonged renal survival and a slower rate of renal
disease progression. There are no standard or universal first-line
specific therapeutic options for idiopathic MN. Supportive or con-
servative care should be given in all cases and should include the
use of potentially renal protective agents such as ACEi and ARBs
and lipid-lowering agents. In patients who are at low risk of pro-
gression, conservative therapy should suffice, given their excellent
prognosis, although long-term follow-up is needed to ensure that
there is no disease progression or worsening of proteinuria. Pa-
tients at medium or high risk are candidates for immunosuppres-
sive therapy. Patients with persistent nephrotic-range proteinuria
are at increased risk for cardiovascular and thromboembolic com-
plications. Proteinuria is an inducer of kidney injury and plays
a major role in the development of progressive tubular injury,
interstitial fibrosis, and subsequent loss in GFR. The higher the
sustained level of proteinuria, the more likely the development of
ESRD. Therefore, even if the main benefit of immunosuppressive
therapy is to accelerate the induction of a remission, it may still
have value in the long term. A treatment algorithm that combines
the predictive factors and best evidence for immunosuppressive
therapy is presented in Figure 14.1. In following this algorithm,
physicians must also take into account the individual patient and
their wishes in order to make the best decision regarding which
therapy should be initiated. These routines are not mutually ex-
clusive and may follow one after the other (with a drug holiday) if
the first one chosen does not succeed in reducing the proteinuria
to the desired range and/or adverse side effects make completion
of a course of therapy untenable. Patients who do not respond
well or relapse after a first course of immunosuppression therapy
may benefit from a second course of immunosuppression [82].

Preliminary evidence on the use of anti-CD20 antibodies sug-
gests this is another agent that may be as effective, and safer, than
our current regimens, but it needs further assessment before be-
ing widely recommended. Patients with severe renal insufficiency
(serum creatinine of ≥3 mg/dL) are less likely to benefit from im-
munosuppression therapy, and the risk of treatment is significantly
higher, and so these patients should be considered for conserva-
tive therapy only and with plans made for transplantation in the
future.
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Introduction

Immunoglobulin A nephropathy (IgAN) is the most common pat-
tern of glomerulonephritis in all countries where renal biopsy is
widely practiced and is an important cause of end-stage renal
disease (ESRD) at all ages [1]. IgAN is a mesangial proliferative
glomerulonephritis characterized by the predominant deposition
of IgA in the glomerular mesangium. The degree of histopatho-
logic injury is extremely variable, and this is reflected in the varied
tempo and severity of clinical presentation seen in this disease
[2]. Closely associated with IgAN is Henoch-Schönlein purpura
(HSP), a small vessel systemic vasculitis characterized by small
blood vessel deposition of IgA predominantly affecting the skin,
joints, gut, and kidney. The nephritis of HSP is also characterized
by mesangial IgA deposition and may be histologically indistin-
guishable from IgAN [3].

No clinical presentation is pathognomonic of IgAN, not even
the archetypal young male with episodic macroscopic hematuria
following an upper respiratory tract infection. Also, although a
number of abnormalities in circulating IgA and its production
have been reported in IgAN patients, cohorts are heterogeneous
with respect to these abnormalities, making their diagnostic utility
poor [4]. Therefore, a diagnosis of IgAN currently requires a renal
biopsy.

Recurrence of IgAN after transplantation, and also the rare cases
of resolution of IgA deposits in transplanted kidneys from donors
with IgAN, supports the hypothesis that mesangial IgA is derived
from a pathogenic IgA fraction within the circulating pool of serum
IgA [4–6]. What defines this pathogenic IgA fraction is incom-
pletely understood, but there is evidence for the importance of
low-affinity, undergalactosylated polymeric IgA1 molecules form-
ing circulating IgA immune complexes with a propensity for both
mesangial deposition and mesangial cell activation [7]. The lack
of a complete understanding of the pathogenesis of IgAN has re-

sulted in there still being no treatment known to modify mesangial
deposition of IgA. Available treatment options are mostly directed
at downstream immune and inflammatory events in the glomeru-
lus and the tubulo-interstitium that may lead to renal scarring. It
is therefore likely that these are generic treatments with potential
benefit in other chronic glomerular diseases.

In this chapter, we summarize the published studies according
to their level of evidence and provide recommendations for the
common clinical situations that confront the nephrologist treat-
ing patients with idiopathic IgAN (Figure 15.1). In each section, we
will describe the results of therapeutic approaches to these clinical
situations in adults with IgA nephropathy, followed by a pediatric
perspective for which we review the results of similar therapeutic
trials in children and adolescents. Some of these reports have been
reviewed previously [8]. Whenever possible, the pediatric experi-
ence with each treatment will be compared with evidence-based
conclusions drawn from adult studies. In this way, we will attempt
to facilitate comparison between pediatric and adult recommen-
dations for the management of patients with IgAN. Discussions of
the treatment of HSP or secondary forms of IgAN are not included
in this chapter.

Natural history

Adult IgAN
The natural history of IgAN has now been well-defined in a num-
ber of large series with prolonged follow-up [9]. Fewer than 10% of
all patients with IgAN have complete resolution of urinary abnor-
malities [10] and episodes of macroscopic hematuria become less
frequent with time after diagnosis, although the majority of pa-
tients will still have persistent microscopic hematuria. All patients
have the potential for slowly progressive chronic kidney disease
leading eventually to ESRD. Approximately 25–30% of any cohort
will require renal replacement therapy within 20–25 years of pre-
sentation. From the first renal symptom, on average, 1.5% of pa-
tients with IgAN have been calculated to reach ESRD per year [11],
but the observed risk varies with the diagnostic approach. Centers
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despite achieving target BP and taking ACEI and/or ARB

Adults

Nonephrotic Nephrotic syndrome

Figure 15.1 Flowchart for the management of IgA Nephropathy.

with a low threshold for renal biopsy for patients with mild urine
abnormalities, particularly those in countries where urine screen-
ing programs are established, will likely diagnose IgAN in a larger
number of patients with mild disease and good prognosis (length
bias) and at an earlier stage in their disease (lead-time bias), thus
favorably influencing the overall outcome of the cohort.

Rarely, acute kidney injury can complicate preexisting IgAN,
and evaluation should include a further renal biopsy unless re-
nal function improves rapidly with supportive measures. Acute
kidney injury develops by two distinct mechanisms (Figure 15.2).
There may be acute, severe immune and inflammatory injury pro-
ducing crescent formation, or crescentic IgA nephropathy, which
may be amenable to intensive immunosuppression. Alternatively,
acute kidney injury can occasionally occur with mild glomerular
injury when heavy glomerular hematuria leads to tubular occlu-
sion and/or damage by red blood cells. This is a reversible phe-
nomenon, and recovery of renal function occurs with supportive
measures.

Pediatric IgAN
Children with progressive forms of IgAN will often not develop
ESRD until they are adults [12,13]. Thus, most pediatric trials
must rely on surrogate measures, as discussed in the next sec-

tion. Some reports of childhood IgAN have concluded that the
risk of progressive renal failure is very low [14–16], whereas others
have shown that a significant number of pediatric patients with
IgAN will progress to ESRD [12,13,17]. It has been estimated that
as many as 30% will progress to ESRD in the USA [13], but for
Japanese children only 11–20% are expected to progress to ESRD
[12,16,17]. However, similar to many adult studies, predictions
are based on different selection criteria for renal biopsy candidates
[16,18]. In addition, when progressive disease occurs, it is often in-
sidious, resulting in considerable difficulty in assessing outcomes
over the short term. This also presents a significant obstacle when
designing clinical trials to evaluate the effect of therapeutic inter-
ventions within a feasible time period (i.e. 3–5 years).

Prognostic factors

Many studies have identified features at presentation that mark a
poor prognosis (Table 15.1) [9]: proteinuria more than 1 g/24 h,
raised serum creatinine, and hypertension. The severity of pro-
teinuria has been shown to correlate with extent of glomerular
lesions [19]. In one study 98% of patients presenting with pro-
teinuria of <1 g/24 h had at least a 15-year renal survival [20].
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Figure 15.2 Flowchart for the evaluation and management of patients with previously diagnosed IgA Nephropathy who present with a rapid unexplained decline in
renal function.

Another analysis identified those with proteinuria of more than 1
g/24 h and serum creatinine more than 1.7 mg/dL. The 7-year renal
survival was 99% if both values were below this threshold, 87%
if either one was above the cutoff, and 21% if both were above
the cutoff [21]. More recently, serum uric acid levels have been
found to correlate with a poor prognosis (and severity of tubulo-
interstitial injury) [22]. Episodic macroscopic hematuria does not
entail a poor prognosis. It is likely that this observation reflects
the variation in time between clinical presentation and diagno-
sis, which can hinder the accurate interpretation of the natural
history. Histopathologic features marking a poor prognosis in-
clude glomerulosclerosis, tubular atrophy, and interstitial fibrosis.
Clearly, none of these features is specific to IgAN, and they would
all mark a poor prognosis in any chronic glomerular disease. Cap-
illary wall IgA deposits are the only histologic feature specific to
IgAN which has prognostic significance [11].

The various prognostic factors described may be informative for
groups of patients but do not have sufficient accuracy to predict
the prognosis of an individual patient with complete confidence.
More refined methods of assessing disease activity are required to
define those patients in whom IgA deposition will lead to substan-
tial and sustained glomerular injury. An approach incorporating
sequential information on blood pressure (BP) and proteinuria
can further refine the prediction of risk of progression [23–25], al-
though this will still only account for 30% of overall risk. In milder
disease, one study suggested that proteinuria may in fact be a less
powerful predictive factor than expected [26]. Although prognos-
tic formulae using simple clinical and laboratory data have been

proposed [24,26], there is not yet sufficient consensus to recom-
mend their use in clinical practice for the prediction of individual
progression risk.

Methods

We have reviewed the English literature published on the treat-
ment of IgAN since 1976. Despite the prevalence of IgAN, pub-
lished randomized controlled trials (RCTs) are few in number, and
even recent RCTs are not always sufficiently powered to provide
definitive information on tested interventions. In part, this is be-
cause IgAN is a slowly progressive disease, making it necessary to
study large numbers of patients for prolonged periods of time to
determine the efficacy of any therapeutic intervention. Another
consequence of the slowly progressive nature of IgAN is that for
many of the trials now published, patient recruitment occurred at a
time when the management of progressive glomerular disease was
less clearly defined than it is now. These caveats are even more rele-
vant for reports dealing with therapeutic interventions in children
with IgAN. Although the most important outcome indicator for all
patients with IgAN is based on deterioration of the glomerular fil-
tration rate (GFR), the period from diagnosis to ESRD in patients
with onset in childhood may be decades. Thus, most studies of
therapy for pediatric IgAN have relied on surrogate markers, such
as deterioration in renal biopsy findings [27,28] and/or decline
in the amount of proteinuria or hematuria [28–30]. Significant
deterioration in renal function (i.e. 40–50% reduction of GFR or
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Table 15.1 Prognostic markers at presentation.

Prognosis category Clinical finding(s) Histopathological findings

Worse prognosis Increasing age
Duration of preceding symptoms
Severity of proteinuria
Hypertension
Renal impairment
Increased body mass index
Serum uric acid

Light microscopy
Capsular adhesions and crescents
Glomerular sclerosis
Tubule atrophy
Interstitial fibrosis
Vascular wall thickening

Immunofluorescence
Capillary loop IgA deposits

Ultrastructure
Capillary wall electron-dense deposits
Mesangiolysis
GBM abnormalities

Good prognosis Recurrent macroscopic hematuria Minimal light microscopic abnormalities

No effect on prognosis Gender
Ethnicity
Serum IgA level

Intensity of IgA deposits
Codeposition of mesangial IgG, IgM, or C3

Abbreviation: GBM, glomerular basement membrane.

doubling of serum creatinine concentration) is the surrogate end
point most associated with progression to ESRD, although this
occurs infrequently in patients participating in pediatric trials of
IgAN [31].

Recommendations

All patients with IgAN
Recommendations for adults
All adult patients with IgAN should have a BP of <125/75 to
130/80 mmHg (level I recommendation). The antihypertensive
agents of choice should be angiotensin converting enzyme
inhibitors (ACEi) and angiotensin II receptor blockers (ARB)
(level I recommendation). Combination therapy with an ACEi
and ARB may provide additional benefit compared to either single
agent alone (level II recommendation). Furthermore, all patients
should have an individual assessment of their cardiovascular risk,
particularly those with progressive chronic kidney disease, hyper-
tension, and dyslipidemia, and treated accordingly (reviewed in
Chapter 6).

Recommendations for children
It is also important to maintain pediatric patients with IgAN
in a normotensive range, utilizing age-, gender-, and height-
appropriate norms for BP [32] (grade I recommendation). ACEi
and ARB are the first choice for treatment of hypertension and/or
proteinuria (grade I recommendation).

Evidence in adults
In common with virtually all kidney diseases, hypertension is a
risk factor for progression in IgAN and should be treated early in
the course of the disease [9,33]. There is, however, limited RCT
evidence devoted specifically to IgAN concerning a target BP re-
quired to preserve renal function. In one 3-year RCT of 49 patients
with IgAN, the achieved mean BP of 129/70 mmHg stabilized
GFR over 3 years, whereas patients with an achieved mean BP of
136/76 mmHg showed an average decline in GFR of 13 mL/min
over 3 years [34]. As with other proteinuric glomerular diseases,
the antiproteinuric effect of antihypertensive treatment appears to
predict renoprotection, and so therapy should be titrated not only
to target BP values but also to maximize reduction of proteinuria.
There is increasing evidence that the antihypertensive strategy of
choice should be maximal renin–angiotensin system (RAS) block-
ade, to both achieve a target BP of <125/75 to 130/80 mmHg
and to minimize proteinuria [35] (Table 15.2). Retrospective data
from the Toronto GN registry have shown that patients with IgAN
treated with an ACEi to control BP had a lower rate of annual
loss of renal function than similar patients treated with alternative
antihypertensives [36]. This is supported by an RCT of 44 patients
that demonstrated an additional benefit of an ACEi (enalapril) on
progressive kidney disease in IgAN despite equivalent BP control
[37]. This benefit was believed to have arisen from the additional
reduction in proteinuria seen in the ACEi-treated group. Similarly,
a more recent and larger RCT of 109 Asian patients showed benefit
with an ARB (valsartan) both in proteinuria reduction and in re-
tarding the rate of renal deterioration, although the investigators
were unable to demonstrate a significant improvement in their
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Table 15.2 Evidence for use of RAS blockade in IgAN.a

Author [reference] Design N Treatment Follow-up (mos) Results

Cattran [36] NRCT 115 ACEi 29 ↑ GFR, ↓ proteinuria

Coppo [83] NRCT 27 Captopril 26 ↑ GFR, ↓ proteinuria

Maschio [84] RCT 39 Fosinopril 9 ↓ proteinuria

Kanno [34] RCT 49 Benazapril and amlodipine 36 ≈ GFR

Praga [37] RCT 44 Enalapril 74 slower ↓ GFR, ↓ proteinuria

Li [38] RCT 109 Valsartan 24 slower ↓ GFR, ↓ proteinuria

Russo [39] NRCT 8 ACEi and losartan 3 ↓ proteinuria

Song [40] NRCT 14 Ramipril and candersartan 6 ↓ proteinuria

Nakao [41] RCT 336b Trandolapril and losartan 36 slower ↓ GFR, ↓ proteinuria

Coppo [42] RCT 66 Benazepril 38 slower ↓ GFR, ↓ proteinuria

Abbreviation: NRCT, nonrandomized controlled trial.
a Overall quality of evidence is moderate: consistent effects, variable quality of design and reporting, moderate-sized and small studies, surrogate outcomes.
b Of the 336 patients in the COOPERATE study, 131 had IgAN.

primary end points of doubling of serum creatinine or ESRD at 2
years [38].

A number of studies have demonstrated the potential for addi-
tive renoprotection when an ACEi is given in combination with
an ARB in IgAN, but no studies have long-term outcome data
[39,40]. The COOPERATE study, in which 131 of 301 patients
had IgAN, demonstrated superior renoprotection with an ACEi
(trandolapril)–ARB (losartan) combination than an ACEi or ARB
alone, with no further lowering of BP in nonnephrotic protein-
uric renal diseases [41]. No formal subgroup analysis of those with
IgAN in this study has been reported, however.

Evidence in children
A recent placebo-controlled RCT conducted in 23 centers in five
European countries that evaluated benazepril (0.2 mg/kg/day) in
66 children and young adults <35 years of age provided evidence
to support the use of ACEi in pediatric patients [42]. The patient
cohort included 29 patients ≤18 years of age. Seventy-four percent
of the patients had their initial renal abnormalities when they were
≤18 years old. The overall allocation of patients was 32 in the
benazepril arm and 34 in the placebo arm. There was a significant
benefit with benazepril in preventing progression of renal disease
in these patients (defined as a reduction in GFR by 30% versus
baseline, or worsening of proteinuria to ≤3.5 g/L/1.73 m2/day).
Such progression was seen in 9/34 (26%) of the placebo group
but only 1/32 (3%) of the benazepril group. Furthermore, at the
end of the trial, the number of patients with proteinuria of <0.5
g/L/1.73 m2/day in the benazepril group was significantly higher
than the number in the placebo group (13/32 [40%] vs. 3/34 [9%];
P = 0.0002). This was evident in both the groups of children (6/10
[60%] vs. 2/19 [10%]) and adults (7/12 [58%] vs. 1/15 [7%]) in
this trial.

Patients with recurrent macroscopic hematuria
Recommendation for adults and children
Patients with recurrent macroscopic hematuria require no specific
additional intervention (level II recommendation).

Evidence in adults
Episodes of macroscopic hematuria are self-limiting and can be
provoked by a range of mucosal, most commonly respiratory,
infections. There is no evidence supporting prophylactic use of
antibiotics, even in the minority of patients in whom recurrent
episodes are provoked by bacterial tonsillitis. Tonsillectomy is still
favored as therapy in some regions of the world, notably Japan.
Although several retrospective studies of the effectiveness of tonsil-
lectomy have been published, most contain small numbers of pa-
tients, are nonrandomized, uncontrolled trials, and have generated
conflicting data. In one Japanese study tonsillectomy was shown
to be an independent factor in predicting remission in 329 patients
followed for a minimum of 3 years [43]. A second retrospective
study from Japan looked at the outcome in 118 patients followed
over 20 years, of which 48 underwent tonsillectomy [44]. Benefit
from the tonsillectomy only became apparent 10 years after ini-
tial diagnosis. The concomitant use of other treatment modalities
and changing therapeutic goals during the follow-up period make
these data difficult to interpret. A retrospective study from Ger-
many of 55 patients in whom 16 had had a tonsillectomy suggested
no benefit of tonsillectomy at 10 years [45]. A retrospective study
of 112 Chinese patients, of whom 54 underwent tonsillectomy,
similarly showed no difference in renal survival at 130 months
[46]. Preliminary data from a prospective Japanese RCT of ton-
sillectomy combined with steroids versus steroids alone reported
improvement in hematuria and proteinuria in the tonsillectomy
group but no difference in the proportion of patients doubling
their serum creatinine at 24 months [47].
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Evidence in children
As for adults, there are no prospective clinical trials evaluating
the role of tonsillectomy in children with IgAN. In 1985, Lozano
et al. reported on eight Spanish patients of mean age 18.7 years
with a history of frequent episodes of gross hematuria following
upper respiratory tract infections and who had had a tonsillec-
tomy. These patients, over the subsequent 2 years, had signifi-
cantly fewer episodes of gross hematuria, and the percentage of
their blood lymphocytes producing polymeric IgA also fell [48].
In 1996, Tomioka et al. reported that 13 of 15 children with IgAN
who underwent tonsillectomy had improved urinalyses, with 6 of
them going into remission [49]. More recently, changes in the lev-
els of hematuria and proteinuria were assessed by Sanai et al. in
eight children treated with “medication” combined with tonsillec-
tomy compared to 7 “control” children treated with “medication”
[50]. These patients were a small subset of a larger patient cohort
(ages 3–13 years) that included five children with HSP nephri-
tis and eight with “other” types of glomerulonephritis. No details
were given regarding the “medication” that was employed. The
authors reported that both proteinuria and hematuria improved
in five of eight patients in the tonsillectomy group compared to
only one of the seven children with IgAN who received “medica-
tion only.” However, it is of interest that significant improvement
also followed tonsillectomy in five of the eight children with “other
glomerulonephritis.”

These limited data on the effect of tonsillectomy in children
with IgAN are similar to the reports in adults. Most of the studies
that have been reported in both groups are retrospective in nature,
are based on unvalidated surrogate markers for outcome, and are
confounded by co-interventions. There is no convincing evidence
that tonsillectomy will prevent progressive renal disease in chil-
dren or adults, and so this procedure should not be done (level II
recommendation).

Patients with isolated microscopic hematuria and
proteinuria of <1 g/24 h
Recommendation for adults and children
Adult patients with isolated microscopic hematuria and protein-
uria of <1 g/24 h require no specific additional intervention (level
II recommendation). There are insufficient data to establish a spe-
cific evidence-based recommendation for children in this category,
but we suggest that such patients require no additional therapy
if their urinary protein (grams)/creatinine (grams) ratio is <0.6
(boys) or <0.8 (girls) (grade II recommendation).

Evidence
Available data suggest that most patients presenting with protein-
uria of <1 g/24 h have at least a 15-year renal survival [20]. It is
generally accepted that these patients require no additional treat-
ment, although they should receive regular follow-up. It is, how-
ever, important to note that while a threshold for proteinuria of
1 g/24 h is commonly used to identify those at increased risk of pro-
gression (and therefore warranting treatment), this is an arbitrary
value, and the risk attributable to proteinuria is almost certainly

a continuum. Interventions that may lower proteinuria further,
and are therefore likely renoprotective, for example RAS blockade,
have not been tested in this setting in either adults or children.

Patients with rapidly declining GFR
Recommendations for adults
Unexplained acute kidney injury complicating preexistent IgAN
requires evaluation with a kidney biopsy (Figure 15.2). Crescentic
IgAN associated with active glomerular inflammation and deteri-
orating renal function in the absence of significant chronic damage
should be treated with induction therapy comprising cyclophos-
phamide and corticosteroids followed by maintenance therapy of
azathioprine and corticosteroids at doses similar to those used for
the treatment of ANCA-positive small vessel vasculitis (level II
recommendation).

Recommendation for children
Although there are no controlled trials of treatment regimens for
children with crescentic IgAN, we recommend that pediatric pa-
tients with rapidly progressive disease and crescents in ≥50% of
their glomeruli be treated with a 2-week course of intravenous
(i.v.) methylprednisone pulses (six doses of 1 g/1.73 m2 every other
day), followed by 1 month of daily prednisone (1 mg/kg/day) and
then alternate-day prednisone for 2–3 months (level II recom-
mendation). Additional therapy with cyclophosphamide should
be considered in patients who fail to respond to the pulse therapy
(level II recommendation).

Evidence in adults
Acute kidney injury may occur as the first presentation of IgAN
with little preceding renal insult or, alternatively, may be super-
imposed on a background of preexistent disease with variable de-
grees of chronic glomerular and tubulo-interstitial scarring. Even
if the diagnosis of IgAN has previously been established, evaluation
should include renal biopsy to distinguish between acute kidney
injury due to acute tubular necrosis, which should be self-limiting
with supportive treatment, and crescentic IgAN, which may be
amenable to intensive immunosuppression.

Crescentic IgAN has a less favorable prognosis, even with im-
munosuppressive therapy, than other forms of crescentic glomeru-
lonephritis, such as ANCA-associated small vessel vasculitis; cu-
mulative published cases suggest that renal survival in crescentic
IgAN is only 50% at 1 year and 20% at 5 years [9,51]. Evidence
of chronic glomerular and tubulo-interstitial injury with scarring
usually predicts a poor response to intensive immunosuppres-
sion. There is no published systematic definition of the degree
of chronicity that predicts poor response to immunosuppressive
treatment, but we do not recommend such an approach if a rep-
resentative renal biopsy shows >40% tubulo-interstitial fibrosis
and/or >25% global glomerulosclerosis.

A number of case series have recently been published that in-
dicate good preservation of renal function when using treatment
regimens similar to those recommended for renal vasculitis, usu-
ally with high-dose corticosteroids and cyclophosphamide, and
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Table 15.3 Evidence for management of crescentic IgAN with acute kidney injury.a

Author [reference] Design N Treatment Follow-up (mos) Results

Lai [85] NRCT 2 Plasma exchange 12 Unsustained slower ↓ GFR

Nicholls [86] NRCT 13 Plasma exchange Unsustained slower ↓ GFR

Roccatello [87] NRCT 9 Plasma exchange, 60 Unsustained slower ↓ GFR

CP and steroids

Roccatello [88] NRCT 20 CP and steroids 60 Slower ↓ GFR

McIntyre [89] NRCT 9 CP and steroids 17 ↑ GFR, ↓ proteinuria

Tumlin [90] NRCT 24 CP and steroids 36 Stabilized GFR, ↓ proteinuria

Abbreviations: NRCT, nonrandomized controlled trial; CP, cyclophosphamide.
a Overall quality very low: inconsistent effects, nonrandomized, very small studies, surrogate outcomes.

in some cases plasma exchange (Table 15.3). However, all of these
series are small nonrandomized studies, most using historical con-
trols. There has still been no RCT of these treatments in crescen-
tic IgAN, and response to treatment is not uniform. In addition,
comparisons across studies are difficult because published reports
use varying definitions of crescentic IgAN. Some include cases
where crescents are seen, but others include acute injury where
the glomerular tuft is not intense and renal function is not dete-
riorating. One report indicated that there is a subset of crescentic
IgAN with circulating ANCA antibodies which respond well to
immunosuppression [52].

Evidence in children
As in adults, the prognosis for children with crescentic IgAN is
also poor according to most reports [53]. However, in the largest
pediatric experience reported to date, Niaudet et al. described a
very aggressive and successful approach to 12 children aged 8–14
years with crescentic IgAN, 10 of whom had crescents in ≥50% of
their glomeruli [54]. The patients received i.v. methylprednisone
in a dose of 1 gm/1.73 m2 every other day, followed by 1 month of
daily prednisone (1 mg/kg/day) and then alternate-day prednisone
for 2–3 months. Three of the patients received a second course of
pulse methylprednisone, whereas three others received cyclophos-
phamide. Although uncontrolled, the authors described very good
results after a follow-up period of 1–9 years, because none of the
children progressed to ESRD, nine had improved histology on re-
peat biopsy, and six had recovered clinically, although one patient
was still hypertensive.

Patients with nephrotic syndrome
Recommendation for adults and children
In patients presenting with nephrotic syndrome, preserved renal
function, and minimal glomerular injury evident on light mi-
croscopy, a trial of high-dose corticosteroids using a regimen ap-
propriate for minimal change disease in IgAN should be considered
(level I recommendation). However, there is no evidence to sup-
port prolonged exposure to corticosteroids if there is not a prompt

response, nor for their use in nephrotic syndrome in the presence
of structural glomerular damage.

Evidence in adults
In many patients with IgAN, nephrotic syndrome-range protein-
uria is a manifestation of significant structural glomerular damage
and progressive renal dysfunction. However, a small minority of
both adults and children have nephrosis with minimal glomerular
change on renal biopsy, although there are also IgA deposits, and
proteinuria remits promptly in response to corticosteroids. In these
patients, two common glomerular diseases may coincide: minimal
change nephrotic syndrome and IgAN [55,56]. The only RCT of
corticosteroids in nephrotic IgAN confirmed this approach, since
there was remission of proteinuria only in patients with minimal
glomerular change on light microscopy [57]. More recent RCTs
of corticosteroids in IgAN have excluded those with nephrotic-
range proteinuria, so there is little evidence to inform treatment
choices for nephrotic IgAN with significant histologic glomerular
injury.

Evidence in children
A number of reports have also described the association of
mesangial IgA deposition in association with steroid-responsive
nephrotic syndrome in children [58–60]. In at least two of the
patients described in the SPNSG report, there was a temporal dis-
sociation between the onset and course of nephrotic syndrome
and the later development of clinical features of IgAN [58].

Patients with slowly progressive renal impairment
Recommendations for adults
Tight BP control to a target of <125/75 mmHg and evaluation
of individual cardiovascular risk are essential in this group of pa-
tients. In patients with persistent proteinuria (>1 g/24 h) despite
tight BP control (<125/75 mmHg) and maximal RAS blockade,
a 6-month treatment course of corticosteroids may reduce pro-
teinuria (level II recommendation) and stabilize kidney function
(level II recommendation). Available evidence does not support

176



BLBK043-Molony September 17, 2008 20:24

Chapter 15 IgA Nephropathy

a role for mycophenolate mofetil (MMF) (level I recommenda-
tion), although additional evidence from appropriately designed
studies may soon be available. We cannot recommend the use of
cyclophosphamide (grade I recommendation), fish oil (level I rec-
ommendation), and other agents at the present time.

Recommendations for children
Based upon the limited evidence currently available, we are un-
able to make a specific recommendation regarding the use of fish
oil supplements for treatment of IgAN in the pediatric patient, al-
though preliminary data from the North American IgA Nephropa-
thy Trials indicate that such therapy may be efficacious in reducing
proteinuria in such patients (77). We recommend that a trial of
alternate-day prednisone be considered in pediatric patients who
have deterioration of GFR or persistent proteinuria (level II rec-
ommendation). If prednisone alone is unhelpful, we recommend
therapy combining corticosteroids with azathioprine (level II rec-
ommendation)

Evidence in adults and children
Patients at risk of progressive renal dysfunction are typically those
with hypertension, proteinuria of >1 g/24 h, or reduced GFR at
the time of diagnosis. Specific treatment strategies in this group
of patients remain contentious. Progression is usually slow, and
therefore large studies with prolonged follow-up are necessary to
evaluate new treatment strategies in these patients. Recently re-
ported RCTs have tested interventions intended to slow immune
and inflammatory events implicated in progressive IgAN, includ-
ing corticosteroids, cyclophosphamide, and MMF. Because of the
long duration required to identify with confidence the benefit of
interventions, it is inevitable that recruitment into a number of
these studies goes back 10 years or more, to a time when the generic
approach to progressive glomerular disease was less well defined,
so that BP targets and the use of RAS blockade are variable in these
studies.

Immunosuppressive treatments

Corticosteroids in adults
The recent review of immunosuppressive treatments for IgAN by
the Cochrane Renal Group identified six RCTs of sufficient quality
to be included in their meta-analysis of corticosteroid treatment
in IgAN (Table 15.4) [61]. This analysis suggests that corticos-
teroid therapy may be effective in reducing proteinuria (six trials,
263 patients) and reducing risk of ESRD (six trials, 341 patients),
although the meta-analysis was unable to evaluate the influence
of RAS blockade or achieved BP in the analysis. Follow-up in a
large Italian study of corticosteroid treatment has now reached 10
years. and the investigators report impressive benefit of treatment
in reducing proteinuria and preventing ESRD [62]. However, the
high-dose corticosteroid regimen, with pulse methylprednisone
(1 g daily for 3 days at induction and beginning of months 2 and
4) and alternate-day oral prednisone (0.5 mg/kg) for 6 months, is

regarded by many physicians as likely to carry considerable toxic-
ity, even though none was reported by the investigators. Notably,
RAS blockade was only used in a minority of patients in this study,
although equally distributed among the participants, and achieved
BP was not in line with current recommendations. Another recent
RCT of corticosteroids (20-mg/day induction and 5-mg/day main-
tenance) from Japan in which BP control was tight even though
RAS blockade was not used showed only a modest reduction in
proteinuria with no protection of GFR [63]. It is unclear whether
this lack of renoprotection was due to the lower dose of corticos-
teroid or a genuine lack of effect in patients managed to current
BP targets.

Corticosteroids in children
The short-term effects of prednisone on proteinuria and hematuria
were examined by Welch et al. in a group of children with IgAN.
Twenty patients were randomized to either placebo or prednisone
(2 mg/kg/day, maximum 80 mg) for 2 weeks, followed by the same
dose on alternate days for 10 weeks [30]. After a 12-week washout
period, the treatments were reversed in each subject. No difference
in the severity of hematuria was reported after treatment with
prednisone compared to placebo. However, most of the subjects
had only mild histologic changes, and the subjects in this study
would not be expected to have progressive disease.

Waldo and Wyatt et al. compared the outcomes of 13 children
with IgAN in Alabama followed for 4–10 years after they received
alternate-day prednisone for 2 years with 15 children in Tennessee
who received no steroid therapy [29]. All of the patients had ei-
ther proteinuria of >1 g/m2/day or renal biopsies showing more
than a minimal degree of interstitial fibrosis, tubular atrophy, or
glomerular sclerosis. None of the 13 treated patients progressed to
ESRD, compared to 5 of 15 of the untreated patients (P = 0.04).
At last follow-up, 12 of 13 treated patients had no hematuria and
normal protein excretion (P < 0.001 compared with nontreated
historic control patients).

Cyclophosphamide with/without azathioprine in adults
The use of cyclophosphamide in patients at very high risk of
progression (ESRD predicted in all cases within 5 years) is sup-
ported by a single study. Patients received cyclophosphamide (1.5
mg/kg/day for 3 months) followed by azathioprine (1.5 mg/kg/day)
in conjunction with high-dose prednisone (40-mg/day induction,
10-mg/day maintenance) and were followed for at least 2 years
[64]. Notably, BP control and use of RAS blockade in this trial fell
outside current recommendations. Previous RCTs of cyclophos-
phamide in less severe, slowly progressive IgAN have shown no
consistent benefit (reviewed by Feehally [65]), and this is sup-
ported by the Cochrane Renal Group meta-analysis, which failed
to show any significant renal survival benefit from those RCTs in-
corporating cyclophosphamide, cyclosporine, or other cytotoxic
agents, although there was a significant reduction in daily protein-
uria [61]. These studies were, however, insufficiently powered to
exclude any effect on progression with certainty.
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Table 15.4 RCTs included in the Cochrane Renal Group meta-analysis evaluating the benefit of corticosteroids in IgAN.a

Author [reference] N Treatment Follow-up (mos) Results

Julian [91] 35 Pred, 60 mg/alt day (3/12) 6–24 Stabilized GFR, ↓ proteinuria

Controls: no treatment

Kobayashi [92] 46 Pred, 40 mg/day (tapering over 7/12) 120 Stabilized GFR, ↓ proteinuria

Controls: no treatment

Katafuchi [63] 90 Pred, 20 mg/day (tapering to 5 mg/day over 24/12) 60 No effect on GFR decline, ↓ proteinuria

Controls: dipyridamole 150–300 mg/day

Lai [57] 34 Pred, 40–60 mg/day (halved at 2/12 for further 2/12) 38 Stabilized GFR, ↓ proteinuria

Controls: no treatment

Pozzi [93] 86 MP, 1 g i.v. 3 times then 0.5 mg/kg/day for 6/12 60 Stabilized GFR, ↓ proteinuria

Controls: no treatment

Shoji [94] 21 Pred, 0.8 mg/kg/day (tapering to 10 mg alt day for 12/12) 13 Stabilized GFR, ↓ proteinuria

Controls: dipyridamole 300 mg/dy (12/12)

Abbreviations: Pred, prednisone; MP, methylprednisone.
a Overall quality low: inconsistent effects, variable quality of RCT design and reporting, small studies, surrogate outcomes.

Cyclophosphamide with/without azathioprine in children
The efficacy of a 1-year course of prednisone and azathioprine in
combination was evaluated in 10 children with IgAN by Andreoli
et al. [66]. Outcome measures included proteinuria and changes
in acute and chronic scores on pre- and posttreatment renal biop-
sies. Prednisone at 60 mg/m2 (maximum, 60 mg) once daily for
8 weeks was followed by the same dose every other day for 10
months. Azathioprine at 2–3 mg/kg/day was given for 12 months.
Proteinuria fell from 4.1 to 1.6 g/day after treatment (P < 0.01).
Serial renal biopsies showed that the activity score improved
(P > 0.01), but the chronicity score was unchanged. The level
of microscopic hematuria (red blood cells per high-power field)
also improved in each of the 10 patients.

In 1994, Murakami et al., in a retrospective study, evaluated
the efficacy of a 6-month course of prednisolone at 10–15 mg
on alternate days, cyclophosphamide at 1 mg/kg once daily, and
dipyridamole at 5 mg/kg once daily in 17 pediatric patients (age
10.4 ± 3.4 years) who had proteinuria of >1 g/m2/day plus his-
tologic risk factors for progressive disease, and they compared the
results to 21 patients (age 10.1 ± 3.0 years) with similar features
who received the same regimen plus warfarin for 3 months in a
dose that was adjusted to maintain the thrombotest in the antico-
agulant range (as stated by the authors) [67]. The dipyridamole
therapy was subsequently continued in all patients until the pa-
tient had ≤1 proteinuria. The patients were then followed for 2–10
years (mean, 4.8 years). The authors reported that both groups of
patients showed significant improvement in proteinuria but noted
that chronic histology indices on posttherapy biopsies (performed
in 14 patients) were similar to those reported by Andreoli et al. [66],
in that they showed persistent signs of chronic disease. Subsequent
follow-up studies showed rebound deterioration of proteinuria
5–6 years after the therapy was given. These authors speculated

that their protocol was effective in delaying the progression of re-
nal disease in their patients and that more sustained benefit might
be achieved with longer courses of therapy, and with agents having
less risk of toxicity.

In 1999, Yoshikawa et al. reported an RCT evaluating 2 years of
therapy in two groups of children: group 1 received prednisone,
azathioprine, heparin, warfarin, and dipyridamole; group 2 re-
ceived heparin, warfarin, and didyridamole [28]. The prednisone
dose was 2 mg/kg/day (maximum, 80 mg) for 4 weeks, followed
by 2 mg/kg every other day for 4 weeks, 1.5 mg/kg every other day
for 4 weeks, and 1 mg/kg every other day for 21 months. The aza-
thioprine dose was 2 mg/kg/day. Although there was no significant
change in GFR in either group, group 1 patients had a significant
reduction of proteinuria following therapy (1.35 to 0.22 g/day),
whereas group 2 patients did not (0.98 to 0.88 g/day). There was
also a significant decrease in glomerular IgA staining in follow-up
biopsies in group 1 patients but not in group 2. These follow-
up biopsies showed progression of glomerular sclerosis in control
patients but not in those receiving prednisone and azathioprine.

In a more recent report in 2006, Yoshikawa et al. described
the results of a second RCT that compared the effects of com-
bination therapy using prednisone, azathioprine, warfarin, and
dipyridanole in 40 children versus prednisone alone in 40 chil-
dren [68]. Both regimens were given for 24 months. The authors
did not incorporate any clinical or laboratory entry requirements
in their study design, but all patients were required to have dif-
fuse mesangial hypercellularity on initial renal biopsy. Both treat-
ment regimens were associated with remarkable improvement:
proteinuria was less than 100 mg/m2/day at the end of therapy in
92% of the combination therapy group and in 74% of the pred-
nisone group (P = 0.007). In addition, whereas the percentage of
glomeruli showing sclerotic changes was unchanged from baseline
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Table 15.5 Evidence for the use of MMF in IgAN.a

Author [reference] Design N MMR treatment Follow-up (mos) Results

Maes [69] RCT 34 2 g/day for 36/12 36 No effect on GFR decline, no effect on proteinuria

Chen [71] RCT 93 1–1.5g/day for 6/12 18 No effect on GFR decline, ↓ proteinuria
1 g/day for 6/12
0.75 g/day for 6/12

Tang [72] RCT 40 2 g/day for 6/12 18 No effect on GFR decline, ↓ proteinuria

Frisch [70] RCT 32 2 g/day for 12/12 24 No effect on GFR decline, no effect on proteinuria

a Overall quality low: inconsistent effects, variable quality of RCT design and reporting, small studies, surrogate outcomes.

in the patients receiving combination therapy (5.0% at baseline
and 4.6% at follow-up), it was significantly higher at follow-up
in those receiving only prednisone (3.1% and 14.6%, respectively;
P = 0.0003). However, it should be noted the use of ACEi and
ARB was prohibited in all of the patients in this trial; hence, it
is not clear whether such aggressive immunosuppressive therapy
would be the first choice of therapy in clinical practice for patients
with laboratory and biopsy features comparable to those of the
patients described.

MMF and mizoribine in adults and children
MMF has been used in four major trials for IgAN (Table 15.5).
Two studies reported no benefit from MMF (2 g/day) in patients
either at risk of progression (hypertensive and/or proteinuria of
>1 g /24 h and/or reduced GFR within 5 years of diagnosis) [69] or
with more advanced disease (mean serum creatinine at entry, 2.6
mg/dL) [70]. Both of these studies achieved rigorous BP control
with use of an ACEi. In two separate studies on patients with
less advanced renal impairment, MMF (1–2 g/day) did reduce
proteinuria over an 18-month follow-up period, but neither study
demonstrated a change in rate of renal decline [71,72]. Again, both
studies achieved tight BP control with ACE inhibition.

A recent retrospective study in Japan showed that mizoribine,
which blocks purine synthesis in a manner similar to MMF, re-
sulted in a significant reduction in proteinuria when given to 20
pediatric patients in combination with prednisone, warfarin, and

dipyridamole [73]. This was significantly better than the reduc-
tion in proteinuria seen in 21 historic control patients who were
given only prednisone, warfarin, and dipyridamole, or in 20 his-
toric control patients who also received i.v. pulses of methylpred-
nisone. Follow-up renal biopsies in the mizoribine-treated patients
showed no progression of chronic lesions, whereas the other two
sets of patients had a significant increase in the chronicity index.
A recent pilot study using mizoribine, again in combination with
prednisone, warfarin, and dipyridamole, confirmed the efficacy
and safety of this regimen in treating children with IgAN [74].

The relatively small size and short duration of the studies to
date justify further evaluation of MMF and related compounds,
and other studies are in progress [75].

Fish oil in adults
A number of studies have evaluated the role of fish oils (eicos-
apentanoic acid and docosahexanoic acid in IgAN (Table 15.6). An
RCT of 106 patients with proteinuria of >1 g/24 h and impaired
renal function at enrollment (60% also hypertensive) found those
treated with fish oil had a slower rate of decline in GFR at both 2
and 5 years [76,77]. This effect appeared independent of the dose
used [78]. These results have not been replicated in other RCTs
studying similar patient cohorts [79–81]. A recent meta-analysis
(three trials, 175 patients [76,79,81]) failed to detect a benefit of
fish oils on renal outcome in IgAN [82]. Furthermore, a recent
RCT showed no benefit following 2 years of treatment with fish oil

Table 15.6 Evidence for the use of fish oil in IgAN.a

Author [reference] Design N EPA + DHA daily doses (g) Follow-up (mos) Results

Bennett [79] RCT 37 1.8 + 1.2 24 No effect on GFR decline

Pettersson [81] RCT 32 3.3 + 1.8 6 ↓ GFR, no effect on proteinuria

Donadio [76, 77] RCT 106 1.8 + 1.2 24 and 60 Slower ↓ GFR

Donadio [78] RCT 73 3.8 + 2.9 24 No difference between high- and low-dose EPA–DHA
1.9 + 1.5

Hogg [80] RCT 96 1.88 + 1.48 24 No effect on GFR decline, ↓ proteinuria

Abbreviations: EPA, eicosapentanoic acid; DHA, docosahexanoic acid.
a Overall quality low: inconsistent effects, variable quality of RCT design and reporting, small studies, surrogate outcomes.
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compared to placebo [80], although a subsequent post hoc analy-
sis of the data in the study revealed a dose-dependent decrease in
proteinuria in the fish oil group [77].

Other therapies
Warfarin, urokinase, antiplatelet agents, phenytoin, sodium cro-
moglycate, dietary gluten restriction, and a low-antigen content
diet have all been assessed for the treatment of IgAN and have not
been shown to affect renal outcomes [65].

The use of newer immunosuppressive agents, such as lefluno-
mide, rituximab, and sirolimus, while of potential interest for this
group of patients, should be considered experimental therapies at
this point.
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Introduction

The term membranoproliferative glomerulonephritis (MPGN)
has been used for many decades to describe a group of glomeru-
lar diseases that have in common (by light microscopic examina-
tion) a pathologic increase in the cellularity of the mesangium,
accompanied by an increase in mesangial matrix, and in which
the peripheral capillary walls are thickened and distorted. This
capillary wall alteration is the consequence of a disturbance of
the glomerular basement membrane structure and/or a layer-
ing effect of the capillary wall (double contour) caused by in-
terposition of mesangial cells or trapping of circulating cells be-
tween old and newly synthesized layers of basement membrane
[1,2]. These abnormalities are most often diffuse and generalized
and lead to a simplification of the architecture of the glomeruli
and an accentuation of the lobulation of the glomerular capillar-
ies. Extracapillary crescent formation can complicate the patho-
logical picture. The terms mesangiocapillary glomerulonephri-
tis and lobular glomerulonephritis have also been used to de-
scribe this group of entities. The strong association of MPGN
with hypocomplementemia, discovered by West and coworkers
in 1965, also led to the use of “hypocomplementemic persistent
(chronic) glomerulonephritis” as an early term for this group of
disorders [3].

The light microscopic lesions of MPGN are extremely heteroge-
neous with respect to underlying immunopathology, ultrastruc-
ture, presumed etiology, and pathogenesis. This extraordinary di-
versity complicates attempts to evaluate the therapeutic respon-
siveness of the lesions of MPGN. It is not the intent of this chapter
to review the origins of this diversity in detail but to provide a
brief analysis is in order to help make some sense of the confusing
literature on treatment of MPGN.

Classification

The ultrastructural appearance of the light microscopic pattern of
MPGN gives rise to several subtypes [1,2]. The most common sub-
type, accounting for about 60–80% of cases of MPGN, is MPGN
type I, which is characterized by subendothelial electron-dense
deposits (often presumed to be immune complexes) and regu-
larly contains immunoglobulin G (IgG) and/or C3. The intensity
of the C3 deposits tend to predominate over the intensity of the
IgG deposits. These deposits may acquire an organized substruc-
ture when associated with cryoglobulinemia (such as that associ-
ated with chronic hepatitis C viral infection) [4] or a nonamyloid
monoclonal immunoglobulin deposition disease (MIDD). A form
of type I MPGN due to disturbances in complement dysregula-
tion in which only C3 is deposited in glomeruli has also recently
been defined [5,6]. The nephritis associated with systemic lupus
erythematosus (SLE) also commonly presents with a membrano-
proliferative pattern by light microscopy. Chronic thrombotic mi-
croangiopathies (such as thrombotic thrombocytopenic purpura
[TTP] and hemolytic uremia syndrome [HUS]) can also lead to a
pattern superficially resembling MPGN type I by light microscopy
but usually without any subendothelial dense deposits by electron
microscopy. Amorphous, non-electron-dense, flocculent suben-
dothelial deposits may be seen in this circumstance. Fibrillary or
immunotactoid glomerulonephritis can also evoke a pattern of
MPGN.

The form of MPGN type I in which deposits of both IgG and C3
are common has been traced to a chronic infection with hepatitis
C virus in many cases (80% in Europe, 50–70% in the USA, and
rarely in parts of Africa and some developing developing coun-
tries) [4,7–9]. Systemic hypocomplementemia (lowered levels of
C3 and or C4) are found in 50–70% of patients with MPGN type I.
Low C4 and normal or low C3 levels are characteristic of hepatitis
C virus-associated MPGN [4,7], especially when mixed IgG/IgM
cryoglobulinemia (type II cryoglobulinemia) is concomitantly
present [4]. Numerous other chronic infections may also produce a
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pattern of MPGN type I, but some cases remain to be explained by
an unknown underlying disease (idiopathic MPGN type I). The
infection-related glomerulopathies are covered in chapter 23 of
this textbook.

In recent years the idiopathic forms of MPGN type I have be-
come increasingly uncommon in developed countries, but they
remain a frequent cause of glomerular disease in developing
nations [8,9]. Although unproven, it seems likely that many
cases of so-called idiopathic MPGN type I, unassociated with
any regulatory abnormality of complement metabolism, throm-
botic microangiopathy, MIDD, fibrillary glomerulonephritis, or
SLE, are in fact examples of chronic infections with as-yet-
unidentified organisms (possibly lentiviruses). The disparity in
the frequency of MPGN type I in developed compared to de-
veloping nations has given rise to the “Hygiene Hypothesis” of
Johnson and coworkers [10]. This hypothesis suggests that the
high prevalence of MPGN observed in developing countries and
its steady decline in prevalence in developed countries is due
to poor hygienic conditions in the developing countries and an
imbalance of the Th1/Th2 functional subsets of lymphocytes,
favoring vigorous humoral and cellular responses to infectious
organisms.

The MPGN type II pattern is very distinctive by electron mi-
croscopic analysis, accounts for about 10–20% of all cases of
MPGN [1,2,11], and is seen more often in children and young
adults. In this form of MPGN the glomerular basement mem-
brane is transformed into a thickened layer due to the presence
of an electron-dense material in what was previously recognized
as the lamina densa. The findings gave rise to the name dense de-
posit disease as a synonym for MPGN type II [11]. Subepithelial
deposits can also be seen, particularly early in the course of the
disease or during acute exacerbations associated with hypocom-
plementemia. Subendothelial deposits are typically absent, in con-
tradistinction to MPGN type I. Variable degrees of mesangial and
extraglomerular capillary hypercellularity, including crescents, are
also present, and the capillary wall may be thickened due to the
presence of the dense intramembranous deposits. MPGN type
II is also characterized by extensive deposits of C3 (usually C3c
fragment) in the mesangium and in the capillary wall (and can in-
clude subepithelial deposits) [12]. IgG and IgM deposits are usu-
ally absent or scanty. Similar deposits can be found in extrarenal
tissue, including the spleen and Bruch’s membrane of the eye, lead-
ing to “drusen” in the retina, suggesting that they arise from the
circulation [11].

Abnormalities in complement metabolism are very common in
MPGN type II, and 80% or more of patients will exhibit a decrease
in serum C3 (but not C4) concentration [11]. Acquired and genetic
forms of factor H deficiency (a complement regulatory protein)
are also particularly common in MPGN type II. An IgG autoanti-
body to the C3 convertase (C3 nephritic factor, or C3Nef) of the
alternative pathway of complement activation is commonly found
in hypocomplementemic subjects. MPGN type II is also associ-
ated with partial lipodystrophy (Dunnigan-Koeberling syndrome)

[11]. Thus, MPGN type II is very different from MPGN type I in
regard to appearance and underlying pathogenesis. Rarely, MPGN
type II can evolve as a sequela of postinfectious GN, but most cases
are idiopathic. The morphology and pathogenesis of MPGN type
II are distinctly different from MPGN type I, and some believe that
MPGN type II should not be classified as a form of MPGN at all
[13,14]. The light microscopic findings in MPGN type II are quite
varied, with only about 25% showing the typical membranopro-
liferative pattern [13,14].

MPGN type III is very heterogeneous, and some studies have
divided this group even further into types IIIA and IIIB, depend-
ing on the appearance of the glomerular basement membrane and
the deposits [1,2]. MPGN type IIIA, also known as the Strife and
Anders variant, is characterized by electron-dense deposits and
a disruption of the glomerular basement membrane with frag-
mentation and multilayering [1,2]. MPGN type IIIB, also known
as the Burkholder variant, is characterized by subendothelial, in-
tramembranous, and subepithelial electron-dense deposits, often
resembling class IV and class V lupus nephritis [1,2]. Together,
MPGN types IIIA and IIIB account for less than 10% of all cases
of MPGN. Complement abnormalities, including persistently re-
duced levels of C3, are very common, occurring in 50–80% of
cases.

All three major forms of MPGN can recur in the transplanted
kidney, and the frequency of recurrence is more related to the
severity of the disease than to the underlying subtype [15]. Because
MPGN type II is more commonly associated with crescents and
a more progressive course, it is more frequently associated with
a recurrence in the allografted kidney. Such recurrence rates for
MPGN type II have approached 100% in some series, with at least
50% leading to graft failure [11].

A light microscopic pattern resembling MPGN can also be ob-
served in MIDD (kappa light chain nephropathy), complement
regulatory protein deficiencies (factor H and I deficiency), fib-
rillary glomerulonephritis, lupus nephritis (class IV and class V),
chronic thrombotic microangiopathy (TTP and HUS), chronic al-
lograft nephropathy, some cases of diabetic nephropathy (nodular
diabetic glomerulosclerosis), and in idiopathic lobular glomeru-
lopathy. These disorders can generally be distinguished from
MPGN secondary to hepatitis C virus infection or idiopathic forms
by careful immunohistological and electron microscopic anal-
ysis [1,2,4] supplemented by serological analysis. Genetic anal-
ysis may be required in some cases of complement regulatory
disturbances [11].

In summary, the light microscopic lesions of MPGN encompass
an extremely diverse group of disorders. It is not surprising that
the results of treatment have been so varied, since each therapeutic
study may have examined a collection of subjects with different
underlying pathogenetic alterations. Failure to recognize impor-
tant etiologic factors, particularly concomitant hepatitis C viral
infection (4), but also monoclonal immunoglobulin deposition
diseases, thrombotic microangiopathies, or complement regula-
tory abnormalities, may have also contributed to the varying results
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of treatments as reported in the literature, particularly those ap-
pearing before 1990.

Clinical features and natural history

Despite the morphologic and pathogenetic heterogeneity of the
subtypes, the clinical presentation of MPGN is rather uniform and
quite independent of subtype [1,2]. Proteinuria, commonly evok-
ing the nephrotic syndrome, hematuria (gross and microscopic),
hypertension, and impaired glomerular filtration rate (GFR)
are frequent presenting findings. The discovery of hypocomple-
mentemia (reduced levels of C3 and/or C4 or lowered C′H50) is
the feature which distinguishes MPGN from the other forms of
primary idiopathic glomerular disease (minimal change disease,
focal and segmental glomerulosclerosis, membranous nephropa-
thy, and IgA nephropathy seldom, if ever, display hypocomple-
mentemia). Once a renal biopsy diagnosis of MPGN is made,

additional studies are always indicated to properly assign the pa-
tient to an etio-pathogenetic category, if possible (Figure 16.1).

If MPGN type I is found, then a search for an underlying in-
fection (particularly hepatitis C viral infection), a monoclonal im-
munoglobulin deposition disease, an autoimmune disease (such as
SLE), a complement regulatory abnormality, or another systemic
disease should be sought. If MPGN type II is found, then a comple-
ment regulatory abnormality (particularly factor H deficiency and
mutations in the CFH gene) should be investigated and a search
made for extrarenal deposits (in the eye with an ophthalmologic
search for retinal drusen) as well as an examination for lipodys-
trophy [11,16]. If MPGN type IIIA or IIIB is found, then a search
for autoimmune disease (particularly SLE) or a chronic infection
is in order. If an “organized” substructure of the electron-dense
deposits is observed by electron microscopy, then an evaluation
for cryoglobulinemia or an MIDD is in order. Only after all of
these searches prove negative can one reasonably assign the label
“idiopathic” to a case of MPGN identified by light microscopy of
a renal biopsy.

MEMBRANOPROLIFERATIVE
GLOMERULONEPHRITIS

(By Light Microscopy) 
Exclude:

Hepatitis C Infection; other chronic infection
Cryo-immunoglobulinemia (IgG/IgM Type II)
Monoclonal lg Deposition Disease
Chronic Thrombotic Microangiopathy (HUS/TTP)
Factor H deficiency/mutations
Lupus Nephritis
Fibrillary Glomerulonephritis
Dense Deposit Disease

? >50% Crescents?

NO

                ACEI/ARB                                                  IV Pulse Methylprednisolone +   
 Targets: < 1.0 gm/d proteinuria                                  Oral cyclophosphamide (X 4 m) +   

Proteinuria persists at 
                                                 >1.0 gm/d or eGFR declines
                                                 >25%) 

                           Child *                                                   Adult * 
                          (<16 years)                                           (>16 years)

Long-term (2+  y)                                          Consider:
                 Alternate day prednisone (e)       Mycophenolate mofetil- 1 to 3 gms/d (o) 
                                                                                                      or
                                                                         Oral cyclophosphamide X 3 months,
                                                                         then azathioprine or MMF for 1–2 y (o)

and BP <120/80  for 1-3 m (e)                                     Oral prednisone (o)

YES

Figure 16.1 Suggested algorithm for evaluation and treatment of MPGN. (e), evidence based; (o), opinion based; *, MPGN type I only.
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A contemporary analysis of the natural history of MPGN (un-
modified by any specific therapy), and all of its varieties, is extraor-
dinarily difficult. The reasons for this are multiple. Older studies
did not take into account the possible influence of concomitant
infection with hepatitis C virus or the presence of complement reg-
ulatory protein abnormalities [4,16]. Many observational studies
included patients treated with various regimens; direct compar-
isons of outcomes among such studies are not possible. Many
studies did not take into account the impact of length and lead-
time bias when cases were identified through screening efforts [17].
Changes in conservative therapy, particularly the more extensive
use of antihypertensive agents (including angiotensin II inhibitors)
may have changed outcomes in those subjects with more severe
levels of proteinuria and/or hypertension.

Despite these limitations, general statements can be made re-
garding factors that appear to be associated with a progressive
course leading to end-stage renal disease (ESRD) and factors which
are associated with a more benign outcome, even including spon-
taneous clinical remission. Broad agreement exists that persistence
of nephrotic-range proteinuria (>3.0 g/g of creatinine in a spot
urine sample in an adult or >40 mg/h/m2 in a child) is associ-
ated with a poor prognosis. Elevation of serum creatinine into the
abnormal range at the time of discovery and the presence of hyper-
tension (blood pressure>140/90 mmHg) are also signs portending
an unfavorable outcome [1,2]. By contrast, the presence of hema-
turia and its severity have variable effects on outcome. Marked
hematuria (>500,000 erythrocytes/mL of uncentrifuged urine) is
strongly associated with the presence of crescents, which usually
confers a less favorable prognosis. The presence and magnitude
of hypocomplementemia in MPGN is generally of little conse-
quence from the standpoint of prognosis. Concomitant infection
with hepatitis C virus often confers a worse prognosis, although
this may be altered by successful eradication of the infection (see
below) [4]. Patients with MPGN who have normal renal function
at discovery and have persistent nonnephrotic proteinuria seldom
progress to ESRD [18].

Pathological features of the renal biopsy at the time of diagnosis
also impact on determination of likely outcomes. Extensive cres-
centic disease (>50% involvement of glomeruli) is associated with
a highly unfavorable course (in the absence of treatment) [1,2].
Extensive glomerulosclerosis, tubulo-interstitial fibrosis, and
tubular atrophy signify an established chronic process and in-
dicate a future likelihood of further progression. Such findings
often are strongly associated with an elevation of serum creati-
nine levels. Whether the subvarieties of MPGN (types I, II, and
III) really have differing prognoses, independent of the severity of
the disease (e.g. presence of nephrotic syndrome, superimposed
crescentic disease, glomerulosclerosis, interstitial fibrosis) remains
uncertain [15,19–24]. Claims have been made that MPGN type III
has a more benign evolution than either MPGN type I or type II
[23,24]. Whatever the true state of affairs may be, it is reasonable
to assume that the majority of patients with MPGN and persis-
tence of nephrotic syndrome will show progression toward ESRD,
but at variable rates. Overall renal survival (free of the need for

renal replacement therapy) is in the vicinity of 60–80% at 10 years
from the time of diagnosis, with a mean renal survival of about 8
years for those patients with MPGN who have persisting nephrotic
syndrome [1,19].

Characterization of the overall long-term renal survival (5 and
10 years after diagnosis) for untreated idiopathic MPGN can be in
part reconstructed from reports in the literature. Some factors that
limit the accuracy of these predictions have been mentioned pre-
viously and include the following: 1) lead-time bias for patients
discovered during screening; 2) lack of stratification of patients
into hepatitis C virus-positive and -negative cases; 3) inclusion of
treated patients in observational studies of prognosis; 4) lack of
information regarding the degree of blood pressure control and
the use of agents affecting angiotensin II action; 5) lack of detailed
information regarding concomitant renal lesions affecting out-
come (e.g. crescentic involvement); 6) failure to stratify patients
according to the presence and persistence of complement regu-
latory dysfunction, thrombotic microangiopathy, or monoclonal
immunoglobulin deposition disease.

Despite these caveats, approximate values for the anticipated
renal survival in groups (but not individuals) not receiving any
specific therapy for MPGN can be gleaned from the placebo or
untreated arms of the reported randomized controlled trials of
specific therapies (see also below).

For example, in the open-label, randomized controlled trial of
therapy for MPGN in children and adults reported by Cattran
et al. in 1985, the control group (n= 32) who received no specific
therapy displayed a 2-year renal survival of 85% in MPGN type I
and 90% in MPGN type II [25]. All of these patients had an initial
creatinine clearance of <80 mL/min/1.73 m2 and proteinuria of
>2.0 g/day at entry. It is also noteworthy that in this study 8 of
32 control patients achieved a spontaneous clinical remission. In
the randomized, placebo-controlled trial of treatment of MPGN
reported by Tarshish et al. in 1992 (completed in 1980), the ac-
tuarial renal survival (stable renal function) in the placebo group
(n= 40) was only 12% at 130 months, and a progressive decline of
renal function was noted in about 60% of the placebo group [26].
In this study 52% had MPGN type I, 17% had MPGN type II, and
30% had MPGN type III or other types of MPGN. The hepatitis
C virus status of these patients was not known.

In the randomized, double-blind placebo-controlled trial of
therapy for MPGN type I (hepatitis C status unknown) reported
by Donadioet al. in 1984, the average decline in GFR was 19.6
mL/min/year/1.73 m2 in the placebo group [27]. A total of 9 of 19
patients in the placebo group developed ESRD after 33 months.
However, a later reappraisal of this study suggested that the poor
prognosis observed in the placebo group could be accounted for
by the long duration of disease prior to entry into the randomized
trial [17].

Observational studies involving untreated patients can also give
some insight into the natural history of MPGN, but these studies
are also confounded by lack of information concerning control
of blood pressure, use of angiotensin II inhibition, and stratifi-
cation of underlying disease (e.g. hepatitis C viral infection). In
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2004, Cansick et al. studied the long-term outcome of 53 chil-
dren with MPGN (58% type I, 26% type II, and 16% type III and
others) [19]. The median follow-up was 3.5 years (range, 0–17
years). Twenty-nine of the 53 children were treated with steroids
in an uncontrolled manner. Overall renal survival (including the
treated patients and patients without nephrotic syndrome) was
92% at 5 years and 83% at 10 years. In the group of patients
with nephrotic syndrome at discovery, the mean renal survival
was 8.9 years compared to 13.6 years when nephrotic syndrome
was absent. In the study by Chan et al. in 1989, 27 of 46 (59%)
patients with MPGN (including 20% with hepatitis B virus in-
fection) developed or died of ESRD within a follow-up period
averaging 60 months, with no differences in outcome between a
treated group (n= 19) and an untreated group (n= 27) [21]. In a
recent report by Fujita et al., the prognosis for untreated “atypi-
cal” (unclassifiable) forms of MPGN has been quite favorable (five
of six underwent a spontaneous clinical remission after a 10-year
follow-up) [28].

In summary, it is a challenging task to reconstruct a consistent
pattern of long-term outcome for untreated MPGN from an in-
spection of the contemporary literature. Very clearly, the presence
of nephrotic syndrome connotes an unfavorable prognosis, with a
50% actuarial renal survival being reached at somewhere between
5 and 9 years after discovery. Impaired renal function in addition
to nephrotic syndrome would likely indicate an even more un-
favorable prognosis, but the outcome would also depend on the
severity of hypertension and its treatment with angiotensin II in-
hibition. Spontaneous clinical recovery appears to be more likely
when patients are discovered during screening surveys in child-
hood and perhaps in those with atypical forms of MPGN. Con-
comitant hepatitis C virus infection likely confers a worse progno-
sis, but this has not been well-studied [4]. Overall renal survival
of MPGN type I patients among treated and untreated adults and

children averages about 60% at 10 years (range, 50–80%), with
children having a somewhat more favorable outcome than adults
[21,24].

Evidence base for treatment decisions

Randomized controlled trials
Given the extraordinary diversity of the group of disorders cov-
ered under the generic heading of MPGN, it is not surprising
that the evaluation of the evidence for treatment of MPGN leads
down a controversial and generally confusing path. Unfortunately,
much of the evidence bearing on the question of treatment is ob-
servational and uncontrolled, and even the limited number of
controlled trials that have been conducted thus far have had seri-
ous flaws (in design or execution) or limitations in light of con-
temporary knowledge regarding MPGN. Only six randomized,
controlled trials (involving fewer than 270 patients with MPGN)
have been conducted, completed, and reported for MPGN to date
(Table 16.1).

One study by Cattran and colleagues [25] evaluated the ef-
fects of combinations of cyclophosphamide, dipyridamole, and
anticoagulants. This study failed to show any difference between
control and treated groups but may have been underpowered to
show a difference even if one existed. Two studies of alternate-day
glucocorticoids alone (Tarshish et al. [26] and Mota-Hernandez
[24]) and two studies of dipyridamole and aspirin (Donadioet al.
[27] and Zauner et al. [30]) have been conducted. One of the two
dipyridamole–aspirin trials failed to show any difference between
treatment and control groups upon reappraisal (Donadioet al.
[17]). One additional nonrandomized crossover trial of warfarin
and dipyridamole was reported in 1983 by Zimmerman et al.
[31]. A randomized trial of cyclophosphamide, anticoagulants,

Table 16.1 Key characteristics of randomized and controlled or cross-over trials of therapy in MPGN (in order of year of publication)

No. of MPGN
Study patients type Design Results

Tiller et al.(1981) 39 (A) I/II Open-label, CP/Wa/S vs. no therapy Inconclusive; underpowered

Mota-Hernandez et al. (1982) 18 (C) I Placebo vs. alt-day steroids Reduced ESRD

Zimmerman et al. (1983) 18 (A) I Cross-over, open label Wa/DiP vs. no therapy Better renal function in unpaired analysis but not
with paired analysis

Donadio et al. (1984) 40 (A) I Double-blind, placebo vs. aspirin/DiP Better GFR (not confirmed in later analysis)

Cattran et al. (1985) 59 (A/C) I/II Open-label, CP/Wa/DiP vs. no therapy No benefit for renal function or proteinuria
(25% remission in control)

Tarshish et al. (1992) 80 (C) I/II/III Double-blind, placebo vs. alt-day steroids Nonsignificant (P = 0.07) trend for better renal
function

Zauner et al. (1994) 18 (A) I/II Open-label, nonplacebo vs. aspirin/DiP Reduced proteinuria, no GFR change

Giri et al. (2002) 30 (A) I ACEi vs. non-ACEi Improved renal function and proteinuria in ACEi
group

Abbreviations: A, adults; c, children; S, steroids; CP, cyclophosphamide; Wa, warfarin; DiP, dipyridamole; ACEi, angiotensin converting enzyme inhibitor.
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and steroids was interrupted after randomization of 39 subjects
due to difficulty in recruiting subjects [32]. No differences in
the outcomes for treated and control groups were observed in
this study, but the power to detect differences in outcomes was
very low. An additional study of angiotensin II inhibition has also
been reported (Giri et al. [33]). Due to the paucity of trials and
the heterogeneity of the studies, no meta-analyses specifically di-
rected to MPGN have been conducted to date; however, Schena
has conducted a meta-analysis of immunosuppressive therapy of
nephrotic syndrome due to primary glomerulonephritis in adults,
which included an analysis of MPGN [34]. Schena concluded that
no benefits of immunosuppression in MPGN could be determined
because of the substantial imprecision around the point estimates
of effect due to sparse data (wide confidence limits). It is impor-
tant to point out that the entire randomized trial evidence base
for treatment of MPGN comes from trials conducted 12–26 years
ago. One might legitimately ask how relevant these studies are for
the “modern” approach to management of MPGN. Nevertheless,
it is appropriate to describe these studies in some detail, especially
to point out their strengths and weaknesses.

The study by Cattran et al. was an open-label, nonblinded, ran-
domized prospective trial (untreated patients served as controls)
[25]. A total of 59 patients (adults and children) with MPGN were
randomized to receive cyclophosphamide, warfarin, and dipyri-
damole for 18 months or no specific therapy. At entry, all patients
had an endogenous creatinine clearance of <80 mL/min and >2.0
g of protein in the urine/day. Both MPGN type I and type II were
included. The actuarial renal survival rate was not different be-
tween the treated and nontreated groups at 2 years, and there was
no difference in the outcome of MPGN type I and type II. No
differences in protein excretion rates were noted in either group
at any time. There was no influence of the initial level of renal
function on the subsequent rate of decline in creatinine clear-
ance, as assessed by the slope of 1/serum creatinine. This negative
study was underpowered to show a difference even if it existed,
and too few patients with MPGN type II were randomized to
make any statement regarding efficacy of therapy in this variant
of MPGN.

The study by Tarshishet al. was actually completed 12 years ear-
lier than it was published, and it was conducted as part of the Inter-
national Study of Kidney Disease in Children (26). This study was a
randomized, double-blind, placebo-controlled study of long-term
alternate-day prednisone therapy (40 mg/m2 every other day) in
MPGN. A total of 80 patients (all children) were randomized, in-
cluding 42 with type I, 14 with type II, 17 with type III, and 7 with
nonclassified MPGN. Only patients with nephrotic syndrome and
an initial GFR of >70mL/min/1.73 m2 were included. The mean
duration of therapy was 41 months. Treatment failure was the main
prespecified end point of the study, and it was defined as achieving
an increase in serum creatinine from baseline of 30% or more or
an absolute rise of serum creatinine of >35 μmol/L from baseline.
It is noteworthy that the mean duration of disease prior to ran-
domization was only 8.9 months in the prednisone-treated group

and 18.1 months in the placebo-treated group (P < 0.05). This
baseline difference is likely to have biased the results of the study.
Actuarial renal survival showed a nonsignificant (P = 0.07) trend
to better survival in the treated group (61% in treated vs. 12% in
the placebo group at 130 months of follow-up). Overall treatment
failure occurred in 40% of the prednisone-treated group versus
55% in the placebo-treated group (not significant). In a secondary
analysis which excluded MPGN type II and the unclassified forms
of MPGN, the prednisone-treated group had only 33% treatment
failures while the placebo-treated group had 58% treatment fail-
ures. These differences in outcome were not noted until after 90
months of observation, when only 11 prednisone-treated and 7
placebo-treated patients were still under observation. The power
of the study to detect differences was small (0.35). In general,
treatment was well-tolerated except for a tendency of prednisone
to aggravate hypertension (which could have biased the study in
favor of the placebo treatment). Overall, one would have to re-
gard this study as negative (or at best, inconclusive) and under-
powered, despite the presence of trends favoring treatments. The
differences in the time between discovery and randomization be-
tween the treated and placebo groups and the differences in blood
pressure between the groups could easily have confounded the
results.

Mota-Hernandez et al. conducted a placebo-controlled study in
children with MPGN [29]. In this study 18 patients were random-
ized to receive prednisone or a placebo and were followed for up to
5 years. One of nine patients in the prednisone group developed
ESRD compared to four of nine patients in the placebo group.
Repeat kidney biopsies at 3 and 5 years showed improvement
in mesangial hypercellularity and resolution of deposits. Tubulo-
interstitial lesions did not improve, except in those whose protein-
uria remitted. The small number of patients enrolled in this study
precludes any definite conclusions, but the trend toward improve-
ment was noticeable. Thus, the evidence for efficacy of alternate-
day prednisone treatment of MPGN must remain suggestive but
inconclusive.

Two studies have examined the efficacy of combined aspirin and
dipyridamole therapy in MPGN. Donadio et al. conducted a ran-
domized, double-blind, placebo-controlled trial of dipyridamole
(225 mg/day) and aspirin (975 mg/day) for 1 year in 40 adult pa-
tients with MPGN type I [27]. Abnormal platelet survival at base-
line was corrected by this treatment. Three of 21 patients receiving
active therapy developed ESRD after 62 months of follow-up, com-
pared to 9 of 19 after 33 months of follow-up in the placebo group.
The main end point of the study was the change in measured GFR
over time. The analysis was not by intention-to-treat. The GFR
declined by 1.3 mL/min/1.73 m2/year in the active drug-treated
group and declined by 19.6 mL/min/1.73 m2/year in the placebo
group (P < 0.01). Mild bleeding complications, requiring discon-
tinuance of treatment (but no transfusions), were noted in about
15% of patients. The initial interpretation of this study was that
dipyridamole and aspirin therapy slows progression of renal dis-
ease in MPGN type I. However, 5 years later the same authors
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reanalyzed the data from this trial [17]. When the results were ex-
amined in a fashion enabling comparisons of the two groups from
the time of onset of therapy (from randomization) rather than
from the time of onset of disease, no differences in patient survival
or survival free of renal failure were demonstrated. The previously
suggested benefits of dipyridamole and aspirin were an artifact
of differential lengths of observation from clinical onset of dis-
ease. Similar biases are likely to be present in observational studies
utilizing historical controls for comparison purposes (see below).

Zauner et al. and the German Collaborative Glomerulonephritis
Study Group conducted a further randomized, open-label, non-
placebo-controlled trial of dipyridamole (75 mg/day) and aspirin
(500 mg/day) for 36 months in 18 adult patients with MPGN
(type I in 15 and type II in 3) [30]. All patients had impaired re-
nal function and heavy proteinuria at randomization. Proteinuria
declined significantly in both groups, but to a greater extent in
the active drug-treated group (P < 0.05). A total of 7 of 10 pa-
tients reached a partial remission in the treated group, while only
2 of 8 reached a similar level of remission in the control group
(P < 0.05). There was no difference in serum creatinine values in
either group postrandomization, but the observation period was
probably too short to show any difference in progression of renal
disease between the two groups. The decline in proteinuria also
might have been due to better blood pressure control in the treated
group.

Thus, there is no consistent evidence of efficacy for a combina-
tion of dipyridamole and aspirin in slowing the rate of progression
of renal disease in MPGN, but all studies so far reported have been
underpowered to show such an effect even if it were present. No
controlled studies of this form of therapy have been conducted in
children.

A prospective, open-label trial with a crossover design utilizing
warfarin and dipyridamole was reported by Zimmerman et al. in
1983 [31]. Eighteen patients with MPGN, primarily type I, com-
pleted either a control or an active treatment year, whereas 13 pa-
tients completed both a control and an active treatment year. The
analysis involved both unpaired (10 patients in an initial control
year compared to 8 patients receiving treatment first) and paired
comparisons (13 patients). In the unpaired comparisons, renal
function (as assessed by the slope of 1/serum creatinine) was pre-
served in the treated group but deteriorated in the control group
(P < 0.025). Proteinuria also fell in the treated group. Doubling
of the serum creatinine occurred in 40% of the control group
but in 0% of the treated group. Paired analysis of the crossover
patients tended to support the findings in the unpaired analysis,
but the overall differences were insignificant. Bleeding complica-
tions were frequent (cerebral, gastrointestinal, menorrhagia, and
hematuria) and were the primary cause for dropping out from
the study. Although this small study was encouraging, the findings
have never been confirmed in a separate randomized controlled
study analyzed using intention-to-treat principles, and the side ef-
fects of anticoagulation were sufficient to dampen enthusiasm for
this approach to treat MPGN, despite the well-known involvement

of coagulation and platelet aggregation in the disorder. There is
good reason to suggest that this study needs to be repeated in a ran-
domized, double-blind, placebo-controlled fashion using modern
anticoagulant drugs that have a more favorable profile of bleed-
ing complications in order to evaluate its status as an approach to
treatment of MPGN.

Finally, inhibition of angiotensin II action has been clearly
demonstrated in randomized, controlled clinical trials to have
beneficial effects on the course of many forms of proteinuric re-
nal disease [35]. The effects are mediated both by better control
of blood pressure and by a reduction in proteinuria. Many of
these trials have included small numbers of patients with MPGN,
with too few to justify a specific independent evaluation of an-
giotensin II inhibition on MPGN. Only one randomized controlled
trial examined the specific effects of angiotensin II inhibition in
MPGN. Giri et al. conducted a small, randomized, controlled trial
of angiotensin II inhibition in patients with MPGN and mild to
moderate renal insufficiency (serum creatinine of >1.4 mg/dL)
[33]. All patients were controlled to the same level of blood pres-
sure (<140/90 mmHg). Three groups were studied: group I, a
control group with BP controlled to <140/90 mmHg with non-
angiotensin II inhibition or calcium channel blockers; group II,
a group treated with nifedipine at 30 mg/day; and group III, a
group treated with nifedipine at 30 mg/day and enalapril at 10
mg/day. Each group consisted of only 10 patients. After 9 months
of observation, serum creatinine and albuminuria increased in
the control group, whereas serum creatinine and albuminuria de-
creased in the enalapril-treated group. There was no change in
serum creatinine in the nifedipine-treated group, but albumin-
uria did increase. All patients had adequate blood pressure con-
trol during the observation period. Even though they are of a
short-term nature, these findings are quite consistent with those
of other larger and longer-term studies of other forms of glomeru-
lar disease and proteinuria. They add to the evidence base, which
suggests that all patients with MPGN (regardless of type) and ab-
normal blood pressure or proteinuria should be treated with an-
giotensin II inhibitors with a goal of blood pressure control (to val-
ues of <130 mmHg systolic) and reduction of proteinuria to values
of <500 mg/day.

In summary, the evidence base concerning efficacy of treatment
strategies from randomized controlled trials in MPGN is weak
and inconsistent (a very low to low level). Moderate evidence of
efficacy for long-term alternate steroids is available for children
only. Combinations of dipyridamole and aspirin do not appear
to be consistently effective over long-term periods of observation
in adults with MPGN, even though they are remarkably safe and
may produce a reduction in proteinuria over the short term. Mul-
tidrug immunosuppressive–anticoagulant–antithrombotic ther-
apy using cyclophosphamide, warfarin, and dipyridamole did not
appear to be effective in MPGN, but studies were underpow-
ered to show such an effect and the entry criteria for the stud-
ies may have diminished the likelihood of observing any benefit.
Combinations of anticoagulants and antithrombotics (warfarin

189



BLBK043-Molony September 17, 2008 20:25

Part 3 Primary Glomerulonephritis

and dipyridamole) may be effective in MPGN but have an un-
desirable profile of side effects (bleeding). The best-studied and
probably most effective measure is to employ inhibitors of an-
giotensin II in patients with proteinuria with the goal of reducing
blood pressure and proteinuria.

Observational, uncontrolled studies
The majority of published data on the natural history and treat-
ment of MPGN are in the form of observational, uncontrolled
studies. The weaknesses of such studies are readily apparent and
have been emphasized by Donadio and Offord [17]. At best they
are hypothesis-generating rather than proof of efficacy. They are
also subject to publication bias (positive studies are selected for
reporting), so that compilation of the results of multiple studies
cannot be relied upon to give a true reflection of overall efficacy.
Despite these caveats, observational studies can give clues to the
existence of therapies that might have beneficial effects. Due to the
uncommon occurrence of MPGN (at least in developed countries),
such reports may be the only data which can be generated, as ran-
domized trials with adequate power are extraordinarily difficult to
execute for MPGN.

The use of long-term (6–8 years), high-dose, alternate-day glu-
cocorticoid (prednisone) therapy of MPGN has attracted the most
attention in observational studies. Beginning with the pioneering
efforts of the Cincinnati group (West, McEnery, McAdams, Strife,
and Braun), benefits of long-term, alternate-day steroids have been
suggested to modify the course of MPGN in children [36–38]. Re-
nal survival was improved in treated patients compared to histori-
cal controls (particularly when diffuse mesangial cell proliferation
was seen on initial renal biopsy). Cumulative renal survival of
82% at 10 years and 56% at 20 years has been reported. These
renal survival values are superior to those reported in untreated
patients, but direct comparison is hazardous because of differ-
ences in baseline conditions in the different groups (e.g. presence
of impaired renal function at baseline, nephrotic syndrome, etc.).
Serial biopsies in treated patients have shown improvements in
histopathology [36–40]. A return of urinalysis values to normal
has been observed in about 30% of treated patients [41], whereas
spontaneous remissions are thought to be uncommon in MPGN.
Hematuria, proteinuria, and hypoalbuminemia also improve with
steroid therapy. Stable or normal renal function is seen in about
75% of patients, while 25% deteriorate under treatment. These
findings have been supported by other independent observational
studies. Differences in “responsiveness” to treatment among the
various subtypes have also been reported. Braun et al. found that
MPGN type I was most responsive to alternate-day steroid ther-
apy, whereas MPGN type III was unresponsive, progressive, and
showed a tendency for more relapses [38]. Hypocomplementemia
was also more persistent in MPGN type III than in MPGN type I.

Early therapy with steroids, before renal function is impaired,
may be more effective than delayed therapy, but this has not been
well-established [42]. Limited courses of steroids may also be ef-
fective, at least over the short term [40–44]. Patients with MPGN
who do not have nephrotic syndrome tend to have a more favorable

course, and the purported benefits of steroids seen in nephrotic
children have not been replicated in nonnephrotic children with
MPGN [18]. Rarely, clinical remission may occur after steroid
therapy is discontinued [45].

Pulses of high-dose methylprednisolone followed by short-term
daily oral prednisone have been studied in small observational
trials [40,43,44,46]. Bahat et al. recently reported on a small, un-
controlled observational trial of intravenous pulse steroid therapy
(n = 11) compared to oral steroid therapy (n = 8) in children
with MPGN. After a follow-up period of about 6 years, 1 of 11
in the pulse steroid therapy group and 4 of 8 in the oral steroid
therapy group had developed ESRD [47]. About 60% of patients
“improved,” but follow-up was short (averaging 27 months) in
most studies, so long-term benefits of this approach to therapy
are unknown, although the observational studies are encourag-
ing. The combination of pulse methyl prednisolone, short-term
oral steroids, and dipyridamole may allow for earlier discontinu-
ance of steroid therapy without sacrificing putative benefits. No
comparison of this regimen and the high-dose alternate-day reg-
imen has been reported, so it cannot be claimed that one is better
than the other. The benefits of steroids in MPGN type II are much
less well understood. No evidence of efficacy has been noted in very
limited analyses. Other, atypical (nonclassifiable) forms of MPGN
may have a more favorable course, even without therapy [28].

Thus, observational and uncontrolled studies have rather con-
sistently demonstrated beneficial effects of steroid therapy (using
a variety of regimens) in children with MPGN type I. Publication
bias may have been involved in these studies, however. Side effects
are important considerations, since long-term steroids can pro-
duce growth retardation, osteopenia, cataracts, diabetes, psychi-
atric abnormalities, and obesity. Hypertension may be aggravated
by this therapeutic approach and requires very careful observation
and aggressive therapy. Observational studies of steroid therapy
alone, either alternate day, daily, or pulse, in adults with MPGN
are very limited and inconclusive.

Observational studies of aspirin and dipyridamole combina-
tions for MPGN are very limited. In general, reduction in protein-
uria and stabilization of renal function have been seen [46,48],
especially when combined with steroid therapy [46].

Combinations of cyclophosphamide, warfarin, and dipyri-
damole were among the first therapies examined for MPGN. Very
impressive and favorable results were reported by Kincaid-Smith
as early as 1972 [49]. Many patients treated in this manner also
had “malignant hypertension,” and some of the benefits observed
may have been due to better control of blood pressure rather
than a specific effect of the combination therapy. Patients with an
initial creatinine clearance of <31 mL/min nearly always deteri-
orated, whereas six of eight patients with creatinine clearances of
>31 mL/min improved with this therapy. The overall 3-year
survival was 85% in the treated group (n = 16) versus 0% 3-year
survival in a historical control group of 13 untreated patients [49].
Similar results were reported 8 years later by Chapman et al., who
employed a regimen of azathioprine, warfarin, dipyridamole, and
steroids in a small group of 10 patients with MPGN, including
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4 with MPGN type II [50]. In 1994, Faedda and coworkers
reported an uncontrolled trial of pulse methylprednisolone, oral
prednisone, and cyclophosphamide in 19 patients with MPGN
(4 of whom had MPGN type II) [51]. After 10 months, 15 of 19 en-
tered remission, 3 of 19 improved, and 1 of 19 progressed. Relapses
occurred in 6 of the 15 patients who remitted, and those who were
retreated for a relapse all improved. As a whole group, serum crea-
tinine changed from 165 μmol/L (1.9 mg/dL) before treatment
to 156 μmol/L (1.8 mg/dL) during therapy and to 224 μmol/L
(2.5 mg/dL) at the end of follow-up. Urine protein excretion
declined. No data were given on blood pressure control. These very
impressive results of combined steroid and cyclophosphamide
therapy of MPGN have not yet been replicated in a controlled,
randomized trial.

Thus, combinations of immunosuppressive agents and steroids
(orally or as intravenous pulses) or anticoagulants or antithrom-
botics have shown beneficial effects in observational, uncontrolled
studies. The lack of controls and the possibility that other concomi-
tant measures (such as better blood pressure control) contributed
to the positive findings must be mentioned as mitigating factors.
Obviously, a controlled randomized trial is needed to confirm
these very suggestive observations.

Other agents have also been used to treat MPGN. Published
studies are generally small, are of short duration, and lack con-
trols. The use of nonsteroidal anti-inflammatory drugs (NSAIDs)
was advocated based on longitudinal, uncontrolled studies con-
ducted in the 1970s and 1980s [52–54]. Results equivalent to
those claimed by advocates of the alternate-day steroid regimens
were observed. This form of therapy fell into disuse as the po-
tential renal-damaging and gastrointestinal effects of NSAIDs be-
came recognized. No controlled studies were ever performed. Cy-
closporine or tacrolimus have also been suggested as effective
agents for MPGN, but the basis for these claims are a few case re-
ports, and publication bias needs to be considered [55–58]. Buck-
ley’s syndrome (hyper-IgE syndrome) associated with MPGN ap-
parently responds to cyclosporine [57].

Mycophenolate mofetil (MMF) has emerged as a promising new
agent for the treatment of MPGN [59–63]. Approximately a dozen
patients have been treated with MMF combined with steroids in
various dosages (usually 2.0 g/day or less of MMF for 6 months
to 1 year) with substantial decline in proteinuria and stabilization
or improvement in renal function in the majority of reports. Side
effects have been mild, usually consisting of leukopenia and/or
diarrhea at higher doses. These adverse effects are self-limited and
improve with reductions in dose. Improvement in renal function
and/or proteinuria is not seen in all cases, and the follow-up has
been very short in most reports. A randomized controlled trial
is needed to evaluate the significance of these anecdotal reports
and to separate the effects of the concomitant use of steroids from
the effects of MMF. A single case report of MPGN arising in a
patient with X-linked agammaglobulinemia during intravenous
immunoglobulin therapy reported that the patient responded with
a complete remission following pulse methylprednisolone therapy
alone [64].

Plasma replacement and/or plasma exchange could theoretically
be of benefit in patients with MPGN types I or II due to deficiencies
in factor H or I, but this has not yet been rigorously tested (see
below).

MPGN can frequently recur in a transplanted kidney, especially
when the disease is severe and progressive or associated with cres-
centic involvement [15, 65]. All types of MPGN can recur, but this
event is most common in MPGN type II, largely due to the greater
severity of this variant and its more common association with
crescentic disease [15,65,66]. Recurrent MPGN often leads to loss
of graft function. Treatment of recurrent disease is quite uncer-
tain, but recent studies suggest a possible role for intensive plasma
exchange, cyclophosphamide, or high-dose MMF (3.0 g/day)
[66–68].

The therapy of hepatitis C virus infection-associated MPGN
type I [4] is discussed in chapter 25 and will not be reviewed here.
It is likely that some of the studies quoted and analyzed in prior
sections of this report included patients with unrecognized hep-
atitis C virus infections [1,4,7]. Many of these patients also have
mixed essential cryoglobulinemia (type II cryoglobulinemia), and
they may also have overt chronic liver disease. All patients pre-
senting with MPGN type I are now routinely tested for antibodies
to hepatitis C virus and often are also examined for circulating
hepatitis C virions by reverse polymerase chain reaction. Thus, it
should not be difficult to separate MPGN type I due to hepatitis C
from the idiopathic forms of MPGN type I. The former predom-
inate in Western cultures, but the latter are seen more frequently
in developing countries, such as in Africa [7–9].

The management of MPGN type II (dense deposit disease) re-
quires special consideration, as detailed in a recent special com-
munication based on the Hixton Retreat of the Dense Deposit
Disease Focus Group [16]. According to an analysis from the Hix-
ton Retreat group, if MPGN type II is diagnosed by renal biopsy
and ultrastructural examination, serologic assays for C3 nephritic
factor (C3Nef) and factor H gene (CFH) mutations should be per-
formed. If assays for C3Nef are positive (expected in about 75%
of cases), then a trial of plasma exchange–plasma infusion and/or
rituximab should be attempted. No prospective trials have been
conducted to evaluate the safety or efficacy of this approach. If a
CFH mutation is found (expected in about 15–25% of cases and
presumably associated with a functional deficiency of the com-
plement regulator factor H), then therapy with plasma infusion
is indicated. Anecdotal and experimental evidence is available to
support such a recommendation [16,69]. If neither C3Nef nor a
CFH mutation is found, then empirical therapy with eculizumab
(Soliris; Alexion Pharmaceuticals, Inc., Cheshire, CT), a mono-
clonal antibody directed to the C5 component of the complement
cascade that inhibits complement-mediated cell injury, could be
initiated. Eculizumab is approved by the US Food and Drug Ad-
ministration for treatment of paroxysmal nocturnal hemoglobin-
uria but has not yet been studied for MPGN type II. Sulodexide,
a proprietary mixture of sulfated glycoso-aminoglycans, has also
been suggested for therapy, but no trials have been conducted as
yet [16]. It is apparent that steroids administered in conventional

191



BLBK043-Molony September 17, 2008 20:25

Part 3 Primary Glomerulonephritis

dosages are ineffective for MPGN type II, and immunosuppressive
agents would not likely be effective either [16]. High-dose pulse
steroid therapy combined with cyclophosphamide and plasma ex-
change may be tried for MPGN type II associated with extensive
crescents and rapidly progressive glomerulonephritis, but there is
no clear evidence for efficacy and safety for this approach. Very
rarely, steroid therapy may be effective in acute nonproliferative
glomerulonephritis, which can be confused with MPGN type II
in children [70]. The role of mutations in the factor H gene in the
production of both MPGN types I and II and glomerulonephritis
with isolated C3 deposition [5,6] and HUS is gradually becoming
better understood, especially because of the availability of animal
models of disease [71–74].

Treatment of the underlying plasma cell dyscrasia in MPGN
type I associated with MIDD is nearly always indicated.

Management of thrombotic microangiopathy (TTP and HUS)
in those patients with concomitant MPGN is difficult, but if
a deficiency of ADAMTS-13 or factor H (or I) can be docu-
mented, plasma infusions and/or plasma exchange may be indi-
cated [16,69,74]. The treatment of lupus nephritis and a lesion of
MPGN and fibrillary glomerulonephritis is also covered elsewhere
(see chapters 22).

Summary and recommendations

It should be abundantly clear that the evidence base for treat-
ment decisions in MPGN is weak and inconsistent, with a paucity
of rigorously designed and executed controlled trials that would
conform to modern-day standards of excellence (see references 1
and 75 for reviews). Thus, treatment decisions in MPGN are often
made on the basis of less-convincing evidence from observational
studies, many of which were short term and used only historical
controls. A summary of an evidence- and opinion-based approach
to evaluation and therapeutic decision making in MPGN is given
in Figure 16.1. MPGN presenting with persistent nephrotic-range
proteinuria is a progressive disease which can and frequently does
lead to loss of renal function and ESRD. All patients with the le-
sion of MPGN type I should be thoroughly and systematically
evaluated for secondary causes, particularly hepatitis C viral in-
fection, with or without concomitant cryoglobulinemia, mono-
clonal immunoglobulin deposition diseases, chronic thrombotic
microangiopathy, fibrillary or immunotactoid glomerulonephri-
tis, autoimmune diseases (such as atypical SLE), and complement
regulatory dysfunction (e.g. factor H deficiency) before commenc-
ing a trial of therapy. MPGN type II is equally heterogeneous, with
some cases reflecting an abnormality in regulation of complement
metabolism (factor H deficiency), which would not be expected
to respond simply to steroids or immunosuppressive agents but
might respond to plasma infusions or plasma exchange [16,69].
MPGN type III is relatively uncommon but may have a greater
resistance to any form of therapy. Other atypical, nonclassifiable
forms of MPGN may have a more benign outcome, even if left
untreated. Recurrences of MPGN in allografts are common and

often result in graft loss. Treatment of recurrent disease is difficult
and problematical.

At the present time the cumulative evidence from controlled
and randomized trials and observational data suggests that a trial
of high-dose alternate-day steroid therapy may be indicated in
children with otherwise-idiopathic MPGN type I (low evidence;
level II recommendation). Long-term therapy may be required
with the attendant risks of steroid toxicity. Children with MPGN
types II and III respond less favorably to this regimen, and there is
no evidence of efficacy of steroids in any form or dosage in these
subvariants of MPGN. Initiation of steroid therapy with high-
dose intravenous pulses of methylprednisolone and shorter-term
therapy with daily steroids may achieve equivalent effects, but no
head-to-head comparisons of the two steroid-based regimens are
available. Exacerbations of hypertension can develop with steroid
treatment and must be aggressively managed. There are no data
to support this steroid-based approach in adults with idiopathic
MPGN type I.

Combinations of dipyridamole and aspirin may result in short-
term beneficial effects (reduced proteinuria), but there is no ev-
idence to support any long-term benefits or prevention of ESRD
in adults with MPGN types I, II, or III. Insufficient data for the
efficacy of these regimens in children are available to make any
recommendations. Use of this combination of agents in adults is
optional (very low evidence; level II recommendation).

Combinations of cyclophosphamide, warfarin, and dipyri-
damole (without concomitant steroids) are probably not effec-
tive in MPGN of any type (low evidence; level I recommenda-
tion). Whether combinations of cyclophosphamide, intravenous
methylprednisolone pulses, and oral steroids are beneficial needs
to be evaluated in a randomized controlled trial, but observa-
tional data suggest benefits, at least over the short term, in a subset
of patients treated before irreversible renal disease has developed
(e.g. estimated GFR of >30 mL/min/1.73 m2). Such an approach
might be especially helpful in patients with extensive crescentic
glomerular disease and rapidly progressive glomerulonephritis
(low evidence; level II recommendation). Before embarking on
this unproven and potentially risky regimen, the presence of an
occult infection with hepatitis C or hepatitis B virus, a comple-
ment regulatory abnormality (e.g. factor H deficiency), chronic
thrombotic microangiopathy, or MIDD should be rigorously ex-
cluded (see figure 16.1). The benefits of an anticoagulant or an-
tithrombotic approach (using warfarin and dipyridamole without
steroids or immunosuppressive agents) has been validated in a
limited crossover trial, but bleeding complications are worrisome
and no confirmation of the putative benefits has appeared in the
several decades since a trial with this combination was first re-
ported. Little enthusiasm can be generated for use of this regimen
(very low evidence; level I recommendation).

The most widely used and evidence-based regimen is strict con-
trol of blood pressure (to values below 130/80 mmHg), preferably
with the use of inhibitors of angiotensin II action (angiotensin
converting enzyme inhibitors alone or in combination with an-
giotensin II receptor antagonists), often in combination with a
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low-salt diet and diuretics (high evidence; level I recommenda-
tion). This approach is strongly supported from multiple random-
ized controlled trials, though not specifically for MPGN. The goal
of this therapy should be to reduce proteinuria to the lowest pos-
sible value consistent with side effects and symptoms as well as to
lower blood pressure. This regimen is indicated in all patients with
MPGN (regardless of type) who have proteinuria (>500 mg/day)
and/or hypertension (blood pressure of >130 mmHg systolic).
Patients with MPGN who have stable renal function and who have
nonnephrotic levels of proteinuria probably do not need any ther-
apy other than maintenance of normal blood pressure through
use of angiotensin II inhibition (moderate evidence; level I rec-
ommendation).

The roles of other agents in therapy remain uncertain, largely
due to the lack of controlled randomized trials. Cyclosporine or
tacrolimus are generally ineffective but may reduce proteinura in
the short term (low evidence; level II recommendation). NSAIDs
may reduce proteinuria but have no proven benefit for the long-
term course and may be associated with side effects (gastrointesti-
nal), aggravate hypertension, and may be potentially nephrotoxic
(very low evidence; level I recommendation). MMF is a promis-
ing new agent with preliminary favorable effects reported in very
limited observational studies. A controlled trial is needed before
this agent can be routinely recommended for MPGN type I. Its use
should be limited to patients with an adverse prognosis until more
information regarding effectiveness is available (low evidence; level
I recommendation).

Patients with very severe MPGN associated with extensive cres-
cents may benefit from aggressive use of cyclophosphamide, pulse
methylprednisolone, and plasma exchange, but no controlled tri-
als are available and none are unlikely to be conducted due to
the rarity of this complication of MPGN (low evidence; level I
recommendation).

Patients with MPGN type II require an approach tailored to
the underlying abnormality. If a CFH mutation can be identified,
then therapy with plasma infusions are probably indicated (mod-
erate evidence, level II recommendation). The therapy for patients
with MPGN type II not associated with a CFH mutation is very
uncertain. Rituximab, eculizumab, or plasma exchange or plasma
infusion could be tried, but no data are available to evaluate the
safety or efficacy of this highly experimental approach.

Patients with recurrent MPGN in a renal allograft would pos-
sibly best be managed by a trial of plasma exchange or plasma in-
fusion (possibly for MPGN type II only), oral cyclophosphamide,
or high-dose MMF plus prednisone (MPGN type I only; very low
evidence; level I recommendation).
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17 Hypertension: Classification and Diagnosis

Bernardo Rodriguez-Iturbe & Crispı́n Marin Villalobos
Nephrology Section, Hospital Universitario, and Universidad del Zulia, School of Medicine, Maracaibo, Venezuela

Introduction

A high level of arterial blood pressure, or hypertension, is a mortal-
ity and morbidity risk factor for cardiovascular and kidney disease
and is responsible for 7.1 million deaths and 64 million disease
adjusted life-years lost worldwide [1]. It is estimated that 25–35%
of the world’s population older than 18 years and more than 60%
of individuals older than 70 years have blood pressure levels of
≥140/90 mmHg [2].

Because blood pressure levels are on a continuum, separation
of normal and high values is somewhat arbitrary, with excess car-
diovascular risk found with blood pressure values higher than
115 mmHg systolic and 75 mmHg diastolic blood pressure [3].
Guidelines from the Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation and Treatment of High Blood
Pressure [4] (Table 17.1) define hypertension in adults as a sys-
tolic blood pressure of ≥140 mmHg or diastolic blood pressure of
≥90 mmHg (average of two or more blood pressure determina-
tions at two or more clinic visits). The category of prehypertension
(systolic blood pressure of 120–139 mmHg or diastolic blood pres-
sure of 80–89 mmHg) is also included, as this group of patients
usually develop hypertension, and prehypertension is present in
about 25% of the general population. Target levels for antihyper-
tensive treatment have recently been lowered in patients with dia-
betes or kidney disease who are at increased risk for cardiovascular
disease. In growing children, the blood pressure increases at about
1.5 mmHg systolic and 0.7 mmHg diastolic per year, and hyper-
tension is defined as blood pressure levels equal to or greater than
the 95th percentile of the distribution for age, sex, and height.
Blood pressure levels between the 90th and 95th percentiles are
considered high-normal [5].

A similar classification was essentially agreed upon by the World
Health Organization, International Society of Hypertension,

European Society of Hypertension, and the European Society of
Cardiology (Table 17.1) [6].

Isolated systolic hypertension, isolated diastolic hypertension,
“white coat” hypertension, isolated ambulatory hypertension,
pseudohypertension, and orthostatic hypotension are defined in
Table 17.2.

Auscultatory determination of Korotkoff sounds by trained per-
sonnel using a mercury sphygmomanometer is the traditionally
accepted reference standard for blood pressure measurement. The
systolic blood pressure corresponds to the beginning (phase I) and
diastolic blood pressure to the cessation (phase V) of Korotkoff
sounds. In older individuals with a wide pulse pressure there may
be an auscultatory gap, when the sound disappears between systolic
and diastolic pressure and reappears as cuff deflation continues.
This can be avoided if the arm is elevated for 30 s before inflating
the cuff.

Determination of blood pressure
in different settings

Blood pressure in a clinic
Determination of blood pressure in a clinic is assumed to be a sur-
rogate marker for the average blood pressure over time in a given
patient, but it should be recognized that errors may result from
misclassification of individuals as hypertensive when they are not
(false positives) as well as from failure to recognize hypertension
in some patients who have normal clinic readings (false nega-
tives). Furthermore, clinic blood pressure does not disclose pa-
tients whose blood pressure remains high at night (“nondippers”)
and who have higher cardiovascular morbidity [7]. The mercury
sphygmomanometer is the reference equipment for blood pressure
determination but, like all technical items, regular maintenance is
essential. It should be routinely checked for leaks and other prob-
lems, which affect as many as 25% of the devices currently in use
[8]. Recently, aneroid and oscillometric automated devices have
been used more commonly and, while generally accurate [9,10],
they should be calibrated periodically with a mercury manometer
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Table 17.1 Classification and definition of hypertension.

Classification system and Systolic Diastolic
hypertension category BP (mmHg) BP (mmHg)

JNC-7
Normal <120 <80
Prehypertensive 120–139 80–89
Stage 1 hypertension 140–159 90–99
Stage 2 hypertension ≥160 ≥100
WHO/ISH/ESH/ESC
Optimal <120 <80
Normal 120–129 80–84
High-normal 130–139 85–89
Stage 1 hypertension 140–159 90–99
Stage 2 hypertension 160–179 100–109
Stage 3 hypertension ≥180 ≥110

Abbreviations: JNC-7, Joint National Committee on Prevention, Detection, Evalua-
tion and Treatment of High Blood Pressure, 7th report (National Heart, Lung, and
Blood Institute); WHO/ISH/ESH/ESC, a joint committee of the World Health Orga-
nization, International Society of Hypertension, European Society of Hypertension,
and European Society of Cardiology.

[11]. In small children and neonates, Doppler ultrasound (systolic
blood pressure) and oscillometric equipment (systolic, diastolic,
and mean blood pressure) are commonly used.

There are several details that need to be considered when mea-
suring blood pressure in the clinic. The patient should be seated
with back support, without crossing the legs, and relaxed for more

Table 17.2 Hypertension definitions, from the AHA scientific statement.

Category Definition

Isolated systolic hypertension SBP ≥140, DBP <90

Isolated diastolic hypertension SBP <140, DBP ≥90

White coat hypertension Clinic BP >140/90 Ambulatory BP (avg)
<135/85

Isolated ambulatory hypertension Clinic BP <135/85 Ambulatory BP (avg)
>140/90

Ambulatory hypertension 24-h avg >135/85

Ambulatory daytime hypertension Avg daytime values >140/90

Ambulatory nighttime hypertension Avg nighttime values >125/75

Pseudohypertension Advanced or calcified arteries require
high cuff pressure to compress them

Accelerated or malignant hypertension DBP usually >120 in association with
grade III (arteriolar narrowing and
“nicking,’’ flame-shaped hemorrhages,
and exudates) or grade IV retinopathy
(papilledema); treat as medical
emergency

Source: American Heart Association [11].
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure (all BP
values are in mmHg).

than 5 min before measurements are taken. The cuff should have
a length and width that are about 80% and 40%, respectively, of
the arm circumference and should be placed on the upper arm at
about the level of the right atrium. These conditions are important
because, if not followed, they could result in an overestimation by
as much as 20–25 mmHg (5 mmHg higher for undercuffing large
arms, 8 mmHg higher in the supine position, 5 mmHg for cross-
ing the legs, 5 mmHg for having the arm 2–3 in. above the right
atrium) [12–14]. Ideally, three readings should be taken to reduce
measurement error, and additional readings are required when
differences between readings exceed 5 mmHg [11].

Specific problems may be present in elderly individuals (fre-
quency of orthostatic hypotension), children (inappropriately
small cuff size, anxiety), patients with arrhythmias (variability),
and pulseless syndromes (Takayasu’s arteritis, occlusive arterial
disease, atherosclerosis) that may result in interarm blood pres-
sure differences of greater than 10 mmHg [15].

Home monitoring of blood pressure
Home monitoring is convenient, cheap, and probably a better pre-
dictor of cardiovascular morbidity than clinic measurements [16].
Also, home monitoring of blood pressure is associated with in-
creased compliance with recommended treatment [17]. Home
blood pressure is usually determined by electronic oscillomet-
ric equipment rather than aneroid sphygmomanometers. A list
of validated equipment for this purpose is available elsewhere
(http://www.dableducational.org). The preferred devices measure
blood pressure in the arm. It is recommended that these devices
have annual checks for accuracy. Devices that give printed records
are recommended, to avoid erroneous verbal reports to the physi-
cian [18]. In addition it is recommended that the patient follow the
same guidelines discussed earlier and take three readings, usually
in the morning and at night. The accepted upper limit of normal
for ambulatory blood pressure is 135/85 mmHg [19].

Ambulatory blood pressure
Ambulatory blood pressure is measured with automated nonin-
vasive equipment that takes blood pressure readings every 30 min
over a 24-h period and, after computerized analysis, reports sum-
mary data of specific determinations, average 24-h values, and av-
erage day and night values. Although ambulatory blood pressure
probably provides the most valid prognostic information [20], it is
cumbersome, costly, uncomfortable, and not universally available.
Ambulatory blood pressure measurement is usually done to iden-
tify individuals with “white coat” hypertension and those who do
not have a nighttime reduction (nondippers). It may also prove
useful in evaluating patients in whom episodes of hypertension
or hypotension are suspected, in patients whose blood pressure is
found intermittently to be above 140/90 mmHg (borderline hy-
pertension), and in patients whose blood pressure varies widely
during clinic visits.

Abnormally high ambulatory blood pressure is defined by 24-h
average values of >135/85 mmHg, average daytime values of
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Table 17.3 Frequencies of hypertension conditions.

Clinical conditiona and etiology Frequency

Essential hypertension
Unknown cause

90–95%

Isolated systolic hypertension
Reduced aortic compliance

>60% of hypertension after age 65 yrs

Increased systolic load (aortic insufficiency, patent ductus arteriosus, arteriovenous fistula, thyrotoxicosis, anemia, Paget’s
bone disease

<1%

Renal parenchymal diseases
Glomerulonephritis (acute or chronic), pyelonephritis, polycystic disease, tubulo-interstitial disease, diabetic nephropathy,
obstructive uropathy

4–6%

Pregnancy
Eclampsia, preeclampsia

5% of all pregnancies

Renal vascular disorders
Renal artery stenosis (atherosclerosis, fibromuscular hyperplasia)

1–4%

Endocrine diseases
Primary aldosteronism, Cushing’s disease, congenital adrenogenital syndromes (17α- or 11β-hydroxylase deficiency),
pheochromocytoma, hypo- or hyperthyroidism, hyperparathyroidism (hypercalcemia), acromegaly

1%

Medications or toxic exposure
Glucorticoids, mineralocorticoids, sympatho-mimetics, oral contraceptives, cyclosporine, nonsteroidal anti-infammatory drugs,
erythropoietin, cocaine, amphetamines

1%

Coarctation of aorta 0.1–1%

Increased vascular volume or viscosity
Polycythemia (vera, high altitude, or overtransfusion)

Neurogenic disorders
Familiar dysautonomia, acute spinal cord section, increased intracranial pressure

Miscellaneous
Acute porphyria, acute withdrawal from clonidine

a Conditions are listed in order of decreasing frequency.

>140/90 mmHg, and average nighttime values of >125/75 mmHg
(Table 17.2) [11].

Other settings
Determination of blood pressure in public places with automated
devices does not meet accuracy requirements [21], and their use-
fulness rests primarily in increasing public awareness of the need
for evaluation and treatment of hypertension.

Classification of hypertension

The etiologic classification of hypertension is traditionally made
by separating the known (secondary) causes of increased blood
pressure from the vast majority of cases without a discernible cause,
which are designated as primary, idiopathic, or more commonly,
essential hypertension (Table 17.3). The pathogenic mechanisms
responsible for essential hypertension are discussed in chapter 18.

As indicated in Table 17.3, the vast majority of patients have
essential hypertension, and the most common cause of secondary
hypertension is parenchymal renal disease.

In children the prevalence of hypertension is about 1% [22].
The prevalence of persistent secondary hypertension is less than
0.1%, and 70–80% of these patients have parenchymal renal
disease (acute glomerulonephritis, Henoch-Schönlein nephritis,
hemolytic uremic syndrome, reflux nephropathy, etc.) and 5–10%
have renovascular disease (fibromuscular dysplasia or arteritis).
Coarctation of the aorta is reported in 0–29% of pediatric patients
[23,24],and endocrine causes of hypertension (pheochromocy-
toma, congenital adrenal hyperplasia, apparent mineralocorticoid
excess, and glucocorticoid remediable aldosteronism) are found
in 1–8%. Renal tumors (Wilms’ tumor, hamartoma, and heman-
giopericytoma) rarely cause hypertension. Hypertension occurs
in 60–90% of children who have received transplants, which is a
higher percentage than in adults with functioning renal grafts [25].

Hypertension as a cause and consequence
of kidney disease

For many years, malignant hypertension has been known to cause
end-stage renal disease, but it was debated for some time whether
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Does hypertension require immediate treatment (≥180/110)?

Yes 

Initial Evaluation

Treat hypertension 
emergency

Essential Hypertension 
Evaluation of risk factors 
Target organ damage 
Identify initial treatment strategies

Complete History, including life style characteristics 
(sedentary, excercise, smoking, alcohol, diet),
medications, family history 
Physical Exam (including evaluation of BMI, 
waist:hip ratio, carotid and abdominal bruits,
ophtalmoscopic evaluation)
Blood tests: Hematology, Lipid profile, Fasting blood 
sugar, creatinine, Na, K, Cl, bicarbonate. 
Urine: routine, sediment, protein/creatinine ratio 
Other: Electrocardiogram, Chest X ray

Secondary Hypertension
appropriate diagnostic tests

No

Figure 17.1 Initial evaluation of the patient with hypertension.

uncomplicated hypertension was the cause of nephrosclerosis [26].
This question was answered by the Multiple Risk Factor Interven-
tion Trial, which demonstrated that both systolic and diastolic hy-
pertension were strong independent risk factors of end-stage renal
disease [27], and other studies have shown that reducing blood
pressure with angiotensin converting enzyme inhibitors reduces
the risk of end-stage renal disease or death by as much as 55% in
3–5 years if the systolic blood pressure is controlled to levels of
139 mmHg or lower [28,29]. There is considerable variation in re-
ports of the incidence of hypertension as a cause of end-stage renal
disease, ranging from 27% in the USA [30] to 13% in Europe and
6% in Japan [31]. In Latin America there is considerable variation
between countries and within countries, but the reported mean
value is 28% [32].

Hypertension is also a consequence of renal disease. Reduction
in nephron number of any cause, intrarenal inflammation, and
increased intrarenal angiotensin II and oxidative stress result in a
tendency to sodium retention, leading to hypertension [33]. Dia-
betic nephropathy occurs in about 40% of type 2 diabetics and is
the most common cause of end-stage renal disease worldwide, and
hypertension is present in almost all patients with type 2 diabetes.

Unilateral renal disease is also a cause of hypertension. Unilat-
eral segmental renal hypoplasia (associated with vesicourethral re-
flux), unilateral renal agenesis, hydronephrosis, and renal trauma
may occasionally result in hypertension. Hypertension associated
with perirenal hematoma has been considered to be renin-induced
due to parenchymal compression, in a manner similar to the hy-
pertension resulting from the perinephritic hull resulting from
cellophane wrapping of the kidney (Page kidney). Recently, evi-

dence has been advanced indicating that in the Page kidney model,
hypertension is caused by interstitial inflammation and increased
intrarenal (rather than plasma) angiotensin II activity [34], and it
is likely that similar mechanisms may be operating in subcapsular
renal hematoma because nephrectomy, but not the relief of the
compression, is frequently associated with normalization of blood
pressure [35].

Evaluation of the hypertensive patient

When a patient with hypertension is initially evaluated, the sever-
ity of the hypertension may warrant immediate treatment. A cost-
effective initial evaluation of the patient is shown in Figure 17.1,
and this evaluation should be directed to 1) examine the possibility
of secondary causes of hypertension, 2) determine the existence of
risk factors and target organ damage, and 3) define initial treat-
ment strategies. If secondary causes of hypertension are suspected
(Table 17.3), specific diagnostic tests are indicated (Table 17.4).

In the patient history, information on diet, habits, ingestion
of medications such as oral contraceptives and nonsteroidal anti-
inflammatory agents, family history of hypertension or kidney dis-
ease, and past history of edema, proteinuria, or hematuria, among
other factors, is important. Recent onset of hypertension before
the age of 20 years or after the age of 60 years should raise sus-
picion of renal artery stenosis in addition to the findings listed in
Table 17.4.

Physical examination may disclose palpable kidneys (polycys-
tic kidney disease), abdominal murmurs (renal artery stenosis),
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Table 17.4 Diagnostic evaluation of the most common causes of secondary hypertension.

Condition Clinical finding(s) Abnormal laboratory tests Sensitivity/specificity (%)a Reference(s)

Renal parenchymal disease History of renal disease, edema, flank pain,
urinary symptoms, hematuria

Serum creatinine, proteinuria, blood
glucose, urine sediment

Renal artery stenosis Recent development or sudden worsening of
hypertension, abdominal bruit, azotemia
induced by ACE inhibitor, flash pulmonary
edema, hypokalemia, azotemia with normal
urine sediment

Captopril-enhanced Doppler
ultrasound scan

MRA

Gadolinium-enhanced MRA

Angio-CT

Digital subtraction renal artery
angiography

60–65/NR

62–94/85 (for transplant
artery stenosis, 100/75) 64/92

88–100/71–100

Gold standard

[38,39]

[40,41,42]

[40]

[41]

Hyperaldosteronism Hypokalemia Serum aldosterone/plasma renin ratio

CT scan

MRI

89 /96

62/77

100/64

[43]

[44]

[44]

Pheochromocytoma Episodes of headache, palpitation, and
sweating

Urinary metanephrines

Plasma cathecholamines

Urinary VMA

CT scan (localization)

MRI (localization)

100/NR

85/NR

89/NR

85–95

>95

[45]

[45]

[45]

[45,46]

[45,46]

Abbreviations: MRI, magnetic resonance imaging; MRA, magnetic resonance angiography; CT, computer tomography (CAT scan); ACE, angiotensin converting enzyme; NR,
not reported; VMA, vanillyl madelic acid.

deafness (Alport’s disease), neurofibromatosis (pheochromocy-
toma), or adenoma sebaceum (tuberous sclerosis).

Laboratory investigations should always include urine sediment
analysis and, if proteinuria is detected, 24-h urinary protein excre-
tion or a spot creatinine/protein concentration ratio should be de-
termined. A test for albuminuria (micral test or albumin/creatinine
ratio in spot morning urine, followed by quantified excretion in
timed urine samples if the data are in the microalbuminuric range)
may help detect kidney damage before the appearance of clinical
proteinuria. In addition, for all patients the levels of plasma cre-
atinine (used to calculate the glomerular filtration rate by stan-
dard formulas), electrolytes (hypokalemia would suggest diuretic
therapy, renal artery stenosis, or hyperaldosteronism), and fast-
ing glucose (if abnormal, evaluate for diabetes), lipid profile, and
body mass index (to determine risk factors) should be determined.
An electrocardiogram and echocardiogram are indicated to detect
and monitor left ventricular hypertrophy.

Radiological and image analyses are not routinely indicated. De-
pending on the suspected diagnosis, renal ultrasonography (for
obstruction, stone disease, and polycystic kidneys), intravenous
urography (for obstruction, stone disease, and to determine
whether macroscopic hematuria is present), computerized tomog-
raphy, magnetic resonance angiography, and renal angiography
(as the reference standard for renal artery stenosis, prior to correc-
tion) may all be useful. Renography with isotopes that are elimi-

nated by glomerular filtration (e.g. 99Tc-diethylenetriaminepenta
acetic acid) are markers of renal blood flow, and evaluation with
[123I]iodohippurate may occasionally also be useful. Magnetic res-
onance angiography is useful in the study of renal artery stenosis
(Table 17.4) but only when the stenosis is in the main renal artery.

In children, hypertension is usually asymptomatic or presents
with nonspecific symptoms: failure to thrive, irritability, and con-
vulsions in infants, and headache, visual disturbances, vomit-
ing, epistaxis, growth retardation, and facial palsy in older chil-
dren [36]. If hypertension is severe, the initial evaluation in chil-
dren should include not only hematology, blood chemistries,
and urinary sediment but also abdominal ultrasound studies and
99mTc-dimercaptosuccinic acid scans (for detecting segmental
scars resulting from pyelonephritis) and determinations of end-
organ damage (echocardiography, electrocardiography) [37]. In-
travenous urography and voiding cystourethrography are only in-
dicated if vesicouretheral reflux or obstruction is suspected.
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18 Management of Essential Hypertension
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Evidence for hypertensive renal damage

Historically, renal failure in patients with hypertension occurred
mainly as the result of malignant hypertension [1]. However, with
the introduction of potent antihypertensive drugs, malignant hy-
pertension and kidney failure caused by malignant hypertension
have become rare [2]. Because virtually no renal end points were
observed in individuals with primary hypertension in relatively
short-term studies, it had been widely assumed that primary hy-
pertension caused few, if any, renal sequelae in individuals with-
out primary kidney disease. More recent observational data over
longer periods of time suggested that this view needed modifi-
cation. The failure to observe renal sequelae may be explained
primarily by the insufficient duration of trials designed to observe
cardiovascular end points. Today, evidence from long-term obser-
vational studies has shown that, in individuals without primary
chronic kidney disease (CKD), a relationship exists between the
level of blood pressure (BP) and impaired renal function. These
studies also show that the evolution of kidney failure in patients
with nonmalignant hypertension usually takes decades [3–7]. The
true frequency of this is unknown, because no series have been
reported where the diagnosis of “renal failure from hypertensive
nephropathy” was confirmed by renal biopsy. Registry data are
unreliable, as shown by large differences in end-stage renal dis-
ease incidence data due to hypertension reported from different
countries. The most convincing evidence comes from small series
where the diagnosis has been established by renal biopsy [8]. These
findings support the view that the term “benign nephrosclerosis”
(which goes back to Volhard and Fahr [9]) is a misnomer and
underestimates the role of primary hypertension in the initiation
and progression of CKD. Even more common, the mild impair-
ment of renal function seen in many elderly patients with primary
hypertension, although infrequently causing dialysis-dependent

kidney failure, is not benign because of the high cardiovascular
risk conferred by even minor renal dysfunction, as reflected by
diminished estimated glomerular filtration rate (GFR) [10–12] or
albuminuria or proteinuria [13–15].

The evidence that essential hypertension may (relatively infre-
quently) lead even to end-stage renal disease is based on experi-
mental as well as human studies. In animal models of primary hy-
pertension that may result in CKD, for example, Dahl salt-sensitive
rats and some strains of spontaneously hypertensive rats, a clear-
cut relationship exists between the BP increase and development
of kidney failure [16,17], particularly when sensitizing maneuvers
such as unilateral nephrectomy are performed [18,19] that are
known to cause dilatation of the afferent (preglomerular) artery,
thus triggering glomerular hypertension [20–22]. Moreover, in
these animals lowering BP retards progression of renal injury
[23–25]. The hypothesis of “nephron underdosing,” proposed by
Brenner [26], potentially provides a link between the genesis of
hypertension and the evolution of CKD in these experimental set-
tings and in humans [27–30]. According to this theory, a reduced
number of nephrons causes hypertension, which in turn may fur-
ther accelerate the development of abnormalities in renal structure
and function.

What is the evidence in humans? Evidence for an important
role of high BP in the development of CKD and progressive loss
of renal function has been provided by historical observations of
untreated hypertensive patients [31], although these observations
are confounded by the occurrence of malignant hypertension. In
the tradition of the classical anatomical descriptions of Gull and
Suton [32] and Volhard and Fahr [9], additional information has
come from the scarce biopsy studies in hypertensive patients with
presumed “hypertensive nephropathy” and no evidence of pri-
mary kidney disease or diabetes mellitus [8,33–36], autopsy stud-
ies [37,38], and long-term observational studies in patients with
presumed primary hypertension who have been followed for more
than a decade [3–6]. Registry information of patients on hyper-
tensive nephropathy as a cause for renal replacement therapy, for
instance, in the US Renal Data System [39], is unreliable because
of the absence of biopsy confirmation. Striking differences in the
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reported frequencies between countries [40] may, in part, be due
to varying susceptibilities of some ethnicities, particularly black
people, to hypertensive kidney damage [36]. In the general US
population, approximately 0.2% developed terminal kidney fail-
ure during an average observational period of 16 years, and this
risk was clearly related to BP [5]. In patients with primary hyper-
tension this proportion was considerably higher and increased in
parallel with the severity of hypertension. In patients with severe
hypertension, more than 3% developed end-stage renal disease,
that is, their relative risk for the development of kidney failure
was 12.4 compared to subjects with “optimal” BP. Progression
to kidney failure was a function of the BP value in several stud-
ies, systolic BP being more tightly correlated than diastolic BP,
with the elderly and Black people having a worse prognosis [3,4].
In individuals without evidence of kidney disease at baseline, as
reflected by an absence of proteinuria, a graded increase of the
risk to develop end-stage renal disease with time was found even
for BP values within the “normal” range according to past WHO
definitions [6]. Hypertension may also cause renal failure indi-
rectly, by promoting atherosclerosis of the abdominal aorta with
ischemic nephropathy resulting from renal artery stenosis, choles-
terol embolism, or arteriolosclerosis, or a combination of these
conditions [38].

One interesting observation is the finding that BP goes with the
transplanted kidney in humans [42] as it does in experimental
animals [43], suggesting that in humans a functional defect in
the kidneys plays a causal role in the development of primary
hypertension. It has been argued that the kidney is the culprit as
well as the victim of high BP [44]. This argument is not invalidated
by the evidence, from cross-kidney transplantation experiments in
AT1 receptor knockout animals, that extrarenal vascular territories
make nonredundant contributions to BP regulation [45].

Diagnosis of hypertensive renal damage

Classically, it has been postulated that the typical finding in pri-
mary hypertension is ischemic kidney disease leading to the con-
stellation of small kidneys with impaired renal function but with-
out significant proteinuria. This assumption was disproved by
findings in biopsy studies showing that even nephrotic protein-
uria may be found in patients with ischemic kidney disease [34].

Measurement of GFR
The GFR can be measured using different methods. The gold stan-
dard for the measurement of true GFR is still inulin clearance, but
iohexol, Cr-EDTA, or iothalamate clearances are valuable alter-
natives. However, these clearance measurements are cumbersome
and too expensive for routine clinical use or use in epidemiolog-
ical studies. Thus, estimates of GFR based on the measurement
of serum creatinine, such as with the MDRD [46] and Cockcroft-
Gault equation [47], are widely accepted, but these estimates are
not very accurate, particularly in the near-normal range [46].
Also, they have not been validated in specific populations and

ethnicities, such as the very old, patients with a renal allograft,
African Americans, or Asians. The newer MDRD formula, which
was derived from data of the Modification of Diet in Renal Dis-
ease trial, is more accurate for advanced rather than early-stage
CKD [46]. A major problem with the MDRD equation is that it
depends on the accuracy of serum creatinine measurement, which
may vary considerably between different laboratories. In addition,
interethnic differences may result in different estimates. Newer
tests for GFR, such as serum cystatin C, are becoming available
that are not confounded by muscle mass or tubular transport of
creatinine [46,48].

Quantification of urinary albumin and protein excretion
Albuminuria is usually categorized into micro- and macroalbu-
minuria, but the method by which urine should be collected is still
unresolved: spot urine (with or without creatinine correction),
morning urine, or 24-h urine. It is also unclear how urinary albu-
min should be measured: immune detection or high-performance
liquid chromatography [49,50]. Albuminuria also varies physio-
logically and is reversibly elevated by physical exercise, fever, and
heart failure.

Despite these unresolved methodological problems, an in-
creased urinary albumin (and protein) excretion rate has been
clearly documented in patients with essential hypertension, al-
though recent epidemiologic studies have shown that the preva-
lence of albuminuria is rather modest [51–55]. Nevertheless, this
parameter is of considerable interest, because it identifies hyper-
tensive individuals at particularly high risk of cardiovascular com-
plications and death [13,56] (see Table 30.3 in chapter 30 for more
information on risk factors in CKD progression). In the Göteborg
study the proteinuria was even more predictive than total choles-
terol for adverse cardiovascular outcomes [56]. The reasons why
urinary albumin excretion is predictive of cardiovascular death
have not been clarified, but it has been hypothesized that elevated
urinary albumin excretion, as a result of glomerular injury, may re-
flect generalized endothelial dysfunction in nonrenal vascular beds
as well [57]. In line with this assumption, an increased transcap-
illary escape rate of albumin as a potential marker of generalized
endothelial dysfunction has been found in patients with essential
hypertension [58]. It is also not clear whether albuminuria re-
flects a functional disturbance of the glomerulus, structural renal
damage, or both, and whether albuminuria is fully explained by
glomerular leakage or whether abnormalities of tubular albumin
reabsorption contribute. Further information from biopsy studies
with ultrastructural and gene expression analyses would be highly
desirable. It is also uncertain whether in patients with essential hy-
pertension (micro)albuminuria is associated with the long-term
risk of progressive renal injury [59] as it is in diabetes mellitus [60].
Despite such gaps in our knowledge, measurement of urinary al-
bumin provides information important for patient management
because of the tight relation between urinary albumin excretion
(even in the high-normal range) and the risk of cardiovascular
complications.
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Prevention and treatment

Strategies of prevention and treatment of hypertension-induced
CKD are all based on observational studies, because large con-
trolled prospective trials on this issue are completely lacking with
the exception of the African American Study of Kidney Disease and
Hypertension (AASK) study in the specific population of African
American patients. The few relevant observational studies that
are available suffer from drawbacks such as insufficient duration
and/or inclusion of mostly young individuals in whom renal risk is
considerably lower, absence of information on albuminuria and/or
proteinuria as a renal risk modifier, and selecting (and validating)
cardiovascular events, assuming that factors affecting cardiovascu-
lar end points also affect renal outcome (what is good for the heart
is good for the kidney). Also, in the studies that did measure a renal
end point, this was frequently confounded by comorbidities such
as (undetected) chronic heart failure, diabetes, and prediabetes. In
the studies where medication has been used which reduces renin–
angiotensin–aldosterone system (RAAS) activity it is difficult to
evaluate whether, for example, changes in GFR are the result of
natural history, RAAS blockade, or BP lowering.

These shortcomings mean there is some uncertainty inherent
in the following recommendations concerning BP and the choice
of specific antihypertensive drugs.

Target BP
Relatively small studies have suggested that antihypertensive treat-
ment reduces renal damage caused by hypertension [61,62]. This
was not confirmed in a meta-analysis of the available literature by
Hsu, in which no significant overall effect could be shown [63],
with the exception of the AASK study in African Americans.

It is uncertain which BP parameter is the most important treat-
ment target for renoprotection in hypertensive CKD: systolic BP,
diastolic BP, or pulse pressure. It is also unclear which measure-
ment is most relevant: clinic BP, home BP, 24-h ambulatory BP
monitoring, nighttime BP, monitoring of early morning surge, or
BP variability.

In patients with CKD due to diabetes mellitus, observational
studies and post hoc analyses of intervention trials have shown
that systolic BP is more predictive of renal function loss than dias-
tolic BP or pulse pressure [64]. Further, observational data indicate
that high nocturnal BP is associated with a more rapid loss of re-
nal function in nondiabetic patients [65], but such information is
lacking for patients with hypertensive renal damage. The authors
concluded that general recommendations based on clinic BP do
not do justice to the complexity of BP control. Published guide-
lines define a target BP of below 140/90 mmHg in the absence of
renal disease, below 130/85 mmHg for patients with CKD and di-
abetes, and even values below this threshold in patients with gross
proteinuria [66–68].

The only currently available solid evidence to support these rec-
ommendations in patients with CKD as a result of hypertension-

induced kidney failure is the AASK study [69]. In that study, com-
prising a total of 1094 African Americans with hypertensive kidney
disease (GFR between 20 and 65 mL/min/1.73 m2), the effects of
two levels of BP control and three antihypertensive drug classes on
change in GFR (i.e. GFR slope) during a follow-up period of 3–
6.4 years were examined. Participants were randomly assigned to
either usual BP control, that is, mean arterial BP between 102 and
107 mmHg (n = 554), or lower BP, that is, mean arterial BP of ≤92
mmHg (n = 540). The initial treatment was either the β-receptor
blocker metoprolol (n = 441), the angiotensin converting enzyme
inhibitor (ACEI) ramipril (n = 436), or the dihydropyridine cal-
cium channel blocker amlodipine (n = 217). Open-label agents
were added if necessary to achieve the assigned BP goals. The GFR
slope was determined separately during the first 3 months fol-
lowing randomization (acute slope) and after 3 months (chronic
slope), because the acute effects of the interventions on GFR may
have differed from their long-term effects on disease progression.
They achieved BP on average 128/78 mmHg in the lower BP group
and 141/85 mmHg in the usual BP group, but the mean GFR slope
from baseline through 4 years did not differ significantly between
either intervention (lower BP group, −2.21 mL/min, vs. usual BP
group, −1.95 mL/min/1.73 m2/year) (Figure 18.1) [69]. More-
over, the lower BP goal did not significantly reduce the rate of the
clinical composite outcome, including occurrence of end-stage
renal failure. None of the drug group comparisons showed consis-
tent significant differences in the GFR slope. However, compared
with the metoprolol and amlodipine groups, the ramipril group
had a reduced relative risk of 22% (P = 0.04) and 38% (P =
0.004), respectively. The authors concluded that lower BP control
has no additional benefit of slowing progression of hypertensive
nephrosclerosis and that an ACEI appears to be more effective than
a β-receptor blocker or dihydropyridine calcium channel blockers
in slowing GFR decline. However, the increase in proteinuria over
time during the observation period was significantly less (P <

0.001) with lower target BP (Figure 18.2), and the same was true
for the ACEI and β-receptor blocker treatment arms, compared
to the amlodipine group (P < 0.001). Given the important role
of proteinuria as a progression promoter in primary kidney dis-
ease and diabetic nephropathy, this finding corroborates the im-
portance of insufficient trial duration for the proper assessment
of progression in patients with hypertensive nephrosclerosis. An-
other limitation of the AASK trial is that the results are restricted to
African Americans, so that they must be confirmed for other eth-
nicities. It should be stressed that to achieve the assigned BP goals
in the AASK trial, most patients required more than monotherapy.
The average number of antihypertensive drugs was 2.7 in the usual
BP group and 3.5 in the lower BP group [69].

All classes of antihypertensive drugs are effective in lowering
BP in patients with renal malfunction. However, adverse effects
should be considered, particularly for aggressive BP lowering in
the elderly with comorbidities, which may increase cardiac events
and/or mortality, as recently shown in intervention trials [70,71].
When the systolic BP was reduced below 120 mmHg, all-cause
mortality was higher by a factor of 3, a finding that is reminiscent
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Figure 18.1 Effects of BP goal and selection of antihypertensive agent on GFR (AASK trial [69]). Mean changes in GFR by randomized group are shown. Data are the
estimated mean changes (with standard errors of the means) in GFR (in mL/min/1.73 m2) from baseline through follow-up with the two BP goal interventions (A) and with the
three drug interventions (B). The plot is based on a multislope generalization of the two-slope mixed-effects model, in which different mean slopes are estimated within each
treatment group for each interval between scheduled GFR measurements. Numbers of patients with GFR data at years 0, 1, 2, 3, 4, and 5 in all treatment groups combined
were 1094, 953, 837, 731, 469, and 262, respectively.

of the J-curve phenomenon, that is, a paradoxical increase in mor-
tality. As a consequence, in patients with known coronary heart
disease, systolic BP should not be reduced below 120 mmHg and
diastolic BP should not be reduced below approximately 70 mmHg
(in order to avoid coronary under perfusion). The sensitivity to low
diastolic BP is explained by the fact that coronary perfusion occurs
during diastole only. Some caution with aggressive BP lowering
is also appropriate in patients with disseminated atherosclerosis,
particularly of the arteries supplying the central nervous system

(cerebral ischemia) or the kidneys, that is, bilateral or dominant
kidney renal artery stenosis (ischemic nephropathy). This is espe-
cially true in disease states such as diabetes, when autoregulation is
disturbed, exposing the patient to the risk of organ ischemia (e.g.
cerebral micro-infarction) when BP is lowered excessively.

Specific benefit of RAAS blockade
Generally, no preference for a specific antihypertensive agent is
justified on the basis of currently available data, although results

Baseline 6

0

50

125

230

C
h

an
g

e 
in

 G
eo

m
et

ri
c 

M
ea

n
 o

f 
Pr

o
te

in
u

ri
a 

Fo
rm

 B
as

el
in

e,
 %

12 18

Follow-up, mo

24 30 36 42 48 Baseline 6 12 18

Follow-up, mo

24 30 36 42 48
−55

−35

0

50

125

230

C
h

an
g

e 
in

 G
eo

m
et

ri
c 

M
ea

n
 o

f 
Pr

o
te

in
u

ri
a 

Fo
rm

 B
as

el
in

e,
 %

−55

−35

Usual Blood Pressure Goal

Lower Blood Pressure Goal

Amlodipine

Ramipril

Metoprolol

Figure 18.2 Effect of BP goal and selection of antihypertensive agent on proteinuria (AASK trial [69]). Percent changes in proteinuria by randomized group are shown. Data
are the estimated percent changes in the urine protein/creatinine ratio from baseline through follow-up by BP goal and drug regimen. Based on the two-slope linear spline
model for the log(urinary protein/creatinine) ratio, the percent change in geometric mean proteinuria to 4 years was significantly lower for the lower BP goal than the usual BP
goal (P < 0.001) and was significantly higher in the amlodipine group than the other two drug groups (P < 0.001).
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of some studies in patients with primary hypertension show
better reduction of albuminuria and perhaps also better renal
outcome [72,73] with RAAS blockade. Nevertheless, a specific
renoprotective effect has been proven only in primary CKD and
patients with diabetic nephropathy. The relevance of these find-
ings for managing patients with primary hypertension and renal
dysfunction remains questionable in the absence of prospective
controlled data.
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den. J Hypertens 1985; 3: 167–176.

57 Deckert T, Feldt-Rasmussen B, Borch-Johnsen K, Jensen T, Kofoed-

Enevoldsen A. Albuminuria reflects widespread vascular damage: the

Steno hypothesis. Diabetologia 1989; 32: 219–226.

58 Parving HH, Gyntelberg F. Transcapillary escape rate of albumin and

plasma volume in essential hypertension. Circ Res 1973; 32: 642–651.

59 Verhave JC, Gansevoort RT, Hillege HL, Bakker SJ, De Zeeuw D, de

Jong PE et al. An elevated urinary albumin excretion predicts de novo

development of renal function impairment in the general population.

Kidney Int Suppl 2004; 92: S18–S21.

60 Mogensen CE, Christensen CK. Predicting diabetic nephropathy in

insulin-dependent patients. N Engl J Med 1984; 311: 89–93.

61 VA Cooperative Study Group on Antihypertensive Agents. Effects of

treatment on morbidity in hypertension. Results in patients with di-

astolic blood pressures averaging 115 through 129 mm Hg. JAMA 1967;

202: 1028–1034.

62 VA Cooperative Study Group on Antihypertensive Agents. Effects of

treatment on morbidity in hypertension. II. Results in patients with di-

astolic blood pressure averaging 90 through 114 mm Hg. JAMA 1970;

213: 1143–1152.

63 Hsu CY. Does treatment of non-malignant hypertension reduce the inci-

dence of renal dysfunction? A meta-analysis of 10 randomised, controlled

trials. J Hum Hypertens 2001; 15: 99–106.

64 Mroczek WJ, Davidov M, Gavrilovich L, Finnerty FA. The value of ag-

gressive therapy in the hypertensive patients with azotemia. Circulation

1969; 15: 893–904.

65 Timio M, Venanzi S, Lolli S, Lippi G, Verdura C, Monarca C et al. “Non-

dipper” hypertensive patients and progressive renal insufficiency: a 3-

year longitudinal study. Clin Nephrol 1995; 43: 382–387.

66 Cifkova R, Erdine S, Fagard R, Farsang C, Heagerty AM, Kiowski W

et al. Practice guidelines for primary care physicians: 2003 ESH/ESC

hypertension guidelines. J Hypertens 2003; 21: 1779–1786.

67 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL,

Jr, et al. The Seventh Report of the Joint National Committee on Pre-

vention, Detection, Evaluation, and Treatment of High Blood Pressure:

the JNC 7 report. JAMA 2003; 289: 2560–2572.

68 Kidney Disease Outcomes Quality Initiative (K/DOQI). K/DOQI clin-

ical practice guidelines on hypertension and antihypertensive agents in

chronic kidney disease. Am J Kidney Dis 2004; 43(Suppl 1): S1–S290.

69 Wright JT, Jr, Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J

et al. Effect of blood pressure lowering and antihypertensive drug class

on progression of hypertensive kidney disease: results from the AASK

trial. JAMA 2002; 288: 2421–2431.

70 Pohl MA, Blumenthal S, Cordonnier DJ, De Alvaro F, Deferrari G, Eisner

G et al. Independent and additive impact of blood pressure control and

angiotensin II receptor blockade on renal outcomes in the irbesartan

diabetic nephropathy trial: clinical implications and limitations. J Am

Soc Nephrol 2005; 16: 3027–3037.

71 Messerli FH, Mancia G, Conti CR, Hewkin AC, Kupfer S, Champion

A et al. Dogma disputed: can aggressively lowering blood pressure in

hypertensive patients with coronary artery disease be dangerous? Ann

Intern Med 2006; 144: 884–893.

212



BLBK043-Molony September 10, 2008 21:14

Chapter 18 Essential Hypertension

72 Asselbergs FW, Diercks GF, Hillege HL, van Boven AJ, Janssen WM, Voors

AA et al. Effects of fosinopril and pravastatin on cardiovascular events in

subjects with microalbuminuria. Circulation 2004; 110: 2809–2816.

73 Schrader J, Luders S, Kulschewski A, Hammersen F, Zuchner C,

Venneklaas U et al. Microalbuminuria and tubular proteinuria as risk

predictors of cardiovascular morbidity and mortality in essential hyper-

tension: final results of a prospective long-term study (MARPLE Study).

J Hypertens 2006; 24: 541–548.

213



BLBK043-Molony September 10, 2008 21:17

19 Management of Hypertension
in Chronic Kidney Disease

Aimun Ahmed, Fairol H. Ibrahim, & Meguid El Nahas
Sheffield Kidney Institute, Sheffield, UK.

Hypertension and risk of developing chronic
kidney disease

A large number of community-based studies have identified a
number of markers and factors known to be associated with in-
creased risk of developing chronic kidney disease (CKD), fore-
most among them, systemic hypertension and diabetes mellitus,
but also dyslipidemia, obesity, and smoking. These markers are
identical to those associated with increased risk of cardiovascular
disease (CVD), highlighting the close association between CKD
and CVD. Of these, systemic hypertension is the single most im-
portant factor predicting the onset of CKD; a number of large
community-based studies have linked raised blood pressure (BP)
levels to the increased incidence of CKD.

In the USA, the Multiple Risk Factor Intervention Trial screened
332,544 men aged 35–57 years between 1973 and 1975 and fol-
lowed them for an average of 16 years [1]. Of these, 814 subjects
either died of end-stage renal disease (ESRD) or were treated for
that condition (15.6 cases/100,000 person-years of observation)
[1]. A strong, graded relation between both systolic and diastolic
BP and ESRD was identified independent of associations with
age, race, income, use of medication for diabetes mellitus, his-
tory of myocardial infarction, serum cholesterol concentration,
and cigarette smoking. Compared with men with an optimal level
of BP (<120/80 mmHg), the relative risk of ESRD for those with
stage 4 hypertension (systolic pressure of ≥210 mmHg or diastolic
pressure of ≥120 mmHg) was 22.1 [1].

Also in the USA, the Washington County, Maryland study [2]
showed that the association between hypertension and smoking on
the future risk of CKD in 23,534 men and women was proportional
to the baseline levels of BP. The adjusted hazard ratio of developing

CKD among women was 2.5 for normal BP, 3.0 for high-normal
BP, 3.8 for stage 1 hypertension, 6.3 for stage 2 hypertension, and
8.8 for stage 3 or 4 hypertension compared with individuals with
optimal BP. In men, the relationship was similar but somewhat
weaker. A large proportion of the attributable risk of CKD in this
population was associated with stage 1 hypertension (23%) and
cigarette smoking (31%) (Table 19.1) [2].

Data from Kaiser Permanente in northern California that were
based on a total of 316,675 US adults showed that the adjusted rate
for developing CKD was 1.62 for a BP of 120–129/80–85 mmHg,
1.98 for BP of 130–139/85–89 mmHg, 2.59 for BP of 140–159/90–
99 mmHg, and up to 3.86 for BP of 160–179/100–109 mmHg [3].

It could be concluded from these studies that increased risk of
incident CKD is observed with BP levels considered in the high-
normal or the prehypertensive range (120–139/80–89 mmHg).

Similarly, data from Japan’s Okinawa island survey of over
110,000 individuals followed for over 17 years also linked the
development of proteinuria and CKD to high baseline levels of
BP [4].

Hypertension and risk of progression of CKD

As with the development of CKD, its progression has been asso-
ciated with a number of factors. They consist of modifiable and
nonmodifiable factors. Among the modifiable risk factors, both
systemic hypertension and proteinuria are the most significant [5].
They are associated with a faster rate of progression of established
disease. A faster rate of progression of CKD has been associated
with both high systolic as well as high diastolic BP levels. Some
have also linked faster progression with raised pulse pressure [6].
Correlations have also been made between an overall high BP level
detected by 24-h ambulatory BP monitoring and a faster rate of
decline of glomerular filtration rate (GFR) [7].

Of the 49 studies examining the relationship between raised BP
and faster progression of CKD published by the Kidney Disease
Outcomes Quality Initiative (K/DOQI) in 2002, 29 studies showed

214

Evidence-Based Nephrology. Edited by D. A. Molony and J. C. Craig.

© 2009 Blackwell Publishing Ltd.  ISBN: 978-1-405-13975-5



BLBK043-Molony September 10, 2008 21:17

Chapter 19 Hypertension in CKD

Table 19.1 Classification of hypertension.a

BP classification Systolic BP
(mmHg)

Diastolic BP
(mmHg)

Optimal <120 and <80

Prehypertension
Normal
High-normal

120–129
130–139

80–84
85–89

Stage 1 (mild) hypertension 140–159 or 90–99

Stage 2 (moderate) hypertension 160–179 100–109

Stages 3 and 4 (severe)
hypertension

≥180 ≥110

Isolated systolic (grade 1)
hypertension

140–159 <90

Isolated systolic (grade2)
hypertension

≥160 <90

aThis classification is based on that of the British Hypertension Society, ESH, JNC-7,
and that of WHO/ISH. If systolic BP and diastolic BP fall into different categories, the
higher value should be used for classification purposes.

an association by univariate analysis and 20 remained significant
by multivariate analysis evaluation [8].

Mechanisms of hypertension in CKD

The kidney is the key organ involved in the regulation of systemic
BP. It is involved in the pathogenesis of hypertension and is one
of the organs most severely affected by raised BP. Conventional
teaching has implicated fluid and salt overload and the activa-
tion of the renin–angiotensin–aldosterone system (RAAS) in the
pathogenesis of hypertension in CKD. However, additional data
also suggest other mediators. For instance, there is no doubt that
the sympathetic nervous system is activated in CKD [9]. This may
be a direct effect of kidney injury and scarring with afferent renal
signals stimulating the sympathetic nervous system or indirectly
via the activation of the RAAS [10]. Experimental data show that
renal denervation results in a fall in systemic BP and an attenu-
ation of CKD [11,12]. Endothelin (ET) has also been shown to
be raised in CKD, implicating ET1 and ET3 in the pathogenesis
of hypertension [13], which may be mediated by the activation
of the ET agonist receptor known to cause vascular constriction.
ET antagonists have been shown to reduce systemic hyperten-
sion and slow the progression of experimental CKD. Other pu-
tative mechanisms of raised BP in CKD include the well-known
increased arterial stiffness associated with impaired kidney func-
tion and reflected in the increased arterial pulse wave velocity
observed early in the course of CKD [14]. Arterial stiffness is as-
sociated with systolic hypertension and coronary artery disease.
Finally, a significant number of elderly and diabetic patients with

CKD suffer from atherosclerotic renovascular disease and renal
ischemia.

Guidelines for management of hypertension

When to treat
Global guidelines for the management of essential hypertension
agree on a number of points. These include the threshold of ini-
tiation of antihypertensive therapy based on risk stratification. In
general, it is acceptable to consider those at increased CVD risk
for earlier treatment. High CVD risk is defined as a >20% event
risk over 10 years, which is equivalent to a congestive heart disease
(CHD) risk of approximately 10% over 10 years [15].

The European Best Practice Guidelines (EBPG) for the manage-
ment of hypertension stipulate that those with a >20% increased
CVD risk over 10 years should be treated based on a lower thresh-
old of BP (<130/80 mmHg) to achieve the maximum reduction
in the total cardiovascular risk [16]. The EBPG, like most other
guidelines [17], consider patients with CKD at high CVD risk,
thus warranting early intervention [8,17,18]. In those patients with
CKD and high CVD risk, an integrated therapeutic intervention
(statin and antiplatelet therapy) frequently should be considered
[16,19].

The EBPG recommend that proteinuria should be lowered in
patients with CKD to values as near to normal as possible with
either an angiotensin converting enzyme inhibitor (ACEi) or an
angiotensin receptor blocker (ARB) (or a combination of both). To
achieve the BP goal, combination therapy is usually required, with
the addition of a diuretic, a calcium antagonist, and other antihy-
pertensive agents [16]. The EBPG also recommend the treatment
of all modifiable risk factors associated with hypertension (hyper-
glycemia, dyslipidemia, and smoking). Nondiabetic CKD patients
with minimal proteinuria, however, have no benefit from treat-
ment with an ACEi [20].

The Seventh Report of the Joint National Committee for the
Prevention, Detection, Evaluation and Treatment of High Blood
Pressure (JNC-7) recommended treating systolic BP and diastolic
BP to targets of<140/90 mmHg, aiming to decrease cardiovascular
and renal morbidity and mortality in healthy subjects. In patients
with hypertension and diabetes or CKD, the BP goal is lower,
<130/80 mmHg [21].

Similar recommendations have been made by the British Hy-
pertension Society, with a threshold for intervention of ≥140/90
mmHg in individuals with high CVD risk, including patients with
CKD [22]. Target BP for those with CKD are <130/80 mmHg, and
reducing BP to <125/75 mmHg may produce additional effects in
those with proteinuria of >1 g/24 h (urine protein/creatinine ratio
of >100 mg/mmol) [22].

In general, it is acceptable that patients with CKD are considered
at the highest CVD risk [17,18], thus warranting a low threshold
for initiation of antihypertensive treatment and lower target BP
levels.
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Table 19.2 Life-style modification recommendations for management
of hypertension.

Intervention Recommendation

Weight reduction Maintain ideal body mass index (20–25 kg/m2)

DASH eating plan Consume diet rich in fruit, vegetables, and
low-fat dairy products and with reduced content
of saturated and total fat

Dietary sodium restriction Reduce dietary sodium intake to 100 mmol/day
(<2.4 g sodium or <6 g sodium chloride)

Physical activity Engage in regular aerobic physical activity, e.g.
brisk walking for at least 30 min most days

Alcohol moderation Men: ≤21 units/wk; women: ≤14 units/wk

Guidelines for management
of hypertensive CKD

How to treat
Nonpharmacological interventions
A range of nonpharmacological interventions have been advo-
cated for the control of mild hypertension. These include life-style
modifications, such as weight loss, regular exercise, and reduc-
tion in dietary salt and fat as well as increased intake of fruits and
vegetables [23,24]. The Dietary Approaches to Stop Hypertension
(DASH) studies showed the beneficial effect of a diet rich in fruits
and vegetables and low in fat on blood pressure level. In addition,
the DASH-Salt studies showed that dietary salt restriction further
reduces BP in those already on a standard DASH diet [25]. Ces-
sation of smoking and reduction of alcohol intake [25,26], weight
reduction, and increased physical activity have also been shown to
reduce BP [24] (Table 19.2).

Pharmacological interventions
In patients with CKD, pharmacological intervention, often with
more than one drug, is required to control hypertension. In gen-
eral, it is acceptable that the control of systemic BP has to be associ-
ated with a reduction in proteinuria to effect maximum protection
in slowing the rate of decline of GFR [27]. In fact, recent studies
have suggested that the control of proteinuria may be as important
as, if not more important than, the control of hypertension per se
[28].

Target BP levels
The K/DOQI guidelines on the management of hypertension in
patients with CKD have recommended target BP levels of <130/80
mmHg [17]. These guidelines also suggested consideration of
lower targets in heavy proteinuric [29] as well as diabetic patients
[29,30]. These recommendations are based on observational and
intervention studies.

Sources of data for these recommendations include the original
report of the Modification of Diet in Renal Disease (MDRD) study,
which suggested that lower blood pressure levels (<140/90 mmHg)
may be needed in patients with moderate to heavy proteinuria
(>1 g/24 h) [29]. These recommendations are also based on a
systematic review of the literature that suggests that the lower the
mean arterial BP (MAP) level, the slower the progression of CKD
[31] for both diabetic and nondiabetic nephropathies. For the
latter, reduction of MAP to levels below 92 mmHg has led to a
normalization of the rate of decline in GFR (−1 mL/min/year),
prompting those study authors to talk of regression of diabetic
nephropathy [32].

The updated MDRD data suggested that a low target BP (MAP
of <92 mmHg, compared to <107 mmHg) delayed the onset of
kidney failure and a composite outcome of kidney failure and
all-cause mortality [33]. This beneficial effect was observed in
participants with various causes of nondiabetic CKD and extended
across a wide range of proteinuria levels [34], although this was
not the randomized intervention of this study.

In contrast, neither the Ramipril Efficacy in Nephropathy 2
(REIN-2) nor the African-American Study of Kidney Disease
(AASK) studies showed additional advantage from further BP
reduction [34].

Among the REIN-2 patients with nondiabetic proteinuric
nephropathies receiving background ACEi therapy (134/82
mmHg), no additional benefit from further BP reduction by
felodipine (130/80 mmHg) was shown [35]. However, this study
was conducted over a relatively short period of time (1.6 years)
and added a calcium antagonist for patients already controlled on
an ACEi and achieving a 4.8-mmHg difference in systolic BP.

The AASK of African Americans with hypertensive CKD (base-
line GFR around 46 mL/min, median baseline proteinuria of 0.81
g/24 h, follow-up of 5 years) failed to show an advantage to further
BP reduction; patients with a mean BP of 128/78 mmHg experi-
enced renal deterioration at the same rate as those achieving a mean
of 141/85 mmHg [36]. However, subgroup analysis of those with
proteinuria of >1 g/day showed a trend towards slower progres-
sion in the lower BP group. In this study, there was a therapeutic
advantage for the ACEi (ramipril) on progression and proteinuria
(−20%) compared to those treated with beta blockers (−14% for
proteinuria). CKD patients treated with the calcium antagonist
amlodipine showed a 58% increase in proteinuria.

In diabetic nephropathy (type 2 diabetes), the ABCD trial com-
pared the effects of moderate BP control (target diastolic pressure,
80–89 mmHg) with those of intensive control (target diastolic
pressure, 75 mmHg) on the incidence and progression of dia-
betic vascular complications. During a 5-year follow-up period,
no difference was observed between intensive versus moderate
BP control and between those randomized to nisoldipine versus
enalapril for the outcome of change in creatinine clearance. After
the first year of antihypertensive treatment, creatinine clearance
stabilized in both the intensive and moderate BP control groups
in those patients with baseline normo- or microalbuminuria. In
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Stage 1 and 2 CKD 
(GFR >60  ml/min/1.73 m2)
with mild proteinuria 
(<1 g/24 h) should be treated
according to their CVD risk:
+/−20% CVD events over
10 years 

Stage 3 and 4 CKD Stage 5 CKD

Low
CVD risk 

High
CVD risk

BP <140/90 
mmHg

BP >140/90 
mmHg

Treat initially
with lifestyle
modifications

In general, initiate treatment
with thiazide diuretic and/or
calcium antagonist (65) in
those over 55 years and 
black patients of all age.
Under 55, ACE
inhibitors/ARBs are 
favoured as first choice (65) . 

In the absence of
proteinuria (whether 

of anti-hypertensive therapy.
depends on patient's age 
tolerability, cardiovascular 
complication, and end organ 
damage.

ACEis/ARBs  
should be used 
with caution as 
they could easily
precipitate
irreversible ESRD

With proteinuria
(<1 g/24 h) whether
diabetics or not
Target BP <130/80 
mmHg

With proteinuria
(>1 g/24 h) or diabetics:
Target BP <125/75 mmHg 
ACEis/ARBs  agent of
choice with dietary salt 
restriction and diuretic.

Target BP <130/80 mmHg.

diabetics or not), the choice

Figure 19.1 Algorithm for management of hypertensive CKD patients. Patients with CKD and hypertension should be managed according to the degree of their
hypertension, proteinuria, and the stage of CKD.

contrast, patients starting with overt albuminuria demonstrated a
steady decline in creatinine clearance of 5–6 mL/min/1.73 m2/year
throughout the follow-up period whether they were on intensive
or moderate therapy. There was also no difference between the
interventions for the risk of progression from normoalbuminuria
to microalbuminuria (25% intensive therapy vs. 18% moderate
therapy) or microalbuminuria to overt albuminuria (16% inten-
sive therapy vs. 23% moderate therapy) [37].

Regarding target BP levels, it is important to consider levels
that would minimize CKD complications, including CVD mor-
bidity and mortality. Although there are no data available for the
target level needed to reduce CVD in CKD, results from other
non-kidney-related studies are informative. For example, in the
HOT trial, for each 5 mmHg decrease in diastolic BP, there was
a significant reduction in cardiovascular events [38]. In diabetics
at high CVD risk, every 2-mmHg reduction in systolic BP was
associated with a 7% reduction in CHD and a 10% reduction in
stroke. In this trial, a diastolic BP value of 85 mmHg appeared
to reduce risk of major CV events by 27% with no further im-
provement at lower diastolic BP levels (80 mmHg) [38,39]. Of
note, a recent study in patients with CKD and estimated GFR of

<60 mL/min suggested that low BP levels (systolic, <133 mmHg;
diastolic, <65 mmHg) are associated with increased mortality in
moderate to severe CKD as in patients on hemodialysis [40]. How-
ever, the increased mortality noted in these patients could not
be dissociated from the patients’ underlying cardiovascular status
(i.e. reverse causality). Furthermore, diastolic values of less than
65 mmHg are seldom achieved in patients with CKD and hyper-
tension. Regarding the type of agents used to reduce CVD, reports
are available to suggest that every single antihypertensive agent
has some advantage; ACEi is favored by some to minimize cardiac
remodeling.

Target proteinuria
Albuminuria and proteinuria are well-known markers associated
with diabetic and nondiabetic kidney disease [41]. Recent data
suggest a high prevalence of albuminuria (microalbuminuria) in
the general population [42,43]. It is elevated in a variety of con-
ditions, including old age, obesity, hypertension, diabetes, CVD,
and CKD. It is also increased in a number of chronic inflammatory
conditions, including arthritis, chronic hepatitis, and inflamma-
tory bowel disease. A growing body of evidence points to the fact
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that albuminuria therefore may be more a marker of chronic in-
flammation and/or endothelial dysfunction rather than progres-
sive CKD. In support of such an assumption is the reversibility of
albuminuria with the control of the underlying pathology or pre-
disposing factor. In diabetes, it has been shown that albuminuria
does not always progress to proteinuria and is readily reversible
with glycemic and hypertension control [44].

In other conditions associated with endothelial dysfunction
and/or chronic inflammation, albuminuria reduction often par-
allels the fall in C-reactive protein (CRP) associated with the con-
trol of chronic inflammation. Data from the PREVEND study in
the Netherlands highlighted this close association between albu-
minuria and CRP [45,46] and showed that, for example, weight
reduction was associated with a fall in albuminuria and CRP levels
[47]. Albuminuria should be considered a marker of endothelial
dysfunction and inflammation rather than CKD.

In contrast, proteinuria [29,48], along with hypertension, is
a very significant risk marker of progressive CKD. Over the last
decade a body of evidence has implicated baseline as well as follow-
up proteinuria levels in the progression of CKD [29,48], and the
extent of the reduction of baseline proteinuria over a short period,
1–6 months [49], can predict the long-term renal functional re-
sponse to an intervention. This was shown initially with dietary
protein restriction [50] and more recently with hypertension con-
trol as well as ACEi [49] and ARBs [51]. In fact, some studies
suggested that the beneficial impact of proteinuria reduction is
greater and is independent from that of hypertension [52].

Choice of antihypertensive agents
Based on these data, a number of guidelines have favored the use
of ACEi and ARBs in the management of hypertensive CKD, and
these apply to diabetic and nondiabetic CKD patients. However,
a number of observations suggest that the superiority of ACEi
and ARBs in the management of hypertensive CKD in slowing the
progression of CKD is greater among patients with a higher level
of proteinuria [52]. In fact, the pivotal study of the impact of ACEi
on the progression of nondiabetic CKD (REIN) failed to show
benefit in those with proteinuria of <3 g/24 h [53]. Furthermore,
this study also failed to show a therapeutic advantage of ramipril in
those with MAP of <101 mmHg, for whom progression was slow,
and both conventional agents, including calcium channel blockers
(CCBs) and ACEi, had a comparable impact on CKD progression

Other studies that investigated the management of systemic hy-
pertension (ALLHAT, ASCOT, and others) included some patients
with CKD, although the degree of functional impairment was
variable and often mild (CKD stages 1–3). The ALLHAT study
of 33,357 individuals included 5662 patients with CKD (diabetic
and nondiabetic, with an estimated GFR of <60 mL/min/1.73 m2)
who were followed for over 4.9 years. They noted that lisinopril was
not more effective than chlorthalidone in slowing the progression
of CHD or CKD [54]. Consequently, the therapeutic advantage of
ACEi or ARBs is uncertain, particularly in patients with early CKD
and in those with nondiabetic nephropathy and proteinuria of
<1 g/24 h. It is likely that patients included in these trials, includ-

ing ALLHAT, with mild to moderate hypertensive CKD may not
have had severe proteinuria [54].

A meta-analysis of the impact of ACEi on the progression of di-
abetic and nondiabetic nephropathies showed some advantage on
the progression of CKD in the latter but not in diabetics [55]. The
data from this meta-analysis have been criticized for the inclusion
of data on primary and secondary CKD, including the ALLHAT
data, which showed thiazide diuretics to be superior to ACEi. Also,
the primary and secondary end points of some of the studies in-
cluded in the meta-analysis were not directly focused on the impact
of treatment on CKD progression. However, the conclusion of the
meta-analysis, that the beneficial effect of RAAS inhibition on pro-
gression is primarily dependent on better BP control, agrees with
a number of observations made for essential hypertension and for
diabetic nephropathy. In fact, data from the Steno Institute have
shown over the years, in a number of relatively small studies, that
progression of diabetic nephropathy can be halted with good BP
control and MAP of <92 mmHg regardless of the antihyperten-
sive agent used [56]. The UKPDS confirmed that lower BP led to
slower decline in renal function regardless of whether atenolol or
captopril was used [57]. Also, the ABCD trial, in a similar popu-
lation of type 2 diabetic individuals, failed to show an advantage
of enalapril over nisoldipine [37]. These observations in diabetic
CKD and the implication of the Casas meta-analysis support a
large body of literature on the impact of treatment on hyperten-
sive CVD complications, from which the benefit derives primarily
from the degree of BP reduction regardless of the antihypertensive
agent used [58].

Finally, the indiscriminate use of ACEi and ARBs in CKD pa-
tients is not without risks. It is well known that patients with
renovascular disease and ischemic nephropathy may be at risk of
further renal dysfunction when using these agents. Distinction is
also seldom made in the prescribing of RAAS inhibitors to patients
with type 2 diabetes mellitus and CKD between those with gen-
uine diabetic nephropathy and significant proteinuria and those
with severe atherosclerosis or hypertensive or ischemic nephropa-
thy. This may explain the high incidence of side effects. Also, a
recent long-term analysis of the outcome of patients with dia-
betic nephropathy treated with ACEi suggested that after an initial
stabilization, a higher number of patients progressed to ESRD
compared to controls [59].

It is generally accepted that an up to 30% acute increase, within
a week, in serum creatinine or a fall in GFR of less than 25% is
acceptable, and predictable, upon initiation of ACEi and ARBs in
patients with CKD [60]. However, close and prolonged monitoring
is warranted, as some patients continue to have a rise in serum
creatinine within the first 3 months of ACEi or ARB initiation.

Risk stratification of CKD and CVD risk:
the CKD-CVD complex

With the above in mind, what recommendations can be made
regarding the management of hypertensive CKD? The choice of
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agents in hypertensive CKD may have to take into consideration
the presence of other CKD and CVD risk markers.

Proteinuria
Evidence suggests that ACEi and ARBs are more effective than
conventional agents in CKD patients with heavy proteinuria and
MAP levels of>110 mmHg (BP>140/90 mmHg) [53]. This would
justify their use as the initial treatment of choice under these con-
ditions. In such patients, including those with advanced diabetic
nephropathy, it has been suggested that dihydropyridine CCBs
may not be effective at reducing proteinuria, as they have been
shown to increase, rather than decrease, glomerular filtration and
intraglomerular capillary pressure in experimental animals. There
may be an advantage for using one of the nondihydropyridine
CCBs, such as verapamil or diltiazem, which have been shown, in
a small number of studies, to be as effective in reducing proteinuria
as ACEi in type2 diabetic nephropathy [61,62]. Beta blockers have
a modest, if any, intrinsic antiproteinuric effect.

In such patients, it is generally acceptable that the threshold for
initiation of antihypertensive treatment should be 130/80 mmHg
and the target BP level should be <125/75 mmHg [17,21].

To control proteinuria, ACEi and ARB treatment is often inef-
fective unless combined with dietary salt restriction (below 100
mmol/day; <2.4 g sodium or <6 g sodium chloride) and diuretic
therapy. This may explain the inferiority of these agents in some
large studies, such as ALLHAT, where lisinopril was not combined
with a diuretic. The beneficial effect of adding a diuretic to RAAS
inhibition has been demonstrated with thiazide and loop diuretics
as well as aldosterone antagonists, with all showing synergy with
ACEi and ARB in reducing proteinuria.

As the initial (1–6 months) proteinuria-reducing effect deter-
mines long-term outcome, it is sensible to aim at maximal sup-
pression of proteinuria with values of <1 g/24 h; for that level
of suppression, the combination of an ACEi and an ARB may be
justifiable. The COOPERATE study showed that ACEi and ARBs
have additive antiproteinuric effects independent of their blood
pressure-lowering impacts [63]. The combination led to a benefi-
cial effect on the progression of CKD as a function of the reduction
of proteinuria and independently of BP levels [63].

While reduction of albuminuria may impact favorably on CVD
outcomes [62], there are suggestions that in diabetic nephropathy
the reduction of proteinuria also favorably affects CVD compli-
cations [63,64]. Albuminuria may prove to be a useful CVD risk
stratification marker in CKD patients, thus affecting the choice of
antihypertensive agents.

Stage of CKD
There is little doubt that the initial level of GFR at the initiation of
treatment affects prognosis, with patients with CKD stages of 3–5
at higher risk. Most data evaluating the impact of antihypertensives
on the progression of CKD have focused on those patients with
the highest risk of progression, in whom changes in BP levels
and proteinuria have detectable impacts on CKD progression over
short observation times.

Patients with CKD stages 3 and 4 and heavy proteinuria would
benefit from ACEi and ARBs, as discussed above, with a target BP
of <125/75 mmHg. It has also been argued that even those with
CKD stage 5 would benefit from such treatment(s) [65,66]; this
awaits confirmation and warrants caution, as these agents could
easily precipitate irreversible ESRD.

In patients with CKD stages 1 and 2 with mild proteinuria (<1
g/24 h), progression is often slow and there is little evidence that
progression is affected by the type of antihypertensive agent used.
There is also a paucity of data on their CVD risk in the absence of
decreased GFR (<60 mL/min) and/or anemia. In these patients it
would therefore be reasonable to apply the risk stratification rec-
ommendations drawn for the treatment of essential hypertension:
1 High risk for CVD: 20% chance of an event over a 10-year period:
Those aged >55 years, male, smokers, and hyperlipidemic and/or
with a family history of CVD should be treated early (BP 140/90
mmHg), and BP levels should be reduced to <130/80 mmHg
[16,17,21].
2 Low risk for CVD: target BP levels of 140/90 mmHg would be
acceptable, bearing in mind their low CKD and CVD risk.

Recent guidelines issued by the National Institute of Health and
Clinical Excellence suggest that the initiation of antihypertensive
therapy with a thiazide diuretic and/or a calcium antagonist would
be a reasonable and cost-effective first choice in those over the age
of 55 years and for Black patients of any age [67]. These agents
seem to provide better CVD risk reduction than beta blockers, in
particular against stroke, and are marginally more cost-effective
than ACEi and ARBs [67]. This choice is based on a meta-analysis
of major hypertension clinical trials as well as a formal economic
evaluation [67]. They recommend ACEi as first-line treatment in
hypertensive patients younger than 55 years. If more than two
agents need to be used to control BP, they recommend a combi-
nation of a diuretic, calcium antagonist, and ACEi or ARB [67].

At a recent UK CKD consensus meeting, it was suggested that
for most patients with early CKD (stages 1–3) without significant
proteinuria (<1 g/24 h or urinary protein/creatinine ratio of <100
mg/mmol), the primary objective of treatment should be to reduce
the risk of stroke and heart disease with the choice of antihyper-
tensive agents according to national guidelines; for the UK, initial
therapy in those <55 years with an ACEi and in those older than 55
years with a calcium antagonist and/or a diuretic [68]. These rec-
ommendations agree with those of the National Institute of Health
and Clinical Excellence and the British Hypertension Society and
take into consideration the absence of evidence of an additional
renoprotective effect of angiotensin inhibitors in nonproteinuric
CKD.

Type of CKD
Patients with diabetic nephropathy should preferentially be treated
by initial inhibition of the RAAS; there is no evidence of difference
in efficacy between ACEi and ARBs in these patients. In nondia-
betic CKD patients, the stage of CKD and proteinuria should be the
major determinants in selecting an antihypertensive agent, rather
than the nature of the underlying nephropathy. In a number of
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chronic glomerulonephritis patients, including those with mem-
branous and immunoglobulin A nephropathy, ACEi have been
shown to be effective at reducing proteinuria and slowing the pro-
gression of renal insufficiency. In patients with polycystic kidney
disease it has been argued that ACEi are both beneficial and detri-
mental; this may reflect the stage of CKD, with early intervention
having a more beneficial effect.

An increasing number of patients are recognized as having reno-
vascular disease. These also include a proportion of type 2 diabetic
patients with CKD. It is imperative to have a high index of sus-
picion of such patients in the face of a disproportionately high
systolic BP and a wide pulse pressure in patients with a history of
atherosclerotic vascular disease. ACEi and ARBs should be avoided
in these patients, as they can precipitate further deterioration in
renal function as the ischemic kidney depends to a large extent
on angiotensin II-mediated efferent arteriolar vasoconstriction to
maintain the capillary pressure and filtration of its hypoperfused
glomeruli.

Race and ethnicity
It is generally accepted that black people of African or African-
Caribbean origin have higher rates of hypertension and higher BP
levels than white individuals. This is associated with higher CKD
and CVD risks, with the exception of CHD, which is lower than
in white people. Hypertension in the black population is often
volume dependent and salt sensitive, reflecting a low renin status,
favoring dietary salt restriction and diuretic therapy. Among black
patients in the ALLHAT study, ACE inhibition led to a signifi-
cantly higher rate of CVD events: strokes and CHF [69]. However,
the AASK trial of African American patients with CKD showed
ramipril to be superior to amlodipine; the amlodipine arm had to
be stopped prematurely because of apparent worsening of CKD.
The decision was controversial, because it implied that CCB may
not be suitable for black individuals with CKD. In general, it is ad-
visable to treat black patients with CKD along similar lines to their
white counterparts, including the inhibition of the RAAS along
with dietary salt restriction and vigorous diuretic therapy.

In the USA and UK, individuals of Asian origin have a higher
prevalence of diabetes mellitus and hypertension as well as renal
and cardiovascular complications. British Asians may also have
a faster rate of progression of diabetic nephropathy [70]. There
is no evidence that these individuals respond differently to anti-
hypertensive agents compared to Caucasians. However, their high
susceptibility to glucose intolerance and diabetes, obesity, and dys-
lipidemia may affect the choice of antihypertensive agents. With
that in mind, agents modifying the RAAS may have therapeutic
advantages, as they decrease the incidence of diabetes and have
beneficial effects on components of metabolic syndrome.

Smoking
Patients with CKD who are heavy smokers are at increased risk of
progression of diabetic and nondiabetic CKD [71]. It was shown in
one study that ACE inhibition considerably reduced the smoking-
associated risk of progression to ESRD [72].

Dyslipidemia
It is of relevance that the initiation and progression of CKD has
been linked to serum lipid levels [73], which should be considered
when prescribing antihypertensive agents because some, such as
diuretics and beta blockers, increase serum lipids.

In conclusion, the management of hypertension in CKD de-
pends on the renal and cardiovascular risk profile of the patient.
Patients with low renal and cardiovascular risk, namely, those with
CKD stages 1 and 2 and no or mild proteinuria (<1 g/24 h), could
be treated according to guidelines set by hypertension societies in
the EU and USA. On the other hand, those with more advanced
renal insufficiency (CKD stages 3–5) and/or those with proteinuria
who are at high renal and CVD risk should be treated according to
the K/DOQI guidelines for the management of hypertension with
lower treatment and target thresholds (i.e. <130/80 mmHg) [54].
The great majority of these patients will require more than one
agent to control their BP to recommended target levels of <130/80
mmHg. Compliance is often a problem, and so the conventional
stepped-care approach to the management of hypertension may
not be optimal to minimize side effects and improve compliance.
Combination therapy of two or three drugs at lower doses may be
a better initial option [39].
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Introduction

End-stage renal disease requiring renal replacement therapy puts a
major economic burden on the health care system. Atherosclerotic
renovascular disease has been found in about 12–31% of patients
>45 years old with end-stage renal disease [1,2] and constitutes the
fastest-growing group of these patients [3]. In unselected patients
with hypertension, the prevalence is only about 1–5% [4]. In cer-
tain patient populations, such as those with severe hypertension,
refractory hypertension, aortic aneurysm [5], or coronary artery
disease [6], the prevalence is as high as 20–40% [7].

Patients with renal artery stenosis of >50–70% renal artery di-
ameter are frequently advised to undergo correction of the stenosis.
The reason for treatment usually is difficult-to-control hyperten-
sion; however, amelioration of kidney failure should also be con-
sidered a reason for treatment. Identifying patients whose blood
pressure and/or renal function will improve postintervention is
difficult. Retrospective studies have shown a lack of improvement
in blood pressure and renal function despite correction of the
stenosis in 20–46% of patients [8–15]. The term renovascular hy-
pertension is reserved for those patients with improved, or rarely
even normalization of, blood pressure after intervention. The term
renovascular azotemia is used for those patients who have im-
proved renal function. Frequently, the term ischemic nephropathy
is used, but this term does not tell whether a patient is going to be
a responder. Renal artery stenosis and renovascular hypertension
are frequently used as synonyms in the literature [16]. However,
the term renal artery stenosis should be reserved for an anatomical
description, whereas renovascular hypertension and renovascular
azotemia describe the functional relevance of the stenosis.

Because angioplasty and surgery can lead to complications like
cholesterol embolism, persistent acute kidney failure, and even
patient death, these procedures should only be performed in

patients with a high likelihood of benefit. Possible reasons for a
lack of treatment effect are correction of trivial stenoses (<60%),
underlying renoparenchymatous disease, technical failure, choles-
terol embolism, or radiocontrast toxicity. These aspects will be
discussed in this chapter.

Pathophysiology of renal artery stenosis

Renal artery stenosis leads to renal ischemia, causing the release of
renin from the juxtaglomerular cells of the kidney and resulting
in the conversion of angiotensin I to angiotensin II, subsequent
release of aldosterone from the adrenal gland, vasoconstriction,
and sodium and water retention. The long-term consequences are
the buildup of extracellular matrix and collagen IV via angiotensin
II-induced increased expression of transforming growth factor �

and interstitial platelet-derived growth factor, resulting in irre-
versible parenchymal damage [17] also in the nonaffected kidney.
The challenge of treatment of atherosclerotic renal artery stenosis
is to intervene at a stage before major parenchymal damage has
occurred.

Patients who should be screened for renal
artery stenosis

Because renal artery stenosis is present in only about 1% of un-
selected patients with hypertension, general screening is not ad-
visable. The clinical signs suggesting renovascular disease include
an abdominal bruit, difficult-to-control hypertension (requiring
≥3 antihypertensive agents), accelerated hypertension or hyper-
tension that was previously well-controlled, worsening of renal
function 4–31 days after introduction of angiotensin converting
enzyme inhibitor (ACEi) or angiontensin II receptor blocker treat-
ment [18], severe atherosclerosis in other vascular beds, otherwise-
unexplained chronic kidney disease, hypertension associated with
sudden and repeated left heart failure or pulmonary edema, the on-
set of hypertension before the age of 30 years (from fibromuscular
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renal artery disease) or after the age of 55 years (from atheroscle-
rotic renal artery disease), and differences in the sizes of the two
kidneys. It is important to identify these clinical clues, because the
prevalence of renal artery stenosis rises up to 39% among these
patients [19]. Once renal artery stenosis is suspected, a screening
test is used to confirm its presence.

Screening methods for renal artery stenosis

Screening tests should be inexpensive, accurate (i.e. with a low rate
of technical failure and high sensitivity and specificity), and non-
invasive. This excludes angiography, although angiography is still
considered the reference standard for detection and quantification
of stenosis. A high interobserver variability for stenosis quantifi-
cation has been shown (kappa < 0.4) [20]. One study found a
pressure gradient of ≥30 mmHg in 13 of 22 renal arteries in which
arteriography had shown only minor degrees of stenoses (<50%)
[21], a pressure gradient generally associated with a reduction of
the glomerular filtration rate (GFR) [22]. Angiography may also
cause atheromatous embolization of the kidneys or renal impair-
ment due to radiocontrast nephrotoxicity.

Spiral computed tomography angiography (CTA) and magnetic
resonance angiography are noninvasive imaging techniques that
have high sensitivity and specificity (>95%) for detecting renal
artery stenosis [23–26], although a more recent study did not find
the same level of accuracy when these methods were applied in
everyday practice [26]. The latter study reported a sensitivity of
64% and a specificity of 92% for CTA and 62% and 84%, respec-
tively, for magnetic resonance angiography. These techniques are
also limited by their high costs and, in the case of spiral CT, the use
of contrast agents. Magnetic resonance is not suitable for patients
with claustrophobia and certain types of metallic implants. Mea-
surement of the concentrations of renin in the renal veins have
been used to predict the potential success of surgical revascular-
ization. False-negative and false-positive results are common with
this technique, and it is therefore not recommended as a reliable
screening test for renal artery stenosis. In theory, the accuracy of
renal vein renins are enhanced by using an ACEi (captopril test),
which attenuates the vasoconstrictive effect of angiotensin II on
the efferent arteriole and reduces filtration on the side of the steno-
sis [23]. The reported sensitivity and specificity after 25–50 mg of
captopril, however, are also low [27].

Captopril scintigraphy (25–50 mg of oral captopril given 12 h
before isotope) can detect renal artery stenosis with high sensitivity
and acceptable specificity and has also been shown to be of value
in identifying patients whose blood pressure will improve after
correcting the stenotic lesion [28]. This test, however, has not
been shown to predict an improvement in renal function after
correction of renal artery stenosis, and it cannot locate the stenosis
or determine its severity [23]. Furthermore, the sensitivity of this
test is reduced to 80% in patients with renal insufficiency (GFR of
<50 mL/min) or in patients with bilateral stenoses or a stenosis in
a single functioning kidney [23,29]. It is particularly important to

identify significant stenoses in these patients, because the major
rationale for performing surgery or angioplasty is to preserve renal
function.

In experienced hands Doppler ultrasonography is highly sensi-
tive and specific for detecting renal artery stenosis, and it is rapid
and inexpensive [30]. Two main approaches are used to detect a sig-
nificant renal artery stenosis of 50–70% [30,31]. The first (direct)
approach looks at flow acceleration at the site of the stenosis. This
approach has good sensitivity and specificity for detecting stenoses
of ≥50%. Obesity, excessive bowel gas, or poor blood flow in the
main renal artery can, however, interfere with direct visualization
of the renal arteries [30]. The second (indirect) approach looks at
poststenotic flow phenomena (tardus and parvus). This approach
can be used in nearly all patients but will only detect severe stenoses
of >70%. A combination of both approaches is the most suitable
technique for accurate detection of renal artery stenosis in almost
all patients. In patients with normal or impaired renal function,
we reported no technical failure with this combination method
and showed high sensitivity (96.7%) and specificity (98.0%) for
detecting renal artery stenosis of ≥50% compared with angiog-
raphy [30,31]. The value of Doppler ultrasonography to reliably
detect stenoses of 50% and more has been shown in the majority
of more recent studies (Table 20.1).

In summary the best screening test is probably the test per-
formed most frequently at an individual facility. In patients with
a GFR of <50 mL/min, CTA (due to radiocontrast toxicity)
and captopril scintigraphy (due to low sensitivity) should be
avoided.

Quantification of stenosis and estimation of
functional relevance

Other than detecting the presence of stenosis, Doppler ultrasonog-
raphy can also be used to estimate the severity of renal artery steno-
sis, with reliable estimates for up to 70% diameter reduction. A
good correlation compared to intravascular ultrasound has been
shown (R = 0.97) [44].

There is general agreement [45] that a diameter stenosis of
<50% causes neither high blood pressure nor impairment of renal
function. For this reason intervention should not be performed for
these low-degree stenoses. Stenoses of <60% progress slowly and
almost never proceed directly to occlusion [46]. A policy of watch-
ful waiting (e.g. ultrasonographic follow-up of stenoses) is reason-
able. Stenoses of >65–80% are considered to be hemodynamically
relevant [14,47]. Stenoses in most studies have been graded by
angiography. Simon et al. found hypersecretion of renin, suggest-
ing functional relevance, in stenoses of >80% diameter reduction
[47]. Unfortunately, data on the improvement of blood pressure
or renal function after correction of stenosis are lacking. Giroux
retrospectively evaluated the degree of stenosis in patients who
did or did not have improved blood pressure after correction of
renal artery stenosis. They found tighter stenoses in patients that
did benefit (79 ± 9% vs. 74 ± 9%; P < 0.05), but the differences
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Table 20.1 Stenosis criteria and sensitivity and specificity for detection of renal artery stenosis with Doppler ultrasound compared to selective angiography.a

Criterion and study No. of % Technical Degree (%) % Sensitivity/
[reference] patients Criterion failureb of stenosisc specificity

Direct stenosis criteria
Hansen et al. 1990 [32] 74 RAR > 3.5 8 ≥ 60 93/98
Karasch et al. 1993 [33] 53 Vmax > 180 cm/s 15 ≥ 50 92/92
Olin et al. 1995 [4] 102 Vmax > 200 cm/s or RAR > 3.5 10 ≥ 60 98/98
Postma et al. 1992 [34] 61 Doppler freq. >4 kHz and broadened

Doppler spectrum
25 ≥ 50 63/86

Schäberle et al. 1992 [35] 76 Vmax > 140 cm/s NA ≥ 50 86/83
Indirect stenosis criteria
(paravus, tardus)
Baxter et al. 1996 [36] 73 AT > 70 ms 16 ≥ 70 89/97
Kliewer et al. 1993 [37] 57 AT ≥ 70 ms 0 ≥ 50 82/20
Riehl et al. 1997 [38] 214 RI < 0.45 or �RI ≥ 8% 0 ≥ 70 93/96
Schwerk et al. 1994 [39] 72 �RI ≥ 5% 0

0
≥ 50
≥ 60

82/92
100/94

Speckamp et al. 1995 [40] 123 �AI ≥ 80% NA ≥ 70 100/94
Stavros et al. 1992 [41] 56 Loss of ESP 0 ≥ 60 95/97
Strunk et al. 1995 [42] 50 AT ≥ 70 ms 4 ≥ 50 77/46
Combination of direct and
indirect stenosis criteria
Krumme et al. 1996 [43] 135 Vmax > 180 cm/s and/or �RI ≥ 5% 0 ≥ 50 89/92
Radermacher et al. 2000 [30] 226 Vmax >180 cm/s and RRR > 4

and/or AT ≥ 70 ms
0 ≥ 50 97/98

Abbreviations: AI, acceleration index; AT, acceleration time; RI, resistance index (Pourcelot index); ESP, early systolic peak; RAR, renal aortic ratio; RRR, renal renal ratio.
a Only prospective studies with more than 50 patients and used comparison with intra-arterial angiography as the gold standard were considered.
b Technical failure: the renal artery or intrarenal arteries could not be visualized by color Doppler ultrasonography.
c The lowest degree of stenosis (% diameter stenosis) detected by the respective ultrasound method. NA, data not available.

were small [14]. Future studies should quantify stenoses using ei-
ther noninvasive Doppler ultrasound, intravascular ultrasound,
or a pressure gradient measured by pressure wire (an expensive
method) or catheter.

Exclusion of renoparenchymatous disease

Possibly the main reason for a lack of treatment benefit despite
successful correction of renal artery stenosis is preexisting reno-
parenchymatous disease. The two most frequent diseases coex-
isting with or even causing renal artery stenosis are long-term
hypertension and diabetes leading to hypertensive nephrosclero-
sis and diabetic glomerulosclerosis [48]. Renal biopsy can predict
treatment failure but is usually not indicated in these disease en-
tities [49]. Some readily available clinical and angiographic clues
as predictors of treatment success have been suggested [50,51]
(Table 20.2). However, none of these parameters is sufficiently
sensitive or specific, and contradicting data have been published
for many of these. Rapidly deteriorating renal function in the pres-
ence of renal artery stenosis has been associated with a favorable
response after angioplasty [52]; however, follow-up data on re-
nal function are frequently not available. Some screening methods

have been evaluated regarding prediction of treatment success:
measurement of renal vein renin, captopril scintigraphy, magnetic
resonance tomography, and Doppler ultrasonography. Because a
hemodynamically relevant renal artery stenosis should cause in-
creased renin production, renal vein renin measurements have
been considered the reference standard for predicting the func-
tional relevance of stenoses. The diagnostic accuracy of this test is,
however, disappointing, and the requirement for invasive venous
angiography and radiocontrast agents have made this method al-
most obsolete. Renal scintigraphy without captopril also has only
low diagnostic accuracy, but captopril scintigraphy is an estab-
lished method to predict a treatment effect. Captopril causes a fur-
ther fall in GFR in the affected kidney. The positive predictive value
for blood pressure improvement of a positive captopril scintigra-
phy is reported to be 92%; however, sensitivity drops to 80% in
patients with impaired renal function [29]. This could be due to
dependence of renal filtration on vasoconstriction of the efferent
arteriole in patients with advanced renoparenchymatous disease,
which is impaired after ACEi treatment. A further drawback of
captopril scintigraphy is the requirement for meticulous patient
preparation in order to obtain reliable results. Patient prepara-
tion includes controlled hydration, controlled sodium diet, and
removal of diuretics and ACEi 4–14 days before the investigation
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Table 20.2 Predictors of a lack of effect of successful correction of renal artery
stenosis related to blood pressure and/or renal function.

Studies (reference nos.) that
found the parameter to be:

Patient characteristic Predictive Not predictive

Advanced age, >65 yrs 13, 15, 54, 55 14, 56, 57
Male gender 54 14, 56, 57
Severe atherosclerosis 14, 15, 56
Proteinuria >1 g/day 15, 58
Severely impaired renal function (GFR
<40 mL/min)

15, 56 14, 55, 57

No sudden appearance of
hypertension, or sudden worsening of
previously well-controlled hypertension

13 15

Duration of hypertension >10 yrs 14, 54 55
Diastolic blood pressure <80 mmHg 14, 54, 55 57
Systolic blood pressure <160 mmHg 57 55
Diabetes mellitus 14 15, 56
Nonsmoker 14, 15
Degree of stenosis <70% 14 13, 57
Resistance index >0.80 15

[29,53]. van Jaarsveld et al. did not find a predictive value of capto-
pril scintigraphy for improvement of blood pressure in their study
[13].

Gadolinium-assisted magnetic resonance imaging after ACEi
treatment has been used to quantify renal filtration and has pro-
vided predictive results comparable to captopril scintigraphy [59].
Prospective studies on this fascinating technique as a predictor
for renovascular hypertension or azotemia are lacking at present,
however.

In two studies with low patient numbers, an increased intrarenal
resistance index value measured by Doppler ultrasonography was
associated with a rapid loss of renal function [60] and a lack
of blood pressure improvement [61], despite correction of renal
artery stenosis. A prospective study found that a resistance index

of >0.8 in the interregnal segmental arteries had a sensitivity and
specificity of >90% for predicting renal function deterioration
and a lack of blood pressure improvement [15] (Figure 20.1).

Correction of renal artery stenosis versus
drug treatment

Presently, it is uncertain whether angioplasty or surgery for renal
artery stenosis is associated with an improved outcome compared
to medical treatment alone. Three randomized controlled trials,
with relatively few patients, have been performed and did not show
any difference in blood pressure or renal function [13,62,63]. A
meta-analysis of these trials found a nonsignificant trend toward
blood pressure reduction and lesser requirements for antihyper-
tensive drugs in two of the three trials but no effect on renal func-
tion with angioplasty [64]. More studies comparing angioplasty
with optimal medical treatment with greater patient numbers are
underway (http://www.astral.bham.ac.uk) [65–67]. Until the re-
sults of these studies are available, physicians should try to only
treat patients for whom there is a high likelihood of a positive re-
sponse. Drug treatment of renal artery stenosis should include not
only antihypertensive drugs but also lipid-lowering drugs, to per-
haps prevent progression of renal artery stenosis, and antiplatelet
drug treatment to prevent renal artery thrombosis.

Improving short- and long-term results of
correction of renal artery stenosis

Ten-year patency rates are still only available for surgically cor-
rected renal artery stenoses, although outcomes may be better af-
ter surgery compared to angioplasty [68]. However, angioplasty
has become the method of choice because it is less invasive and
has a lower mortality rate. Only when an aortic aneurysm or
other severe aortic disease requires simultaneous treatment should
surgery be the preferred method. Ostial stenoses should always be
treated with angioplasty plus stenting; stenoses located >1 cm dis-
tally to the aorta or stenoses due to fibromuscular dysplasia can

Smoking
No nocturnal blood pressure drop

No sudden increase in blood pressure
Renin < 5,7 ng/ml/h
renal length < 9 cm

male sex
Diabetes mellitus

uric acid > 430 µmol/l
pulse pressure > 70 mmHg

age > 65 Jahre
CHD, AOD,  carotid stenosis

GFR < 40 ml/min
proteinuria > 1 g/day

negative captopril scintigraphy
RI > = 80

0,1 1 10 100 1000 10000 100000
Odds ratio

Figure 20.1 Odds ratios for various factors to
predict deterioration of renal function. Squares depict
odds ratios; lines depict 95% confidence intervals. RI,
resistance index; CHD, coronary heart disease; AOD,
atheroocclusive disease of the legs.
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be treated with angioplasty alone [69]. A randomized controlled
study reported better initial patency rates (88% vs. 57%) and lower
restenosis rates (14% vs. 48%) 6 months after stent-assisted an-
gioplasty compared to angioplasty alone in ostial stenoses [70].
However, the same study failed to show superiority of stenting
regarding blood pressure or renal function improvement. Newer
studies report primary patency rates in the range from 94 to 100%
[14,57,71,72], but long-term results are less favorable. Restenosis,
de novo stenosis, or thrombosis rates in the range of 10% per year
have been reported both in stent-treated patients and patients
who had angioplasty alone [14,15,52,57,71–74]. Revasculariza-
tion success should therefore be monitored by ultrasonography
at 3 months, 6 months, and yearly intervals thereafter. Newer
technologies using sirolimus-coated stents are being evaluated
[75].

Cholesterol embolism and radiocontrast toxicity

Cholesterol embolism in the renal arterial bed or the aorta is always
a dramatic event. It can lead to progressive loss of renal function
despite patency of the renal artery. At present there is no reliable
method to detect cholesterol embolism. Renal biopsy is invasive
and may miss the site of embolism due to sampling error. Blood
eosinophilia or the “blue toe” suggest cholesterol embolism but
are not sufficiently sensitive or specific to allow the diagnosis of
renal cholesterol embolism. Dejani et al. found blood eosinophilia
of >5% in 7 of 20 patients older than 55 years with impaired
renal function (serum creatinine, >2 mg/dL) treated by renal an-
gioplasty [76]. The feasibility of renal protection devices catching
cholesterol crystals and other debris has been shown but has not
been tested in randomized controlled trials [77].

A further frequent complication associated with renal angiog-
raphy and renal arterial stenting is radiocontrast toxicity. Treat-
ment of renal artery stenosis may be of greatest benefit in patients
with impaired renal function, and these patients are most sen-
sitive to radiocontrast toxicity. Controlled hydration with NaCl
at 1 mL/kg/h for 12 h prior to and after angioplasty is consid-
ered standard prophylactic therapy. A randomized controlled trial
has shown the superiority of this regimen, compared with addi-
tional mannitol or furosemide treatment [78]. Prehydration with
sodium bicarbonate (154 mmol plus 900 mL 5% glucose solu-
tion) instead of saline alone may further lessen the risk. However,
these data have not been confirmed in subsequent studies [79].
Acetylcysteine (600–1,200 mg twice a day) has been shown to have
an additive protective effect compared with hydration alone for
preservation of renal function and prevention of acute kidney fail-
ure in several randomized controlled trials [80,81], but a recent
meta-analysis including 19 randomized trials failed to show such
a protective effect (see chapter 10) [82].

The newer nonionic radiocontrast agents have lessened the risk
of toxicity but have not abolished it [83]. Furthermore, the iso-
osmolar radiocontrast agent iodixanol has been associated with
significantly less contrast nephropathy than the low-osmolar agent
iohexol [84]. These results have not been confirmed in other stud-
ies. Hemodialysis during or directly after application of radiocon-
trast agents does not prevent radiocontrast toxicity, but hemofil-
tration may have a beneficial effect [85]. Here also, confirmatory
studies have not been performed, and this method of treatment
is invasive and expensive. Calcium channel blockers, ANP [86],
dopamine [87], and endothelin receptor antagonist [88] have been
proven useless to prevent radiocontrast toxicity. Theophylline may
have a protective effect, but its effects are not additive compared
to hydration treatment alone [89].

No clinical clue
for RAS

stenosis < 50%

PTA oder surgery

Uncontrolled HT
with >=3 AHT

Drug treatment
Control CDS

Controlled HT

stenosis 50−69%

PTA or surgery

stenosis >=70%

RI < 80

Drug treatment
CCB, statins

RI >=80

CDS
positive

CDS
negative

Clinical clue
for RAS

Hypertension

Figure 20.2 Approach to the patient with
hypertension and suspected renal artery stenosis.
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Conclusions

Patients should only be screened for the presence of renal artery
stenosis when the likelihood that they have renal artery steno-
sis is sufficiently high. Good screening methods are Doppler ul-
trasonography and captopril scintigraphy, because both of these
methods also have some predictive value regarding the likelihood
of blood pressure and renal function improvement (RI <80 or
positive captopril scintigraphy) following correction of the steno-
sis. Only patients with a high likelihood for improvement should
be treated with angioplasty, because at present the superiority of
angioplasty compared to medical treatment alone has not been
definitively proven. Future technical improvements regarding pre-
vention of cholesterol embolism and radiocontrast toxicity may in-
crease the proportion of patients who benefit from stenosis correc-
tion. Based upon current data, stenoses of >70% should be treated
with angioplasty, and stenoses of 50–70% should be treated only
if blood pressure cannot be controlled with maximal antihyper-
tensive treatment (opinion). A possible diagnostic and treatment
algorithm is shown in Figure 20.2.
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Introduction

Diabetes mellitus, in particular type 2 diabetes, is a public health
concern, and projections for the future are alarming. According
to the World Health Organization, diabetes affects over 170 mil-
lion people worldwide, and this will rise to 300 million people by
2025 [1], about one-third of whom will eventually suffer progres-
sively deteriorating renal function. Ninety to 95% of these patients
have type 2 diabetes. The first clinical sign of renal dysfunction in
diabetic patients is microalbuminuria (a sign of an endothelial dys-
function not necessarily confined to the kidney), which manifests
in 2–5% of patients per year. In 20–40% of cases, microalbumin-
uria progresses to macroalbuminuria or overt proteinuria, and
10–50% of patients with proteinuria develop chronic kidney dis-
ease, which ultimately requires dialysis or transplantation [2]. Of
great concern, 40–50% of type 2 diabetic patients with microalbu-
minuria eventually die of cardiovascular disease. This is threefold
more than for diabetic patients without evidence of renal disease
[3].

Here we will review the evidence that, in diabetic patients with
kidney disease, lowering blood pressure and urinary albumin are
effective in reducing the risk of end-stage renal disease (ESRD)
as well as of myocardial infarction, heart failure, and stroke and
that among antihypertensive medications, angiotensin converting
enzyme (ACE) inhibitors or angiotensin II antagonists are the
most effective. Although less consistent, data are available that
also nondihydropyridine calcium channel blockers (ndCCBs) may
lower urinary albumin and slow renal disease progression, and
ndCCBs, added to ACE inhibitor therapy, may be more effective.
Finally, we will discuss recent evidence that ACE inhibitors can also
prevent the onset of microalbuminuria, an early marker of kidney
disease, if given to patients with type 2 diabetes and hypertension
but normal urinary albumin excretion.

The epidemics of type 2 diabetes and related
renal and cardiovascular disease

Diabetes mellitus is the most frequent cause of chronic kidney
disease worldwide. Over the past 2 decades, there has been a con-
tinuous increase in the incidence of ESRD due to diabetes, pre-
dominantly in those with type 2 diabetes [1,2]. In the USA, the
proportion of patients with both ESRD and diabetes rose from 27
to 50% between 1982 and 2000, a trend echoed in many developed
countries and in non-Caucasian populations (i.e. Afro–Caribbean,
Asian, Native American, Australian Aboriginal people, etc.). Until
recently, the risk of renal complications was thought to be con-
siderably lower among patients with type 2 diabetes than in those
with type 1 diabetes; however, it has now been shown that the risk
of nephropathy with progression to ESRD is similar for the two
groups [4]. This knowledge has helped to change the perception
of type 2 diabetes, and it is now apparent that this disease should
be treated with the same seriousness as type 1 diabetes.

The prevalence of type 2 diabetes, and of related kidney dis-
ease, is rapidly increasing due to the progressive ageing of the
population and the worldwide epidemic of obesity, especially in
developing countries. In parallel, the incidence of ESRD within
the type 2 diabetes population has increased dramatically. This
may be due partly to improved treatments for hypertension and
coronary heart disease, allowing more patients with type 2 dia-
betes to live long enough for nephropathy and ESRD to develop
[5], or it may be because the spectrum of diabetes has become
more severe. This phenomenon may also be because patients may
be treated less optimally than previously as health care systems
struggle with the increased load of diabetic patients. For exam-
ple, a blood pressure target (i.e. ≤ 130/80 mmHg) is not being
achieved as frequently as is ideal, resulting in increased risk of kid-
ney failure. Also, proteinuria may not be treated as a risk factor.
Numerous studies have demonstrated that reducing proteinuria is
renoprotective [2]. Targeting treatment to both blood pressure and
urinary protein is therefore important to limit or prevent kidney
disease in people with diabetes.
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Figure 21.1 A possible algorithm to guide diagnosis of diabetic nephropathy.

Albuminuria is associated with cardiovascular disease mortality
independent of other cardiovascular risk factors in both type 1 and
type 2 diabetes [5,6]. Diabetic subjects with no evidence of kidney
disease have cardiovascular morbidity and mortality comparable
to those of age-matched controls without diabetes. In those with al-
buminuria, the risk increases in parallel with the increase in urinary
albumin excretion (UAE). Observational analyses of the UKPDS
study found that in patients with type 2 diabetes the incidence of
cardiovascular events increases by 2- to 4-fold with the appearance
of microalbuminuria (UAE, 20–200 �g/min or 30–300 mg/24 h),
by 9- to 10-fold with the progression to macroalbuminuria (UAE,
>200 �g/min, or 300 mg/24 h), and by more than 20-fold with the
development of renal insufficiency and progression to ESRD [3].
Other studies have found that the incidence of coronary heart dis-
ease events increases from 16.4% in type 2 diabetic patients with
a urinary protein concentration of <150 mg/L to 34.8% in those
with a urinary protein concentration of >300 mg/L, and the inci-
dence of stroke increases from 7.2% to 23% [6]. The excessive

cardiovascular risk means that patient survival is dramatically
reduced prior to the development of ESRD, and survival levels
fall even further on chronic renal replacement therapy [1–5]. The
5-year survival rates after progression to ESRD are currently 5%
in Germany and 27% in Australia.

Diabetic renal disease

Definitions and diagnosis
Clinical diagnosis of diabetic nephropathy is established on the
basis of persistent albuminuria in diabetic patients with retinopa-
thy and no evidence of nondiabetic renal disease [8]. In those
without retinopathy and with another urinary abnormality, a def-
inite diagnosis can be established only on the basis of a histo-
logical evaluation of the kidney (Figure 21.1). Historically, five
stages are recognized (Table 21.1) [9]. At the onset of diabetes the

Table 21.1 Stages of diabetic nephropathy.

Years since UAE
Stage diabetes onset GFR/RPF (�g/min) Findings Histology changesa

I Hyperperfusion 0 Elevated >20b Enlarged kidneys Glomerular hypertrophy
II Clinical Latency 10–15 Normal-elevated <20 High-normal BP Thickening of basement membrane
III Incipient Nephropathy 15–20 Normal-elevated 20–200 Hypertensionc Widening of mesangium
IV Overt Nephropathy 20–30 Reduced/decreasing >200 Worsening hypertensionc Diffuse/nodular glomerulosclerosis
V Kidney Failure >30 Severely reduced >200 Severe hypertensionc Scarring

a Less specific changes in type 2 diabetes.
b Transient increases.
c More frequent and more severe and often preceding the diagnosis of nephropathy in type 2 diabetes.
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Figure 21.2 Course of diabetic nephropathy according to time-dependent changes in GFR and albuminuria.

glomerular filtration rate (GFR) may be elevated, and there are
no evident clinical abnormalities (stage I diabetic nephropathy).
Then, with good metabolic control the GFR normalizes (stage II),
and over about 10 years microalbuminuria may develop (stage III
or incipient nephropathy). Then, albuminuria may increase to the
macroalbuminuric range and the GFR starts to decline (stage IV, or
overt nephropathy) until kidney failure develops (stage V). More
recent evidence, however, suggests that diabetic kidney disease is a
continuum. It starts with the appearance of measurable amounts
of albumin in the urine and evolves, with a progressive increase in
albumin excretion, to a progressive decline in GFR. Not only is this
associated with an increased urinary excretion, but also of other
plasma components and, without specific treatment, may eventu-
ally result in terminal kidney failure (Figure 21.2) [10]. Even with
this background, however, here we will use the traditional termi-
nology whenever appropriate to avoid confusion with the earlier
literature, in particular, when discussing trials that included pa-
tients and evaluated outcomes on the basis of the stages described
above.

Thickening of the glomerular basement membrane and diffuse
or nodular glomerulosclerosis (diabetic glomerulosclerosis) are
the typical features of stage IV diabetic nephropathy, in particular
in patients with type 1 diabetes. In those with type 2 diabetes, how-
ever, the histology findings may be more heterogeneous, and non-
specific changes related to ageing or nephroangiosclerosis, with
or without concomitant nodular glomerulosclerosis, may be ob-
served in 30–60% of cases, according to different published case

series [11]. Primary glomerular disease, in particular idiopathic
membranous nephropathy, is also relatively frequent in older sub-
jects with type 2 diabetes and should always be suspected in those
with overt proteinuria but without severe hypertension, renal in-
sufficiency, or retinopathy [11].

Outcome
In early stages of nephropathy, when structural changes are neg-
ligible, UAE may increase secondarily to glomerular hyperfiltra-
tion, loss of glomerular barrier negative charges and, possibly,
reduced albumin reabsorption at the tubular level [10]. In later
stages, however, when the structural changes become prominent,
albuminuria is largely sustained by an increased permeability of
the glomerular barrier, which allows unrestricted ultrafiltration
of plasma macromolecules [12]. These macromolecules, most
of which are nephrotoxic, may initiate a self-perpetuating pro-
cess of progressive glomerulosclerosis, tubulo-interstitial inflam-
mation, and scarring, with progressive renal function loss [13].
Ultrafiltered transferrin-iron complexes pH of proximal release
iron, which in turn promotes lipid peroxidative damage, causes
insulin-like growth factor 1 to dissociate from binding proteins,
and stimulates mitogenesis and synthesis of collagen I and IV in
proximal tubular cells, lipoproteins, chemotactic lipid factors. Dif-
ferent complement components may promote tubular injury and
interstitial inflammation by generating oxygen free radicals and
chemotactic gradients (see reference 13 for more details).
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The functional and metabolic changes sustained by renal in-
sufficiency and heavy proteinuria, including worsening hyperten-
sion, dyslipidemia, endothelial dysfunction, and insulin resistance,
eventually accelerate atherosclerosis and cardiovascular disease,
which contributes to the dramatic excess cardiovascular morbidity
and mortality associated with overt nephropathy [3]. All together,
these data support the hypothesis that the appearance in the urine
of plasma proteins different from albumin (which usually occurs
in parallel with the increase of UAE from micro- to macroalbu-
minuria) indicates the transition of the disease from a relatively
benign stage of functional and potentially reversible abnormali-
ties to a more severe stage of persistent functional and structural
changes that, without treatment, sustain a relentless progression
to ESRD (see reference 10 for more details). This highlights the
importance of early intervention, when the kidney changes are
still potentially reversible and renoprotective therapies might have
their greatest beneficial effects.

Predisposing conditions
Studies have identified a number of factors that play a part in the
development of diabetic nephropathy [14,15]. These include ele-
vated blood pressure and glycosylated hemoglobin and cholesterol
concentrations, smoking, advanced age, high level of insulin resis-
tance, male gender (the risk is lower among women, particularly
premenopausal women), and Afro–Caribbean, Asian, or Native
American races. A family history of cardiovascular events is also
an indicator of renal risk. Actually, genetic factors, including some
polymorphisms of the ACE gene, appear to play a part in the devel-
opment of diabetic nephropathy, as familial clustering of diabetes
is found among both type 1 and type 2 diabetic patients. In addi-
tion to this, the finding of a family history of cardiovascular events
is a powerful indicator of renal risk, with clusters of cardiovas-
cular incidents being seen in first-degree nondiabetic relatives of
type 1 and type 2 diabetic patients. There is also an interaction
between genetic factors and blood glucose levels for the risk of mi-
croalbuminuria in newly diagnosed type 2 diabetic patients. The
combination of a positive family history and poor glycemic control
greatly increases the risk for development of diabetic nephropathy.
Hypertension and family history of hypertension are also indepen-
dent risk factors for subsequent development of microalbumin-
uria and nephropathy. A study of Pima Indians showed that the
risk of developing nephropathy 5 years after the onset of diabetes
was nearly threefold higher for those whose blood pressure was
in the upper third (i.e. high-normal category) of blood pressure
distribution 1 year prior to the development of diabetes [16].

Hypertension, hyperglycemia, and increased cardiovascular
morbidity and mortality are typical components of metabolic syn-
drome, a syndrome of reduced tissue sensitivity to insulin that is
often associated with microalbuminuria. Evidence suggests that
insulin resistance precedes and probably contributes to the devel-
opment of microalbuminuria in type 1 diabetic patients [17], as
well as in nondiabetic subjects [18]. Until recently, data for type
2 diabetic patients were less clear, since an association between
insulin resistance and microalbuminuria was suggested by some

studies but was not confirmed by others. However, the hypothesis
of an association between insulin resistance and microalbumin-
uria was recently revived by a cross-sectional study showing that
in a large cohort of type 2 diabetic patients the homeostasis model
assessment index, a surrogate of insulin sensitivity, was signifi-
cantly associated with the albumin/creatinine ratio measured in
spot urine samples [19]. To formally test this possibility, Parvanova
et al. compared the total body glucose disposal rate, quantified by
means of a euglycemic hyperinsulinemic clamp technique, in 50
matched pairs of type 2 diabetic patients with micro- or normoal-
buminuria [20]. Data showed that subjects with microalbumin-
uria were more insulin resistant than those with a normal UAE
and that the magnitude of insulin resistance was independently
associated with microalbuminuria. Of interest, there was also a
clear association between more severe insulin resistance and mi-
croalbuminuria in the subgroup of patients with normal blood
pressure considered separately from those with arterial hyperten-
sion. Altogether, these findings lend support to the possibility that
insulin resistance is directly associated with microalbuminuria,
regardless of its association with arterial hypertension. Another
study showed that insulin sensitivity was similar in patients with
macro- or microalbuminuria and was not correlated with the de-
gree of UAE, confirming that increased albuminuria is not per se
a primary determinant of insulin resistance.

Thus, increased albuminuria could be taken as an indicator of
insulin resistance and of the increased renal and cardiovascular
risk (the cardio-renal syndrome) associated with the metabolic
syndrome.

The cardio-renal syndrome

Several studies have demonstrated a strong association between al-
buminuria, kidney disease, and increased cardiovascular risk (the
so-called cardio-renal syndrome). The investigators of the Reduc-
tion of Endpoints in NIDDM with the Angiotensin II Antagonist
Losartan (RENAAL) study [21] examined the data focusing on the
relationship between albuminuria and cardiovascular end points
or hospitalization for heart failure in 1513 patients with type 2
diabetes and overt nephropathy. Patients with high baseline al-
buminuria (≥3 g/g of creatinine) had a 1.92-fold higher risk for
the cardiovascular end point and a 2.70-fold higher risk for heart
failure compared with patients with low albuminuria (<1.5 g/g).
Among all available baseline risk markers, albuminuria was the
strongest predictor of cardiovascular outcome. The association
between albuminuria and cardiovascular outcome was driven by
those patients who also had a renal event (doubling of serum cre-
atinine levels or progression to ESRD). It was also shown that
albuminuria reduction was the strongest predictor for cardiovas-
cular outcome: there was an 18% reduction in cardiovascular risk
for every 50% reduction in albuminuria and a 27% reduction in
heart failure risk for every 50% reduction in albuminuria. Thus,
albuminuria is an important factor predicting cardiovascular risk
in patients with type 2 diabetes and kidney disease. Reducing
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albuminuria appears to afford cardiovascular protection in these
patients.

With the Irbesartan in Diabetic Nephropathy Trial (IDNT) co-
hort [22], the investigators examined the baseline characteristics
predictive for cardiac events in 1715 individuals with type 2 dia-
betes, serum creatinine of 1.0–3.0 mg/dL, and UAE rates of >900
mg/day. A cardiovascular composite end point was used that con-
sisted of cardiovascular death, nonfatal myocardial infarction, hos-
pitalization for heart failure, stroke, amputation, and coronary
and peripheral revascularization. Thirty percent of patients had at
least one of the cardiovascular composite end points. Older age,
male gender, longer duration of diabetes, history of cardiovascu-
lar disease, history of congestive heart failure, high urinary albu-
min/creatinine ratio, and low serum albumin were highly predic-
tive for cardiovascular events; of these, prior history of cardiovas-
cular disease (relative risk [RR], 2.00; 95% confidence interval [CI],
1.63–2.45; P < 0.0001) and high urinary albumin/creatinine ra-
tio (RR, 1.29 per natural log unit; 95% CI, 1.13–1.48; P = 0.0002)
at baseline were the strongest predictors.

Thus, among individuals with diabetes and kidney disease, albu-
minuria provides prognostic information concerning cardiovas-
cular risk, in addition to that of traditional coronary risk factors.
Recent studies, however, have shown that albuminuria has an in-
dependent predictive value for cardiovascular events even among
subjects without evidence of overt kidney disease and a UAE in
normo- or microalbuminuric ranges. Actually, similar to the rela-
tionship between blood pressure and risk of cardiovascular events,
mounting evidence indicates a continuous relationship between
UAE and risk. And like blood pressure, the concept of a thresh-
old level to define normality no longer appears consistent with
epidemiological data [23]. Indeed, post hoc analyses of random-
ized trials in high-risk individuals as well as community-based
cohort studies all indicate that incremental increases in albumin-
uria within the “normal” range carry higher risks of nephropathy
or cardiovascular events [24–26]. The Heart Outcome Prevention
Evaluation (HOPE) study [24] also showed that the relationship
between albuminuria and experiencing a cardiovascular event is
not restricted to the microalbuminuric range and extends to as
low as 0.5 mg/mmol (albumin/creatinine ratio [A/C]). These ob-
servations were confirmed in the Losartan Intervention for End
Point Reduction in Hypertension (LIFE) study [25] and several
population-based studies [26,27]. In particular, the Framingham
Heart Study found that the 6-year risk of cardiovascular disease was
threefold higher in nonhypertensive, nondiabetic subjects with
urinary A/C ratios above the gender-specific median (3.9 �g/min
for men and 7.5 �g/min for women) than in those with urinary
A/C ratios below the median [27]. On the basis of the above find-
ings, only negligible amounts of albuminuria below approximately
2 mg/g of urinary creatinine (or an estimated excretion rate of
2 mg/day) should be considered “normal,” or as being below a
threshold that does not confer excess risk. This corresponds ap-
proximately to a urinary concentration of 1–2 �g/ml, that is, below
or close to the detection limit of the methods commonly used for
the measurement of urinary albumin, such as nephelometry and

immunoturbidimetry. Indeed, values above this threshold are sig-
nificantly associated with risk for overt nephropathy, myocardial
infarction, and cardiovascular death. This may have major practi-
cal implications, because albuminuria can be ameliorated by de-
creased insulin sensitivity, weight loss, blood pressure and blood
glucose reductions, and renin–angiotensin system (RAS) inhibitor
therapy (see reference 10 for more details). In the long-term, these
interventions are expected to prevent or delay end-organ damage.

Protecting target organs in people with
diabetes and kidney disease

Early studies in type 1 diabetes showed a clear relationship be-
tween arterial blood pressure and renal disease progression. This
probably reflected the fact that kidneys of subjects with diabetes
are more sensitive to the effects of high blood pressure than those
of subjects without diabetes, because hyperglycemia may induce
a loss of the physiological autoregulation that normally protects
the glomerular microcirculation from the variations in systemic
blood pressure. In experimental diabetes afferent (preglomerular)
vasodilation facilitates the transmission of the aortic pressure to
the glomerular vascular bed, thereby increasing glomerular pres-
sure [28]. Thus, intracapillary pressure may be higher than normal,
even when the systemic blood pressure is normal, and may further
increase when the systemic blood pressure is above “normal.” This
explains why even small increases in blood pressure (still within the
normal range according to the WHO/ISH definition of ≤ 130/80
mmHg) can have such a deleterious effect on renal function and
why hypertension plays such an important role in the development
and progression of diabetic kidney disease.

The first evidence of a beneficial effect of blood pressure re-
duction was provided by Parving and Mogensen in patients with
type 1 diabetes and overt nephropathy [29,30]. They showed that
by reducing blood pressure, filtrate loss in diabetic nephropathy
could be delayed. Currently, however, it is believed that lower-
ing blood pressure is not enough and that reducing proteinuria is
also important [21,22]. Other interventions in addition to lower-
ing blood pressure and proteinuria are important to protect end
organs in people with diabetes. Intensified metabolic control re-
duces the incidence of microalbuminuria and of macrovascular
complications in those with no evidence of kidney disease, but
there does not seem to be any effect on kidney disease progression
in those with established nephropathy. Preliminary evidence sug-
gests that statins, in addition to decreasing cardiovascular events,
may reduce proteinuria in diabetic patients with kidney disease.
Lifestyle modifications, including weight loss, increased physical
activity and, most importantly, smoking cessation, may reduce
both micro- and macrovascular complications. Inhibition of the
renin–angiotensin–aldosterone system (RAAS) by ACE inhibitors
or angiotensin receptor blockers (ARBs) remains, however, the
key component of reno- and cardio-protective therapy in peo-
ple with diabetes [2]. Whether further benefits can be achieved
by treatment with nondihydropyridine calcium antagonists or by
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Figure 21.3 A possible algorithm to guide antihypertensive and antiproteinuric
therapy in people with diabetes. Treatment should be aimed at achieving systolic
and diastolic blood pressure < 130/80 mmHg and the maximal reduction in
albuminuria, ideally to <20 �g/min. Consider that a diuretic is almost invariably
needed to increase the efficacy of RAAS inhibitor therapy and limit hyperkalemia.
Abbreviations: ACEi: ACE inhibitor, ARB: angiotensin receptor blocker, CCB calcium
channel blocker, RAAS: Renin Angiotensin Aldosterone System.

intensified blood pressure control has not been clearly established
(Figure 21.3 and Table 21.2).

Inhibition of the RAAS

ACE inhibitors
Interest in the role of ACE inhibitors in delaying the progression
of diabetic nephropathy began in 1986, when an experimental
model of kidney damage, comparing the effects of enalapril with a
triple combination of the antihypertensives hydralazine, reserpine,
and hydrochlorothiazide, demonstrated that enalapril produced
an equally good reduction in mean arterial pressure to the triple
therapy [31]. In addition to this, enalapril produced a reduction
in proteinuria and less-pronounced glomerulosclerosis.

Table 21.2 Targets of multimodal therapy.

Characteristic Target

Blood pressure < 130/80 mmHg
Albuminuria <20 μg/min
LDL <100 mg/dL
LDL + VLDL <130 mg/dL
HbA1c <7.5%

The antiproteinuric and kidney-protecting effects of the ACE in-
hibitors were originally thought to be attributable to purely hemo-
dynamic effects, relieving the glomerulus by opening the efferent
arterioles (postglomerular), thereby reducing glomerular capil-
lary pressure [31]. However, more recently it has become apparent
that ACE inhibitors also affect glomerular function by their effects
on glomerular size, glomerular permeability, and the increased
negative electrical charge of the glomerular membrane [32,33].

In a study by Mathiesen, normotensive and hypertensive dia-
betic patients with incipient nephropathy, treated with ACE in-
hibitors, experienced a reduction in UAE [34]. In addition, a
study with metoprolol and enalapril demonstrated greater pro-
tection of long-term renal function with the ACE inhibitor [35].
A meta-analysis of 12 trials in 698 type 1 diabetic patients with
microalbuminuria who were followed for at least 1 year revealed
that ACE inhibitors reduced the risk of progression to macroal-
buminuria by 62% compared to that of the placebo group. At
2 years, the UAE rate was 50% lower in the patients taking ACE in-
hibitors than in those receiving placebo [36]. Parving et al. showed
that the beneficial effect of ACE inhibitors on preventing progres-
sion from microalbuminuria to overt nephropathy is long lasting
(8 years) and is associated with preservation of normal GFR [37].

Data on ACE inhibitors in type 2 diabetes are relatively sparse.
Martinez et al. have recently demonstrated that the ACE inhibitor
trandolapril can enhance insulin sensitivity (by 17%) and decrease
microalbuminuria (by 54%) in hypertensive type 2 diabetic pa-
tients [38]. Ravid et al. originally described the beneficial effect
of ACE inhibition in normotensive, nonobese microalbuminuric
patients with type 2 diabetes by demonstrating that only 12% of
the patients in the ACE inhibitor group progressed to macroalbu-
minuria, compared to 42% in the placebo arm [39]. The blood
pressure, however, tended to be lower in the ACE inhibitor group,
and the study was not powered to assess whether the improved
outcome was due to ACE inhibition therapy or rather to more
consistent blood pressure reduction.

However, on the basis of the above findings, there is a general
consensus that diabetic patients with micro- or macroalbumin-
uria, even while they are normotensive, should be treated with
ACE inhibitors or combinations thereof [40], as per the National
Kidney Foundation algorithm [41].

ARBs
A multinational, randomized, double-blind, placebo-controlled
study conducted by Parving et al. [42] examined the effect of RAAS
blockade with the ARB irbesartan at a dose of either 150 mg daily
or 300 mg daily, compared to placebo, in 590 hypertensive patients
with type 2 diabetes and microalbuminuria followed for 2 years.
The primary outcome was the time to onset of macroalbuminuria,
taken as a marker of overt diabetic nephropathy. Ten of the 194 pa-
tients in the 300-mg group (5.2%) and 19 of the 195 patients in the
150-mg group (9.7%) reached the primary end point, compared
with 30 of the 201 patients in the placebo group (14.9%) (hazard
ratios, 0.30 [95% CI, 0.14–0.61; P < 0.001] and 0.61 [95% CI,
0.34–1.08; P = 0.08] for the two irbesartan groups, respectively).
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Two studies examined the role of angiotensin receptor block-
ade on the progression of kidney disease in patients with type 2
diabetes and macroalbuminuria. The RENAAL study [43] showed
that, compared with conventional treatment alone (i.e. treatment
without ACE inhibitors or ARBs), losartan combined with conven-
tional treatment decreased the level of urinary protein excretion
by 35% and reduced the risk of the composite end point (doubled
serum creatinine, ESRD, or death) by 22%. This beneficial effect
was achieved with comparable blood pressure control in the two
treatment arms. In the IDNT study [44] the risk of the combined
end point of a doubling of the baseline serum creatinine level, the
onset of ESRD, or death from any cause was 20% lower in patients
treated with irbesartan than in those treated with conventional
therapy and 23% lower than in those treated with amlodipine.
These studies also showed a reduction in the rate of heart failure
with ARBs but no differences in the overall rate of death or the
rate of death from cardiovascular causes.

Angiotensin II blockade was beneficial and well-tolerated re-
gardless of renal function at study entry, a finding that challenges
the common belief that RAAS inhibitor therapy should not be of-
fered to individuals who have severe renal insufficiency (i.e. serum
creatinine of >3 mg/dL) because of an increased risk of hyper-
kalemia or acute renal function deterioration, although patients
at high risk of adverse effects were ineligible for both trials. In a post
hoc, secondary analysis of the RENAAL trial [45], the incidences
of ESRD, hospitalizations for heart failure, withdrawals for adverse
events, and proteinuria during losartan or conventional treatment
were compared within three tertiles of baseline serum creatinine
concentrations (highest, 2.1–3.6 mg/dL; middle, 1.6–2.0 mg/dL;
lowest, 0.9–1.6 mg/dL). Losartan decreased the risk of ESRD by
24.6, 26.3, and 35.3% in the highest, middle, and lowest tertiles,
respectively. For every 100 patients with serum creatinine of >2.0,
1.6–2.0, or <1.6 mg/dL, 4 years of losartan therapy was estimated
to save 18.9, 8.4, and 2.9 ESRD events, respectively. Losartan also
decreased hospitalizations for heart failure by 50.2 and 45.1 in the
highest and middle tertile, respectively. Withdrawals for adverse
events other than heart failure were comparable between tertiles
and treatment groups. Proteinuria decreased more on losartan
than on placebo in all tertiles (highest, 24 vs. −8%; middle, 16 vs.
−8%; lowest, 15 vs. −10%).

ACE inhibitors and ARBs: comparative analyses
A meta-analysis of 6167 patients with diabetic kidney disease in-
cluded in 24 randomized clinical trials of ACE inhibitor or ARB
blocker therapy versus placebo or conventional therapy found a
similar benefit of both agents on renal outcomes [46]. Indeed, both
ACE inhibitors and ARBs slowed progression of kidney disease
and promoted regression from micro- to normoalbuminuria. The
data, however, showed a reduced all-cause mortality versus con-
ventional therapy or placebo with ACE inhibitors (RR, 0.79, 95%
CI, 0.63–0.99), but not with ARBs (RR, 0.99; 95% CI, 0.85–1.17).
The relative survival advantage of one class of antihypertensives
over the other in this population is, however, still unknown, be-
cause only indirect comparisons based on small studies are avail-

able. Indeed, only three trials directly comparing ACE inhibitors
with ARBs were included in the meta-analysis. These studies, how-
ever, did not report on all-cause mortality, ESRD, or doubling of
serum creatinine, which rendered comparative survival analyses
impossible. In a more recent study, 250 subjects with type 2 di-
abetes and early nephropathy were randomly assigned to receive
either the ARB telmisartan (80 mg daily, in 120 subjects) or the
ACE inhibitor enalapril (20 mg daily, in 130 subjects) [47]. The
primary end point was the change in the GFR between the base-
line value and the last available value during the 5-year treatment
period. After 5 years, the GFR decreased by 17.9 mL/min/1.73 m2

of body surface area with telmisartan and by 14.9 mL/min/1.73
m2 with enalapril, with a treatment difference of 3.0 mL/min/1.73
m2. On the basis of predefined criteria, this difference was not
enough to conclude that telmisartan is inferior to enalapril in pro-
viding long-term renoprotection in persons with type 2 diabetes.
A closer analysis of the data, however, showed that at study end
the loss of GFR was 20% more consistent on telmisartan, and
that was associated also with a slight excess (22% vs. 16%) of
fatal and nonfatal cardiovascular events over enalapril. Thus, al-
together, available data suggest a survival benefit and possibly a
trend to more-effective renoprotection with ACE inhibitor than
with angiotensin II receptor blocker therapy in people with dia-
betes and kidney disease. Thus, on the basis of available evidence,
and also in view of the lower costs, ACE inhibitors should be con-
sidered first-line therapy in this population, and ARBs should be
considered as second-line or add-on therapy when ACE inhibitors
are not tolerated or fail to achieve the target blood pressure.

Combined ACE inhibitor and ARB therapy: preliminary
evidence of efficacy
In patients with nondiabetic chronic nephropathies, dual RAS
blockade with combined ARB and ACE inhibitor therapy offers
greater renoprotective benefits than single-drug RAS blockade
with either agent alone. Preliminary evidence indicates that this
may apply also to subjects with diabetic kidney disease. The ra-
tionale for this approach is based on the consideration that ACE
inhibitors and ARBs block the RAS at different levels. Thus, dual
RAS blockade may result in a more profound inhibition of the
system. Indeed, the Candesartan and Lisinopril Microalbumin-
uria (CALM) study [48] found that the ACE inhibitor lisinopril
and the ARB candesartan achieved similar reductions in blood
pressure and albuminuria in 197 patients with type 2 diabetes and
incipient nephropathy. A more effective reduction in blood pres-
sure and albuminuria was achieved when the two drugs were used
in combination. Several studies have also shown a synergistic an-
tiproteinuric effect in diabetics with overt nephropathy. Whether
this translates to more effective renoprotection in the long term is
not yet established.

Risks and benefits of antialdosterone therapy
Despite ACE inhibitor or ARB therapy, a substantial proportion
of patients with diabetes, in particular type 2, and kidney dis-
ease continue to progress or to die prematurely of cardiovascular
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events. A possible explanation is that enhanced amounts of al-
dosterone are produced in these patients despite RAS blockade
(aldosterone escape). Sato et al. [49] observed aldosterone escape
in 40% of patients with type 2 diabetes and early nephropathy de-
spite the use of ACE inhibitors. In these patients, the aldosterone
antagonist spironolactone decreased UAE and left ventricular mass
index without inducing further reduction in arterial blood pres-
sure. Similar benefits, however, were seen also when aldosterone
antagonists were used as first-line therapy. In hypertensive patients
with type 2 diabetes and microalbuminuria, eplerenone reduced
albuminuria even more effectively than enalapril (62% vs. 45%
at 6 months vs. baseline), and albuminuria reduction (74%) was
even more consistent when the two drugs were used in combi-
nation [50]. Altogether, these data provide preliminary evidence
that aldosterone has a pathogenic role in diabetic kidney disease
and that aldosterone antagonism may be renoprotective. A ma-
jor drawback, however, of aldosterone antagonism is the increased
risk of hyperkalemia. Thus, caution is recommended when aldos-
terone antagonists are given in combination with ACE inhibitors
or ARBs, and this combined therapy should probably be avoided
in poorly compliant patients or in those at highest risk because of
poorly controlled hyperglycemia and renal insufficiency.

Role of calcium channel blockade: class effects
of dihydropyridine and nondihydropyridine
calcium antagonists

The results of studies with CCBs in diabetic patients with kidney
disease have been mixed, with an increase in albuminuria actually
being observed in some studies in which dCCBs such as nifedipine
were used [51]. Clearly, differences exist between different classes
of calcium antagonists and their effects on reducing proteinuria,
thereby providing nephroprotection.

ndCCBs
The ndCCBs have been shown to reduce proteinuria and retard
the progression of diabetic nephropathy [52]. These long-term
studies show that ndCCBs, such as verapamil and diltiazem, slow
progression of nephropathy significantly better than beta-blockers
and that their effect in preserving the kidneys is comparable to that
of lisinopril, an ACE inhibitor [52]. A meta-analysis of randomized
trials of ndCCBs and dCCBs in hypertensive patients with protein-
uric kidney disease found that with comparable blood pressure
control, ndCCBs reduced proteinuria by about 30% compared to
baseline, whereas dCCBs had no appreciable effects on urinary
proteins. These findings were taken to suggest ndCCBs as a possi-
ble alternative to diuretics as the preferred agents to lower blood
pressure in combination with a RAS inhibitor in patients with
chronic proteinuric nephropathies [53].

dCCBs
Dihydropyridine calcium antagonists have been found to be less
effective than heart rate-lowering calcium antagonists at reducing

proteinuria [52]. A long-term study of the effects of ramipril and
felodipine therapy alone or in combination for nondiabetic kid-
ney disease found that, with 2-year comparable blood pressure
control, proteinuria was reduced to a similar extent by ramipril
alone or in combination with felodipine, whereas it was signif-
icantly increased with felodipine alone [54]. More recently, the
Ramipril Efficacy in Nephropathy 2 (REIN-2) study found that
intensified blood pressure control by add-on felodipine treatment
in 338 patients with nondiabetic chronic nephropathies on back-
ground ACE inhibitor therapy failed to reduce proteinuria or limit
progression to ESRD [55].

A direct comparison between an ARB and a dCCB was at-
tempted in the MicroAlbuminuria Reduction with Valsartan
(MARVAL) study in type 2 diabetic patients with microalbumin-
uria [56]. Three hundred thirty-two patients with type 2 diabetes
and microalbuminuria, with or without hypertension, were ran-
domly assigned to 80 mg/day valsartan or 5 mg/day amlodipine for
24 weeks. A target blood pressure of 135/85 mmHg was aimed for
by dose-doubling followed by addition of bendrofluazide and dox-
azosin whenever needed. The primary end point was the percent
change in albuminuria from baseline to 24 weeks. The albuminuria
at 24 weeks was 56% of baseline (95% CI, 49.6–63.0) with valsar-
tan and 92% of baseline (95% CI, 81.7–103.7) with amlodipine,
a highly significant between-group effect (P < 0.001). Valsartan
lowered albuminuria similarly in both the hypertensive and nor-
motensive subgroups. More patients reversed to normoalbumin-
uria with valsartan (29.9% vs. 14.5%; P = 0.001). In summary,
for the same level of attained blood pressure and the same degree
of blood pressure reduction, valsartan lowered albuminuria in pa-
tients with type 2 diabetes and microalbuminuria, including the
subgroup with baseline normotension, whereas amlodipine had
no effect.

A possible explanation for the above findings is that dCCBs in-
duce a preglomerular vasodilation that facilitates the transmission
of systemic blood pressure to the capillary network, which may
increase intracapillary pressure, an effect that may offset or even
overwhelm the benefits of blood pressure reduction, in particular
when the blood pressure is reduced a few millimeters of mercury.
Thus, dCCBs should be used as second-line therapy, when the
blood pressure is above target despite the use of drugs that inhibit
the RAAS or that have neutral effects on albuminuria. A possible
exception may be more-recent dihydropyridine calcium antago-
nists, such as manidipine, that, similarly to ACE inhibitors, may
reduce postglomerular resistances and therefore may effectively
reduce albuminuria also in people with diabetes.

Role of intensified blood pressure control

In type 2 diabetic patients with overt nephropathy enrolled in
the RENAAL [57] or IDNT [58] studies, there was a significant
relationship between the blood pressure levels achieved during
the follow-up period and the incidence of ESRD or cardiovascular
events. Although at any level of achieved blood pressure the overall
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incidence of events was consistently lower in patients on an ARB
than in those on placebo treatment, it was also apparent that the
impact of achieved blood pressure on clinical outcomes was in-
dependent of patient allocation to ARB or placebo treatment and
was consistent within each treatment group [59]. Thus, in type
2 diabetic patients with established nephropathy, both RAS in-
hibition and blood pressure control have specific and probably
additive reno- and cardioprotective effects that may contribute to
limit the excess renal and cardiovascular risk via different path-
ways. Evidence that blood pressure reduction and ACE inhibitor
therapy may have an independent and additive protective effect
against microalbuminuria is in harmony with current theories on
the pathophysiology of diabetic kidney disease [28]. The impact
of blood pressure control on the risk of developing microalbu-
minuria reflects the specific vulnerability of the diabetic kidney to
the barotrauma caused by arterial hypertension. Autoregulation
of afferent arteriolar tone in response to changes in renal perfusion
pressure is defective in diabetes [60], and decreased afferent arte-
riolar resistance facilitates the transmission of the systemic blood
pressure to the glomerular capillary, which increases intracapillary
pressure [28,61]. In the long term, these hemodynamic changes
may cause endothelial dysfunction, impaired sieving function of
the glomerular barrier, increased albumin ultrafiltration, and al-
buminuria [10]. Thus, reducing systemic blood pressure to nor-
mal ranges is crucial to ameliorate glomerular hypertension and
prevent glomerular damage. Glomerular hypertension is also ame-
liorated by drugs, such as ACE inhibitors or ARBs, that dilate the
efferent arteriole [61,62]. The incremental benefit of this specific
hemodynamic effect would be particularly relevant when arterial
hypertension is not effectively controlled [63]. A still-debated is-
sue, however, is whether blood pressure has an independent predic-
tive value also among subjects with blood pressure maintained at
usual targets of diastolic pressure of <90 mmHg or mean pressure
<107 mmHg and whether further reduction to lower-than-usual
targets, according to JCN-7 guidelines [64] of systolic/diastolic
pressures of < 130/80 mmHg, may confer additional renoprotec-
tion. Whether treatment should target systolic, diastolic, pulse, or
mean blood pressure is also far from being established based on
controlled studies.

The first evidence that reducing blood pressure to lower-than-
usual targets (mean <92 mmHg) may slow the rate of GFR decline
in chronic kidney disease was generated by the Modification of Diet
in Renal Disease (MDRD) study [65]. As acknowledged by those
study authors, however, the proportion of study patients on ACE
inhibitor therapy was higher in the low blood pressure group than
in the usual blood pressure group. Similarly, the trial by Breyer-
Lewis in type 1 diabetic nephropathy patients [66] showed that
patients with a lower blood pressure target (mean, <92 mmHg)
had an effective reduction in urinary proteins that, by contrast,
progressively increased in those with usual target pressure (mean,
100–107 mmHg). Again, however, data were biased by the con-
comitant treatment with ACE inhibitors that were used at higher
doses in patients randomized to the lower-than-usual target group
than in those randomized to the usual blood pressure target.

Three other trials comparing the effect of treatment targeted
at two different blood pressure levels on similar background RAS
inhibitor therapy failed to detect any specific benefit of intensi-
fied blood pressure control. The African American Study of Kid-
ney Disease and Hypertension (AASK) found the same rate of
GFR decline and the same course of proteinuria in nondiabetic
patients in the low (mean, <92 mmHg) or usual (mean, 100–
107 mm Hg) blood pressure group [67]. The Appropriate Blood
Pressure Control in Diabetes (ABCD) trial showed a similar time-
dependent course of creatinine clearance in three large cohorts of
type 2 diabetic patients with normo-, micro-, or macroalbumin-
uria randomized to groups with diastolic blood pressure of <75
mmHg or 80–89 mmHg, respectively [68]. Finally, the REIN-2
study found the same rate of GFR decline, incidence of ESRD, and
time-dependent course of proteinuria in two groups of nondia-
betic patients with the same ACE inhibitor therapy but who were
randomly allocated to low (systolic/diastolic pressures of< 130/80
mmHg) or usual (diastolic pressure <90 mmHg) blood pressure
targets [69].

Notably, the above studies targeted therapy to different parame-
ters (mean, diastolic, or systolic blood pressure), and none of them
evaluated the impact of blood pressure and its reduction on the
risk of developing microalbuminuria. The UK Prospective Dia-
betes Study (UKPDS) found a lower incidence of macrovascular
complications and retinopathy in type 2 diabetic patients ran-
domized to intensified blood pressure control but failed to detect
a significant protective effect of lower blood pressure against the
risk to develop microalbuminuria [70]. Similarly, the ABCD trial
found a trend to a lower incidence of microalbuminuria in type
2 diabetic patients with normal UAE allocated to the low blood
pressure group, but the risk reduction versus those in the usual
blood pressure group was not significant. Thus, whether and to
what extent intensified blood pressure control may have a spe-
cific renoprotective effect in people with diabetes remains to be
addressed, ideally in a prospective clinical trial in patients on the
same background RAS inhibitor therapy and randomly allocated
to two different blood pressure targets.

Preventing kidney disease in people
with diabetes

Preventing (or delaying) the development of microalbuminuria
is a key treatment goal for renal protection and, possibly, car-
dioprotection. Recent clinical trials suggested that RAS inhibition
may actually prevent nephropathy. Post hoc analyses of the Heart
Outcomes Prevention Evaluation (HOPE) study [71] and of the
Losartan Intervention for Endpoint Reduction in Hypertension
(LIFE) study [72] found a lower incidence of overt nephropathy
in the subgroup of patients with type 2 diabetes given RAS in-
hibitor therapy compared to controls. However, these analyses in-
cluded both patients with normo- or microalbuminuria, and they
were not powered to compare the incidence of microalbuminuria
between the two treatment groups among patients with normal
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albumin excretion rate at study entry. A randomized prospective
trial of enalapril versus placebo in normotensive patients with type
2 diabetes found a lower incidence of microalbuminuria in those
on ACE inhibitor therapy who, however, also had greater blood
pressure reduction compared to controls. The design of the trial
did not allow the authors to differentiate the beneficial effect of
RAS inhibition therapy from that of blood pressure reduction [73].

The Bergamo Nephrologic Diabetes Complication Trial (BENE-
DICT) was a prospective, randomized, double-blind, parallel
group study aimed to compare the protective effect against the
development of persistent microalbuminuria (taken as an early
marker of diabetic kidney disease) of the ACE inhibitor tran-
dolapril, the ndCCB verapamil, and of the trandolapril plus ve-
rapamil combination (VeraTran), compared to placebo in 1204
patients with type 2 diabetes and arterial hypertension but a nor-
mal UAE rate [74,75]. Baseline characteristics and simultaneous
treatments of patients randomized in the four treatment groups
were comparable. Over a median follow-up of 3.6 years, signif-
icantly fewer patients in the VeraTran group received additional
antihypertensive treatment (in particular, with dCCBs and sym-
patholytic agents) than in the placebo group (P < 0.01). Fewer
patients on verapamil than on placebo required concomitant treat-
ment with dCCBs. HbA1C levels were comparable in all four groups
and remained below 7% throughout the study, showing that op-
timal metabolic control was attained in these patients. The blood
pressure was relatively well-controlled, with small but statistically
significant differences between groups. Microalbuminuria devel-
oped in 17 of 300 patients in the group receiving verapamil SR
plus trandolapril (5.7%) and in 30 of 300 patients in the placebo
group (10%). The Kaplan-Meier curves separated starting at 3
months and continued to diverge. The onset of microalbumin-
uria was significantly delayed by a factor of 2.6 (P = 0.02). The
relative reduction of risk of progression from normo- to microal-
buminuria with verapamil SR plus trandolapril was 61% (95%
CI, 0.19–0.80; P = 0.01). The difference between the groups re-
mained significant also after adjustment for follow-up systolic and
diastolic blood pressures. Hence, the results exceeded expectations
based on blood pressure changes alone. The effect of the two ex-
perimental drugs used alone was also analyzed. Microalbuminuria
developed in 18 of 301 patients on trandolapril alone (6.0%) and
in 36 of 303 patients on verapamil (11.9%). Hence, compared to
placebo, trandolapril delayed the onset of microalbuminuria by a
factor of 2.1 (P = 0.01) and decreased the risk of microalbumin-
uria by 53% (P = 0.01), whereas verapamil had no significant
effects.

Three patients in the placebo group one in the trandolapril
group, and one in the verapamil group had a fatal cardiovascu-
lar event. No fatal cardiovascular events were reported in patients
who received VeraTran. These data confirm that, provided that
intensified metabolic and blood pressure control is pursued, dia-
betic patients with normal UAE do not have a substantial excess
cardiovascular risk compared to subjects without diabetes. One
patient receiving verapamil had a second degree atrioventricular
block and one on VeraTran had a sinoatrial block with junctional

rhythm. Hospitalization was required in both cases, and the pa-
tients recovered fully with treatment withdrawal.

Thus, the BENEDICT study showed that persistent microalbu-
minuria can be prevented by early intervention. The renoprotec-
tive effect of ACE inhibition did not appear to be enhanced by
combined ndCCB therapy. These findings suggest that in hyper-
tensive patients with type 2 diabetes and normal renal function,
an ACE inhibitor may be the medication of choice for controlling
blood pressure. The apparent advantage of ACE inhibitors over
other agents includes a protective effect on the kidney against the
development of microalbuminuria, which is a major risk factor
for cardiovascular events and death in this population.

The findings of the BENEDICT study have been recently ex-
tended by a meta-analysis of 7603 patients included in 16 trials
of ACE inhibitors or ARBs versus placebo or other antihyperten-
sive agents, showing that only ACE inhibitors effectively prevent
microalbuminuria in patients with diabetes and no evidence of
kidney disease [76]. Overall, ACE inhibitors reduced the risk of
microalbuminuria by 42%. On the basis of these data, it has been
calculated that approximately 25 people with diabetes and hyper-
tension should be treated to prevent 1 new case of microalbumin-
uria over 3–4 years.

Conclusions

Most guidelines recommend any antihypertensive agent in patients
with diabetes and hypertension and without nephropathy and only
ACE inhibitors or ARBs once nephropathy occurs. The use of any
class of antihypertensive agents in patients with diabetes is justi-
fied by the significant reduction in mortality and cardiovascular
outcomes from the primarily nondiabetic trials of hypertension,
but only ACE inhibitors have been proved to reduce the onset
of microalbuminuria in this population, and the results of ACE
inhibitors look more favorable than those of the other classes of
drugs evaluated. Thus, ACE inhibitors have an incremental effect
on renal outcomes in patients with diabetes, compared with other
agents, and so should be the treatment of choice unless other an-
tihypertensive agents are evaluated against ACE inhibition in the
setting of a randomized, controlled trial. Future trials of antihy-
pertensive agents in patients with diabetes and no kidney disease
should consider microalbuminuria and other renal outcomes as
well as the usually considered outcomes, such as all-cause mortality
and cardiovascular end points.

ACE inhibitors should be the key component of a multimodal
regimen that includes life-style modifications and optimized con-
trol of arterial hypertension, hyperglycemia, and dyslipidemia.

References

1 World Health Organization. The Diabetes Program 2004. http//www.

who.int/diabetes/en/ http//www.usrds.org/.

240



BLBK043-Molony September 12, 2008 18:37

Chapter 21 Diabetes Mellitus

2 Remuzzi G, Schieppati A, Ruggenenti P. Nephropathy in patients with

type 2 diabetes. N Engl J Med 2002; 346: 1145–1151.

3 Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR et al.

Development and progression of nephropathy in type 2 diabetes: the

United Kingdom Prospective Diabetes Study (UKPDS 64). Kidney Int

2003; 63: 225–232.

4 Hasslacher C, Ritz E, Wahl P, Michael C. Similar risks of nephropathy in

patients with type I or type II diabetes mellitus. Nephrol Dial Transplant

1989; 4: 859–863.

5 Keane WF, Eknoyan G. Proteinuria, albuminuria, risk assessment, de-

tection, elimination (PARADE): a position paper of the National Kidney

Foundation. Am J Kidney Dis 1999; 33: 1004–1010.

6 Miettinen H, Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso

M. Proteinuria predicts stroke and other atherosclerotic vascular dis-

ease events in nondiabetic and non-insulin-dependent diabetic subjects.

Stroke 1996; 27: 2033–2039.

7 Ritz E, Rychlik I, Locatelli F, Halimi S. End-stage renal failure in type 2

diabetes: a medical catastrophe of worldwide dimensions. Am J Kidney

Dis 1999; 34: 795–808.

8 Ruggenenti P, Remuzzi G. The diagnosis of renal involvement in

non-insulin-dependent diabetes mellitus. Curr Opin Nephrol Hypertens

1997; 6: 141–145.

9 Mogensen CE, Christensen CK, Vittinghus E. The stages in diabetic renal

disease with emphasis on the stage of incipient diabetic nephropathy.

Diabetes 1983; 32(Suppl 2): 64–78.

10 Ruggenenti P, Remuzzi G. Time to abandon microalbuminuria? Kidney

Int 2006; 70: 1214–1222.

11 Ruggenenti P, Gambara V, Perna A, Bertani T, Remuzzi G. The nephropa-

thy of non-insulin-dependent diabetes: predictors of outcomes relative

to patterns of renal injury. J Am Soc Nephrol 1998; 12: 2336–2343.

12 Lemley KV, Blouch K, Abdullah I, Boothroyd DB, Bennett PH, Myers BD

et al. Glomerular permselectivity at the onset of nephropathy in type 2

diabetes mellitus. J Am Soc Nephrol 2000; 11: 2095–2105.

13 Abbate M, Benigni A, Bertani T, Remuzzi G. Nephrotoxicity of in-

creased glomerular protein traffic. Nephrol Dial Transplant 1999; 14:304–

312.

14 Gall MA, Rossing P, Skott P, Damsbo P, Vaag A, Bech K et al. Prevalence

of micro- and macroalbuminuria, arterial hypertension, retinopathy and

large vessel disease in European type 2 (noninsulin- dependent) diabetic

patients. Diabetologia 1991; 34: 655–661.

15 Ravid M, Brosh D, Ravid-Safran D, Levy Z, Rachmani R. Main risk factors

for nephropathy in type 2 diabetes mellitus are plasma cholesterol levels,

mean blood pressure, and hyperglycemia. Arch Intern Med 1998; 158:

998–1004.

16 Nelson RG, Pettitt DJ, Baird HR, Charles MA, Liu QZ, Bennett PH

et al. Pre-diabetic blood pressure predicts urinary albumin excretion

after the onset of type 2 (non-insulin-dependent) diabetes mellitus in

Pima Indians. Diabetologia 1993; 36: 998–1001.

17 Orchard TJ, Chang YF, Ferrell RE, Petro N, Ellis DE. Nephropathy in

type 1 diabetes: a manifestation of insulin resistance and multiple genetic

susceptibilities? Further evidence from the Pittsburgh Epidemiology of

Diabetes Complication Study. Kidney Int 2002; 62: 963–970.

18 Mykkanen L, Zaccaro DJ, Wagenknecht LE, Robbins DC, Gabriel M,

Haffner SM. Microalbuminuria is associated with insulin resistance in

nondiabetic subjects: the insulin resistance atherosclerosis study. Diabetes

1998; 47: 793–800.

19 De Cosmo S, Minenna A, Ludovico O, Mastroianno S, Di Giorgio A,

Pirro L et al. Increased urinary albumin excretion, insulin resistance,

and related cardiovascular risk factors in patients with type 2 diabetes:

evidence of a sex-specific association. Diabetes Care 2005; 28: 910–915.

20 Parvanova AI, Trevisan R, Iliev IP, Dimitrov BD, Vedovato M, Tiengo A

et al. Insulin resistance and microalbuminuria: a cross-sectional, case-

control study of 158 patients with type 2 diabetes and different degrees

of urinary albumin excretion. Diabetes 2006; 55: 1456–1462.

21 de Zeeuw D, Remuzzi G, Parving HH, Keane WF, Zhang Z, Shahinfar S

et al. Albuminuria, a therapeutic target for cardiovascular protection in

type 2 diabetic patients with nephropathy. Circulation 2004; 110: 921–

927.

22 Berl T, Hunsicker LG, Lewis JB, Pfeffer MA, Porush JG, Rouleau JL et al.

Cardiovascular outcomes in the Irbesartan Diabetic Nephropathy Trial

of patients with type 2 diabetes and overt nephropathy. Ann Intern Med

2003; 138(7): 542–549.

23 Forman JP, Brenner BM. “Hypertension” and “microalbuminuria”: the

bell tolls for thee. Kidney Int 2006; 69: 22–28.

24 Gerstein HC, Mann JF, Yi Q, Zinman B, Dinneen SF, Hoogwerf B et al.

Albuminuria and risk of cardiovascular events, death, and heart failure

in diabetic and nondiabetic individuals. JAMA 2001; 286: 421–426.

25 Wachtell K, Ibsen H, Olsen MH, Borch-Johnsen K, Lindholm LH, Mo-

gensen CE et al. Albuminuria and cardiovascular risk in hypertensive

patients with left ventricular hypertrophy: the LIFE study. Ann Intern

Med 2003; 139: 901–906.

26 Klausen K, Borch-Johnsen K, Feldt-Rasmussen B, Jensen G, Clausen P,

Scharling H et al. Very low levels of microalbuminuria are associated with

increased risk of coronary heart disease and death independently of renal

function, hypertension, and diabetes. Circulation 2004; 110: 32–35.

27 Arnlov J, Evans JC, Meigs JB, Wang TJ, Fox CS, Levy D et al. Low-grade

albuminuria and incidence of cardiovascular disease events in nonhy-

pertensive and nondiabetic individuals: the Framingham Heart Study.

Circulation 2005; 112: 969–975.

28 Hostetter TH, Troy JC, Brenner BM. Glomerular haemodynamics in

experimental diabetes mellitus. Kidney Int 1981; 19: 410–415.

29 Parving HH, Andersen AR, Smidt UM, Svendsen PA. Early aggressive

antihypertensive treatment reduces rate of decline in kidney function in

diabetic nephropathy. Lancet 1983; i: 1175–1179.

30 Mogensen CE. Long-term antihypertensive treatment inhibiting pro-

gression of diabetic nephropathy. Br Med J 1982; 285: 685–688.

31 Anderson S, Rennke HG, Brenner BM. Therapeutic advantage of con-

verting enzyme inhibitors in arresting progressive renal disease associated

with systemic hypertension in the rat. J Clin Invest 1986; 77: 1993–2000.

32 Amann K, Irzyniec T, Mall G, Ritz E. The effect of enalapril on glomerular

growth and glomerular lesions after subtotal nephrectomy in the rat: a

stereological analysis. J Hypertens 1993; 11: 969–975.

33 Remuzzi A, Puntorieri S, Battaglia C, Bertani T, Remuzzi G. An-

giotensin converting enzyme inhibition ameliorates glomerular filtration

of macromolecules and water and lessens glomerular injury in the rat.

J Clin Invest 1990; 85: 541–549.

34 Mathiensen ER, Hommel E, Giese J, Parving HH. Efficacy of captopril

in postponing nephropathy in normotensive insulin-dependent diabetic

patients with microalbuminuria. Br Med J 1991; 303: 81–67.

35 Biorck S, Mulec H, Johnsen SA, Norden G, Aurell M. Renal protective

effect of enalapril in diabetic nephropathy. Br Med J 1992; 304: 339–343.

36 ACE Inhibitors in Diabetic Nephropathy Trials Group. Should all patients

with type 1 diabetes mellitus and microalbuminuria receive angiotensin

converting enzyme inhibitors? Ann Int Med 2001; 134: 370–379.

37 Parving HH, Hovind P. Microalbuminuria in type 1 and type 2 diabetes

mellitus: evidence with angiotensin converting enzyme inhibitors and

241



BLBK043-Molony September 12, 2008 18:37

Part 4 Secondary Diseases of the Kidney

angiotensin II receptor blockers for treating early and preventing clinical

nephropathy. Curr Hypertens Rep 2002; 4: 387–393.

38 Martinez FJ, Diaz AB, Aguilar JA et al. Trandolapril enhances insulin

sensitivity and decreases microalbuminuria in hypertensive NIDDM pa-

tients, abstr. 873. Diabetologia 1995; 38(Suppl 1): 226.

39 Ravid M, Lang R, Rachmani R, Lishner M. Long-term renoprotec-

tive effect of angiotensin-converting enzyme inhibition in non-insulin-

dependent diabetes mellitus. Arch Intern Med 1996; 156: 286–289.

40 Bakris GL, Williams M, Dworkin L, Elliott WJ, Epstein M, Toto R et al.

Preserving renal function in adults with hypertension and diabetes: a

consensus approach. Am J Kidney Dis 2000; 36: 646–661.

41 Mogensen CE, Keane WF, Bennett PH, Jerums G, Parving HH, Passa

P et al. Prevention of diabetic renal disease with special reference to

microalbuminuria. Lancet 1995; 346: 1080–1084.
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Definition and epidemiology of lupus nephritis

Systemic lupus erythematosus (SLE) is a disease characterized by
autoantibodies directed against self-antigens, immune complex
formation, and immune dysregulation and can result in damage
to any organ, including the kidney, skin, blood cells, and the ner-
vous system. SLE carries significant mortality and morbidity in
the younger, female population. Renal involvement, defined as lu-
pus nephritis, is one of the most serious manifestations of SLE
[1]. It usually arises within 5 years of diagnosis, and its prevalence
varies, according to published studies, from 30 to 90%. Urinary
abnormalities (with or without renal function impairment) are
present in approximately 50% of patients at the time of diagnosis
and are found in around 75% of patients in the long term [2,3].
Renal impairment eventually develops in 30% of patients with
SLE. According to the data of the US Renal Data System [4], lupus
nephritis is the cause of about 2% of all end-stage renal disease.
Interestingly, the mortality rate at 1 year for this group of patients
is 7.7%, or half the mortality rate for the end-stage renal disease
population as a whole [5].

Lupus nephritis occurs about nine times more frequently in
women than men, but men who develop SLE are more likely to
develop renal disease and have a worse prognosis [6]. Most patients
develop lupus nephritis early in their disease course. The peak age
for the development of SLE is during the third decade of life. SLE is
more common in African Americans, Asians, and Hispanic people
than in White people, and the spectrum of lupus nephritis also is
worse in these groups [7].

Diagnosis and monitoring lupus nephritis

Included among the criteria of the American College of Rheuma-
tology for SLE are minimal criteria for the diagnosis of renal in-

volvement. They are 1) persistent proteinuria greater than 0.5 g/day
or greater than 3+ urine dipstick reaction for albumin and 2) cel-
lular casts (may be erythrocytes, granular, tubular, or mixed) [8,9].
Patients with known SLE should be regularly checked for urinary
abnormalities by including urinalysis in the panel of laboratory
tests, and the test should be repeated during follow-up, because a
proportion of patients develop lupus nephritis years after the onset
of the disease and because lupus nephritis is often asymptomatic
[10].

For a number of patients with SLE, nephritis is the present-
ing feature of the disease. Proteinuria is the main feature of renal
damage in SLE, and the reference standard is the measurement of
protein excretion over 24 h. Recently, determination of the pro-
tein/creatinine ratio on a random spot sample of urine has emerged
as a valid and more feasible test than a timed urine collection [11].
Not only is it a valid method of screening but also it is a reliable
index of the effect of treatment in glomerular diseases [12].

Serum creatinine is the screening test for detecting renal func-
tion changes, although the normal range is wide. Serum creatinine
concentration is affected by factors other than glomerular filtra-
tion rate (GFR), such as tubular secretion and generation and ex-
trarenal excretion of creatinine. Due to variation in these processes
amongst individuals and over time within individuals, especially
for creatinine generation, there is a wide range of serum creatinine
levels in people without kidney disease. As a result, there are several
significant limitations to estimating kidney function solely from
serum creatinine. Creatinine clearance is not accurate in deter-
mining the GFR, especially when GFR is only mild to moderately
impaired, but more reliable tests, such as clearance of inulin or
of a radiolabeled compound, are not routinely available and not
practical in the clinical setting. Equations for calculation of GFR
are now widely used, such as the Cockcroft-Gault formula, or the
Modification of Diet in Renal Disease (MDRD) study formula
[13]. However, it is important to note that in most clinical condi-
tions, what matters is not the absolute value of GFR but rather the
change in GFR over time in the same individual. For monitoring
the kidney function of renal lupus patients therefore it is usually
sufficient to monitor serial serum creatinine levels.
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The course of the disease may also be monitored with sero-
logic tests. Anti-double-stranded DNA (anti-dsDNA) autoanti-
body titers correlate roughly, at best, with lupus nephritis activity
[14]. Similar to GFR, changes in anti-dsDNA autoantibody titers,
rather than absolute values, are more useful clinically. An increase
in anti-dsDNA autoantibody titers are a warning sign of possible
disease flare but are not accurate enough to justify automatic esca-
lation of the therapy. Rather, an increasing titer suggests the need
for strict monitoring for clinical signs of exacerbation. Because
methods for measuring anti-dsDNA autoantibodies have not been
standardized, it may be difficult to compare data from different
laboratories, even for the same patient [15]. Anti-C1q autoanti-
bodies also correlate with disease activity and are a useful test to
monitor disease activity and to predict flares [16]. Development
of new surrogate markers of disease activity for monitoring long-
term outcome of the disease is an interesting field of investigation.

Renal pathology

Lupus nephritis is a term that comprises complex and diverse
histopathological manifestations that have different prognoses and
require different therapeutic approaches. The different patterns of
kidney damage were classified for the first time in a coherent fash-
ion in 1982 (modified in 1995) by the World Health Organization
(WHO) [17,18]. Recently under the aegis of the International So-
ciety of Nephrology and the Renal Pathology Society (ISN/RPS),
a group of renal pathologists, nephrologists, and rheumatologists
developed a new classification system, although it is still based on
the 1982 WHO classification [19].

Before describing the patterns of kidney damage in lupus
nephritis, a few words should be said on the indication for renal
biopsy. Renal biopsy is definitely indicated in patients with acute
kidney failure, active urinary sediment, or flare-ups of lupus serol-
ogy with de novo renal abnormalities. Although these features are
most often associated with diffuse proliferative glomerular disease,
a renal biopsy can also reveal other types of lesions that may modify
the therapeutic approach. Moreover, an index biopsy allows a clin-
ician to establish activity and chronicity indexes of renal damage
and reveal vascular lesions that have unfavorable prognostic value.
More often than in other glomerular diseases, a repeat renal biopsy
is indicated in lupus nephritis, especially when there is a lack of
improvement to appropriate therapy, a relapse, or a late deterio-
ration of renal function. In this case, repeat renal biopsy may help
distinguish between active lupus nephritis and chronic sclerotic
lesions that are not amenable to aggressive immunosuppression.

The classification of lupus nephritis according to the classic 1982
WHO definitions comprises six classes, defined as follows:

Class I: Normal glomeruli on light microscopy; immune de-
posits are found on immunofluorescence and electron
microscopy

Class II: Pure mesangial alteration; mesangial widening and/or
proliferation

Class III: Focal proliferative glomerulonephritis; less than 50%
of the glomeruli present segmental or global prolifer-
ation with mesangial involvement

Class IV: Diffuse proliferative glomerulonephritis; more than
50% of glomeruli are the site of severe mesangial
involvement, endocapillary proliferation, and suben-
dothelial deposits; in both class III and IV, there are
subclasses based on the presence of necrotizing lesions
and active or chronic lesions

Class V: Membranous glomerulonephritis; may be character-
ized by pure membranous lesions or may be associated
with typical lesions of classes II, III, and IV

Class VI: Advanced sclerosing glomerulonephritis; more than
90% of glomeruli are sclerosed

The recently proposed new classification of the ISN/RPS (Ta-
ble 22.1) proposes that classes I and II be used for purely mesangial
involvement (I, mesangial immune deposits without mesangial
hypercellularity; II, mesangial immune deposits with mesangial
hypercellularity); class III be used for focal glomerulonephritis (in-
volving <50% of total number of glomeruli) with subdivisions for
active and sclerotic lesions; class IV be used for diffuse glomeru-
lonephritis (involving ≥50% of the total number of glomeruli)
either with segmental (class IV-S) or global (class IV-G) involve-
ment and also with subdivisions for active and sclerotic lesions;
class V be used for membranous lupus nephritis; and class VI be
for advanced sclerosing lesions. The aim of this new classification
is to provide an unequivocal description of the various lesions and
classes of lupus nephritis, allowing a better standardization and
lending a basis for further clinicopathologic studies.

We conducted a retrospective analysis of a large cohort of 659
patients with a diagnosis of lupus nephritis followed in 32 nephrol-
ogy centers in Italy [20]. A renal biopsy had been performed in
82% of patients. Distribution of renal histology classes was as fol-
lows. The largest group of patients was in class IV (53.8% of all
renal biopsies), followed by class V (16.6%), class III (14.4%), and
class II (8.2%). A 6.7% proportion of patients had mixed forms of
kidney damage. There was a close relationship between serum cre-
atinine and urinary protein excretion rate at the time of diagnosis
and histology class. This distribution may not actually reflect the
true incidence of each WHO class, because renal biopsy may not
have been performed for milder clinical manifestations of lupus
nephritis.

Outcome

Survival of patients with lupus nephritis has improved signifi-
cantly over the last 40 years, thanks to changes in the specific treat-
ment of lupus nephritis and general medical care. Whereas in the
1950s the 5-year survival rate for patients with lupus nephritis was
near 0%, in 1990 patient survival was 83–92% at 5 years and 74–
84% at 10 years [1]. Renal survival (living without dialysis) is also
reasonably good. Our retrospective analysis of 659 patients with
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Table 22.1 WHO and ISN/RPS lupus nephritis
classifications.WHO ISN/RPS

CLASS I Normal glomeruli CLASS I Minimal mesangial lupus nephritis

CLASS II Pure mesangial alterations
(mesangiopathy)

CLASS II Mesangial proliferative lupus nephritis

CLASS III Focal segmental glomerulonephritis
a) Active necrotizing lesions
b) Active and sclerosing lesions
c) Sclerosing lesions

CLASS III Focal lupus nephritis
A, active lesions
A/C, active and chronic lesions
C, chronic inactive lesions with
glomerular scars

CLASS IV Diffuse glomerulonephritis
a) Without segmental lesions
b) Active necrotizing lesions
c) Active and sclerosing lesions
d) Sclerosing lesions

CLASS IV Diffuse lupus nephritis
A. active lesions
A/C, active and chronic lesions
C. chronic inactive lesions with
glomerular scars

Each subclass should be further
subdivided:
S, segmental
G, global

CLASS V Diffuse membranous
glomerulonephritis

CLASS V Membranous lupus nephritis

CLASS VI Advanced sclerosing
glomerulonephritis

CLASS VI Advanced sclerotic lupus nephritis

lupus nephritis found that the overall probability of renal survival
was 80% at 10 years after diagnosis. The probability of maintaining
life-supporting kidney function was evaluated according to sev-
eral variables (clinical characteristics at presentation and WHO
histological classification). The presence at the time of diagnosis
of hypertension and diffuse proliferative nephritis (WHO class IV)
was associated with a worse prognosis [20].

Treatment of lupus nephritis

General principles
The treatment of lupus nephritis is aimed to induce remission
of the inflammation, thereby achieving control over renal and
extrarenal signs of the disease. Even though there is no universal
consent on definitions of remission, the current understanding is
that remission of lupus nephritis is characterized by resolution of
urinary abnormalities, reduction of proteinuria, and amelioration
or stabilization of renal function. Ideally, all these objectives should
be achieved with the least possible toxicity [21].

In many patients, irreversible injury may occur that prevents re-
covery of renal function. Also, healing of the inflammatory process
may lead to glomerular sclerosis, for which the hallmark is persis-
tent proteinuria [22]. Therefore, the treatment of lupus nephritis
should include supportive, nonimmunological measures in asso-
ciation with immunosuppression.

Supportive therapy
Nonimmunological therapy for lupus nephritis is aimed to re-
duce proteinuria and to control hypertension. The role of protein-
uria as a risk factor for progression of chronic nephropathies has
been recognized over the last decade [23]. A number of random-
ized clinical trials, and substantial noncontrolled evidence, have
established angiotensin converting enzyme inhibitors (ACEi) as
effective in reducing proteinuria and preventing renal disease pro-
gression [24]. They may be used alone or in combination with
angiotensin II receptor blockers (ARBs), which have also been
demonstrated to exert kidney-protective effects. In general clini-
cal trials assessing the protective role of ACEi or ARBs, patients
with lupus nephritis are always excluded, because the concomitant
immunosuppressive therapy may complicate the interpretation of
results. However, there is no reason to suggest that the trials in non-
lupus patients cannot be extrapolated to lupus patients. Moreover,
there have been a few uncontrolled studies on small numbers of
patients who were treated with aggressive renoprotective therapy
that showed that this approach is feasible and probably effective
[25,26].

High blood pressure is the other major risk factor for both
chronic kidney disease progression and cardiovascular complica-
tions. Indeed, in our series of 659 patients, hypertension was asso-
ciated with a worse prognosis, and cardiovascular events were the
primary cause of death in our cohort (24.7% of patients). Again,
ACEi and ARBs are the drugs of choice for chronic kidney disease
patients, according to many guidelines. The target blood pressure

246



BLBK043-Molony September 12, 2008 13:9

Chapter 22 Lupus Nephritis

should be <130/80 mmHg, and probably even lower (<120/70
mmHg) if proteinuria exceeds 1 g/day. In non-lupus patients, these
goals are usually achieved with a combination of drugs.

Other supportive measures, such as a low-protein diet, blood
lipid control, and smoking cessation, even though they have not
reached the same degree of evidence compared to the above-
mentioned measures, are recommended [28,29].

Immunosuppressive therapy for proliferative
lupus nephritis
Although immunosuppressive therapy is not indicated for the
treatment of class I and II lupus nephritis, which have an excel-
lent prognosis, it is recommended for proliferative forms of lupus
nephritis with the aims of reducing glomerular inflammation and
restoring or preserving kidney function.

Treatment regimens have been based on an induction phase
aimed to induce remission of the disease in the shortest possible
time and a maintenance phase aimed to preserve remission in the
long term. The optimal therapy for both phases remains somewhat
elusive, for several reasons. There is no consensus on the definition
of remission, and as a consequence it is not known how long
treatment should be prolonged. Also, the optimal regimen to be
instituted in the induction phase is not universally established.

A study conducted at the National Institutes of Health (NIH)
20 years ago showed that kidney function was better-preserved
in patients who received various cytotoxic drug therapies, but
the difference was statistically significant only for intravenous cy-
clophosphamide pulses associated with low-dose prednisone com-
pared with high-dose prednisone alone [30]. Treatment of lupus
glomerulonephritis with intravenous cyclophosphamide rapidly
became standard therapy.

Subsequent studies have focused on the optimal duration of
the treatment. This was addressed by studies that compared the
effects of short-term versus long-term treatments. Another study
of the NIH showed that a regimen of prolonged intravenous cy-
clophosphamide administration (six monthly pulses followed by
pulses every 3 months for 2 years) gave better results in term of
preservation of renal function and reduction of the risk of relapses
than six monthly pulses of methylprednisolone [31]. Also, this reg-
imen gave better long-term results than a 6-month cycle of intra-
venous cyclophosphamide. A final study of the same group [32]
showed that the combination of intravenous cyclophosphamide
pulses with methylprednisolone for 1 year gave better results than
either of the drugs given as sole therapy.

Protracted cyclophosphamide regimens, however, carry a sig-
nificant burden of side effects, most notably a high rate of gonadal
toxicity, severe infections, and osteoporosis. In at least one trial the
mortality rate was higher in the cyclophosphamide group [33]. The
concern over toxicity of these regimens has driven clinicians to in-
vestigate whether short-term treatment may be equally effective
in controlling renal disease. One important study in this direc-
tion was the Euro-Lupus Nephritis Trial, published in 2002 [34].
In this study 90 patients with proliferative lupus nephritis were
assigned to a high-dose intravenous cyclophosphamide regimen

Table 22.2 Treatment of patients with class III and IV lupus nephritis based on
the available evidence.

Induction phase
Recommended
• Monthly intravenous pulse cyclophosphamide (0.75–1 g/m2) for 6 mos
associated with
• High-dose prednisone, 1 mg/kg orally, tapered in 4–6 wks
or
• Intravenous pulses of methyprednisolone
Alternative
• MMF, 2–3 g/day in two divided doses for 6 months
associated with
• High-dose prednisone, 1 mg/kg orally, tapered in 4–6 wks
or
• Intravenous pulses of methyprednisolone
Maintenance phase
Optimal therapy for maintenance phase cannot be established by currently
available
evidence. Possible choices are:
• MMF, tapered to 1–2 g/day in two divided doses
• Azathioprine, 1–3 mg/kg/day
• Intravenous pulse cyclophosphamide every 3 mos until in complete remission
for 1 yr

All regimens are associated with low-dose oral prednisone.

(six monthly pulses and two quarterly pulses; initial dose, 0.5 g/m2,
then changed according to white blood cell counts) or a low-dose
intravenous cyclophosphamide regimen (a pulse every 2 weeks, for
a total of six pulses, at a fixed dose of 500 mg), each of which was
followed by azathioprine (2 mg/kg/day). The follow-up period was
41 months. Renal remission was achieved in 71% of the low-dose
group and 54% of the high-dose group (not statistically signifi-
cant). Renal flares were noted in 27% of the low-dose group and
29% of the high-dose group. Although episodes of severe infection
were more than twice as frequent in the high-dose group, the dif-
ference was not statistically significant. These data, in the authors’
opinion, put into question the practice, based on the NIH trials,
of treating all lupus nephritis patients with an extended course of
intravenous cyclophosphamide. There were, however, evident dif-
ferences between the populations studied. The European patients
had a less severe kidney disease than patients recruited in the NIH
trials. According to the authors, this was not due to selection bias
of milder cases but represented the spectrum of patients in most
European lupus clinics who were referred to the trial. Also, the
ethnic composition of the European study, where 84% of patients
were Caucasians, compared to a prevalence of 43% black patients
in the NIH trials, is an important difference. Nonwhite ethnicity
has been recognized as an unfavorable prognostic factor. In con-
clusion, the results of the European study indicate a promising
and probably safer alternative to the traditional NIH regimen, but
more data are needed before it becomes the new standard of care
for lupus nephritis (Table 22.2).

The most recent systematic review on the treatment of lupus
nephritis was published in 2003 by Flanc et al. [35]. A total of 920
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articles were identified and 25 randomized controlled trials were
considered suitable for inclusion, with an overall population of 915
patients. The majority of the studies were comparisons between cy-
clophosphamide or azathioprine plus steroids versus steroids alone
(when the meta-analysis was performed, studies with mycopheno-
late mofetil (MMF) were under way and so they were not included
in the review). Cyclophosphamide plus steroids reduced the risk of
doubling of serum creatinine compared to steroids alone but had
no impact on end-stage renal failure or mortality. Azathioprine
plus steroids reduced the risk of all-cause mortality compared to
steroids alone but did not alter renal outcomes. No benefit was
found with the addition of plasma exchange to cyclophosphamide
or azathioprine plus steroids in terms of risk of mortality, deterio-
ration of kidney function, or uremia. Cyclophosphamide increased
the risk of ovarian failure by about twofold (95% confidence inter-
val, 1.10–4.34), while none of the immunosuppressive therapies
increased the risk of major infection. The authors of this system-
atic review concluded that, whereas waiting for new therapeutic
agents to be examined in clinical trials, cyclophosphamide com-
bined with steroids remains the best option to preserve kidney
function in lupus nephritis and that the smallest effective dose
and shortest duration of treatment should be used to minimize
gonadal toxicity, without compromising efficacy. The finding that
azathioprine reduced all-cause mortality to a greater extent than
cyclophosphamide is interesting but should be interpreted with
caution. Indeed, this was an indirect comparison, because no
study directly compared the two drugs except for one of the NIH
studies, which was actually underpowered for this purpose [30].
Moreover, the studies that showed an advantage of azathioprine
in terms of mortality (only three studies, for a total of 78 patients)
were done in the early 1970s, when mortality for lupus nephritis
was very high. Overall, the authors of this meta-analysis found
that the quality of the studies was greatly variable. Many of them
were done many years ago and presented serious methodologi-
cal problems. Numbers of subjects enrolled were small in many
studies. Moreover, the distribution of ethnic groups and severity
of renal involvement varied among studies, making comparisons
difficult.

Mycophenolate mofetil
MMF has been proposed as an alternative to cyclophosphamide
for the induction of remission of lupus nephritis. As early as 1997
we investigated the effect of MMF in New Zealand Black × New
Zealand White (NZBxW) F1 hybrid mice, a model of genetically
determined immune complex disease that mimics SLE in hu-
mans [36]. Results showed that the percentage of proteinuric mice
was significantly reduced by MMF treatment, and serum blood
urea nitrogen levels were also lower than in the vehicle-treated
group. MMF had a suppressive effect on autoantibody produc-
tion and protected animals from leukopenia and anemia. Life
survival of MMF-treated lupus mice was significantly improved
compared to untreated animals. Thus, MMF delayed kidney func-
tion deterioration and prolonged life survival in murine lupus
nephritis.

Several clinical studies (not examined in the above-mentioned
meta-analysis) have been published since then. The first random-
ized clinical trial was done in China [37]. In 42 patients with dif-
fuse proliferative lupus nephritis, the efficacy and side effects of
a regimen of prednisolone and MMF given for 12 months were
compared with those of a regimen of prednisolone and cyclophos-
phamide given for 6 months followed by prednisolone and aza-
thioprine for 6 months. Eighty-one percent of the 21 patients
treated with MMF and prednisolone had a complete remission,
and 14% had a partial remission, compared with 76% and 14%,
respectively, of the 21 patients treated with cyclophosphamide and
prednisolone followed by azathioprine and prednisolone. The im-
provements in the degree of proteinuria and the serum albumin
and creatinine concentrations were similar in the two groups.
The rates of relapse were 15% and 11%, respectively, whereas
the prevalence of side effects of treatment was greater in the cy-
clophosphamide group. The follow-up was short, however, and
the number of patients was low.

Results from an extended long-term study, with a median
follow-up of 63 months, were reported by the same investigators
in 2005 [38]. Serum creatinine in both groups remained stable
and comparable over time. Creatinine clearance increased signif-
icantly in the MMF group, but the between-group difference was
not significant. A total of 6.3% in the MMF group and 10.0% of
cyclophosphamide-treated patients showed doubling of baseline
creatinine during follow-up. The relapse rate was similar in the two
groups, while MMF treatment was associated with fewer infections
or infections that required hospitalization.

The most recently published trial was done in USA, spon-
sored by the US Food and Drug Administration [39]. It was a
24-week randomized, open-label, noninferiority trial comparing
oral MMF (initial dose, 1000 mg/day, increased to 3000 mg/day)
with monthly intravenous cyclophosphamide (0.5 g/m2 body sur-
face area, increased to 1.0 g/m2) as induction therapy for active
lupus nephritis. A total of 140 patients were recruited; 71 were
randomly assigned to receive MMF, and 69 received cyclophos-
phamide. In the intention-to-treat analysis, 16 of the 71 patients
(22.5%) receiving MMF and 4 of the 69 patients (5.8%) receiv-
ing cyclophosphamide had complete remission, for an absolute
difference of 16.7% (P = 0.005), meeting the criterion for non-
inferiority and demonstrating actually the superiority of MMF to
cyclophosphamide.

Partial remission occurred in 21 of the 71 patients (29.6%) and
17 of the 69 patients (24.6%), respectively (P = 0.51). Three pa-
tients assigned to the cyclophosphamide group died, two during
protocol therapy. Fewer severe infections and hospitalizations but
more diarrhea occurred among those receiving MMF. This study,
however, generated some criticism [40], because patients with rel-
atively mild disease were enrolled, including 20% of patients with
membranous nephropathy, a form of lupus nephritis for which
optimal treatment has not been established [41].

The efficacy of MMF as a maintenance therapy was assessed in
a small trial by Contreras et al. [42]. Fifty-nine patients with lu-
pus nephritis received induction therapy consisting of a maximum
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of seven monthly boluses of intravenous cyclophosphamide plus
corticosteroids. Subsequently, the patients were assigned to one of
three maintenance therapies: quarterly intravenous injections of
cyclophosphamide, oral azathioprine, or oral MMF for 1–3 years.
During maintenance therapy, five patients died (four in the cy-
clophosphamide group and one in the MMF group), and chronic
kidney failure developed in five (three in the cyclophosphamide
group and one each in the azathioprine and MMF groups). The
72-month event-free survival rate for the composite end point
of death or chronic kidney failure was higher in the MMF and
azathioprine groups than in the cyclophosphamide group. The
rate of relapse-free survival was higher in the MMF group than in
the cyclophosphamide group. The incidences of hospitalization,
amenorrhea, infections, nausea, and vomiting were significantly
lower in the MMF and azathioprine groups than in the cyclophos-
phamide group.

MMF is clearly less toxic than cyclophosphamide, making it an
attractive alternative. However, before it can be adopted as the
new standard induction therapy for lupus nephritis, more data
are needed. Available studies have had relatively short follow-up
periods, and we do not know yet the optimal duration of MMF
treatment. Studies are under way to establish the efficacy and safety
of a long-term treatment protocol.

Treatment for patients resistant to induction therapy
Some patients do not respond to induction therapy, although it is
difficult to define how frequently this occurs, as clinical trials have
used different criteria. The optimal therapy for resistant cases is
uncertain and cannot established by evidence-based criteria be-
cause of the sparse data. In patients resistant to cyclophosphamide
after 6 months, a more prolonged course is advisable if side effects
are not an obstacle; alternatively, the patient could be switched to
MMF [43]. Vice versa, in resistant patients initially treated with
MMF, cyclophosphamide should be used. Limited data are avail-
able for a number of other treatment modalities, such has in-
travenous immunoglobulin [44] or high-dose cyclophosphamide
with stem cell transplantation [45]. In the previously mentioned
systematic review by Flanc et al. [35], plasmapheresis did not offer
any advantage.

Table 22.3 New treatments for lupus nephritis.

Treatment Type of agent(s) Mechanism of action Clinical data

Rituximab Chimeric antibody directed
against CD20 on B lymphocytes

Antibody-dependent cell-mediated
cytotoxicity and induction of apoptosis

Clinical benefit reported in patients refractory to conventional
therapy in open studies; good tolerability reported.

Abetimus sodium
(LJP 394)

Construct of four dsDNA
epitopes attached to a
polyethylene glycol platform

Induces B-cell tolerance by binding
anti-dsDNA antibodies, resulting in B-cell
apoptosis or anergy

Reduces number of renal flares and prolongs interval between
flares in patients with high-affinity antibodies to its DNA epitope.

Ruplizumab Anti-CD40 ligand antibody Blocks costimulatory signal on B cells
that induces activation, proliferation, and
class switching

A phase II RCT showed improvement in serology and hematuria
but was terminated because of thrombotic complications

IDEC-131 Humanized monoclonal antibody
against CD154

Blocks costimulatory pathways In clinical studies, no significant benefit over placebo

New treatments
Based on new pathogenetic studies, several new therapeutic agents
are being tested in preliminary studies or have been simply pro-
posed as potentially effective agents (Table 22.3). Rituximab, a
monoclonal antibody directed against the CD20 molecule found
on pre-B cells and mature B cells, was introduced in the late 1990s
for the treatment of non-Hodgkin’s lymphoma [46]. Recently, this
antibody has been used to treat glomerular diseases, including lu-
pus [47]. A small study of 10 patients with proliferative nephritis
treated with a standard protocol of rituximab and oral steroids was
reported by Sfikakis and colleagues [48]. Seven of the 10 patients
had already experienced episodes of nephritis requiring steroids
plus cyclophosphamide or MMF. Four patients achieved complete
remission (normalization of serum creatinine and serum albu-
min, inactive urinary sediment, and proteinuria of <0.5 g/day) at
1 year. One attained temporary complete remission, and three had
partial remission (>50% improvement in all renal parameters).
Other series of patients with SLE treated with rituximab have been
reported, but these have contained only a proportion of patients
with lupus-related kidney disease. Overall, the majority of patients
with SLE in whom B-cell depletion is achieved derive some clinical
and biochemical benefits [49].

The interaction of B7-related molecules on antigen-presenting
cells with CD28 or CTLA-4 antigens on T cells provides a sec-
ond signal for T-cell activation. Selection inhibition of the B7-
CD28 or B7–CTLA-4 interactions produces antigen-specific T-
cell unresponsiveness in vitro and suppresses immune function
in vivo [50]. A B7-binding protein was generated by genetic fu-
sion of the extracellular domain of murine CTLA-4 to the Fc
portion of a mouse immunoglobulin G2a monoclonal antibody
(muCTLA4Ig). In lupus-prone NZB/NZW mice, treatment with
muCTLA4Ig blocked autoantibody production and prolonged life,
even when treatment was delayed until the most advanced stage
of clinical illness [51].

Another receptor–ligand pair, CD40 on B cells and CD40 lig-
and on T cells, is an important costimulatory signal to T- and B-
cell activation. Selective blockade of this interaction with an anti-
CD40L monoclonal antibody (ruplizumab) ameliorated nephritis
in a murine model of lupus [52]. The compound was also tested
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in a clinical study of 28 patients with active proliferative lupus
nephritis. A reduction of anti-dsDNA antibodies, increase in C3
concentrations, and decrease in hematuria were observed, but the
study was terminated prematurely because of thromboembolic
events in patients [53].

A humanized monoclonal antibody against CD154 (IDEC-131)
was tested in 85 patients with active SLE in a phase II, double-blind,
placebo-controlled, multiple-center, multiple-dose study [54]. Ef-
ficacy was assessed at week 20, primarily by the Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI) and, secondar-
ily, by multiple measures of disease activity. Safety was assessed
through week 28 by clinical and laboratory evaluations. SLEDAI
scores improved from the baseline levels of disease activity in all
groups, including the placebo group. The type and frequency of
adverse events were similar between the IDEC-131 and placebo
groups.

LJP 394 (Abetimus sodium) is a synthetic toleragen molecule
consisting of four double-stranded oligodeoxyribonucleotides at-
tached to nonimmunogenic polyethylene glycol [55]. Abetimus
is an immunomodulating agent that induces tolerance in B cells
directed against dsDNA. It does this by cross-linking surface anti-
bodies. In a multicenter, partially randomized, placebo-controlled,
double-blind, dose-ranging trial, 58 patients were randomly as-
signed to receive 1, 10, or 50 mg of LJP 394 or placebo [56]. The
greatest reductions in mean dsDNA antibody titers were observed
in the group of patients who received 50 mg of LJP 394 weekly
(38.1% and 37.1% at weeks 16 and 24, respectively). A reduction
(29.3%) in dsDNA antibody titers was also observed at week 24
in the group of patients who received 10 mg of LJP 394 weekly.
The frequencies of adverse events were comparable in the placebo
and active treatment groups. This clinical trial demonstrated the
capacity of LJP 394 to reduce dsDNA antibodies.

Another study was designed to determine whether LJP 394 de-
lays or prevents renal flare in patients with lupus renal disease [57].
A total of 230 patients were randomized to receive 16 weekly doses
of 100 mg of LJP 394 or placebo, followed by alternating 8-week
drug holidays and 12 weekly doses of 50 mg of LJP 394 or placebo.
Anti-dsDNA antibodies decreased and C3 levels tended to increase
during treatment with LJP 394. In the intent-to-treat population,
the time to renal flare was not significantly different between treat-
ment groups, but patients taking LJP 394 had a longer time to insti-
tution of high-dose corticosteroids and/or cyclophosphamide and
required 41% fewer treatments. In the high-affinity antibody pop-
ulation, the LJP 394 group experienced a longer time to renal flare,
67% fewer renal flares, longer time to institution of high-dose cor-
ticosteroids and/or cyclophosphamide, and 62% fewer treatments
than the placebo group. Serious adverse events were observed in
25 of the 114 LJP 394-treated patients (21.9%) and 34 of the 116
placebo-treated patients (29.3%). In conclusion, treatment with
LJP 394 in patients with high-affinity antibodies to the DNA epi-
tope prolonged the time to renal flare, decreased the number of
renal flares, and required fewer high-dose corticosteroids and/or
cyclophosphamide treatments compared with placebo.

Membranous nephropathy
Data on treatment of class V (membranous) lupus nephritis are
scarce, and optimal therapy for this form of disease is not estab-
lished. A small study of 41 patients at the NIH showed that patients
treated with a combination of cyclophosphamide and steroids or
cyclosporine had a higher rate of remission at 1 year than did pa-
tients treated with steroids alone [58]. Patients with lupus mem-
branous nephropathy also have been treated by following a regi-
men of alternate cycles of steroids and chlorambucil, which is used
for idiopathic membranous nephropathy [59]. The combination
regimen offered a higher rate of remission and lower rate of renal
flares, but this study was retrospective.

Recently we have shown that remission can be obtained in
idiopathic membranous nephropathy with rituximab [60]. In a
prospective, observational study we evaluated the 1-year outcome
of eight patients with idiopathic membranous nephropathy and
persistent (>6 months) urinary protein excretion greater than
3.5 g/day. They were given four weekly infusions of rituximab
(375 mg/m2). At 3 and 12 months, proteinuria significantly de-
creased by 51 and 66% from baseline, respectively. At 12 months,
two of eight patients were in complete remission (proteinuria of
≤0.5 g/day) and three more had partial remission (proteinuria of
≤3.5 g/day).

Recently, Jacobson and collegues described a patient with
membranous lupus nephritis with persistent nephrotic syndrome
despite intensive immunosuppression who had a remission of
nephrotic syndrome and recovery of renal function after a course
of intravenous rituximab [61].

In the absence of randomized trial data, it is difficult to give
a recommendation concerning rituximab. A prudent approach
would be to advise to treat conservatively those patients with
asymptomatic, nonnephrotic proteinuria. Patients with more ag-
gressive disease (unremitting nephrotic-range proteinuria, declin-
ing kidney function) are usually treated as diffuse proliferative
forms. However, when a patient known to have membranous lupus
nephritis develops such features of worsening disease, a new renal
biopsy to ascertain a change of histology class may be warranted.
Rituximab is potentially a new effective treatment for resistant
cases.

Conclusions

Optimal treatment of lupus nephritis is still a challenge to the
clinician, even though there are now more treatment options than
in the past. Several questions must be addressed in future studies.
First, better definitions of clinical status, remission, and relapse
are needed to establish appropriate therapeutic goals. Also, new
markers of disease activity for monitoring patients during follow-
up are required. Improvement of quality of clinical studies, using
more homogeneous clinical and pathological criteria for selection
and stratification of patients, is also required.
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With regard to newer treatments, the long-term efficacy and
safety of MMF as induction therapy have to be established by
appropriately designed clinical studies. An important issue that
studies have neglected is the optimal dose and duration of steroid
therapy. Glucocorticoids lead to substantial long-term toxicity, and
studies aimed to identify steroid-sparing strategies are required,
although commercially less appealing. The role of the new biologi-
cal agents, in particular for resistant and rapidly relapsing patients,
remains to be explored.

It is interesting that, despite the great deal of knowledge concern-
ing the pathogenesis of lupus nephritis that has been produced in
the last decade [61] and the host of new molecules specifically tar-
geted to interfere with the pathogenetic mechanisms, the accepted
standard of treatment is based on combinations of old drugs. More
independent clinical research is still needed.
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Introduction

Kidney disease is an increasingly important complication of hu-
man immunodeficiency virus type 1 (HIV-1) infection. The
association between HIV-1 infection and kidney disease was
first recognized in 1984 by investigators in New York City and
Miami; they described a renal syndrome marked by proteinuria
and a rapid progression to renal failure [1–3]. Most of these pa-
tients had focal segmental glomerulosclerosis with collapsing fea-
tures, now referred to as HIV-associated collapsing glomerulopa-
thy, or more commonly as HIV-associated nephropathy (HIVAN).
In subsequent years, the existence of a specific HIV-associated
renal disease remained controversial, partly because of the sim-
ilarity of HIVAN to heroin nephropathy and the frequent in-
travenous drug use in this population. Reports demonstrating
HIVAN in patients without intravenous drug use, including chil-
dren, helped to establish HIVAN as a distinct clinical entity and
directly linked HIV-1 infection with the development of renal
complications [4,5].

Until the advent of highly active antiretroviral therapy
(HAART), the annual incidence of end-stage renal disease (ESRD)
attributed to HIV-1 infection increased by over 75% between
1990 and 1995 in the USA (Figure 23.1) [6]. Coincident with
the widespread use of HAART, however, the incidence of ESRD
attributed to HIV reached a plateau in 1996 and even showed a
moderate decrease during the years 1995–1999 [7]. Nonetheless,
prevalent ESRD cases increased more than twofold during the
same period, and this increase in prevalent ESRD cases reflects a
longer survival of HIV-infected patients after development of kid-
ney failure [8]. In the era of HAART, therefore, HIV-1 infection has
evolved into a chronic disease in patients with access to care, with
kidney disease becoming a progressively more significant source
of morbidity and mortality.

The prevalence of chronic kidney disease in different stages of
HIV-1 infection is unknown. Proteinuria and increased serum
creatinine levels have been reported in 7.2–32% of HIV-1-infected
patients [9,10]. Although 60% of renal biopsies in HIV-1-infected
patients with chronic kidney disease in the USA show HIVAN
[11], HIV-1 infection is also associated with other various forms
of renal disease. These include HIV-associated glomerulonephri-
tis, thrombotic microangiopathy, and drug-induced nephropathy,
with increasing recognition of renal complications of HAART. In
addition, renal complications can occur in HIV-infected patients
co-infected with hepatitis B or C virus, a topic that has been re-
viewed elsewhere [12]. This chapter will review renal diseases asso-
ciated with HIV-1 infection with a central focus on HIV-associated
collapsing glomerulopathy and will discuss treatment based on
available clinical evidence.

HIVAN and collapsing glomerulopathy

Clinical manifestations and background
Patients of African descent have a striking susceptibility to develop-
ing HIV-associated collapsing glomerulopathy, with nearly 90% of
cases occurring in African Americans. Estimates of the prevalence
of HIV-associated collapsing glomerulopathy in African Ameri-
cans have ranged from 3.5% to 12% [13,14]. HIV-associated col-
lapsing glomerulopathy is the third leading cause of ESRD in black
people ages 20–64 years, after diabetes mellitus and hypertension
[7]. Analysis of data from the US Renal Data System (USRDS)
indicates that the relative risk for ESRD from HIV-associated
nephropathy is approximately 18-fold increased among African
American compared to Caucasian patients [15].

Although HIV-associated collapsing glomerulopathy can occur
at any stage of the disease, including the time of seroconversion,
it is most commonly seen in patients with advanced HIV dis-
ease [16]. In patients who are not receiving antiviral therapy, the
nephropathy may lead to rapid deterioration to ESRD within weeks
to months. Patients with HIV-associated collapsing glomerulopa-
thy present with massive proteinuria and are less likely to have
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Figure 23.1 Annual incidence of HIV cases, HIV deaths, and ESRD due to HIVAN. The rate of new HIV infections peaked in the early 1990s, probably due to public health
campaigns related to blood transfusion, safe sex, and avoiding needle reuse. Since the induction of HAART in 1996, the incidence of HIV deaths (left axis) and ESRD due to
HIVAN (right axis) have also declined. All three rates reached a plateau in the past few years, although the prevalence rates for HIV continue to rise (not shown). Data are from
the CDC and USRDS.

peripheral edema or hematuria than patients with idiopathic fo-
cal segmental glomerulosclerosis. These patients also tend to be
normotensive. Urinalysis is remarkable mostly for proteinuria
with hyaline casts. Renal ultrasound classically shows enlarged,
echogenic kidneys. Renal biopsy is the only method to reliably
diagnose HIV-associated collapsing glomerulopathy, as HIV in-
fection may be associated with other renal diseases characterized
by proteinuria.

Pathology
Collapsing glomerulopathy, including both HIV-associated and
idiopathic varieties, has distinctive histologic features. By light
microscopy, the diagnostic features include glomerular capillary
collapse combined with podocyte hypertrophy and hyperplasia
(Figure 23.2A); one glomerulus with both features is considered
sufficient to make the diagnosis of collapsing glomerulopathy [17].
Importantly, these features may be segmental or global, focal or dif-
fuse, and glomerulosclerosis may be absent early in the disease pro-
cess. Therefore, including HIV-associated collapsing glomerulopa-
thy in the broad category of focal segmental glomerulosclerosis
does not seem appropriate [18]. Podocyte proliferation overlying
a single capillary loop may appear as “crowning”; more exten-
sive proliferation and detachment from the glomerular basement
membrane may appear as a pseudocrescent.

A unique feature of collapsing glomerulopathy is that podocytes
undergo dedifferentiation (losing maturity markers, such as
synaptopodin and podocin) and transdifferentiation (losing ex-
pression of WT-1). Although most investigators have argued that
the proliferating cells within Bowman’s space are derived from
podocytes, it has also been proposed that these cells are pari-
etal epithelial cells [19]. Collapsing glomerulopathy also mani-
fests as extraglomerular disease that often is surprisingly severe

for the extent of glomerular disease, suggesting that this syn-
drome is a pan-nephropathy. These manifestations include acute
and chronic tubular changes, often with microcystic tubular di-
latation and an interstitial infiltrate composed of lymphocytes and
macrophages (Figure 23.2B). Immunofluorescence analysis of col-
lapsing glomerulopathy typically shows immunoglobulin M (IgM)
and C3 in the collapsed and sclerotic segments and also in the
mesangium of uninvolved glomeruli. Electron microscopy shows
glomerular capillary wrinkling and collapse and podocyte abnor-
malities, including diffuse foot process effacement and microvil-
lous transformation. Glomerular capillary cells may show tubu-
loreticular inclusions, which are more common in HIV-associated
collapsing glomerulopathy than in idiopathic collapsing glomeru-
lopathy and are never seen in focal segmental glomerulosclerosis.

Pathogenesis of HIV-associated
collapsing glomerulopathy

HIV-1 infection of renal epithelium
Possible pathogenic factors in HIVAN are outlined in Table 23.1.
Increasing evidence suggests that direct viral infection of renal
cells by HIV-1 is at the core of pathogenesis of HIV-associated
collapsing glomerulopathy. Until recently, direct infection of re-
nal parenchymal cells by HIV-1 remained controversial because of
conflicting data regarding the presence of HIV-1 in renal tissue of
patients with HIVAN. Studies using transgenic mouse models
of HIV-associated collapsing glomerulopathy have strongly impli-
cated the expression of HIV proteins in the pathogenesis of the re-
nal disease [20–22]. These studies demonstrated that HIV-1 acces-
sory proteins can induce features characteristic of HIV-associated
collapsing glomerulopathy, including podocyte hyperplasia and
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Figure 23.2 Renal pathologic features of HIV-related kidney diseases. (A)
Collapsing glomerulopathy (methenamine trichrome stain). The glomerulus shows
a collapsed tuft and markedly hyperplastic podocytes partially filling Bowman’s
space. (B) Collapsing glomerulopathy (methenamine trichrome stain). Microcystic
tubular dilatation is present, together with interstitial inflammation and fibrosis.
(C) Diffuse proliferative glomerulonephritis with a pattern resembling
membranoproliferative glomerulonephritis, type I (Masson trichrome stain). The
glomerulus is enlarged with global mesangial and endocapillary hypercellularity
and appears mildly hyperlobular. There is partial occlusion of a preglomerular

arteriole by thrombus and rare red blood cell fragments within the glomerular tuft
(arrows), indicative of thrombotic microangiopathy. (D) Tenofovir-associated
tubular injury (hematoxylin and eosin stain). The tubules show degenerative and
regenerative changes. Tubular cells have irregular shapes and lack a brush border.
Occasional intratubular eosinophilic casts are also noted. Images provided courtesy
of Dr. James Balow (panel A), Dr. Laura Barisoni (panels B and D), and Dr. Mark
Haas (panel C). Panel C is reprinted with permission from Kidney International
(Haas et al. 2005 [80]).

hypertrophy, microcystic tubular dilatation, mononuclear cell in-
terstitial infiltrate, proteinuria, and renal failure. Bruggeman et al.
demonstrated that the HIV-1 transgene is expressed in renal
glomerular and tubular epithelial cells and that this expression
in renal epithelium is required for the development of the HIVAN
phenotype [20].

In a further attempt to definitively determine whether HIV-1
infects renal epithelium in HIVAN, Bruggeman et al. reported on
a renal biopsy series in HIV-1-infected patients with HIVAN [23].
In 11 of 15 patients, HIV-1 was detected in renal epithelial cells
by RNA in situ hybridization. In many samples, the result was

confirmed using riboprobes specific for both the nef and gag genes
and by DNA in situ hybridization. HIV-1 RNA was detected in renal
tubular epithelial cells, glomerular visceral and parietal epithelial
cells, and interstitial leukocytes. Ross et al. also discovered that the
distribution of HIV-1 infection of renal tubules is similar to the pat-
tern of microcystic tubular disease [24]. These data further support
the direct infection of the renal parenchyma by the HIV-1 virus.

The mechanism by which HIV-1 enters renal epithelial cells is
unknown. New insights into the pathogenesis of HIV-related dis-
ease stem from the recognition that chemokine receptors CCR5
and CXCR4 serve as major coreceptors together with CD4 in

255



BLBK043-Molony September 11, 2008 14:57

Part 4 Secondary Diseases of the Kidney

Table 23.1 Possible pathogenic factors of
HIV-associated collapsing glomerulopathy.Pathogenic factors Reference(s) Evidence

Direct renal infection:� Podocytes� Tubular epithelial cells

[22–26] Detection of HIV-1 by RNA in situ
hybridization

Cytotoxicity from HIV proteins� Vpr� Nef

[32–37] HIV-1 accessory proteins induce HIVAN in
transgenic mice

Host factors: genetic susceptibility [38] Familiar clustering

mammalian cells [25,26]. Expression of these receptors appears
to be a key to understanding which tissues are permissive for di-
rect HIV infection. No studies, however, have definitively estab-
lished their constitutive expression in normal renal parenchymal
cells or their upregulation in kidney biopsy tissue obtained from
HIV-1-infected patients with HIVAN [27,28].

Infection of renal epithelial cells by HIV-1 has an important
implication: the kidney may serve as a reservoir for HIV-1. Marras
et al. detected variations in the HIV-1 envelope sequences in the
renal tubular epithelium of HIV-infected patients, indicating that
the renal tubular epithelium can support viral replication [29].
Furthermore, the envelope sequences of HIV-1 found in the renal
tubular epithelium were distinct from the sequences derived from
the same patient’s peripheral blood samples, suggesting that the
renal epithelium is a distinct reservoir for viral replication from
the blood.

Viral genes responsible for HIVAN pathogenesis
Once HIV-1 infects renal tissue, one of the pathways through
which the virus inflicts renal injury may be its peptides. The HIV-1
genome contains nine genes (gag, pol, vif, vpr, vpu, rev, tat, env, and
nef) that encode 15 proteins. These viral accessory proteins have
pleiotropic effects on cell function and are implicated in renal dis-
ease. Vpr, for example, induces G2 cell cycle arrest, perturbs mito-
chondrial function, induces (and in some cells prevents) apoptosis,
and alters gene transcription by acting as a coactivator or corepres-
sor. Increased levels of apoptosis in renal tissue have been shown
in patients with HIVAN compared to non-HIV-infected patients
[30], in transgenic models [20], and in proximal tubular epithelial
cells infected with HIV-1 [31]. It is unclear if the enhanced apop-
tosis in HIV-1-infected renal cells predominantly reflects direct
toxicity of HIV proteins or indirect effects, such as induction of
profibrotic cytokines.

Roles of other accessory proteins inducing renal injury have
been investigated. Tat and Nef each induce proliferation of cul-
tured podocytes, a distinctive feature of HIV-associated collaps-
ing glomerulopathy [32,33]. A series of studies using transgenic
mice bearing various portions of this genome have suggested
which genes may be responsible for renal injury. HIV-1 transgenic
mice carrying a replication-defective HIV-1 provirus that lacks gag
and pol develop renal injury characterized by podocyte dysplasia
and proliferation, glomerular capillary tuft collapse, and tubular

injury. This characteristic renal injury occurs even in the absence
of immunosuppression and viral replication [21,22]. Deletion of
nef from the transgenic line reduced the severity of interstitial
nephritis, but it did not prevent the development of glomerular
disease in one transgenic line [34]. More recently, mice bearing
tat and vpr or vpr alone developed focal segmental glomeruloscle-
rosis [35]. These data indicate that vpr induces focal segmental
glomerulosclerosis and that nef contributes to interstitial nephri-
tis in transgenic mice [35–37].

Host factors
Although renal parenchymal cell infection and expression of HIV-1
gene products play a crucial role in disease initiation, a variety
of host factors likely contribute to the phenotype and the out-
come of the disease. The renal epithelial cell proliferation and
apoptosis induced by viral products in turn trigger profibrotic
pathways. Epidemiologic studies have demonstrated that HIV-1-
infected patients do not have equal risk of developing HIVAN.
Twenty-five percent of patients with HIV-associated collapsing
glomerulopathy have first-degree or second-degree family mem-
bers with ESRD, suggesting a genetic predisposition to glomerular
injury [38]. These data suggest a familial susceptibility to renal
injury following diverse stimuli, including HIV-1 infection. The
striking predominance of the disease in patients of African descent,
particularly in men, is another important observation suggesting
inherent risk factors. How the genetic variability or traits may be as-
sociated with higher risk of developing HIVAN is unknown. Possi-
ble explanations may involve differences in host-specific antibody
or cellular responses to viral infection, differences in sclerosing
mechanisms, differences in activation of coreceptors for HIV at-
tachment to renal cells and subsequent infectivity, and diminished
host ability to repair.

Treatment

Although HIV-associated collapsing glomerulopathy is an impor-
tant cause of renal failure in the USA, no randomized controlled
trials have been carried out to assess various therapies. Thus, rec-
ommendations must be based on retrospective or uncontrolled
studies or on expert opinion.
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Table 23.2 Summary of reports suggesting efficacy of HAART in patients with HIVAN.

Study authors [reference] Year Design Results

Wali et al. [42] 1998 Case report • A patient with HIVAN with dialysis-dependent kidney failure became
dialysis-free after 15 wks of triple-agent antiretroviral therapy

Winston et al. [16] 2001 Case report • A patient with HIVAN with dialysis-dependent kidney failure recovered renal
function (serum creatinine from 6.3 to 1.4 mg/dL and proteinuria from 17 to
1.5 g/day) after 6 wks of HAART

Betjes et al. [39] 2002 Case report • 3 patients with HIVAN had stable improvement of kidney function after
initiating HAART

Szczech et al. [41] 2002 Retrospective cohort study of
19 patients

• Use of protease inhibitors as part of HAART regimen significantly slowed
decline in GFR compared to group not receiving protease inhibitors

Lucas et al. [40] 2004 Retrospective analysis of 12-yr
cohort study of 3976 patients with
HIV-1 infection in Baltimore, MD

• HIVAN risk was 60% lower in patients treated with HAART
• No patient developed HIVAN when HAART was started prior to development
of AIDS

Schwartz et al. [43] 2005 Analysis of data from CDC and
USRDS

• HAART reduced rate of progression to ESRD by 38% in patients with HIVAN

HAART
The abrupt leveling-off in the incident ESRD case rate coincident
with the widespread use of HAART suggests that effective antivi-
ral therapy probably prevents the onset or slows progression of
HIV-associated collapsing glomerulopathy. Several observational
studies have consistently suggested the benefit of HAART in treat-
ment of HIVAN [16,39–42] (Table 23.2). In particular, two case
reports have described resolution of HIVAN on antiretroviral ther-
apy, a condition deemed irreversible in the pre-HAART era [16,42].
The authors reported that two patients with dialysis-dependent
renal failure associated with HIVAN became dialysis-free fol-
lowing several weeks of HAART. Remarkably, the on-treatment
biopsy indicated almost complete resolution of the hypertrophy
of podocytes and glomerular collapse and normalization of tubular
architecture.

Schwartz et al., using a statistical model to analyze the data
from the USRDS and Centers for Disease Control and Prevention
(CDC), estimated that HAART had reduced the rate of progres-
sion of HIVAN to ESRD by 38% [43]. In addition, HAART may

Table 23.3 Summary of reports suggesting efficacy of ACE inhibitors in patients with HIVAN.

Authors [reference] Date Design Results

Kimmel et al. [44] 1996 Case control study of 18 patients • Improved renal survival in captopril group (mean renal survival, 156 ± 71 vs. 37 ± 5
days)

Burns et al. [45] 1997 Prospective cohort study of 20
patients
(12 on fosinopril and 8 controls )

• Nonnephrotic patients treated with fosinopril had mild fall in proteinuria (1.7 to 1.3
g/day) and increased serum creatinine (1.3 to 1.5 mg/dL) at 24 wks
• Patients without fosinopril deteriorated rapidly with increase in proteinuria (0.8 to 8.5
g/day) and serum creatinine (1.0 to 4.9 mg/dL)
• Similar results seen in nephrotic patients within 12 wks

Wei et al. [46] 2003 Prospective cohort of 44 patients
(28 on fosinopril and 16 controls)

• Risk of kidney failure significantly reduced with ACE inhibitor therapy (risk ratio, 0.003)
• Significant mortality benefit also noted with ACE inhibitor therapy (88% of untreated
patients died, vs. 33% of treated patients)

also prevent the development of HIVAN: a retrospective analysis
of a 12-year cohort study of 3976 patients with HIV-1 infection
suggested that the risk of nephropathy was 60% lower among pa-
tients treated with HAART and that no patient developed HIVAN
when HAART was started prior to development of AIDS [40].

Angiotensin converting enzyme inhibitors
Available data suggest that angiotensin converting enzyme (ACE)
inhibitors may slow the loss of renal function in patients with
HIVAN (Table 23.3). In one nonrandomized study of 18 patients
with biopsy-proven HIVAN, those treated with captopril had sig-
nificantly improved renal survival compared to subjects who were
not treated with captopril [44]. In another nonrandomized study
that evaluated 20 patients with HIVAN, patients treated with fos-
inopril had a reduction in proteinuria with a small increase in
serum creatinine [45]. In contrast, the untreated patients devel-
oped marked increases in protein excretion and serum creatinine
within 12–24 weeks, suggesting that ACE inhibitors may prolong
renal survival. A more recent study of 44 patients with HIVAN also
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found that patients treated with an ACE inhibitor had a 3.3-fold
increase in median renal survival time [46].

Immunosuppressive therapy
The role of immunosuppressive therapy is less clear. Studies using
prednisone in patients with renal dysfunction and HIV-1 infec-
tion show some efficacy in preserving renal function and reducing
proteinuria [47,48]. These studies, as with the trials evaluating
the efficacy of ACE inhibitors, were not well-controlled, and not
all patients underwent renal biopsy. Another retrospective study
suggested efficacy of combination therapy with HAART and glu-
cocorticoids [49]. The mean renal survival to ESRD was 26 months
for those treated with the combination therapy, 6 months for
those given HAART alone, and 3 months for those given neither
HAART nor glucocorticoids. Although no studies have suggested
efficacy of glucocorticoids in children with HIV-associated col-
lapsing glomerulopathy, a very small study reported remission of
proteinuria with cyclosporine therapy in three children who had
steroid-resistant renal disease [50]. Again, the study was not a
controlled trial and was done before the era of HAART, making it
difficult to draw any firm conclusions.

HIV-associated glomerulonephritis

HIV-associated glomerulonephritis is most prevalent among Cau-
casian, Hispanic, and Asian patients. In the absence of a na-
tional registry of renal biopsy findings, the true prevalence of
HIV-associated glomerulonephritis is unknown. Several different
histologic descriptions have been reported for HIV-associated
glomerulonephritis, including IgA nephropathy, a lupus-like pat-
tern, postinfectious glomerulonephritis, membranoproliferative
glomerulonephritis, membranous nephropathy, and fibrillary and
immunotactoid glomerulonephritis. An example of diffuse pro-
liferative glomerulonephritis is shown in Figure 23.2C. It is not
always possible to discern if the renal disease is a consequence of
the HIV-1 infection or if it is a coincidental occurrence. For exam-
ple, patients with HIV disease are often co-infected with hepatitis
B virus or hepatitis C virus, each of which have been associated
with glomerular diseases such as membranous glomerulopathy
and membranoproliferative glomerulonephritis.

The pathogenesis of these forms of HIV-associated glomeru-
lonephritis is not clear. In IgA nephropathy, immune complexes
containing HIV proteins have been found in the mesangium, pos-
sibly delivered preformed from plasma or forming in situ, leading
to renal parenchymal inflammation [51]. Guidelines for treatment
are limited by the lack of randomized controlled trials, but ther-
apies have included antiretroviral therapy, ACE inhibitors, and
prednisone [52,53].

Thrombotic microangiopathy

Since the first report of HIV-associated thrombotic microangiopa-
thy (TMA) in 1984, it has been increasingly recognized in this

infection, although clinically evident TMA is infrequent [54]. A
retrospective study demonstrated that 15 of 224 AIDS patients
(7%) had evidence of TMA at the time of death [55]. The patho-
logic findings include occlusive thrombi in small arteries and
arterioles and detachment of glomerular endothelial cells from
the basement membrane. Affected patients typically present with
hemolytic uremic syndrome characterized by renal insufficiency,
microangiopathic hemolytic anemia, and thrombocytopenia. The
mechanisms that account for microvascular damage in HIV-1 in-
fection are poorly understood. There are no data to suggest that
HIV-associated TMA should be treated differently from idiopathic
or autoimmune forms of TMA. Therapies have included plasma-
pheresis and/or prednisone, with limited success in HIV-associated
TMA.

Drug-induced nephrotoxicity in HIV-1 infection

With the widespread introduction of HAART in 1996, the course of
HIV disease has been irrevocably changed. Patients with access to
care have benefited from the greatly improved survival associated
with HAART, but at a significant cost of increased morbidity from
its complications. Acute kidney failure remains common among
ambulatory and hospitalized patients with HIV-1 infection, and
those with acute kidney failure are more likely to have received
HAART [56]. Several antiretroviral agents and medications used
to treat complications of HIV-1 infection are known to have
nephrotoxicity. Many of these nephrotoxicities stem directly from
the processes of drug metabolism, elimination, or drug–drug
interactions. In addition, antiretroviral agents may lead to
indirect nephrotoxicity by promoting metabolic aberrations, such
as insulin resistance, diabetes, dyslipidemia, and hypertension.
Renal abnormalities associated with antiretroviral therapy are
summarized in Table 23.4. There have been excellent reviews of
renal complications of antiretroviral therapy published recently
[57–59].

Mechanisms of direct drug nephrotoxicity
Crystallization
Among protease inhibitors, indinavir is most commonly associ-
ated with renal or urologic complications, with a 10-fold increase
in the incidence of such complications compared to other protease
inhibitors in one observational cohort study [60]. Crystallization
of indinavir can cause renal colic and acute urinary obstruction due
to frank nephrolithiasis or to crystal-laden sludge. Indinavir crys-
tals can also cause dysuria, acute and chronic interstitial nephritis,
renal atrophy, and hypertension [61–64]. Indinavir crystalluria
is common; in a longitudinal study of 54 patients, 67% devel-
oped indinavir crystals on at least one occasion [65]. Therefore,
the finding of indinavir crystalluria in an asymptomatic patient is
not clinically useful. In addition to indinavir, both saquinavir and
nelfinavir have been associated with reports of nephrolithiasis.
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Table 23.4 Summary of common renal injuries induced by antiretroviral drugs.

Antiretroviral agent Metabolism/excretion Nephrotoxicity Special consideration

Protease inhibitors
Indinavir Liver/kidney Crystal nephropathy, interstitial nephritis Maintain urine output >2–3 L/day
Ritonavir Liver Acute kidney failure May potentiate nephrotoxicity of other agents (indinavir,

tenofovir)

Nucleoside reverse
transcriptase inhibitors
Abacavir Liver Acute kidney failure, interstitial nephritis Nucleosides are associated with lactic acidosis
Didanosine Liver/kidney Acute kidney failure (proximal and distal

tubulopathy)
NRTI
• Tenofovir Kidney (elimination via

tubular secretion)
Acute kidney failure with prominent
proximal tubulopathy

Monitor for Fanconi syndrome

Nonnucleoside reverse Liver None reported
transcriptase inhibitors

Drug interactions
Ritonavir has also been associated with acute kidney failure and
impaired kidney function, particularly when it is combined with
tenofovir and indinavir. The interactions of ritonavir with other
drugs metabolized by the cytochrome P450 system have been well-
established. Another explanation may involve its inhibition of drug
efflux mechanisms in tubular epithelial cells. Ritonavir is a potent
inhibitor of P-glycoprotein, a luminal membrane transporter of
organic cations, and thus may lead to accumulation of other drugs
and potentiate toxicity.

Tubular cytotoxicity
Nucleotide reverse transcriptase inhibitors (NRTIs), such as cido-
fovir, adefovir, and tenofovir, are eliminated as unchanged drugs
in urine by active secretion into the proximal tubule via or-
ganic anion transporters. Intracellular accumulation of these nu-
cleotide analogs likely results in cytotoxicity to proximal tubu-
lar epithelial cells, resulting in a proximal tubular dysfunction
and acute kidney failure. NRTIs may exert cytotoxicity via mi-
tochondrial toxicity. Phosphorylated forms of some NRTIs are
potent inhibitors of mitochondrial DNA polymerase [66]. The
resulting deficiencies in the mitochondrial oxidative phospho-
rylation system may lead to disruption in pyruvate oxidation
and increased lactic acid production. Thus, organs rich in mi-
tochondria, such as muscle, liver, and kidney (particularly proxi-
mal tubules), are at increased risk for clinical toxicities, which can
manifest as myopathy, liver steatosis, lactic acidosis, and Fanconi
syndrome.

Although tenofovir, a newer NRTI, did not initially demon-
strate any significant nephrotoxicity, increasing numbers of reports
have described adverse renal outcomes (Figure 23.2D) [67–73]. In
these studies, patients had been taking tenofovir at daily doses of
300 mg for varying periods ranging from 2 weeks to 16 months
when they developed renal failure. The renal toxicity was predom-

inantly characterized by proximal tubular dysfunction, demon-
strated by normoglycemic glucosuria, proteinuria, hematuria, and
hypophosphatemia. Some patients also developed signs of dis-
tal tubular toxicity, presenting with diabetes insipidus [67,70].
The proteinuria associated with tenofovir is usually mild, but
nephrotic-range proteinuria has also been described [73]. Contin-
ued administration of tenofovir may lead to chronic kidney disease
in some patients. Renal function improves in most patients upon
discontinuation of the drug, but patients have experienced per-
sistent glucosuria and proteinuria with elevated creatinine, sug-
gesting irreversible damage. Renal biopsy in these patients has
shown acute tubular necrosis, involving particularly the proximal
tubules.

Patients taking tenofovir should be monitored regularly, espe-
cially those also on ritonavir, which can increase the serum con-
centration of tenofovir.

Indirect effects of antiretroviral therapy promoting
chronic kidney disease
Antiretroviral agents such as protease inhibitors and NRTIs have
been associated with insulin resistance, diabetes, dyslipidemia, and
hypertension [74–76]. In particular, lipodystrophy, which is most
prevalent with protease inhibitor therapy, has been associated with
a cluster of metabolic disturbances and hypertension [77,78]. The
underlying mechanisms linking HAART with the increased risk for
atherosclerotic vascular disease are incompletely understood but
may include decreased peroxisome proliferator-activated receptor
γ function and altered hormonal status. Given the importance
of mitochondrial oxidative stress as the unifying mechanism un-
derlying diabetic complications, the mitochondrial toxicities of
NRTIs may also contribute to the pathogenesis or progression of
chronic kidney disease. HIV-1-infected individuals thus represent
a uniquely challenging population requiring coordination of mul-
tiple disciplines for proper care and risk modification.
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Conclusions and recommendations

In the era of HAART, HIV-1 infection, once considered a rapidly
fatal disease, has now become a chronic illness with increasing
morbidity from multiorgan dysfunction due to both the chronic
infection of the virus and the complications of antiretroviral ther-
apy. Chronic kidney disease has emerged as a common complica-
tion of HIV-1 infection. Despite great success with HAART, renal
dysfunction remains a serious clinical challenge, with some ther-
apeutics potentially leading to chronic metabolic derangement or
other toxicities.

The HIV Medicine Association of the Infectious Diseases Society
of America has recently published guidelines for the management
of chronic kidney disease in HIV-1-infected patients [79]. The fol-
lowing are based on those recommendations. It should be noted
that, as outlined above, the evidence base for these recommen-
dations is weak and is based largely upon case series and expert
opinion.

Screening� All patients should be examined for renal dysfunction with
glomerular filtration rate (GFR) estimation and urinalysis for pro-
teinuria and abnormal urine sediment at the time of diagnosis of
HIV-1 infection. This recommendation is based on expert opinion.� Among those without any evidence of renal dysfunction, in-
dividuals at high risk (African Americans, those with CD4 cell
counts of <200/μL or HIV RNA levels of >4000 copies/mL, coin-
fection with hepatitis B or C virus, family history of HIVAN, and
other traditional risk factors, such as hypertension and diabetes)
should be monitored once yearly at a minimum. These recom-
mendations are based on evidence from observational clinical
trials.� For those with proteinuria (≥2+ by urinalysis) or GFR of <60
mL/min/1.73 m2, additional evaluations and referral to a nephrol-
ogists are recommended. This recommendation is based on clin-
ical observation that early intervention in chronic kidney disease
is beneficial.

Management� In HIV patients with evidence of nephropathy, the target blood
pressure should be ≤130/80 mmHg, with initial preferential use
of ACE inhibitors or angiotensin receptor blockers, particularly
in patients with proteinuria. This recommendation is based on
expert opinion from clinical observation.� Patients with HIVAN and other HIV-associated glomeru-
lonephritis should be treated with HAART at diagnosis, regardless
of the severity of renal dysfunction. This recommendation is based
on observational studies.� No specific recommendations regarding use of immunosuppres-
sive medications such as prednisone can be made at this time.� ACE inhibitors or angiotensin receptor blockers should be added
to HAART in patients with proteinuria, especially if the antiretro-
viral therapy does not lead to improvement in kidney function.
This recommendation is based on observational studies.

� Patients receiving tenofovir should be monitored at least semi-
annually with measurement of renal function, serum phosphorus,
and urinalysis for glycosuria and proteinuria. This is particularly
important if patients are being treated concurrently with other
medications that are eliminated via renal secretion (adefovir, acy-
clovir, ganciclovir, or cidofovir) or medications that may cause an
increased drug level (ritonavir). This recommendation is based on
observational studies.� All patients receiving indinavir should increase fluid intake to
achieve a urine output of 2–3 L, with particular attention to this
regimen in hot weather or with vigorous exercise. Periodic uri-
nalysis and determination of serum creatinine are indicated in all
indinavir-treated patients, perhaps quarterly, in order to identify
patients with chronic interstitial nephritis; in such patients indi-
navir therapy should be promptly discontinued. Certain patients
are at increased risk for indinavir stones; these patients include
those with prior indinavir stones and those with hepatic dysfunc-
tion, which impairs nonrenal clearance.
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Hepatitis B virus

Hepatitis B virus (HBV) is among the most common chronic in-
fectious diseases, affecting 5% of the world’s population [1,2].
In high-prevalence areas, the mode of transmission is primarily
vertical, from mother to neonate, as a result of perinatal expo-
sure [3]. Lifetime risk of HBV infection in these regions exceeds
60%, while risk of infection in the USA and Western Europe is less
than 20%. However, HBV infection is a significant cause of mor-
bidity and mortality, even in low-prevalence areas. In the USA,
there are approximately 1.25 million HBV carriers [4]. Globally,
chronic HBV infection is the primary cause of cirrhosis and hep-
atocellular carcinoma, resulting in up to 1 million deaths each
year.

HBV is a small 3.2-kb hepadnavirus whose DNA contains four
open reading frames, encoding HBV surface antigen (HbsAg), the
HBV e antigen (HBeAg), and the HBV core antigen (HbcAg) [5,6].
HBsAg is detectable in the serum 2–10 weeks after viral expo-
sure. In patients who recover, the antigen becomes undetectable
approximately 6 months after it appears. Persistence of HbsAg
in the circulation beyond 6 months defines chronic infection. In
patients who spontaneously clear infection, anti-HBs antibody is
elaborated, usually persisting for life and conferring immunity [3].
HBeAg is a soluble protein whose presence indicates active viral
replication. Loss of circulating HbeAg coincides with decreased
HBV DNA levels and is a treatment end point. Loss of HBeAg is
sometimes due to a precore mutation that suppresses the synthesis
of HBeAg, so the antigen is undetectable even while active viral
replication occurs [7]. Anti-HBc is present in the circulation in
both acute and chronic HBV infection.

Acute HBV infection is subclinical in most patients. Approx-
imately 30% of patients develop symptomatic hepatitis. Patients
may experience fever, arthritis, and skin rash during a prodro-

mal period when HBs complexed with anti-HBs activates comple-
ment and precipitates in various tissues. This prodrome is followed
by elevations in aminotransferase levels and the development of
nonspecific symptoms, including fatigue, myalgias, nausea, and
vomiting [8]. Ten percent of patients with perinatal infection and
nearly all those infected in adulthood recover spontaneously from
acute HBV infection [1,8,9], demonstrating that progression to
chronicity is markedly decreased in the setting of normal host
immunity.

HBV infection and renal disease

HBV infection is associated with a number of renal manifesta-
tions (Table 24.1). The association between HBV infection and
renal disease was first reported by Combes et al. in 1971 [10]. Sub-
sequently, the field of HBV-associated nephropathy expanded to
include other forms of renal disease, including membranopro-
liferative glomerulonephritis (MPGN), renal disease associated
with polyarteritis nodosa (PAN), immunoglobulin A nephropa-
thy (IgAN), and focal segmental glomerulosclerosis (FSGS) [6,11–
15]. The incidence of HBV-associated renal disease is far less
than that of HBV infection, suggesting viral pathogenic mech-
anisms, as well as genetic background and host responses, are
critical to the development of particular types of nephropathy
in susceptible patients. The occurrence of kidney disease associ-
ated with HBV infection is often associated with chronic infection
[6,16].

Four possible mechanisms for HBV nephropathy have been in-
voked: 1) direct cytotoxic effects of the virus; 2) deposition of
immune complexes consisting of viral antigen and antibody in
renal tissue; 3) the action of T lymphocytes and antibodies in-
duced by viral infection; and 4) the effects of cytokines or other
virus-induced immune mediators on renal cells [6,11]. The on-
set and progression of kidney disease in HBV-infected patients
is influenced by multiple factors, including age, gender, genetic
constitution, immunological profile, and socio-economic status
[3,6].
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Table 24.1 Reported renal manifestations of HBV infection.

Manifestation

Membranous nephropathy
Membranoproliferative glomerulonephritis
Polyarteritis nodosa
Essential mixed cryoglobulinemia
IgA nephropathy
Focal segmental glomerulosclerosis

Epidemiology
Globally, the prevalence of HBV-associated kidney disease mirrors
the prevalence of HBV infection. Well-designed population-
based epidemiologic studies, however, are lacking. The age of
presentation in children is in infancy among children infected
vertically and between 5 and 7 years in those infected horizontally
[11]. There is a distinct male predominance in pediatric patients
with HBV-associated renal diseases. This predominance is less
pronounced in adults, but the underlying reasons are unknown.
In the USA, HBV is particularly prevalent in intravenous drug
users and in patients with end-stage renal disease (ESRD) treated
with hemodialysis [11].

In children with HBV-associated nephropathy, renal disease
is most often asymptomatic and is detected by routine labora-
tory analyses. HBV-associated renal disease in children commonly
presents as nephrotic syndrome [11]. A history of acute hepatitis
is rarely obtained, as acute HBV infection tends to be subclini-
cal in this population. Spontaneous remission of HBV-associated
nephropathy occurred after clearance of HBeAg in 33 of 37 chil-
dren over a course of 90 months [12]. Renal function was preserved
in over 95% of children with HBV-associated renal disease [11].
Adults with HBV-associated renal disease commonly present with
nephrotic syndrome and proteinuria and are more likely to recall a
history of acute hepatitis. As in children, spontaneous remission is
associated with clearance of HBeAg. Progression to kidney failure
occurs in one-fourth of adult patients and is associated with failure
to clear HBV infection [11].

HBV-associated membranous nephropathy

Pathophysiology
Membranous nephropathy (MN) was the first described, and is
the most extensively studied, form of nephropathy in patients with
chronic HBV infection [6,17–19]. Combes et al. described a patient
[10] with nephrotic syndrome and with a history of jaundice after
blood transfusion. Circulating Australia antigen was detected by
serologic techniques. Examination revealed thickened glomerular
capillary basement membranes and mesangial hypercellularity, as
well as other features of MN. The Australia antigen was detected
in renal tissue by using indirect immunofluorescence. The authors
suggested nephropathy was causally linked to the renal deposition

of Australia antigen-containing immune complexes. Elution of
HBV-associated immune complexes from renal tissue was not per-
formed. Subsequent reports demonstrated detection of HBsAg in
renal tissue of patients with MN and HBV infection [15,20].

There are several potential mechanisms for HBV-associated
glomerular injury. Deposition of circulating immune complexes
in renal tissue is the most widely accepted pathogenic mechanism
of injury. Early series defined HBV-associated nephropathy cases
in which circulating immune complexes containing HBV antigens
were found concurrently with MN, without necessarily demon-
strating antigen–antibody complexes in renal tissue [6,17,21].
With technical refinements, it was demonstrated that prior stud-
ies in which HBsAg was identified by indirect immunofluores-
cence were prone to false-positive results [6,17,22]. Glomerular
immune deposits in patients with HBV-associated MN contained
HBeAg, and not HBsAg, as had been previously accepted [17,23].
In addition to immune complexes, HBV DNA was detectable
by in situ hybridization in renal tissue of children with HBV-
associated glomerulonephritis. Those with HBV DNA detected
in renal tubules had a longer duration of proteinuria [24]. HBcAg
RNA was found in the nuclei and cytoplasm of both glomerular
and tubular cells in more than half of renal biopsies of patients
with MN [25]. Persistence of HBV DNA in renal tissue can lead
to de novo synthesis of viral proteins in the kidney, which can
elicit a local immune response with potential immune-mediated
cytotoxicity [6,26].

Clinical course
Studies have outlined the clinical characteristics of MN associated
with HBV infection [6,17,21,27,28]. Some of these studies predate
molecular diagnostic techniques presently available to establish
causal relationships between viral infection and renal disease. The
diagnosis of HBV-associated MN in many studies was based on
one or more of the following criteria: the presence of persistent
HBV-associated antigenemia, absence of evidence of other causes
of nephropathy, and in some studies the detection of at least one
HBV antigen in renal tissue [6]. In the majority of cases, at least
one circulating HBV-associated antigen, usually HbsAg, was de-
tected. Inclusion and exclusion criteria for specific renal diseases
were variable. Few studies have included renal tissue elution of
specific HBV-associated immunoreactants. Therefore, many stud-
ies of “HBV-associated renal diseases” have only documented the
types of renal diseases present in HBV-infected patients, without
establishing causal relationships [6]. Classically, remission of the
nephrotic syndrome had been noted in a variable proportion of
patients, and the course in patients with persistently elevated uri-
nary protein excretion was often indolent [6]. Clearance of HBV
antigenemia has been associated with improvement of signs of
renal disease [29–33].

Lai et al. [34] reported the clinical features of 21 adults with
HBV-associated MN and persistent HBsAg antigenemia and pro-
teinuria. Nephrotic syndrome was present in 57%. Mean uri-
nary protein excretion was 4.1 g/day, one-third had asymp-
tomatic proteinuria, and two patients had chronic kidney failure.
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One-fourth of patients had renal insufficiency, and one-third had
hypertension.

Lai et al. [35] studied 100 consecutive patients with glomeru-
lonephritis and with HBV infection documented by the presence of
circulating HBsAg, using appropriate diagnostic criteria for HBV-
associated renal disease. Thirty-nine patients had an HBV anti-
gen detected in kidney tissue by monoclonal antibody techniques.
HBeAg was the most commonly detected antigen, and 69.2% of
patients were found to have an HBV-associated protein present in
renal tissue. HBsAg was detected in 53.8% of patients with an HBV
protein in renal tissue. MPGN or IgAN was the most common le-
sion identified in patients with renal HBsAg deposition, but MN
was identified in fewer such cases. In contrast, of the patients with
renal HBeAg, 55.6% had MN.

Clinical inferences regarding the natural history of HBV-
associated MN are hampered because there are few data regard-
ing long-term outcomes in adult patients in whom the diag-
nosis of HBV-associated MN has been rigorously established.
HBV-associated MN has a variable outcome, although the lack
of well-controlled longitudinal studies precludes definitive char-
acterizations of outcomes. Progression to advanced chronic kid-
ney disease (CKD) appears to be relatively uncommon [6], and
the course may be more favorable in children. Spontaneous re-
mission of nephrotic syndrome has been reported in 30–60% of
MN linked to HBV [11]. Development of antibodies to HBeAg has
been associated with decreased proteinuria [17]. Clearance of anti-
genemia appears to be associated with improved renal outcomes,
but there are few data available with which to make definitive
prognoses.

HBV-associated MPGN

Shortly after the report of MN associated with HBV infection,
a study linked a heterogenous set of renal outcomes, including
MPGN and FSGS, with HBV [15]. MPGN is also thought to result
from deposition of HBV antigen–antibody complexes in mesangial
and subendothelial tissues. Lai and colleagues showed MPGN is
the most common lesion in patients with HBsAg detected in renal
tissue [36]. Lee et al. [21] studied 87 patients with chronic HBsAg
antigenemia with glomerular disease. One-third had MPGN, but
only 21% had MN. MPGN types I and III have been described in
association with HBV infection [11]. Caution is necessary in eval-
uating studies of HBV-associated MPGN preceding the cloning
of HCV [6], since coinfection with HCV, which has been well-
associated with MPGN, may have been the cause of the renal dis-
ease in such cases [6].

The clinical manifestations of HBV-associated MPGN are simi-
lar to those of idiopathic MPGN. The most common presentation
is nephrotic syndrome with microscopic hematuria. Nearly half
the patients have hypertension, and one-fifth have impaired renal
function [36]. The prognosis is unfavorable, with a 50% risk of
developing ESRD or mortality in 10 years [37].

Treatment

The literature on the treatment of HBV-related MN or MPGN is
sparse, consisting primarily of case reports, case series, and treat-
ment studies with historical untreated controls. The large ran-
domized clinical trials that established benefits of various antiviral
therapies in chronic HBV infection did not evaluate renal end
points. Indeed, patients with renal disease were excluded in sev-
eral of these trials, as was the case for HCV infection [38]. Despite
the lack of a robust evidence-based literature to recommend it, an-
tiviral treatment of HBV-associated nephropathy is warranted in
patients with persistent proteinuria, particularly adults, to forestall
the initiation of renal disease and progression to ESRD as a com-
plication of the viral illness [11]. Patients at risk for progressing to
kidney failure are those with persistent HBe Ag positivity. Eradi-
cation of HBV in this population serves the threefold purpose of
preventing progression to kidney and liver failure and preventing
hepatocellular carcinoma.

Corticosteroids
Success in treatment of idiopathic MN with corticosteroids led to
its use in HBV-associated nephropathy. However, although corti-
costeroids have been used to treat idiopathic MN [39–42], there is
currently no clear standard for the treatment of HBV-associated
MN. A prospective trial of corticosteroids that compared eight pa-
tients treated with a 6-month course of steroids to seven historical
controls treated supportively had disappointing results, revealing
no improvement in any renal parameter [43]. In addition, corti-
costeroids were potentially harmful, as increased HBV viral load
and persistence of HBeAg were noted in corticosteroid-treated pa-
tients [43]. Rapid steroid withdrawal can result in potentially fatal
hepatotoxicity in HBV-infected patients maintained on long-term
steroids, as the increased viral loads resulting from unchecked
viral replication during immunosuppression encounter abruptly
reconstituted immune responses. Because of the lack of demon-
strable benefits and the potential for adverse events, corticosteroid
treatment should not be considered a primary therapy for HBV-
associated nephropathy.

Alpha interferon
Alpha interferon (IFN-α) is a cytokine elaborated by B lympho-
cytes and macrophages and has antiviral and immunomodulatory
effects [11]. A randomized, controlled trial of IFN-α was con-
ducted in 40 Taiwanese children with HBV-associated nephropa-
thy [45]. Twenty patients each were randomized to IFN-α treat-
ment or supportive therapy. After 3 months, all patients receiving
IFN-α had resolution of proteinuria, whereas all patients receiving
supportive treatment had varying degrees of proteinuria. Another
study compared 19 children with HBV nephropathy treated with
IFN-α for 16 weeks to 20 children with HBV nephropathy treated
supportively [45]. Of the IFN-α-treated patients, 53% demon-
strated HBeAg clearance and resolution of proteinuria. None of
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the patients with persistent HBe antigenemia had resolution of
proteinuria. While these findings are encouraging, IFN-α treat-
ment involves daily injections and may be poorly tolerated due to
flu-like symptoms and leukopenia. As such, this treatment should
be weighed against nucleoside analog therapies.

The renal toxicity of IFN therapy has been well-documented
[46–55]. Fifteen to 20% of cancer patients treated with IFN had
proteinuria that was predominantly mild, clinically insignificant,
and reversible on cessation of therapy [56,57]. While the major-
ity of reported nephrotoxicity related to IFN therapy has been in
patients with underlying malignancy, there are case reports of its
occurrence in patients receiving IFN for chronic viral hepatitis
[53,57,58]. Less common presentations of IFN-induced nephro-
toxicity in patients with HBV infection are nephrotic syndrome
and acute kidney failure [46–54,59]. The histological correlates
of acute kidney failure with IFN therapy are variable, including
minimal change disease, acute interstitial nephritis, acute tubular
necrosis, FSGS, MN, and MPGN [46–54,58]. There is an increased
likelihood of nephrotoxicity with IFN therapy in patients with un-
derlying renal disease. Twenty-two of 23 patients with underlying
glomerulopathy developed proteinuria while receiving IFN ther-
apy for chronic HCV infection [60]. Proteinuria resolved in the
majority after withdrawal of IFN. Although clinically severe renal
impairment is rare, these findings underscore the need to monitor
renal function closely during IFN therapy.

Pegylated interferon (PEG IFN) is composed of a polyethy-
lene glycol moiety bound to IFN-α [61,62]. The polyethylene gly-
col increases the IFN half-life and may decrease immunogenicity
[61,62]. Because of its prolonged half-life, PEG IFN only needs to
be administered weekly. The safety and efficacy of PEG IFN in the
treatment of chronic HBV has been demonstrated in several clin-
ical trials, but none of them evaluated renal end points [63–65].
There are currently no reports of the effects of therapy with PEG
IFN in HBV-associated renal disease.

Lamivudine
Lamivudine is an orally administered nucleoside analog with effi-
cacy in chronic HBV infection [66]. Since the start of widespread
use of lamivudine in the treatment of chronic HBV infection, im-
provement of HBV-associated renal disease with lamivudine has
been the subject of multiple case reports [67–70]. A study compar-
ing 10 patients with HBV-associated MN treated with lamivudine
with supportively treated historical controls demonstrated reduc-
tion in proteinuria and increased serum albumin concentration
in treated patients [66]. Lamivudine at 100 mg daily was admin-
istered to the intervention group [66]. At 3 years, 100% of treated
patients and 58% of untreated patients had not developed ESRD
(P = 0.024). In addition, there was a reduction in proteinuria
after 6 months in the lamivudine group compared to controls
[66]. Unfortunately, relapse of HBV infection after cessation of
lamivudine occurs, and there is currently no standard duration
of treatment. Therefore, open-ended treatment for a prolonged
duration is usual for treatment of chronic HBV infection and may
also be required in the setting of HBV-associated renal disease.

With prolonged treatment, however, there is a significant risk of
developing viral resistance. After 1 and 5 years of treatment, the
risk of resistance was 23 and 65%, respectively [71].

Adefovir dipivoxil
Adefovir dipivoxil is an adenosine triphosphate analog with ben-
efit in chronic HBV infection [72,73]. Nephrotoxicity has been
reported at the higher doses of this medication that are used to
treat human immunodeficiency virus infection [74]. The dose of
adefovir dipivoxil used to treat chronic HBV infection (10 mg
daily) is lower and is associated with a risk of nephrotoxicity no
greater than placebo [72–74]. The safety of adefovir dipivoxil was
demonstrated in 12 patients with lamivudine-resistant HBV in-
fection and varying degrees of renal dysfunction [75]. However,
because of the availability of other less nephrotoxic therapeutic op-
tions, using adefovir dipivoxil to treat HBV nephropathy should
generally be avoided in patients with renal dysfunction.

Adefovir at a 30-mg dose had a 35% incidence of renal toxicity,
defined by increased serum creatinine or hypophosphatemia [74].
Adefovir nephrotoxicity is related to proximal tubular accumula-
tion of the drug via an organic anion transporter found on the
basolateral membrane of cells [74]. The drug is transported out
of the proximal tubule via multidrug resistance-associated pro-
tein 2 (MRP2) [74]. Higher doses of the drug may overwhelm
the ability of the luminal MRP to transport it out of the proximal
tubule cell, resulting in intracellular accumulation and subsequent
nephrotoxicity. Larger studies are needed to evaluate the safety and
efficacy of adefovir in patients with CKD.

Other agents
Entecavir has been shown in large randomized controlled trials to
be superior to lamivudine in the treatment of chronic HBV in-
fection [76,77]. Although there are no reports regarding its use in
the treatment of HBV-associated renal disease, it holds promise in
view of its high potency and favorable side effects profile. Teno-
fovir is another nucleoside currently being evaluated for efficacy
in treatment of chronic HBV infection. However, tenofovir treat-
ment is associated with renal toxicity via a mechanism similar
to adefovir [78,79]. Anelli et al. described an HBV-infected pa-
tient treated with infliximab, who had rheumatoid arthritis and
secondary amyloid-associated amyloidosis [80]. The patient had
complete cessation of HBV replication and improvement in cre-
atinine clearance after 1 year of treatment [80]. However, larger
clinical trials are needed before conclusions regarding the safety
of tumor necrosis factor alpha blockers in HBV infection can be
made.

Vaccination
Vaccination against HBV infection has decreased the incidence of
HBV-associated renal disease. Prior to widespread vaccination, the
incidence of HBV-associated renal disease was 0.3 cases/100,000
children age 0–14 years in 1990–1991 in South Africa. After in-
troduction of widespread vaccination against HBV in 1994–1995,
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the incidence of HBV-associated renal disease decreased 10-fold
in 2000–2001 [1].

HBV and PAN

Epidemiology
PAN is a necrotizing vasculitis involving the medium-sized and
small arteries. It is an uncommon complication of HBV infection,
affecting 1–5% of those chronically infected [81]. However, older
studies suggested as many as 70% of patients with PAN are HBsAg
positive [82]. This association has been documented extensively
in North America and Europe. In Asia, where HBV is regionally
endemic, no association of the viral infection with PAN has been
reported [81].

Pathophysiology
The pathophysiology of HBV-associated PAN may be mediated
by circulating immune complexes, consisting of HBV-associated
antigen, antibody, and complement [83]. Levels of circulating im-
mune complexes have been reported to be proportional to PAN
disease activity [84], and complex deposition has been demon-
strated histologically in affected arteries [85,86]. HBeAg may
be the predominant antigen in immune complexes associated
with PAN [87]. The mechanism underlying immune complex
tropism to the target vessels is unknown. Antineutrophil cytoplas-
mic antibodies are rarely found in patients with HBV-associated
PAN [88].

PAN-associated vasculitis is notable for necrosis and perivascu-
lar inflammation of small and medium-sized blood vessels. The
acute polymorphonuclear leukocyte infiltrate promotes a predom-
inantly chronic mononuclear infiltrate that may lead to vascu-
lar occlusion and necrosis. Angiography demonstrates microa-
neurysms, stenosis, and occlusion. Renal angiography typically
demonstrates microaneurysms [81].

Clinical course
PAN is a multisystem disease with protean manifestations extend-
ing beyond the gastrointestinal tract and the kidneys [81]. Nervous
system, rheumatologic, cardiac, and dermatologic involvement
have all been described [81]. The initial presentation is often with
fever, hypertension, rash, and abdominal and joint pain. Labora-
tory studies show elevated erythrocyte sedimentation rate, anemia,
leukocytosis, and abnormal liver-associated enzymes. Eosinophilia
is seen in 10–40% of patients. With progression of disease, as vascu-
lar compromise occurs, visceral infarction involving the gastroin-
testinal tract, kidney, spleen, brain, heart, testicles, and prostate
may occur. Gastrointestinal bleeding and perforation have been
seen in 16% of patients. Pancreatitis and cholecystitis have also
been reported [81].

Although the kidneys are involved in most cases of PAN, there
is no classic pathognomonic pattern of renal injury. Hypertension
related to renal vessel vasculitis is a common presenting symp-
tom. In classic PAN with large and medium vessel involvement,

renal ischemia and infarction are typical. Fibrinoid necrosis is a
frequent pathologic finding. Untreated PAN has a dismal prog-
nosis, with 5-year survival rates of less than 15%. Early mortality
results from acute gastrointestinal hemorrhage or ischemia, acute
myocardial infarction, or kidney failure. Late mortality is often
from complications of ESRD or congestive heart failure [88].

Treatment
Whereas plasma exchange and immunosuppression with corti-
costeroids and cyclophosphamide are cornerstones of treatment
of idiopathic PAN, patients with HBV-associated PAN are at risk
of increased viral proliferation and progressive liver disease with
prolonged immunosuppression. In addition, rapid withdrawal of
immunosuppression in HBV-infected patients may result in the
development of fulminant hepatic failure. For these reasons, treat-
ment of the underlying chronic viral infection is important in
HBV-associated PAN. Antiviral treatment alone, without address-
ing the acute vasculitis and its life-threatening consequences, may
also be inadequate [89].

There is a dearth of large, well-designed clinical trials evaluat-
ing the effectiveness of antiviral therapies in patients with HBV-
associated PAN. One approach is to control the acute manifesta-
tions of PAN with plasma exchange while treating the underlying
viral disease. A study of IFN and plasma exchange therapy in HBV-
associated PAN demonstrated HBeAg seroconversion in four pa-
tients [90]. In a nonrandomized prospective trial that combined
antiviral treatment (vidarabine or IFN) with plasma exchange in
41 patients with HBV-associated PAN, viral replication ceased in
over half the patients, and long-term symptom-free survival was
achieved in 80% [91]. Because renal disease was present in one-
third of these patients and information regarding improvement
in renal parameters is unavailable, specific conclusions regarding
treatment of nephropathy with this protocol cannot be reached.
Another approach is to treat the acute vasculitis with a short course
of immunosuppression, followed by plasma exchange and antiviral
therapy. Prevention of HBV infection by widespread vaccination
has accounted for a remarkable decrease in the proportion of PAN
cases associated with HBV infection. In 1972–1976, 38.5% of PAN
cases were associated with HBV. In 1997–2002, this proportion
decreased to 17.4% [92].

HBV and essential mixed cryoglobulinemia

The association between HBV infection and cryoglobulinemia is
controversial. Serologic markers of HBV infection were demon-
strated in the cryoproteins of 74% of patients with essential mixed
cryoglobulinemia (EMC) [93]. Subsequent larger studies in the
post-HCV era have challenged this finding on the basis of study
population, accuracy of serologic tests used, and the possibility
that HBV was transmitted by transfusion in patients with ane-
mia. A notable challenge came from Ferri and colleagues, who
found HBV infection to be causative in only 4 of 231 patients with
EMC [94]. In contrast, HCV RNA was detected in 90% of patients
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with EMC [94]. Furthermore, renal disease in the setting of HBV-
associated cryoglobulinemia has never been reliably demonstrated
to be caused by HBV antigens. There are no therapeutic trials of
antiviral agents in the setting of HBV-associated cryoglobulinemia.

HBV and IgAN

There are increasing cases linking HBs antigenemia with IgAN.
However, data are limited to studies of populations where HBV is
endemic, which are therefore potentially subject to bias. Wang et al.
evaluated 50 Chinese patients with IgAN, positive HBV serology,
and/or HBV antigens found by renal immunohistochemistry [95].
They concluded HBV infection may have a role in the development
of IgAN [95]. However, a Japanese study concluded that there was
no association between IgAN and HBV [96]. A total of 130 patients
with IgAN were identified. HbsAg was positive in only 4 of 130, or
3.1% [96], which was not different from the general population
rate of 2.0% [96]. Lai et al. examined the possible role of HBV
in the development of IgAN [97]. A total of 125 patients were
diagnosed with IgAN [97]. Ten of the 125 patients with IgAN were
HBsAg positive. Renal biopsies of these 10 patients were stained
with immunoperoxidase for HBsAg, HBcAg, and IgA [97]. There
was a control group with renal biopsies from 20 patients with IgAN
without HBV antigenemia. Immunoperoxidase staining showed
HBcAg in glomerular mesangial cell nuclei in 6 of 10 patients.
HbsAg was found in the cytoplasm of one mesangial cell. They
concluded that HBsAg and HBcAg in the cytoplasm and nuclei of
glomerular cells were potential evidence for a pathogenic role of
HBV in IgAN [97].

There are few studies examining the renal outcomes of HBV-
infected patients with IgAN. Lai reported a decline in GFR in 19%
of patients with IgAN linked to HBV over 40 months [98]. Of
these patients, 25% eventually required renal replacement therapy
[98]. Further studies are needed to clarify the potential association
between HBV and IgAN.

HBV and FSGS

There may be a link between HBV and FSGS; however, research is
limited. There is some speculation that FSGS, seen on biopsies of
patients with HBV, could be a reflection of the advanced stages of
other types of HBV-associated renal diseases [99]. Larger studies
are needed to further evaluate this possible association.

HBV and ESRD

There has been a decrease in the incidence of HBV infection among
US ESRD patients treated with hemodialysis, largely due to pre-
ventive measures implemented since the 1970s [100]. An analysis
of data from the Dialysis Outcomes and Practice Patterns Study

(DOPPS) evaluated 308 dialysis units across the world and found
a mean HBV prevalence of 3.0% across all centers [101], with 79%
of centers having an HBV prevalence of 0–5% [101]. There was a
higher prevalence of HBV infection in dialysis patients in France,
Germany, and Italy compared to Japan, the UK, and the USA [101].
Universal precautions, including use of gowns and gloves when
handling biohazardous materials, monthly testing for HbsAg, and
separation of HbsAg-positive patients from negative patients, have
all been associated with reduced incidence of HBV in hemodial-
ysis units [100]. Acute infection with HBV tends to show milder
clinical manifestations, with decreased levels of aminotransferases
compared to patients acutely infected with HBV without ESRD
[100]. The development of complications associated with HBV,
including cirrhosis and hepatocellular carcinoma, is typically slow
and often is longer than the average lifespan of patients maintained
on hemodialysis [100]. Nevertheless, it is still essential to prevent
transmission of this blood-borne pathogen in hemodialysis units.

Vaccination schedules are important for all patients with CKD,
ideally in the predialysis phase, when immune responses to a vac-
cine may be optimal. In ESRD patients, additional doses beyond
the standard three-dose schedule should be considered. Antibody
testing for HbsAb to determine the optimal responses may be
needed [100].

There have been limited studies on IFN use in hemodialysis pa-
tients with HBV. Rodrigues et al. studied 13 patients on hemodial-
ysis with HBV and/or HCV infection who were treated with
IFN-α 2B [102]. Eight of 13 patients responded to therapy [102].
Nevertheless, the frequency of adverse events with IFN therapy is
higher in the ESRD patient population, limiting its use and effec-
tiveness [100].

Several trials have investigated the use of lamivudine in ESRD
patients, and these studies noted positive responses with clear-
ance of HbeAg, although the studies were small [100]. Lamivudine
therapy may play a role in improving overall patient and graft sur-
vival in HBsAg-positive kidney transplant recipients. Lamivudine
at 100 mg daily was administered to 11 patients who underwent
kidney transplantation between 1996 and 2000 and to 15 patients
who had a kidney transplant between 1983 and 1995 [103]. These
patients met inclusion criteria, which included rising HBV DNA
levels or liver biopsy indicating active inflammation [103]. Patients
in the group transplanted between 1996 and 2000 were treated with
lamivudine for 32.6 ± 13.3 months, whereas those in the 1983–
1995 group were treated for 36.3 ± 11.4 months [103]. Survival
of those transplanted between 1996 and 2000 and subsequently
treated with lamivudine was similar to HBsAg-negative patients
[103]. However, the group transplanted between 1983 and 1995
had a lower survival rate compared to the HBsAg-negative control
group [103]. The authors concluded that prompt administration
of lamivudine once HBV DNA levels increase may improve sur-
vival of HBV-infected kidney transplant recipients [103].

There is concern that immunosuppressive medications used
in kidney transplant patients may cause activation of HBV. Cal-
cineurin inhibitors, azathioprine, and steroids may enhance viral
replication [100]. Fornairon and colleagues evaluated the effect of
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kidney transplantation in chronic HBV infection in 151 patients
[104]. Over a period of 66 months in which liver biopsies were
done, cirrhosis was found in 28% of patients [104]. HBV infec-
tion was not associated with differences in survival in this study
[104]. However, data are conflicting and further information is
needed before conclusions can be reached. Aroldi et al. found that
death related to hepatic causes was more frequent in HBV-infected
transplant patients than in HCV-infected transplant recipients
[105].

The incidence of de novo glomerulonephritis in HBV-infected
kidney transplant recipients was evaluated by Schwarz et al.
Twenty-one patients of 848 who received a kidney transplant de-
veloped de novo MN [106]. Eight of these 21 patients also were
found to have active infection with either HBV, HCV, or human
immunodeficiency virus [106].

Conclusions

Although the incidence of HBV-related renal disease is decreasing
with the widespread use of vaccination, it nevertheless remains
an important cause of nephropathy, especially in the developing
world. HBV infection has been linked to MN, MPGN, PAN, and
possibly to IgAN as well as FSGS. MPGN may be an important renal
complication of HBV infection. The chronicity of the viral infec-
tion and the host responses are likely factors in the pathogenesis
of the associated nephropathies. Further studies are needed to de-
termine the exact pathogenic role HBV infection may play in these
nephropathies. A number of novel therapeutic approaches exist to
treat HBV-related kidney diseases, including IFN-α, lamivudine,
and adefovir. However, several of these treatments are associated
with the development of nephrotoxicity.
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Introduction

Hepatitis C virus (HCV) infection not only causes chronic hepati-
tis and hepatocellular carcinoma but can also lead to extrahepatic
disease, like mixed essential cryoglobulinemia (MEC), glomeru-
lonephritides, and lymphoproliferative disorders. Autoimmune
disorders and cutaneous and neurological diseases associated with
HCV infection are less frequently reported [1]. The prevalence of
blood donors carrying anti-HCV antibodies ranges geographically
from 0.1 to 2.0% with generally increasing rates as one goes geo-
graphically from the north to the south of the globe with the ex-
ception of the African continent, in which HCV is more preva-
lent. HCV infection is also more prevalent in populations at risk
of contamination, such as intravenous drug abusers, hemophil-
iacs, and dialysis patients. The prevalence of anti-HCV-positive
patients undergoing maintenance dialysis in developed countries
ranges from 3.4% (the Netherlands) to as high as 22.3% (Italy).
Several genotypes of HCV (genotypes 1 to 5) have been identified
and determine, to some extent, the outcome of liver disease and the
response to antiviral therapy. Some genotypes (e.g. genotype 1b)
are thought to be more virulent, whereas others are associated with
low viremia (e.g. genotype 2). The geographical predominance of
the different genotypes is well-documented [2–4].

Glomerular disease associated with
HCV infection

The association between HCV infection and glomerulopathy or al-
buminuria has been extensively demonstrated by surveys of large
at-risk populations as well as in autopsy studies, while the presence
of cryoglobulinemia is a strong indicator of renal insufficiency in
patients with HCV-associated glomerulonephritis [2,5–7]. Not all

types of glomerular disease that have been described in association
with HCV infection are actually causally related. HCV infection is
prevalent in 15% of patients diagnosed with membranoprolifera-
tive glomerulonephritis (MPGN), which is much higher than the
expected HCV prevalence, and this number increases to as high as
96% when MPGN is associated with cryoglobulinemia. A much
lower prevalence of HCV infection is documented in other types
of glomerulonephritis, such as membranous glomerulonephritis
(5.5%), minimal change glomerulopathy (4.4%), immunoglob-
ulin A (IgA) nephropathy (2.1%), and focal glomerulosclerosis
(4.4%), except when the latter occurs in intravenous drug abusers
and HIV/AIDS patients, who are at increased risk for HCV in-
fection. Fibrillar and immunotactoid glomerulopathy and throm-
botic microangiopathy have been occasionally described in HCV-
positive patients but without any evidence for a causal relationship.

Role of HCV infection in MPGN with type II
mixed cryoglobulinemia

HCV-associated MPGN is triggered by the glomerular (suben-
dothelial and mesangial) deposition of circulating immune com-
plexes containing HCV RNA and anti-HCV IgG antibodies, pos-
sibly enhanced by impaired clearance of these complexes through
the reticuloendothelial system of the HCV-infected liver [8,9]. Sev-
eral studies have indicated the presence of viral RNA or proteins
in renal tissue by using electron microscopy, antibodies against vi-
ral proteins, and reverse transcription-PCR (RT-PCR) techniques.
Recently, with laser capture microdissection, it has been demon-
strated that viral RNA is present in glomeruli of patients affected by
different types of HCV-associated glomerulopathies while the viral
core protein is predominantly present in the renal tubules [10–12].
It is hypothesized that this viral RNA and protein subsequently ac-
tivate mesangial cell expression of Toll-like receptors (e.g. TLR3),
triggering chemokine/cytokine release (e.g. RANTES, MCP, CCL)
and in situ complement activation via the lectin (mannose-binding
lectin) pathway with engagement of specific Fc receptors on
leukocytes, leading to mesangial proliferation, inflammation, and
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apoptosis [13–15]. The strong coincidence of MPGN with type II
MEC and HCV infection (prevalence of 95% vs. 3% in patients
with MPGN without MEC) seems to be the result of the high inci-
dence of cryoglobulins (54%) in the latter group [7]. Some reports
suggest that the appearance of cryoglobulins in HCV-infected pa-
tients with MPGN is determined by the viral genotype, viral load in
peripheral blood leukocytes, anti-HCV IgG titer, and the presence
of anti-endothelial cell autoantibodies, but none of these findings
has been confirmed in larger controlled studies. Anti-HCV an-
tibodies also bind to the vessel wall in skin biopsies of patients
with cryoglobulins and cutaneous vasculitis, further illustrating a
causal relationship between these two entities.

Clinical manifestations

Patients with HCV-associated MPGN present with moderate to
severe proteinuria, microscopic hematuria, and signs of mild to
moderate renal insufficiency in the majority of cases. An acute
nephritic syndrome (macroscopic hematuria, severe proteinuria,
hypertension, and renal insufficiency) at onset occurs in ap-
proximately 25% of cases, while more than 20% of patients are
diagnosed with nephrotic syndrome [7,8]. Symptoms of cryo-
globulinemia, such as palpable purpura and petechiae (leuko-
cytoclastic vasculitis), arthritis/arthralgia, or peripheral neuropa-
thy (mononeuritis multiplex), Raynaud’s phenomenon, weakness,
fever, and leg ulcers are present in only half of HCV-associated
MPGN cases. Rare cases of pulmonary or myocardial involvement
with myocarditis and cardiomyopathy have been reported. Signs of
MEC can become manifest years before the renal diagnosis is made
or appear concurrently in 10–15% of cases. Extrarenal symptoms
fluctuate strongly and can be associated with exacerbations of the
renal disease, but they are not always present. Physical signs of liver
disease are rare, whereas 60–70% of patients have mildly elevated
transaminases. Arterial hypertension requiring therapy occurs in
80% of patients [1,7,8].

The clinical course of HCV-associated MPGN varies, with nearly
one-third of patients experiencing a spontaneous remission of
renal symptoms. In another one-third of patients urinary abnor-
malities persist, and renal disease is characterized by an indolent
course without progression to kidney failure. About 20% of pa-
tients suffer from reversible clinical relapses, sometimes accom-
panied by signs of systemic involvement. Prognostic factors for
MPGN with MEC II are age (>50 years), purpura, high cryocrit
(>10%), low serum C3 levels, proteinuria, and high serum cre-
atinine (>1.5 mg/dL). Although some degree of renal function
impairment will eventually develop in the course of disease (or is
already present at the time of diagnosis), end-stage renal failure oc-
curs in only 10–15% of patients [1,8,16]. A recent large US survey
confirmed an age-dependent association between HCV seroposi-
tivity and albuminuria, but no association with a low glomerular
filtration rate (GFR) [17]. Patients with cryoglobulinemic GN have
a 10-year survival of 50–60%; mortality is the result of cardiovas-
cular complications, infections, liver failure, and malignancies.

Cryoglobulins can be detected in about 50–66% of affected pa-
tients, and HCV RNA is concentrated over 100-fold relative to
serum in the cryoprecipitate. Cryoglobulins are typically com-
posed of polyclonal IgG anti-HCV antibodies and a monoclonal
IgMκ rheumatoid factor (type II MEC); occasionally, a type III
mixed cryoglobulins is found. Hepatitis C virus RNA and antibod-
ies are detected in more than 90% of affected patients. Hypocom-
plementemia (low CH50, C4, C1q, and to a lesser extent C3) is
present, as is a positive monoclonal IgMκ rheumatoid factor. None
of the latter laboratory parameters seems to correlate with clini-
cal disease activity. Other symptoms related to extrahepatic man-
ifestations of HCV infection include monoclonal gammopathy,
lymphoma (B-cell non-Hodgkin’s lymphoma, immunocytoma,
extranodal marginal zone B-cell lymphoma of MALT type), au-
toimmune hemolytic anemia or thrombocytopenia, porphyria
cutanea tarda, lichen planus, necrolytic acral erythema, chronic
corneal ulcerations (Mooren’s ulcer), polyarteritis nodosa, au-
toimmune thyroiditis, and other autoimmune disorders like
sialadenitis, leading to sicca syndrome and autoimmune hepatitis
(with anti-LKM-1 antibodies). Low titers of autoantibodies (ANF,
anti-LKM-1, anti-GOR, anti-smooth muscle, and anti-cardiolipin
antibodies) are detected in 40–65% of HCV-positive patients but
rarely cause clinical disease [1].

Renal pathology

MPGN is the most common type of glomerulonephritis asso-
ciated with HCV infection, accounting for approximately 54%
of patients. The light microscopic histological pattern of HCV-
associated type I MPGN, sometimes called “cryoglobulinaemic
glomerulonephritis,” is that of an exudative type of MPGN with
thickening of the glomerular basement membrane with a “double-
contour” appearance caused by interposition of monocytes rather
than mesangial cells [2]. A picture of lobular glomerulonephritis is
sometimes evident in cases of massive mesangial proliferation and
infiltration by monocytes together with mesangial matrix expan-
sion. Endocapillary proliferation is usually extensive (monocytes),
and a striking feature of MPGN with MEC II is the presence of
amorphous eosinophilic periodic acid-Schiff-positive intralumi-
nal deposits that fill or completely obliterate the capillary lumen
(intraluminal thrombi) (Figure 25.1A). These deposits are precip-
itated cryoglobulins of variable sizes and diffusion rates and con-
sist of IgG and IgM, the latter having the identical idiotype of the
circulating monoclonal IgM rheumatoid factor. Immunofluores-
cence shows not only diffuse granular staining of IgG, IgM, and C3
in peripheral glomerular loops, similar to idiopathic MPGN, but
also strong intraluminal staining of the intraluminal thrombi (Fig-
ure 25.1C and D). Interstitial infiltration by a mixed monocyte–
lymphocyte cell population is usually found in the acute stages of
disease and can progress to interstitial fibrosis, while about one-
third of biopsies show small and medium-size vessels with signs of
fibrinoid necrosis and vascular wall infiltration by monocytes (vas-
culitis), especially in strong exudative forms of MPGN. Electron
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Figure 25.1 (A) On light microscopy, glomeruli show hypercellularity and
mesangial expansion. The glomerular capillary walls are thickened with
interposition of predominantly monocytes (arrows). Note the intraluminal presence
of thrombi consisting of cryoglobulins. (Original magnification, 200×.) (B) On
electron microscopy, electron-dense deposits are present in the subendothelial
space (asterisk) and the mesangium (arrowhead). These deposits consist of densely

packed fibrils or microtubules (cryoglobulins). Note the presence of the same
material in the lumen of the glomerular capillary (cl). (Original magnification,
10,000×.) (C) C3 positivity along the capillary walls and in the thrombi. (Original
magnification, 200×.) (D) IgM positivity along the capillary walls and in the
thrombi. (Original magnification, 200×.) Courtesy of Evelyne Lerut, Department of
Pathology, University of Leuven, Belgium.

microscopy can identify the fibrillar structure of the subendothe-
lial cryoglobulin deposits with cylindrical bodies of 0.1–1 μm in
length and an annular shape on cross-section consisting of a dense
ring with a clear center (Figure 25.1B). A picture of mild mesan-
gial proliferation without significant capillary wall thickening or
intraluminal thrombi is encountered in about 10% of patients
and is more difficult to distinguish from idiopathic MPGN. Other
types of glomerulonephritis associated with HCV infection, like
membranous glomerulonephritis, focal glomerulosclerosis, and
IgA nephropathy, have been frequently described and their histo-
logical appearance does not differ dramatically from the primary

glomerulopathies. These types of glomerulonephritis are discussed
elsewhere in this textbook.

Treatment

Although specific studies demonstrating an effect of nonimmuno-
suppressive therapy on HCV-related nephropathy are lacking,
symptomatic treatment, similar to that advocated for any pro-
teinuric nephropathy, is advised in all patients with HCV-related
glomerulonephritis. It consists of rigorous blood pressure control
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using salt restriction and angiotensin converting enzyme inhibitors
alone or in combination with angiotensin receptor antagonists and
loop diuretics. If additional antihypertensive therapy is required,
calcium channel blockers might have a theoretical advantage over
beta-blockers, as the latter could potentially aggravate extrarenal
disease symptoms like Raynaud’s phenomenon, necrolytic acral
erythema, and leg ulcers. In case of nephrotic syndrome, statins are
recommended for the treatment of hyperlipidemia, whereas guide-
lines concerning routine anticoagulation are lacking. Often, pro-
phylactic dosing of low-molecular-weight heparin is necessary be-
cause of the presence of additional prothrombotic risk factors [18].

Antiviral therapy has been extensively tried in HCV-positive pa-
tients presenting with glomerulonephritis in an attempt to clear the
virus from the serum and thereby improve renal outcome [19,20].
In the 1990s, subcutaneous alpha interferon (IFN-α) was tested
in various small uncontrolled studies and described in numerous
case reports. The overall results of these trials were disappointing;
even with initial clearance of HCV and stabilization or improve-
ment in renal function and/or proteinuria, relapses occurred in
the majority of patients as soon as IFN-α therapy, even prolonged
therapy lasting 6–12 months, was stopped. The concomitant use
of corticosteroids did not significantly alter outcome. The com-
bination of IFN-α or pegylated IFN-α with ribavirin, a guano-
sine analog with immune-modulating properties, has now become
standard treatment for HCV-infected patients without kidney dis-
ease, because of a higher efficacy, compared with prolonged IFN-α
monotherapy, which resulted in a sustained virological response
in only 30% of treated patients [21]. Subsequently, this combina-
tion strategy was tested in HCV-related glomerulonephritis. Sabry
et al. combined IFN-α therapy, 3 million units (MU) three times
weekly, with ribavirin at a daily dose of 15 mg/kg body weight
for 12 months, in cases where 3 months of IFN-α therapy alone
did not clear the virus from serum. Five of 20 patients completely
cleared the HCV, while C3 and C4 levels normalized in all pa-
tients. Furthermore, proteinuria decreased from 4 to 1.1 g/24 h,
and renal function stabilized in the majority of patients (75%).
Gastrointestinal and flu-like symptoms attributed to IFN-α were
less pronounced in patients receiving combined therapy [22]. Alric
et al. combined IFN-α (3 MU, three times per week) or pegylated
IFN-α (1.5 μg/kg weekly) with ribavirin at 600–1000 mg/day for a
mean period of 18 months in 18 patients with HCV-related cryo-
globulinemic MPGN after completion of first-line treatment with
prednisone or plasmapheresis. During a mean follow-up period
of 17 months, a sustained virological response was obtained with
this regimen in 67% of patients, whereas renal function stabilized
and proteinuria and cryocrit decreased significantly [23]. These
and other [24] studies illustrate that it is important to prolong
combined IFN-α and ribavirin therapy for a sufficient length of
time in order to reduce the number of flare-ups. Until data from
controlled studies are available, it is advised that this combination
be administered for at least 48 weeks (Table 25.1). Strong dose
reductions of ribavirin are frequently necessary because of side
effects, like hemolytic anemia, and in the event of impaired renal
function. Anemia can occur at therapeutic drug concentrations

Table 25.1 Treatment of HCV-related glomerulonephritis.

Treatment steps
Step I: Symptomatic therapy� Loop diuretics, angiotensin converting enzyme inhibitors, angiotensin receptor

antagonists� Statins, anticoagulation in case of associated nephrotic syndrome

Step II: Antiviral therapy for 48 wks� Standard IFN-αtherapy, 3×106 U, 3 times/wk, or pegylated IFN-α, 1.5μg/kg/wk
in combination with ribavirin, 15 mg/kg/day adapted to creatinine clearance� Supportive therapy with erythropoietin and low-dose iron when required

Step III: Immunosuppressive induction therapy in cases of severe acute disease� Methylprednisolone pulse therapy, 0.5–1 g/day for 3 days, followed by oral main-
tenance therapy and/or cyclophosphamide, 1–2 mg/kg/day� Plasma exchange, 3 L plasma, 3 times/wk for 2–6 wks� Rituximab, 375 mg/m2/wk for 4 wksa followed by antiviral therapy for 48 wks
(Step II)

a See text for details.

(trough plasma concentrations between 10 and 15 μmol/L) and
often requires supportive therapy with erythropoietin and low-
dose iron.

Acute flares of HCV-related cryoglobulinemic MPGN with
rapidly progressive renal function deterioration and/or severe
cryoglobulinemic disease will often not respond to antiviral ther-
apy alone and require additional immunosuppressive therapy in
order to control inflammatory reactions and vascular manifesta-
tions due to cryoglobulin deposition. Short courses of corticos-
teroids (preferably pulses) with cytotoxic drugs, with or without
plasmapheresis, may be needed to decrease cryoglobulin produc-
tion and deposition [18,19] (Table 25.1). This aggressive induction
therapy, although effective, is usually poorly tolerated and is asso-
ciated with serious infectious complications. Therefore, the judi-
cious use of corticosteroids and cyclophosphamide with or without
plasmapheresis should be based on the severity of symptoms and
should be reserved for patients with rapid renal function deteriora-
tion, nephrotic syndrome, and/or vascular manifestations [8,19].
The clinical indications for plasmapheresis in addition to corti-
costeroids and cytotoxic agents have not yet been clearly defined.
Plasmapheresis is often initiated in order to achieve rapid removal
of circulating cryoglobulins, thereby preventing further deposi-
tion. The latter is especially important in cases of massive glomeru-
lar precipitation, signs of renal vasculitis, and severe extrarenal
systemic vasculitis [8]. Prolonged plasmapheresis treatment for 2–
6 weeks in combination with immunosuppressive therapy is ad-
vised in order to avoid early rebound. After the acute phase is
controlled, causative antiviral treatment should be rapidly com-
menced, especially because prior induction immunosuppressive
therapy will have increased HCV viral load with potentially detri-
mental effects on the underlying liver disease.

Recently, rituximab, a monoclonal anti-CD20 antibody selec-
tively targeting B lymphocytes, has been used successfully in pa-
tients with HCV-related cryoglobulinemic MPGN, both as first-
line treatment and after failure of conventional therapy [25,26].
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Rapid and sustained renal responses were observed in 50–100% of
cases, taking into account that only small heterogeneous patient
groups were studied until now. Disease relapses seem to respond
to rechallenge with the drug, while side effects have been overall
limited except in one small study where serious infectious compli-
cations (Cryptococcus neoformans meningoencephalitis and herpes
simplex type 2 pneumonitis) were encountered. Close vigilance
for opportunistic infections is therefore warranted. Initial dos-
ing of rituximab is four consecutive weekly intravenous courses
of 375 mg/m2 of body surface. HCV viral load remains remark-
ably stable or even decreases mildly during rituximab therapy, in
contrast to other immunosuppressive therapies. Interestingly, a
patient homozygous for the high-affinity (VV) allele of FcγRIIIa
(CD16) had a long sustained remission after one course of ritux-
imab, suggesting that, as described for systemic lupus erythemato-
sus, FcγRIIIa genotyping could play a future role in predicting
responses to anti-CD20 therapy in HCV-related MPGN. Random-
ized controlled studies with sufficient prolonged follow-up are of
course necessary in order to establish the efficacy of rituximab
in HCV-related cryoglobulinemic MPGN in comparison to com-
bined IFN-α–ribavirin therapy. Until efficacy and safety data from
these studies are available, rituximab should only be considered
in cases of failure of antiviral therapy for moderate HCV-related
MPGN or if the combination of corticosteroids and cyclophos-
phamide (with or without plasmapheresis) cannot control pro-
gression of severe disease (kidney failure, nephrotic syndrome, or
vascular manifestations) or is poorly tolerated.
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Introduction

Polyomavirus-associated nephropathy (PVAN) currently repre-
sents the most challenging infectious cause of renal dysfunc-
tion in kidney transplant recipients. Centers from around the
world report PVAN rates of 1–10% during the first 2 years post-
transplant [1,2]. Over the following 6–62 months from diagno-
sis of PVAN, irreversible graft dysfunction and return to dial-
ysis is seen in more than half of the cases [1–4]. Molecular
genetic techniques have identified polyomavirus hominis type 1,
also called BK virus (BKV), as the principle etiologic agent [5,6].
Less than 10% of PVAN cases with a seemingly milder clinical
course have been attributed to the closely related human poly-
omavirus type 2, also called JC virus [7,8], which is known as
the primary cause of a rare demyelinating central nervous system
disease in HIV/AIDS, but also occasionally in kidney transplant
patients called progressive multifocal leukoencephalopathy [9]. No
specific antiviral agent is licensed for treating polyomavirus dis-
eases, and current interventions rely on improving antiviral im-
munity.

Although single cases of PVAN were reported in the 1970s [10],
the recent surge of PVAN after almost 50 years of kidney trans-
plantation is remarkable and, given the unchanged epidemiology
of BKV, points to significant changes in current transplant proto-
cols as the cause. BKV infects more than 80% of the world’s pop-
ulation during childhood and without specific clinical symptoms.
Subsequently, the viral DNA genome persists latently in the reno-
urinary tract. In approximately 5% of BKV-infected seropositive
adults, asymptomatic BKV shedding is intermittently detectable,
typically at low viral loads of <106 per mL [11,12]. Among patients
with impaired immune function, for example, following cancer
chemotherapy, advanced HIV infection, or immunosuppression

associated with transplant procedures, the prevalence of urinary
BKV replication increases to 20–60% and with higher BKV loads of
> 107 per mL. Outright BKV disease is rare and almost always as-
sociated with significant immune dysfunction in conjunction with
specific procedures, such as kidney transplantation for PVAN or
bone marrow transplantation for late-onset hemorrhagic cystitis
[11]. Here, we review the current evidence and recommendations
regarding diagnosis and clinical management of PVAN in kidney
transplantation.

Definitions

Grading of the evidence and strength of recommendations is based
on a multidisciplinary position paper published in 2005 [1] and
standards proposed by the Infectious Diseases Society of America
(summarized in Table 26.1) [13]. Note that the grading system in
this chapter is different from that presented in the rest of this book,
but it has been retained to ensure consistency with how the recom-
mendations were developed. The grading system used for quality
is largely study design-based and does not explicitly consider other
dimensions of quality of evidence, such as consistency, precision,
design, and reporting quality, and relevance of outcomes measured
and reported. The strength of recommendations is also largely de-
termined by study design and other components; for example,
benefit–harm trade-offs are not explicitly considered. Generally,
however, it is likely that a level A recommendation would cor-
respond to a level I recommendation using the GRADE system
adopted for this book.

To better compare the results of the various studies, BKV in-
fection, replication, and disease are defined as evidence for past
virus exposure, active multiplication, and organ-invasive disease,
respectively [14]. Possible PVAN is defined as detectable BKV repli-
cation in urine after kidney transplantation. Presumptive PVAN is
defined as plasma BKV loads for ≥4 weeks of >10,000 copies/mL
or an equivalent threshold [15], whereas definitive PVAN is defined
as histological evidence of BKV replication and cytopathology in
tissue samples (Table 26.2) [1].
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Table 26.1 Evidence levels and clinical recommendations according to IDSA
standards.

Category
and grade Definition

Strength of recommendation
A Good evidence to support a recommendation for use
B Moderate evidence to support a recommendation for use
C Poor evidence to support a recommendation
D Moderate evidence to support a recommendation against use
E Good evidence to support a recommendation against use

Quality of evidence
I Evidence from ≥1 properly randomized, controlled trial
II Evidence from ≥1 well-designed clinical trial, without

randomization; from cohort or case-controlled analytic
studies (preferably from >1 center); from multiple time
series; or dramatic results from uncontrolled experiments

III Evidence from opinions of respected authorities, based on
clinical experience, descriptive studies, or reports of expert
committees

Source: Kish 2001 [13].
Abbreviations: IDSA, Infectious Diseases Society of America.

Pathogenesis of PVAN

The pathogenesis of PVAN is not well-understood in detail, but
it is undisputed that persistent BKV replication in renal tubular
epithelial cells is the central process. Mathematical modeling of
BKV dynamics in kidney transplant patients has provided first es-
timates of fast kinetics with a short BKV half-life of <2 h giving
rise to high daily BKV plasma turnover rates of 99% and direct
replication-attributable loss of >106 tubular epithelial cells per
day [evidence level II] [16]. Failure to mount and maintain suffi-
cient BKV-specific immune control is viewed as the key permis-
sive factor [level II] [17–20]. In addition, factors (re-)activating
BKV replication may come from epithelial injury and regenera-
tion following ischemia, allo-immune responses, drug toxicities,

and drug effects in accordance with murine models [level III]
[10,21–23]. Thus, long-lasting disruption of the balance between
BKV-activating and -restricting host factors gives rise to progres-
sive organ pathology [24,25] and eventually to outgrowth of more
pathogenic BKV variants [26]. In clinics, onset of BKV viruria has
been the first indicator of BKV replication which precedes BKV
viremia and histologically confirmed “definitive” PVAN by 1–3
months [II] [6,27–29]. Conversely, declining BKV loads in blood
and urine are the first marker of resolving PVAN after reducing
immunosuppression [evidence level II] [6,27,28]. Thus, quantifi-
cation of BKV replication has become the pivotal surrogate marker
of the risk of PVAN [1].

Risk factors

Various risk factors in the triad of recipient, graft, and virus have
been associated with PVAN in kidney transplantation [14]. How-
ever, the results of individual studies were often not independently
confirmed, making it difficult to interpret the evidence level. In
larger retrospective series of more than 60 adult cases, older age
(53 vs. 46 years; P = 0.001), male recipients, and white ethnicity
were found to be associated with PVAN, whereas prior rejection
episodes or type of calcineurin inhibitor use were not [2,30]. In a
recent adult case–control study matched 1:3 for PVAN in 4-month
control biopsies enrolling 19 cases, PVAN was not associated with
age, male gender, or white race, but with female donor gender
[31]. However, an analysis of a large US database comprising 267
cases of PVAN identified younger age of <20 years, black ethnicity,
deceased donor kidney, and prior rejection episodes in addition to
male gender as risk factors of PVAN [32]. Despite the large num-
ber of patients in this study, uncertainties may have resulted from
inclusion of pediatric patients, who are known to develop PVAN
at a younger age [33,34]. Preliminary results from a large prospec-
tive multicenter study enrolling more than 500 adult de novo kid-
ney transplant patients identified no association of BKV viruria,
viremia, or viral loads with age, gender, or race but with tacrolimus-
compared to cyclosporine-based immunosuppression, and steroid

Table 26.2 PVAN screening, diagnosis, and management in kidney transplant recipients.

Intervention
Management approach Testing result PVAN indicated?

Step 1) screening Positive, with decoy cells in urine cytology, BKV DNA in urine or plasma, BKV RNA in urine Possible No [D-III]
Step 2) confirmation Plasma BKV DNA load >4 log10/mL for >4 weeks

Urine BKV VP1 mRNA load >6 log10/mL
Presumptive Yes [B-II]

Step 3) biopsy Positive
PVAN A: viral cytopathology, mild inflammatory infiltrates, tubular atrophy and fibrosis
PVAN B: significant inflammatory infiltrates, mild or moderate tubular atrophy or fibrosis
PVAN C: significant fibrosis, variable scores for tubular atrophy, inflammatory infiltrates, or viral
cytopathology

Definitive Yes [A-II]

Step 4) monitoring Negative
Plasma BKV DNA load <2 log10/mL

Resolved No [D-II]
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exposure [35]. Clearly, future validation of risk factors for adult and
pediatric kidney transplant recipients will depend on well-
designed prospective randomized studies or cohort studies of suf-
ficient sample size.

Intensified immunosuppression with newer, more potent agents
has reduced acute rejection episodes in the past decade but also
coincided with the emergence of PVAN [1]. With few exceptions,
PVAN has been diagnosed in patients receiving triple combi-
nations of immunosuppressive drugs from all classes. However,
combinations of tacrolimus and mycophenolate mofetil are more
frequently encountered compared to cyclosporine and mycophe-
nolate mofetil [evidence level II] according to retrospective se-
ries and case–control studies [5,36,37], cohort studies [38],
and large prospectively randomized studies enrolling 200 [28]
and >500 patients [35]. The use of steroids [evidence level II]
[3,5,27,35,37,39] or antilymphocyte preparations [III] [27,39,40]
for the treatment of rejection was associated with BKV replication
if maintenance immunosuppression was continued or intensified.
This is in contrasted to more favorable courses of PVAN with con-
current acute rejection when steroid treatment for acute rejection
is coupled to decreasing maintenance immunosuppression [III]
[27,39,41].

Clinical management

Screening for polyomavirus BKV replication
Polyomavirus replication emerged as the single common fea-
ture of all kidney transplant patients at risk of PVAN [I]
[6,12,25,27,33,42]. The results from prospective studies indicate
that BKV replication in the urine examined by either urine cytol-
ogy or DNA PCR precedes BKV viremia by a median of 4 weeks
and histologically documented PVAN by a median of 12 weeks
[II] [27,28,35]. Screening for BKV replication may allow for ear-
lier diagnosis and intervention with improved allograft outcome
[II] [27–29,43,44]. Conversely, the negative predictive value of
polyomavirus replication of >90% is helpful to rule out PVAN
[II] [6,8,33]. In a medical decision analysis from North America,
screening for BKV viremia was estimated to be cost-saving and to
increase the quality of life if PVAN rates exceeded 2.1% [45]. Since
transient, self-limiting BKV replication has been observed in renal
allograft recipients [II] [6,27,28,43], repeat testing and quantifi-
cation of BKV DNA load in plasma [27,46] or VP1 mRNA load
in urine has been proposed [42]. For viral loads increasing above
thresholds, that is, BKV load of >10,000 copies/mL of plasma
or VP1 mRNA load of 1,000,000 copies/ng of total urine RNA,
a specificity and sensitivity of ≥93% for biopsy-positive PVAN
has been reported [II] [1,42,47]. Persisting BKV loads above the
threshold equivalents for >3 weeks are highly suggestive of PVAN
(“presumptive PVAN”) (Table 26.2) [II] [1,46,48], but assay stan-
dardization is needed to validate center-specific thresholds [15].

To balance cost and screening efficiency, patients may be
screened at least every 3 months during the first 2 years post-
transplantation [A-II] and annually thereafter until the fifth year

posttransplantation [B-III]. In addition, screening assays ought to
be part of the work-up for the subpopulation of kidney transplant
patients with allograft dysfunction [A-II] or undergoing allograft
biopsy for surveillance [B-II]. Positive screening results (“possible
PVAN”) (Table 26.2) should be confirmed within 4 weeks [A-II].
For BKV replication above thresholds levels (presumptive PVAN)
(Table 26.2), confirmation by allograft biopsy should be sought
[A-II] and reduction of maintenance immunosuppression should
be considered [B-II]. To monitor the course of BKV replication,
quantitative polyomavirus testing in plasma and urine should be
performed every 2–4 weeks [B-II], until a decrease below detection
is observed [B-III].

Diagnosis of PVAN
PVAN is characterized by intranuclear polyomavirus inclusion
bodies in tubular epithelial and/or glomerular parietal cells [I]
[3,49,50]. The alterations seen by light microscopy are character-
istic, but not pathognomonic, for PVAN and need to be distin-
guished from other etiologies, for example, cytomegalovirus or
adenovirus inclusion, by confirmatory studies, such as immuno-
histochemistry or in situ hybridization to identify polyomavirus
proteins like large T-antigen or VP-1, or viral nucleic acids, re-
spectively [I]. Although immunohistochemistry may increase the
sensitivity of PVAN diagnosis, discordance of PVAN detection in
simultaneously obtained needle biopsy cores may be as high as
30%, pointing to a significant risk of false-negative diagnosis [II]
[25]. BKV replication tends to affect nephrons focally with initially
predominantly cytopathic changes (PVAN A) followed by more
extensive spread with increasing inflammatory infiltrates (PVAN
B) and eventually significant tubular atrophy and fibrosis (PVAN
C) [II] [25,50]. Clinically, progression from PVAN A to PVAN
B and C is associated with increasing rates of kidney transplant
loss from 10 to 50% and >90%, respectively [25,46,51]. However,
PVAN B and C are morphologically and molecularly difficult to
distinguish from acute rejection and chronic allograft nephropa-
thy, respectively [II] [10,54,55].

Thus, the definitive diagnosis of PVAN requires evaluation of
a renal biopsy, with demonstration of polyomavirus cytopathic
changes and confirmation with an ancillary technique such as
immunohistochemistry (“definitive PVAN”) (Table 26.2) [A-II].
PVAN histology should be semiquantitatively assessed as PVAN A,
B, or C by taking into account the extent of viral cytopathic changes
and the extent of inflammatory infiltrates, tubular atrophy, and fi-
brosis according to the Banff classification [B-II]. Negative biopsy
results and signs of acute rejection are best interpreted in the light
of BKV load testing in blood and urine [A-II]. In cases with signif-
icant BKV replication above threshold levels (presumptive PVA)
(Table 26.2) and a negative initial biopsy, adjunct studies (e.g. im-
munohistochemistry) should be used and, if negative, a rebiopsy
should be considered [B-III].

Treatment of PVAN
Antiviral drugs with proven clinical benefit are currently not avail-
able for treatment of polyomavirus infection. Nevertheless, control

279



BLBK043-Molony September 12, 2008 18:41

Part 4 Secondary Diseases of the Kidney

of viral replication has been reported in case series [56] which used
sole reduction of immunosuppression [2,4,27,41,51,57], com-
bined treatment of reducing immunosuppression with the antivi-
ral drug cidofovir [51,58–61], with intravenous immunoglobulin
preparations (IVIG) [51,62], or with the immunosuppressive drug
leflunomide [63,64]. Given the lack of controlled trials and the het-
erogeneity of intervention protocols, there is as yet no consensus
on a “standard” approach to the treatment of PVAN (Table 26.3).

Reduction of immunosuppression
Immunological studies have suggested that reducing immunosup-
pression allows for recovery of BKV-specific immunity [17,20].
Reduction of calcineurin inhibitor levels or reduction or discon-
tinuation of mycophenolate mofetil dosage prevented progres-
sion of persistent BKV viremia (“presumptive PVAN”) to histo-
logically proven “definitive PVAN” [II] [28,44]. Rescue of func-
tional allografts could be obtained in more than 90% of prospec-
tively diagnosed cases with definitive PVAN [II] [27,29,44,65], but
glomerular filtration rates often remained permanently impaired
[II] [4,14,29,51,52,53]. Analysis of plasma BKV load kinetics after
reducing immunosuppression indicated a mean efficacy of 20%
and suggested biweekly monitoring after a lag of 4–8 weeks until
clearance from plasma could be expected over the next 7–13 weeks
[II] [16]. Following the reduction of immunosuppression, biopsy-
proven acute rejection was rarely observed, but some reported
rates of 25% that remain steroid-responsive without recurrence of
PVAN [III] [3,39].

The most frequently reported strategies for reducing the im-
munosuppressive load are as follows:� Reduce calcineurin inhibitor trough levels. Tacrolimus C0

trough level are targeted to <6 ng/mL. Cyclosporine C0 levels are
targeted to <125 �g/mL [B-II].� Reduce antiproliferative agent by 50% of standard dose. My-
cophenolate mofetil is then reduced to ≤1 g/day in adult patients
or ≤600 mg/m2/day in pediatric patients. Azathioprine is reduced
to <75 mg/day in adult patients or <40 mg/m2/day in pediatric
patients [B-II].� Switching from mycophenolate mofetil to leflunomide (levels
>40 �g/mL) has been advocated because inhibitory activity of
leflunomide on BKV replication has been reported in vitro, al-
though with a low selectivity index [66], but a direct comparison
with sole immunosuppression reduction has not been reported
[B-III].� Discontinuing components of triple-drug therapies (mostly my-
cophenolate mofetil) [B-II] [28,44].� Discontinuing the antiproliferative immunosuppressant and
switching from tacrolimus or cyclosporine to sirolimus [B-III]
[67].

If allograft dysfunction is present and persists and/or plasma
BKV loads fail to show a decrease of >2 log10 over 8–12 weeks,
reassessment should be considered, including by allograft biopsy
[B-III]. If PVAN persists and acute rejection is ruled out, discon-
tinuing individual components of the maintenance immunosup-
pression regimen should be considered as a next step [B-III].

Antiviral approaches
Formally, the use of cidofovir is contraindicated in patients with
impaired kidney function. However, because cidofovir is selec-
tively concentrated in tubular epithelial cells and urine, off-label
use has been proposed at 10- to 20-fold-lower doses than employed
to treat cytomegalovirus replication, namely, at (0.25–1 mg/kg
every 2 weeks, without concomitant probenecid administration).
The success of cidofovir therapy is variable and, as in the case of
leflunomide, no data are available to distinguish any antiviral effect
from concomitant reduction of immunosuppression. Table 26.3
summarizes reports with ≥4 patients. Thus, off-label use has been
proposed for PVAN cases refractory to reduction of immunosup-
pression [B-III].

Commercially available preparations of IVIG have also been
used in PVAN treatment protocols (Table 26.3) [51,62]. However,
because the presence of neutralizing antibodies at best reduced,
but did not prevent, BKV viremia and PVAN [II] [20,27,68], it is
unlikely that IVIG preparations alone provide efficient anti-BKV
activity. In the absence of controlled studies, it is at present difficult
to dissect the respective role of the different interventions on the
outcome of PVAN.

BKV screening and early intervention
Advances in the development of diagnostic tools and a better un-
derstanding of PVAN have led to treatment at early stages, be-
fore significant renal function deterioration, and this has resulted
in improved outcomes (Table 26.4) [25,27,29]. Thus, identifi-
cation of patients at a “preclinical” stage is paramount for the
successful treatment of the disease. Recent data have shown that
progression to PVAN can be safely prevented if BKV viremia is
used to guide therapeutic intervention [28,44]. In two prospec-
tive studies, patients with “presumptive PVAN” cleared BKV
viremia upon stopping mycophenolate mofetil or azathioprine,
or reducing calcineurin inhibitor levels, without adversely af-
fecting allograft function [28,44]. Hence, in patients with per-
sisting polyomavirus replication (BKV viremia) above thresholds
(“presumptive” PVAN) and negative allograft biopsy results, pre-
emptive reduction of immunosuppression should be considered
[B-II].

Retransplantation after renal allograft loss due to PVAN
Retransplantation after allograft loss to PVAN has been reported
in 17 cases [69,70], with recurrence of BKV viremia in 3 patients
(17%). “Definitive” PVAN was diagnosed in two cases (12%), one
of which cleared BKV replication but with impaired graft function
(6%), whereas recurrent graft loss was observed in the other case
(6%). However, the incidence of PVAN after retransplantation can-
not be derived from these limited data and may be higher than that
seen in primary transplants. In 13 cases (76%), the first allograft
had been removed, including in the three cases with PVAN recur-
rence. Prior to retransplantation, recovery of BKV-specific immu-
nity is viewed as the most critical factor [69,71] and may require
a period of 3–12 months of reduced or no immunosuppression.
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Table 26.3 Treatment of PVAN with antiviral agents.

Agent and No. of
[reference(s)] cases Protocol Notes Outcome

Cidofovir
[2] 41 1.5 mg/kg/wk for 1.5–3 mos 0.25–0.33

mg/kg biweekly

� Lower dosage in a pediatric patient � 2 graft losses

� Associated treatment: ↓ CI and MMF � 2 major functional declines� All patients had advanced PVAN � The pediatric patient stabilized
renal function and ↓ viral load

[58] 4 0.25–1 mg/kg bi- or triweekly for 1–4
doses

� Associated treatment: ↓ Tac in 3 pts
and IVIG in 1

� All patients have stable graft
function at 6–26 mos posttherapy� All patients had advanced PVAN � Clearance of BK viruria in all but
recurrence in 2

[59] 8 0.5–1 mg/kg/wk for 4–10 doses � Associated treatment: ↓ Tac or switch
Tac→CyA; discontinuation or ↓ MMF

� No graft losses vs. 70% graft loss
in control group at a median of
24-mo follow-up� Control group treated with ↓ IS alone � No significant effect on BK viruria
or viremia

[72] 4 0.25 mg/kg/week for 1 dose � Associated treatment: ↓ CyA or switch
Tac→CyA; discontinuation or ↓ MMF

� No improvement of renal function
at a median 35-mo follow-up� Control group treated with ↓ IS alone � Clearance of BK viruria and viremia

[73] 21 0.25–1 mg/kg for ≥3 doses � Associated treatment: ↓ IS +
leflunomide

� 2 graft losses� 9 functional decline� 10 stable graft function

[51] 30 0.25 mg/kg biweekly for 4 doses; if no
response, 0.5 mg/kg biweekly for 4–5
doses

� Associated treatment: ↓ Tac or switch
Tac→CyA + ↓ MMF in 20 patients; ↓
IS + IVIG in 10 patients

� 50% any renal function decline at
a median of 20-mo follow-up

� Case–control study � No single intervention (cidofovir,
IVIg, and CyA conversion)
associated with improved outcome

IVIG � �
[51] 12 1.25 g/kg for 2 doses � Associated treatment: ↓ Tac or switch

Tac→CyA + ↓ MMF; + cidofovir in
10 patients

� 35% any renal function decline at
median of 20-mo follow-up

� Case–control study � No significant association with
improved outcome

[62] 8 Total dose of 2 g/kg in 2–5 divided doses � Associated treatment: ↓ IS � 1 graft loss� 7 stabilization of graft function
Leflunomide � �
[63, 64] 26 Starting dose of 100 mg for 5 days; main-

tenance with 40 mg adjusted to blood
levels of 50–100 �g/mL

� Associated treatment: discontinuation
of MMF and ↓Tac; + cidofovir in 9
patients

� 4 graft losses� 22 stabilization or improvement of
graft functions� 11 patients cleared BK viremia and
8/11 also cleared viruria

[73] 21 Starting dose of 100 mg for 3 days; main-
tenance with 20 mg; if no response, 40
mg

� Associated treatment: ↓ IS + cidofovir � 2 graft losses� 9 functional declines� 10 stable graft functions

Abbreviations: CI, calcineurin inhibitors; MMF, mycophenolate mofetil; Tac: tacrolimus; CyA, cyclosporine A; IS, immunosuppression.
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Table 26.4 Screening for BKV allows early diagnosis and improves outcome.

S-Crea conc
No. of (mg/dL) at Clearance S-Crea conc (mg/dL)

Study patients diagnosisa of at follow-up
[reference] Screening modality with PVAN [controls] PVAN intervention viremia [controls]

Hirsch et al.
2002 [27]

� Screening: decoy cells� Confirm: plasma BKV load� Biopsy, if S-crea >20% or BKV load
>104 copies/ml

5 2.34 ± 0.96
(1.6–4.0) [NA]

Tailored ↓ IS� ↓Tac or CyA� Switch to Sir� Switch MMF to AZA

5/5 1.72 ± 0.41 (1.4–2.4)
[all patients 1.6,
0.8–4.2] No graft loss

Buehrig et al.
2003 [65]

� Routine surveillance biopsy 8 1.7 (1.3–2.5)
[3.1; 1.5–5.3]

� ↓Tac or switch to CyA� ↓or taper MMF
NA 1.5 (1.1–2.3) [4.2;

1.7–7.0 ] No graft loss

Drachenberg
et al. 2004
[43]

� Screening: decoy cells� Confirm: plasma BKV load� Biopsy, if S-crea >20% or BKV load
>104 copies/mL

14 1.5 (1.0–2.2)
[2.8; 1.2–5.1]

� ↓Tac or CyA� Stop or ↓ 50% MMF
11/14 2.0 (1.0–4.6) [5.1;

1.5–12.1] No graft loss

Brennan et al.
2005 [28]

� Screening: decoy cells� Confirm: plasma BKV load� Preemptive treatment if plasma BKV
load >3 weeks

*23 NA (S-crea at
baseline)

� Stop MMF or AZA� ↓Tac or CyA
22/23 1.5 ± 0.42 [1.4 ±0.5];

P = 0.21 No PVAN No
graft loss

Ginevri et al.
2005 [44]

� Screening with urine BKV DNA� Adjunctive test: Q-DNA blood� Preemptive treatment if plasma BKV
load >3 weeks

*5 1.1 (0.7–1.6)
[NA]

Protocol defined ↓ IS:� ↓ Tac or CyA� ↓ or stop MMF
or AZA

5/5 1.0 (0.8–1.3) No PVAN
No graft loss

Abbreviations: S-crea, serum creatinine; NA, not available; IS, immunosuppression; Tac, tacrolimus; CyA, cyclosporine A; Sir, sirolimus; MMF: mycophenolate mofetil; AZA,
azathioprine.
a Mean serum creatinine concentration (range in parentheses); control values are shown in brackets. Controls were represented by PVAN cohorts identified by biopsy performed
after deterioration of renal function rather than surveillance biopsy.

As BKV-specific immunity is not yet available in the clinical rou-
tine, a >2-log10 reduction of plasma BKV loads may serve as a
surrogate marker [III] [18]. In eight patients (47%), the same im-
munosuppressive drugs and combinations were used as for the pri-
mary graft. In nine patients, tacrolimus, mycophenolate mofetil,
and prednisone were used; this group included both cases with
“definitive” PVAN.

The success of >80% in this case series indicates that retrans-
plantation remains an option for patients with allograft loss due
to PVAN [B-II]. Surgical removal is not a prerequisite for suc-
cessful retransplantation [D-II]. However, nephrectomy may be
appropriate in patients with persisting BKV viremia at the time
of retransplantation in order to reduce the risk of superinfec-
tion and to better attribute changes in renal function and BKV
loads posttransplant to the new allograft [B-III] [69,70]. The
same immunosuppressive drugs and combinations may be used
[B-III], but intense immunosuppression and allograft injury re-
sulting from toxicity or acute rejection should be avoided [B-III].
No recommendation on the use of induction treatment can be
made, but nondepleting anti-interleukin-2 receptor agents may
be appropriate [C-III]. Following retransplantation, screening for
polyomavirus replication and intervention should be performed,
as recommended for patients with a first renal allograft [B-III]
[1,69].

Perspective

PVAN still represents a formidable challenge, but as can be gath-
ered from the numerous abstracts presented at the most recent
international conferences, high-quality studies are underway and
exciting new insights can be expected in the next 12 months in this
rapidly moving field.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are one of the
most commonly prescribed groups of drugs for the treatment
of pain and inflammation. It is estimated that, worldwide, more
than 30 million people take NSAIDs daily [1]. The widespread use
of NSAIDs means that renal complications are likely to be seen
frequently. These include salt and water retention, acute tubular
necrosis, acute interstitial nephritis, hyperkalemia, and acute and
chronic kidney failure [2–6].

In addition to renal side effects, NSAID use risks also include
significant gastrointestinal complications and cardiac events, such
as myocardial infarction and acute coronary syndromes. Nonselec-
tive NSAIDs inhibit both constitutive cyclooxygenase 1 (COX-1)
and inducible COX-2, the rate-limiting enzymes that are involved
in production of prostaglandins and thromboxane A2. It was hoped
that COX-2-selective NSAIDs would have anti-inflammatory ac-
tivity but lack the deleterious effects on homeostatic functions me-
diated by COX-1 activation. Three highly selective COX-2 NSAIDs
were originally approved by the US Food and Drug Administra-
tion, namely, celecoxib, rofecoxib, and valdecoxib. However, in-
creased myocardial infarction and ischemic strokes seen with ro-
fecoxib [7] and increased cardiovascular events in patients who
underwent coronary artery bypass surgery and received valde-
coxib [8] led to the withdrawal of these two COX-2 inhibitors in
2004 and 2005, respectively. Low-dose aspirin irreversibly inhibits
platelet COX-1, thereby blocking the synthesis of thromboxane A2,
a prothrombotic factor, and has little effect on endothelial COX-2-
derived prostacyclin. Prostacyclin inhibits platelet aggregation and
leads to vasodilatation. Due to its selectivity, low-dose aspirin is the
drug of choice for the prevention of thrombotic events, even for
those patients with underlying kidney disease, without the risk of
jeopardizing prostaglandin-dependent kidney function. By con-

trast, higher doses of aspirin can inhibit COX-2-derived prosta-
cyclin production. Prostacyclin is mainly COX-2 derived and is
inhibited by both nonselective NSAIDs as well as COX-2-selective
NSAIDs. Therefore, a potential cardiovascular risk is seen with
nonselective NSAIDs as well as COX-2-selective drugs [9–11].

Cyclooxygenases in the kidney

The enzyme phospholipase A2 converts phospholipids into arachi-
donic acid, which is the substrate for three different enzymes:
COX, which is inhibited by NSAIDs, cytochrome P450 monooxy-
genase, and lipoxygenase (Figure 27.1). Phospholipase A2 is ac-
tivated by kinins, vasopressin, angiotensin II, and extracellular
hyperosmolarity and increases prostaglandin synthesis through
the three pathways [12]. Each pathway influences some aspects
of renal hemodynamics or tubular function. Two isoforms of
COX (COX-1 and COX-2) have been identified in mammalian
cells [13,14]. COX-1, which is constitutively expressed, mediates
gastric cytoprotection and vascular homeostasis [15]. COX-2 ex-
pression is regulated by salt and water intake, medullary tonic-
ity, growth factors, cytokines, and adrenal steroids [16] and pro-
duces prostaglandins in inflamed tissues [15]. COX-2-dependent
prostaglandin formation is also necessary for normal kidney de-
velopment [17]. In mice, the complete absence of COX-2 resulted
in severe renal dysplasia characterized by a postnatal arrest of mat-
uration in the subcapsular nephrogenic zone and progressive de-
terioration with increasing age [18]. Antenatal exposure of both
mice and rats to an inhibitor of COX-2, but not of COX-1, had
similar effects [19].

Constitutive COX-2 mRNA as well as inducible COX-2 mRNA
are present in the kidney [20]. In the human kidney, COX-2 is
present in podocytes, endothelium, proximal convoluted tubule
and collecting duct, renal vasculature, the macula densa, and the
medullary interstitial cells [21], whereas COX-1 is found in the
vasculature, the collecting ducts, glomeruli, and medullary inter-
stitial cells [22].
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Figure 27.1 Pathway of arachidonic acid metabolism. The lipoxygenase pathway
results in the production of leukotrienes; the role of these compounds in the kidney
is unclear. The cyclo-oxygenase pathways leads to the production of the unstable
cyclic endoperoxidase PGG2. Subsequent enzymatic conversion results in the
production of the classical 2-series prostaglandins PGI2, PGE2, PGD2, PGF2α, and
thromboxane A2.

Actions of renal prostaglandins
The kidney produces the vasodilator prostaglandins PGE2, PGF2α,
and PGI2 and the vasoconstrictor thromboxane A2. These auto-
coids, synthesized and metabolized by the kidney, autoregulate
renal blood flow, renin release, tubular ion transport, and wa-
ter metabolism [23–26] . PGI2, which is mainly present in the
afferent arteriole and glomerulus, plays a major role in control-
ling glomerular hemodynamics [27]. In contrast, PGE2, which is
predominantly produced in the collecting tubule and within the
interstitium, regulates medullary hemodynamics [26].

Effects on COX-2 NSAIDs on renal prostaglandins
The urinary excretion of PGE2 and 6-keto-PGF1a, the stable
metabolite of PGI2, reflects renal synthesis of PGE2 and PGI2,
respectively. In healthy older adults, rofecoxib reduces baseline
urinary 6-keto-PGF1α by 47%, and this was comparable to the
53% reduction induced by indomethacin [28]. In another study,
rofecoxib reduced urinary PGE2 and 6-keto-PGF1α excretion in
healthy volunteers by approximately 40–50%, similar to that in-
duced by meloxicam or diclofenac [29]. Furthermore, excretion
of urinary 6-keto-PGF1α was comparable in response to celecoxib
and traditional NSAIDs [30]. In a trial of healthy elderly volunteers
on a normal sodium intake, multiple doses of twice-daily celecoxib
reduced PGE2 and 6-keto-PGF1α excretion to the same degree as
naproxen, by approximately 65 and 80%, respectively [31]. These
data suggest that the COX-2 isoform plays an important role in
renal prostaglandin biosynthesis. It is thus likely that COX-2 in-
hibitors will impact renal function just as nonselective NSAIDs
do.

Maintenance of renal blood flow and glomerular
filtration rate
Prostaglandins maintain renal blood flow and the glomerular fil-
tration rate despite vasoconstrictor stimuli, such as leukotrienes,
thromboxane A2, angiotensin II, vasopressin, endothelin, and cat-
echolamines. Catecholamines also stimulate the local production
of prostaglandins, resulting in a feedback loop between vasocon-
strictors and vasodilatory prostaglandins [32–34]. PGF2α-like per-
oxidation products also have major vasoconstrictive effects [35].
Thus, in patients with underlying ischemic or inflammatory renal
injury, the addition of a nonselective or COX-2-selective NSAID
not only decreases the production of vasodilatory prostaglandins
but also results in the nonenzymatic formation of vasoconstrictor
metabolites of arachidonic acid, which further jeopardizes renal
blood flow and glomerular filtration. Under normal, euvolemic
conditions, NSAIDs produce negligible effects on renal hemody-
namics [36,37]. However, in the presence of salt depletion, an
ineffective circulating plasma volume, or under conditions char-
acterized by high circulating levels of vasoconstrictor hormones,
NSAIDs may be nephrotoxic. Such conditions include cirrhosis,
hypovolemia, cardiac disease, renal disease, septic shock, advanced
age, diuretic use, diabetes mellitus, and following surgery [38].

In elderly, salt-replete subjects, both indomethacin and rofe-
coxib decreased sodium excretion, but only indomethacin reduced
the glomerular filtration rate [28]. Celecoxib, like rofecoxib, affects
renal function in selected groups of subjects. Whelton et al. in 2000
compared celecoxib with naproxen in 29 healthy elderly subjects
in a single blind, randomized, crossover study [39]. Subjects were
given either celecoxib at 200 mg twice daily for 5 days followed by
celecoxib at 400 mg twice daily for the next 5 days or they received
naproxen at 500 mg twice daily for 10 days. After a 7-day washout,
subjects were crossed over to the other regimen. Glomerular fil-
tration rate fell more with naproxen than with celecoxib, although
urinary excretion of prostaglandin E2, 6-keto-PGF1α, and sodium
was comparable. In another study involving salt-depleted elderly
subjects rofecoxib and indomethacin induced a comparable reduc-
tion of glomerular filtration rate [40]. These studies illustrate that
COX-2 inhibitors and nonselective NSAIDs have similar effects on
renal hemodynamics.

Postoperative use of NSAIDs
A meta-analysis of 19 trials showed that the postoperative use of
NSAIDs in adults with normal preoperative renal function resulted
in a 16-mL/min fall in creatinine clearance (95% confidence inter-
val [CI], 5–28) and potassium excretion by 38 mmol/day (95% CI,
19–56) on the first day after surgery compared with placebo [41].
No cases of postoperative acute kidney failure requiring dialysis
were seen. The conclusions were that NSAIDs caused a clinically
unimportant reduction in kidney function in the early postop-
erative period in patients with normal kidney function and that
these drugs should not be withheld in such patients. Others have
reported, however, an overall incidence of postoperative renal in-
sufficiency of 18% after major surgery, with a subsequent hospital
mortality rate of 13% [42].
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Renal dysfunction in COX-2 trials
In one study, renal adverse events were reported in 24.3% of 144
patients receiving celecoxib and in 30.8% of 143 patients receiv-
ing diclofenac and omeprazole. Kidney failure (defined as a rise in
serum creatinine to above 200 μmol/L) was seen in 5.6 and 6.3% of
patients, respectively [43]. Overall, renal adverse events were more
common in patients with renal impairment (celecoxib, 51.4%; di-
clofenac plus omeprazole, 40.7%). In another study, adverse effects
related to kidney function occurred in about 1% of naproxen- and
rofecoxib-treated patients [44]. In a review of randomized clinical
trials lasting 2 weeks or more involving celecoxib, a rise in serum
creatinine was seen in 0.7% of patients treated with celecoxib and
in 1.2% of patients treated with diclofenac (P < 0.05) [45]. In a
meta-analysis of data from company clinical trial reports, there
was no difference in the incidence of renal adverse events (defined
as an increase in serum creatinine >1.3 times the upper limit of
normal) in 15,319 patients treated with celecoxib (0.3%) or other
NSAIDs (0.5%) (relative risk [RR], 0.78; 95% CI, 0.48–1.3) [46].

In summary, from these trials there are no differences in renal
side effects between COX-2-selective inhibitors and nonselective
inhibitors.

Renin release and potassium homeostasis
PGE2, PGI2, and arachidonic acid are potent stimuli of renin re-
lease [23]. Both nonselective and COX-2-selective NSAIDs can
inhibit renin secretion and under some circumstances lead to
hyporeninemia and hypoaldosteronism with attendant hyper-
kalemia. This is particularly common in patients with preexisting
renal impairment [47–49]. Inhibition of prostaglandin synthesis
can also lead to hyperkalemia by decreasing distal tubular flow
rate and sodium delivery, both of which limit potassium secretion
[50,51].

Natriuresis and diuresis
Renal prostaglandins are natriuretic and diuretic. They inhibit
sodium and chloride reabsorption in the proximal and distal
nephrons and in the loop of Henle [52,53], reduce the renal
cortico-medullary solute gradient, and antagonize the action of
vasopressin in vivo [54]. Although prostaglandins acutely influ-
ence salt and water excretion, they do not regulate it under normal
conditions.

Clinical syndromes associated with nonselective
and COX-2-selective NSAIDs

Acute renal impairment and acute tubular necrosis
Under circumstances where there is poor renal perfusion with
high renin levels, nonselective and COX-2-selective NSAIDs can
reduce glomerular filtration rate, resulting in acute kidney failure.
This complication has been reported with most NSAIDs but only
rarely with aspirin. Kidney failure has also been described after
administration of topical and intramuscular NSAIDs [55–57].

A multicenter study in France examined the incidence and sub-
sequent outcome of patients with drug-induced acute kidney fail-
ure [58]. Of the 398 patients with acute kidney failure, 147 (36.9%)
had taken NSAIDs. One-third of them required dialysis, and 71.4%
recovered or regained previous renal function. A renal biopsy ob-
tained in 25 patients with NSAID-associated kidney failure dis-
closed acute tubular necrosis and acute interstitial nephritis in 21
patients and either minimal change nephropathy or chronic re-
nal damage in 4. A nested case–control study using the United
Kingdom General Practice Research Database reported that cur-
rent users had an RR of developing acute kidney failure of 3.2
(95% CI, 1.8–5.8) compared with non-NSAID users [59]. This
increased risk was higher in patients with heart failure, hyperten-
sion, or diabetes. Thus, although renal side effects from NSAID
use are relatively rare, renal damage can be irreversible and the
outcome can be fatal. Renal function usually improves upon drug
withdrawal, although in some cases permanent renal damage may
occur [60].

Acute kidney failure and hyperkalemia have been observed after
the administration of COX-2-selective inhibitors to patients with
risk factors for NSAID-induced acute renal insufficiency, including
underlying chronic renal impairment and volume depletion [61].
Acute kidney failure was also reported in a patient with a kidney
transplant 4 weeks after starting rofecoxib [62].

Acute tubulo-interstitial nephritis
NSAIDs of different classes have been associated with acute tubulo-
interstitial nephritis and kidney failure [2,60,63,64]. Acute allergic
tubulo-interstitial nephritis due to NSAIDs is much less common
than hemodynamic kidney failure. The patients are often elderly,
and the drug may have been taken for months or years before the
development of acute interstitial nephritis. Clinical evidence of
an allergic reaction, such as fever, rash, arthralgia, eosinophilia,
or eosinophiluria, is uncommon. Of note, proteinuria, often
in the nephrotic range, may occasionally appear, especially in
fenoprofen-induced tubulo-interstitial nephritis [63,65,66]. Cases
of interstitial nephritis have been reported with both celecoxib and
rofecoxib [67–73]. In two cases, interstitial nephritis was associ-
ated with glomerulopathies, one case with minimal change dis-
ease [71] and the other one with membranous nephropathy [67].
Thus, there is little evidence that suggests a major difference be-
tween NSAIDs and COX-2 inhibitors in the incidence of acute
interstitial nephritis.

NSAID-induced acute tubulo-interstitial nephritis is formally
diagnosed by renal biopsy. A patchy acute tubular damage coexists
with tubulo-interstitial infiltrate predominantly of T lymphocytes
and, to a lesser extent, monocytes/macrophages, B lymphocytes,
plasma cells, and eosinophils [66,74]. Rarely, a granulomatous in-
terstitial nephritis is seen [75]. Immunofluorescence microscopy
is usually negative or nonspecific. The predominance of T lym-
phocytes in the interstitial infiltrate has been taken to indicate that
T-lymphocyte activation mediates this syndrome, rather than a
humoral mechanism, as in other forms of drug-induced acute
interstitial nephritis [65,66]. Inhibition of renal COX has also
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been incriminated in the genesis of NSAID-induced acute tubulo-
interstitial nephritis. The resulting stimulation of the lipoxygenase
pathway of arachidonic acid metabolism produces leukotrienes,
which are potent chemotactic factors for lymphocytes. Recovery
of renal function may be only partial [74], and chronic interstitial
fibrosis may progress to chronic renal failure [76]. Prednisolone
has been successfully used in anecdotal reports, but there is no
conclusive evidence that corticosteroids hasten the resolution of
the renal lesion [2].

Glomerulonephritis
Membranous nephropathy with nephrotic syndrome may occur
as an idiosyncratic reaction to various classes of NSAIDs [77–79].
The temporal association with the intake of NSAIDs, the prompt
and complete recovery after drug discontinuation, and the ab-
sence of recurrent disease may help distinguish NSAID-associated
membranous nephropathy from the idiopathic form [80]. As
with NSAIDs, glomerulopathies with the nephrotic syndrome
can occur with COX-2 inhibitors [72]. Membranous nephropathy
with acute interstitial nephritis secondary to celecoxib has been
described [67].

Renal papillary necrosis
Renal papillary necrosis has been infrequently reported in patients
treated with ibuprofen, indomethacin, phenylbutazone, fenopro-
fen, or mefenamic acid [60,76,81–83] or with paracetamol [84,85].
One case of celecoxib-related renal papillary necrosis has been
reported [86].

Chronic kidney failure
Sandler et al. in 1991 evaluated the risk for chronic kidney disease
associated with regular use of non-aspirin NSAIDs in 554 patients
with newly diagnosed chronic renal dysfunction [5]. They found a
twofold-increased risk for chronic kidney disease in patients with
a history of previous daily use of NSAIDs (adjusted odds ratio, 2.1;
95% CI, 1.1–4.1). The increased risk was predominantly limited
to men older than 65 years, for whom the odds ratio was 10.0
(95% CI, 1.2–82.7) after adjusting for use of other analgesics. The
NSAID-associated risk was also greater among those with a history
of conditions that might indicate an enhanced susceptibility to
the effects of NSAIDs, including previous myocardial infarction,
congestive heart failure, heavy alcohol consumption (as a surrogate
for cirrhosis), or diuretic use. These observations were confirmed
in a recent case–control study of 716 patients with end-stage renal
failure and 361 controls [6]. In this study a high cumulative intake
of NSAIDs (>5000 tablets) was associated with a 4.5-fold excess
risk of end-stage renal failure, although the CI was wide (1.0–19.5)
and, curiously, this excess risk was not seen when an average annual
intake of NSAIDs was examined. Other studies of NSAID usage in
hospitalized patients [87,88] and also cohort studies, however, did
not show this association [89,90]. The reasons for these discrepant
findings are unclear. On balance, it seems likely that chronic usage
of NSAIDs may be associated with a slightly increased risk for the
development of chronic kidney failure.

Some patients with chronic kidney failure rely on prostaglandin-
mediated vasodilatation to maintain renal blood flow [91–93]. Ad-
dition of NSAIDs may cause further deterioration of renal function
[48,91,93,94].

Salt and water retention
NSAID therapy may aggravate the sodium retention induced by
renal hypoperfusion in heart failure, cirrhosis, or nephrotic syn-
drome [3]. Hyponatremia may occur if water retention is dis-
proportionate to sodium retention [95], especially when thiazide
diuretics are given simultaneously [2].

Hypertension
Two large meta-analyses encompassing more than 90 studies have
demonstrated that NSAIDs may increase blood pressure, espe-
cially in previously hypertensive patients [96,97]. NSAIDs ele-
vate supine mean blood pressure by 5 mmHg [97], a rise known
to increase hypertension-related morbidity and mortality [98].
This complication is of importance in the elderly, who are fre-
quently prescribed NSAIDs for musculoskeletal disorders and
also have a high prevalence of other chronic disorders, including
hypertension.

Whelton et al. performed a post hoc analysis on the renal safety
of celecoxib, incorporating more than 50 clinical studies with more
than 13,000 subjects [31]. The most common events, peripheral
edema (2.1%), hypertension (0.8%), and exacerbation of preex-
isting hypertension (0.6%), were not dose or time related. Their
incidence and profile were similar to those of nonselective NSAIDs.
A similar post hoc analysis of rofecoxib revealed peripheral edema
in 3.8% of the patients [99].

Whelton et al. also compared the effects of celecoxib at 200 mg
and rofecoxib at 25 mg over a 6-week period in 810 hypertensive
patients with osteoarthritis, aged over 65 years [100]. Edema de-
veloped in nearly twice as many rofecoxib-treated than celecoxib-
treated patients (9.5% vs. 4.9%; P = 0.014). Systolic blood pres-
sure increased significantly in 17% of rofecoxib-treated patients,
compared with 11% of celecoxib-treated patients (P = 0.032). In
conclusion, celecoxib induces edema less frequently and results in
smaller rises in blood pressure than rofecoxib. A meta-analysis of
COX-2 inhibitors and their effects on blood pressure showed that
they were associated with a nonsignificant higher risk of causing
hypertension compared with placebo (RR, 1.61; 95% CI, 0.91–
2.84) or nonselective NSAIDs (RR, 1.25; 95% CI, 0.87–1.78) [101].
Thus, both NSAIDs and COX-2 inhibitors can raise blood pres-
sure, especially in hypertensive, elderly patients, and there is no
substantial evidence to suggest that COX-2 inhibitors are safer in
this respect.

Hyperkalemia and hyporeninemic hypoaldosteronism
NSAIDs may cause hyperkalemia, and this is seen more com-
monly in patients with chronic kidney failure, diabetes mellitus,
and type IV tubular acidosis through previously outlined mecha-
nisms [48,102,103]. Increases in potassium levels are also expected
to occur with COX-2 inhibitors. Indeed, rofecoxib raises serum

289



BLBK043-Molony September 11, 2008 15:16

Part 4 Secondary Diseases of the Kidney

potassium levels by more than 0.8 mM, with a similar incidence
as NSAIDs [104]. NSAIDs must be used with caution in patients
taking other drugs known to decrease renal potassium excretion,
such as potassium-sparing diuretics, angiotensin converting en-
zyme inhibitors, and β-blockers.

Therapeutic use of NSAIDs in nephrotic syndrome
NSAIDs reduce proteinuria in patients with nephrotic syndrome
[105,106], probably by reducing renal blood flow and glomerular
filtration rate [107]. The occurrence of irreversible kidney failure
in patients with a nephrotic syndrome treated with NSAIDs [58]
suggests great caution for the use of these drugs in this clinical
setting.

Conclusions

The increasing use of NSAIDs both by prescription and from over-
the-counter sales has increased the prevalence of nephrotoxicity.
A history of NSAID use should be sought in all patients with un-
explained impairment of renal function and/or proteinuria. In pa-
tients with volume depletion or decreased organ perfusion, the use
of NSAIDs should be avoided. NSAIDs should not be prescribed
in patients with chronic renal impairment or with a functioning
kidney transplant. Patients with an NSAID-induced, interstitial
nephritis or papillary necrosis should not be given NSAIDs again.
In some individuals who have developed NSAID-induced acute
kidney failure and who have recovered kidney function, NSAIDs
may be reintroduced if clinically necessary, provided that the risk
factors for enhanced susceptibility have been corrected and that
renal function is closely monitored. COX-2-selective inhibitor use
requires the same cautions as with traditional NSAIDs.
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Introduction

Environmental nephrotoxins include materials found in the work-
place and pharmaceutical agents used for the diagnosis and treat-
ment of disease (Table 28.1). In this chapter, I will not review the
long list of drugs for which renal damage is a side effect. Non-
pharmaceutical toxins recognized as producing kidney disease are
those substances that cause occupational kidney diseases. Kidney
diseases resulting from high-dose occupational exposure in a few
workers serve as models for understanding kidney disease among
whole populations exposed to low doses of toxins. The clinically
important industrial nephrotoxins include lead, mercury, cad-
mium, silica, and a variety of (sometimes poorly defined) organic
hydrocarbons (aliphatic, aromatic, and halogenated). Uranium,
chromium, and arsenic rarely produce kidney disease and will not
be discussed further.

It should be recognized that there are no randomized controlled
trials for the treatment of kidney diseases caused by these environ-
mental agents. The cornerstone of treatment is prevention and the
termination of exposure.

Heavy metals

Lead
Severe acute lead poisoning occurring over days or weeks was
common among poor urban children in the USA in the early part
of the 20th century. Blood lead levels exceeded 70 �g/dL (current
mean blood lead in the USA is <2 �g/dL). Acute childhood
lead poisoning usually occurred because of the ingestion of
lead-based paint in deteriorated housing (pica). Renal symptoms
of acute lead poisoning, called the Fanconi syndrome, consist
of transient proximal tubular reabsorptive defects manifested
by aminoaciduria, phosphaturia, and glycosuria. The Fanconi

syndrome is regularly reproducible in experimental animals
exposed to sufficiently high doses of lead and is reversed by
chelation therapy or removal from exposure [1].

Acute symptomatic lead poisoning with encephalopathy, ab-
dominal colic, peripheral motor neuropathy, and anemia is dis-
tinctly uncommon today. Far more common is chronic lead poi-
soning, which is either asymptomatic or accompanied by non-
specific complaints. Long-term, low-dose exposure in adults is
also associated with hypertension, gout, and tubulo-interstitial
nephritis that is histologically indistinguishable from hyperten-
sive nephrosclerosis. In the past, lead nephropathy was identified
in lead workers after many years of exposure to lead dust in the
industry. Blood lead in these workers was often above 40 �g/dL
on the job, which is the exposure limit promulgated in the federal
occupational lead standard. It was widely assumed that blood lead
levels of 60 �g/dL or higher, sustained for many years, were re-
quired to induce lead nephropathy. However, recent epidemiologic
evidence using blood and bone lead measurements (by noninva-
sive in vivo K X-ray fluorescence) indicate that the adverse effects
of lead on blood pressure and kidney function occur at much
lower levels than previously recognized. Ninety-five percent of the
body stores of lead are retained in bone, with a biological half-life
approximating 2 decades, whereas blood lead has a biological half-
life of about 30 days. Bone lead therefore reflects cumulative lead
absorption, whereas blood lead primarily reflects recent exposure.

Blood lead and bone lead predict blood pressure even when both
are within the range traditionally considered “normal.” Epidemi-
ologic evidence that low-level lead absorption (blood lead of <10
�g/dL) has deleterious effects on blood pressure and renal func-
tion was obtained from National Health and Nutrition Evaluation
Survey III, 1988–1994. Analysis of data on over 15,000 Americans
showed that hypertensive people had significantly higher blood
lead levels (4.21 vs. 3.30 �g/dL) than people without hyperten-
sion [2]. Two large, cross-sectional studies also reported a sig-
nificant association between low-level lead exposure and serum
creatinine [3,4]. The adverse effects of low-level lead exposure on
renal function are further supported by longitudinal observations
[5]. Because lead does not accumulate in patients with kidney
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Table 28.1 Environmental nephrotoxins.
Pathology

Substance ATN TIN G Comments

Metals
Pb + + − Fanconi syndrome, tubular proteinuria, hypertension, gout
Cd − + − Fanconi syndrome, Ca++ wasting, tubular proteinuria
Hg1 + + + G →immune, genetic control, nephrotic syndrome;

HgCl2 → ATN

As + + − AsH3, hemolysis
Cr1 + + − Cr+++ → tubular proteinuria, nasal perforation, cancer;

Cr+++++ → ATN

U + + − tubular proteinuria
Si − − + immune adjuvant, immune complexes, ANCA, Wegener’s

granulomatosis

Organics
CCl4 + + − liver damage, alcohol enhanced, dry cleaner
Toluene − − − tubular proteinuria, glue sniffing
Solvents − − + immune G, tubular proteinuria

Selected Drugs2

Aminoglycosides + + − ARF after 8 days, lysosomal accumulation S1 and S2

Amphotericin B − + − distal RTA, K+↓, Mg++↓, Uosm ↓, tubular calcification
Penicillins − + − allergic component, acute, after 15 days, interstitial edema,

lymphocytic infiltration

Vancomycin + + − ARF
Sulfonamides − + − intra-luminal crystals, kidney stones, ARF, microhematuria,

soluble in alkaline urine

Acyclovir − + − intraluminal crystal deposition, flank pain, microhematuria
Cyclosporin A
Tacrolimus

+ + − ARF, vasomotor, proximal tubule vacuolization, striped fibrosis,
arteriolar hyalinosis

Gold salts − + + membranous glomerulopthy, gold in tubular epithelium, separate
tubular disease

D-penicillamine − − − membranous glomerulopthy, vasculitis
Cis-platinum + + − ARF, usually reversible
Mitomycin − + − thrombosis, hemolytic uremic syndrome

1. Depends on valance and organic form.
2. Often in clinically complex settings with multicausal renal damage.
Abbreviations: ATN, acute tubular necrosis; TIN, tubular interstitial nephritis; G, glomerulopathy; ARF, acute renal
failure; RTA, renal tubular acidosis.

failure of nonlead etiology, these observations point to low-level
lead exposure as a contributor to hypertension and kidney disease.

Bone lead levels were found to be significant predictors of hy-
pertension in community-exposed men [6]. The mean blood lead
level in these men was 6 �g/dL. Similarly, bone lead levels were
found to be a significant predictor of hypertension in nurses [7].
A study in pregnant women with a geometric mean blood lead
level of 1.9 �g/dL found increases in bone lead were associated
with an increased risk of pregnancy hypertension [8]. Increases
in both diastolic and systolic blood pressures in pregnant women
were significantly associated with blood lead, and the major por-
tion of the effect was found with blood lead levels under 5 �g/dL.
These observations on the adverse effects at blood lead levels below

10 �g/dL in diverse groups indicate that, even at levels traditionally
considered acceptable, important adverse health effects occur.

Treatment of lead-induced hypertension and kidney failure
with calcium ethylenediaminetetraacetic acid (CaNa2–EDTA; also
called calcium disodium versenate or edetate calcium disodium)
may improve the glomerular filtration rate (GFR) or reduce the
rate of progression of kidney failure. The reversible component
of lead nephropathy reported following CaNa2–EDTA therapy in
lead workers (mean blood lead, 18 �g/dL) may have resulted from
the correction of acute lead absorption superimposed on chronic
lead nephropathy [9]. Similar therapeutic effects have been noted
in kidney failure at much lower levels of lead exposure. Lin et al.
[10] treated kidney patients (mean creatinine, 2.1 mg/dL; mean
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blood lead, 5.3 �g/dL) with CaNa2–EDTA , 4–13 g intravenously,
over 2 years. The treated group had an increase in GFR averaging
3.4 mL/min, whereas untreated controls had a decrease in GFR of
1.0 mL/min during this period. The same laboratory demonstrated
that low levels of lead absorption correlate significantly with the
rate of progression of kidney failure in type 2 diabetics and that
CaNa2–EDTA therapy, averaging 7 g over 3 months, significantly
reduced the rate of progression of kidney failure compared to un-
treated diabetic controls [11]. These results suggest that reducing
even very low levels of lead may improve GFR in a variety of non-
lead-related kidney diseases. Moreover, if the beneficial effect of
CaNa2–EDTA is, in fact, due to the removal of lead from the body,
these observations indicate that there is no threshold for the dele-
terious effects of lead on kidneys.

However, the mechanism of the beneficial effect of CaNa2–
EDTA on the kidneys is by no means clear. There were no controls
with normal renal function or with minimal body lead stores in
Lin’s studies. The effect of chelating lead on subjects with low-level
lead absorption by succimer has not been evaluated. It therefore
remains possible that the beneficial effect of CaNa2–EDTA on GFR
is due to actions other than the removal of lead. Modification of
potential mediators of hypertension and reduced GFR, such as
other cations, reactive oxygen species [12], or uric acid [13], may
have accounted for the improvement in GFR found by Lin et al.

Prevention remains the most effective method of treatment of
lead poisoning. Chelation transiently increases the rate of removal
of lead, causing the urinary excretion of up to several milligrams
of lead in heavily exposed individuals within a few days. If, on the
other hand, excessive exposure is terminated, the expected urinary
excretion of 100–200 �g of lead/day will achieve a negative balance
of 35–70 mg/year. Because a lifetime of occupational exposure can
result in bone lead stores of 500 mg or more, a course of chelation
therapy (e.g. 1–2 g CaNa2–EDTA) eliminates only about 0.2–0.4 %
of the body burden, whereas terminating exposure reduces bone
stores by about 10% per year. Although it is not feasible to eliminate
all lead intake, similar calculations for individuals with low-level
exposure indicate that, in the long term, prevention is more effec-
tive than chelation in lowering the body lead stores. In summary,
chelation therapy is justified in cases of symptomatic lead poison-
ing or when the blood lead exceeds about 70 �g/dL, but when no
symptom end point is clearly defined, chelation for blood lead of
<70 �g/dL is not usually justified.

Mercury
The toxicity of mercury depends on both its chemical form and
the route of absorption. Although preferentially accumulated in
the kidney, neurologic disease, but not kidney disease, regularly
follows exposure to elemental mercury. Once in the environment,
elemental mercury undergoes biotransformation to both organic
and inorganic salts, which are absorbed by living organisms and
thus enter the food chain. Methyl, ethyl, and phenoxyethyl mercury
are important organomercurial contaminants arising from indus-
trial and agricultural processes. Whereas certain organomercurials
(e.g. chlormerodrin) are potent diuretics, others that are also con-

centrated in the proximal tubule (e.g. p-chloromercuribenzoate)
have no diuretic effect. In contrast, the mercuric salt, corrosive sub-
limate (mercury bichloride [HgCl2]), is highly nephrotoxic and, at
1 mg/kg, uniformly produces acute tubular necrosis [14]. Similar
nephrotoxicity is induced by phenyl and methoxy methyl mercuric
salts. Another mercurous salt (calomel [Hg2Cl2]) was widely used
for therapy until the 20th century and is relatively nontoxic.

In addition to diuresis and acute tubular necrosis, mercury has
been sporadically reported to cause nephrotic syndrome in what
has usually been considered an idiosyncratic response. Observa-
tions in rats may provide a framework for understanding mercury-
induced glomerular disease in humans. In 1971, Bariety et al. [15]
reported that multiple subcutaneous injections of HgCl2 in spe-
cific rat strains, in doses too small to produce tubular necrosis,
induced membranous nephropathy. Kidney disease characterized
by glomerular deposition of immune complexes and heavy pro-
teinuria developed in about 2 months. Subsequent studies showed
that the immune response is actually biphasic; immune complex
deposition is preceded by anti-glomerular basement membrane
antibody and complement deposition. The response to mercury
in the rat is under precise genetic control. As little as 0.05 mg/kg
of body weight will elicit immunologically mediated glomeru-
lar disease in selected strains. As in humans, mercury-induced
glomerular disease in rats is self-limited.

There are no randomized clinical trials for the treatment of acute
tubular necrosis or nephrotic syndrome due to mercury. Chela-
tion therapy has been employed for excessive mercury exposure,
often defined as more than 5 �g Hg/dL in blood or 50 �g Hg/L in
urine, but evidence for the effectiveness of chelation therapy is lack-
ing. Traditional use of BAL (British antilewisite, dimercaprol) for
chelating mercury is currently being replaced by its soluble con-
geners, dimercaptopropane sulfonic acid (unithiol, or Dimaval)
and succimer (dimercaptosuccinic acid; Chemet). Dimercapto-
propane sulfonic acid is the chelator of choice for inorganic mer-
cury intoxication, whereas succimer is the agent of choice for or-
ganic mercury [16]. Case reports suggest that in the presence of
severe kidney failure the mercury-chelate complex can be removed
by hemodialysis or hemofiltration.

Cadmium
Acute absorption of as little as 10 mg of cadmium as dust or fumes
induces severe gastrointestinal symptoms and, after a delay of 8–
24 h, fatal pulmonary edema. Chronic low-dose exposure causes
slowly progressive emphysema, anosmia, and proximal tubular re-
absorptive defects characterized by hypercalciuria, low-molecular-
weight proteinuria, enzymuria, aminoaciduria, and renal glyco-
suria [17]. Hypercalciuria (with normocalcemia), phosphaturia,
and distal renal tubular acidosis result in clinically important os-
teomalacia, pseudofractures, and urinary tract stones [18]. Proxi-
mal tubular dysfunction is followed by interstitial nephritis, which
can progress to chronic kidney failure. The biologic half-life of cad-
mium in humans exceeds 15 years, and one-third of the total body
stores (10–20 mg) is retained in the kidneys. Absorbed cadmium
is initially sequestered in the liver and kidney, where it is bound to
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a cysteine-rich apoprotein, metallothionein. Although uptake in
the liver initially exceeds that in the kidney, most of the cadmium is
eventually bound to protein in the proximal tubules, where it is ac-
cumulated until a “critical concentration,” approximately 200 �g/g
of renal cortex, is achieved. At this tissue level, adverse renal ef-
fects become evident, including tubular proteinuria and increased
cadmium excretion. Significant abnormalities of proximal tubular
function are associated with urinary cadmium excretion in excess
of 30 �g/day.

Clinical symptoms associated with cadmium nephropathy de-
rive primarily from the increased calcium excretion that accom-
panies the renal tubular dysfunction. Hypouricemia, hypophos-
phatemia, intermittent renal glycosuria, or elevated serum alkaline
phosphatase (in the absence of kidney failure or hyperparathy-
roidism) may bring the acquired Fanconi syndrome to a clinician’s
attention, but ureteral colic is more likely to be a cadmium worker’s
chief complaint. Although both osteomalacia and kidney failure
are distinctly uncommon in cadmium workers, urinary calculi
have been reported in up to 40% of those subjected to industrial
exposure [19].

Itai-itai disease
In Japan, a painful bone disease associated with pseudofractures
due to cadmium-induced renal calcium wasting was recognized
in the 1950s. Attributed to local contamination of food staples
by river water polluted with industrial effluents, the syndrome
known as itai-itai, or “ouch-ouch” disease, primarily afflicted post-
menopausal, multiparous women. Sustained deficiencies in iron,
zinc, calcium, and vitamin D rendered these women particularly
vulnerable to cadmium toxicity. The women with itai-itai disease
tended to have reduced GFR, anemia, lymphopenia, and hypoten-
sion as well as osteomalacia. They exhibited a waddling gait, short
stature, anemia, glycosuria, and elevated serum alkaline phos-
phatase levels. Hypertension was absent. �2-Microglobulin excre-
tion exceeded the normal maximum (1 mg/g of creatinine) by
100-fold, and GFR was substantially reduced in the most severely
affected individuals. Long-term follow-up studies showed that ex-
cessive urinary excretion of the low-molecular-weight protein �2-
microglobulin predicts the later development of kidney failure in
patients with itai-itai disease and that kidney damage progresses
even after exposure has ceased. Succimer is effective for chelation in
acute cadmium poisoning [16]. No agent has been found effective
for mobilizing hepatic or renal stores of cadmium.

Silicon
Silicon is a semi-metal found as the dioxide (SiO2, silicon dioxide)
in 28% of the earth’s crust. It has been reported to induce inter-
stitial nephritis by direct deposition of crystalline material in the
renal parenchyma [20] and by immunologic mechanisms, acting
as an adjuvant to stimulate the immune response [21]. Tubular
proteinuria is found in workers exposed to silica dust. The odds of
a sandblaster developing end-stage renal disease is 3.8 compared to
matched controls. In the accelerated form of silicosis known as sil-
icoproteinosis, silicon dust appears to be indirectly responsible for

rapidly progressive, immune complex-mediated focal glomeru-
losclerosis [22]. In addition to severe pulmonary disease, these
patients develop an overwhelming autoimmune response that fre-
quently includes lupus erythematosus [23] or rheumatoid arthritis
(Caplan’s syndrome). Glomerular disease, sometimes in associa-
tion with silica-induced systemic sclerosis, systemic lupus erythe-
matosus, and small vessel vasculitis, has also been described as a
result of exposure to silica dust independent of silicosis [24]. An-
tineutrophil cytoplasmic antibody (c-ANCA)-positive Wegener’s
granulomatosis has been associated with exposure to silica dust
as well as to silica-containing compounds, such as grain dust. No
specific therapies have been reported for silica-induced glomeru-
lar disease other than those in current use for immunologically
medicated glomerular disease.

Solvent nephropathy

Halogenated hydrocarbons have often been implicated in the in-
duction of acute tubular necrosis or Fanconi syndrome in both hu-
mans and experimental animals. Low-level occupational absorp-
tion by inhalation of volatile hydrocarbons or absorption through
the skin may also induce tubular proteinuria, which does not nec-
essarily signify the presence of clinical kidney failure.

At least 40 case–control studies have examined the relation-
ship between glomerulonephritis and exposure to organic sol-
vents. A number of these studies concluded that patients with
chronic glomerulonephritis had been exposed to organic solvents
(aliphatic and aromatic) more frequently than patients with other
diseases. Initially, solvent nephropathy was associated with anti-
glomerular basement membrane antibody-mediated glomeru-
lonephritis and pulmonary hemorrhage, i.e. Goodpasture’s syn-
drome, but later reports of solvent nephropathy have included
many different types of glomerulonephritis [25].

The etiologic role of solvents remains controversial because the
dose and exact chemical composition of industrial solvents are
usually unknown. Moreover, of the thousands of workers exposed,
very few develop immunologically mediated glomerular disease.
The genetic and environmental factors that make specific indi-
viduals susceptible to solvent nephropathy have not been delin-
eated. The experimental mercury-induced immunologically me-
diated glomerular disease in rodents described above may provide
a model for understanding solvent nephropathy in humans. No
specific therapies have been recommended for solvent nephropa-
thy. Avoidance of exposure to volatile hydrocarbons and their
derivatives remains an essential preventive approach.
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29 The Kidney in Pregnancy
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Pregnancy, in the setting of significant maternal kidney disease, is
hazardous and frequently unsuccessful, due in part to the failure
to adapt to pregnancy-associated hemodynamic alterations. Preg-
nancy imposes a hemodynamic strain on maternal renal function,
so that in some women with preexisting kidney disease, renal func-
tion deteriorates during or after pregnancy. Alterations in immune
function and increased inflammation associated with pregnancy
may also contribute to worsening of kidney disease during ges-
tation. In general, the closer to normal the glomerular filtration
rate (GFR) and blood pressure are, the greater the chance of a
successful pregnancy. Management of gravidas with kidney dis-
ease may be complicated and requires an understanding of the
physiologic changes associated with pregnancy, as well as close co-
operation between obstetrician and nephrologist. This chapter will
focus mainly on clinical issues related to kidney disease in preg-
nant women. Although some areas in obstetric medicine have been
extensively studied with randomized controlled trials (e.g. preven-
tion of preeclampsia), kidney disease in pregnancy is less common,
and the quality of the evidence guiding clinical practice in this field
of medicine is not of the highest level. There are, however, many
clinical questions which have been studied well with randomized
controlled trials. Summaries of these trials can be found in the
pregnancy and childbirth module of the Cochrane Library, the
largest single section of the Cochrane Library. Most evidence con-
sists of case series with modest numbers of subjects. Recent epi-
demiologic surveys have highlighted the problem of unrecognized
chronic kidney disease in the US population [1] and, based on ex-
trapolation of these data, the prevalence of chronic kidney disease
in women of childbearing age may be only approximately 0.2% .

Renal anatomy and physiology in pregnancy

A brief review of some of the important physiological alterations
in pregnancy is useful for guiding therapeutic principles. Much of

the data on renal function and physiology during pregnancy were
collected more than 25 years ago. More recent studies in animal
models of pregnancy have begun to examine some of the mediators
of the renal alterations, including steroid hormones, nitric oxide,
and relaxin. The difficulties in studying pregnant women have
clearly been an impediment in this field.

Anatomic and functional changes in the urinary tract
Kidney length increases approximately 1 cm during normal ges-
tation, and overall kidney volume increases by up to 30% [2].
The major anatomic alterations of the urinary tract during preg-
nancy, however, are seen in the collecting system, where calyces,
renal pelves, and ureters dilate, often giving the erroneous impres-
sion of obstructive uropathy. The cause of the ureteral dilation is
disputed and has been attributed to hormonal mechanisms [3]
as well as mechanical obstruction by the enlarging uterus. These
morphologic changes result in stasis in the urinary tract and a
propensity of pregnant women with asymptomatic bacteriuria to
develop frank pyelonephritis, particularly in women with a history
of prior urinary tract infection [4].

Renal hemodynamics
Pregnancy is characterized by marked vasodilatation, which is de-
tectable early in the first trimester, by 6 weeks of gestation. In fact,
recent studies of the menstrual cycle demonstrated that vasodi-
lation is also present in the late luteal phase, prior to conception
[5]. This early vasodilation is accompanied by a decrease in blood
pressure, increase in cardiac output, and increases in renal plasma
flow and glomerular filtration, all of which persist until late gesta-
tion. Since renal plasma flow increases slightly more than GFR, the
filtration fraction remains constant or slightly lower in pregnancy
[6]. Increases in renal hemodynamics reach a maximum during the
first trimester and are approximately 50% greater than nonpreg-
nancy levels [7]. Micropuncture studies performed in the gravid rat
suggest that renal vasodilatation and increased glomerular plasma
flow are the primary determinants of the increased renal hemo-
dynamics in pregnancy. In humans, using clearance techniques
(inulin, PAH, and neutral dextrans), the increment in GFR has
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been largely attributed to increased renal plasma flow, decreased
oncotic pressure, and an increased glomerular ultrafiltration co-
efficient, but not with increments in transglomerular hydrostatic
pressure difference. The implications of these observations are
that although GFR is significantly increased throughout the du-
ration of normal pregnancy, there is little evidence for increased
intraglomerular pressure and, therefore, little risk that the hyper-
filtration associated with gestation is associated with additional
strain on diseased kidneys, a conclusion that has not been tested
in clinical trials. Increased progesterone, estrogen, nitric oxide, and
relaxin have all been implicated as mediators of the systemic and
renal vasodilation of pregnancy [8–10].

Creatinine production is unchanged during pregnancy; thus,
increments in clearance result in decreased serum levels. There is
also increased excretion of glucose, amino acids, calcium, and uri-
nary protein, resulting in an increase in the upper limit of normal
for urinary protein excretion (from 150 to 300 mg/day).

Acid–base regulation in pregnancy
In the resting state there are increases in respiratory rate, tidal vol-
ume, and alveolar ventilation, all of which result in a reduced arte-
rial PCO2 [11]. Augmented respiratory sensitivity in pregnancy has
been attributed to the increased circulating level of progesterone,
which directly stimulates the medullary respiratory center. There is
a partly compensated respiratory alkalosis, with reductions in hy-
drogen ion concentration, PCO2, and serum bicarbonate, changes
that are apparent in the first trimester [12]. It has recently been
demonstrated that exercise-induced increases in acid concentra-
tion are similar in pregnancy and nonpregnancy [11]. Finally, it
should be appreciated that a PCO2 of 40 mmHg signifies consid-
erable carbon dioxide retention in pregnancy.

Water metabolism
Pregnancy is associated with a decrease in plasma osmolality of
5–10 mOsm/kg below that of nongravid women. This decrease
in plasma osmolality is associated with appropriate responses to
water loading and dehydration and suggests a resetting of the os-
moreceptor system and thirst occurring at lower serum osmolality.
Clinical studies demonstrating decreased osmotic thresholds for
thirst and arginine vasopressin (AVP) release in pregnant women
support this hypothesis [13,14]. In addition, pregnant women me-
tabolize AVP more rapidly as a consequence of increased pro-
duction of placental vasopressinases [14]. Pregnant women may
develop syndromes of transient diabetes insipidus due to the in-
creased metabolism of AVP. These syndromes may be treated with
dDAVP, which is effective owing to a different N terminus that is
resistant to the circulating vasopressinases.

Along with decreased serum osmolality, serum sodium is also
lower in pregnancy. This may be due in part to relaxin, a pep-
tide hormone in the insulin family, secreted by the corpus luteum
and placenta during human gestation [15,16]. Relaxin is asso-
ciated with early pregnancy osmoregulatory changes, as well as
increases in GFR and vasodilatation [15]. �-Human chorionic
gonadotropin appears to cause release of relaxin, which then stim-

ulates the hypothalamus, resulting in thirst and AVP secretion
[17]. Chronic administration of relaxin to rats mimics several of
the hemodynamic and osmotic changes of pregnancy, whereas an-
tirelaxin antibodies reverse these changes.

Volume regulation
Total body water increases by 6–8 L during pregnancy, 4–6 L of
which is extracellular. Plasma volume increases 50% during ges-
tation, the largest rate of increase occurring in mid-pregnancy
[5]. There is a gradual cumulative retention of about 900 mEq of
sodium during pregnancy, which is distributed between the prod-
ucts of conception and the maternal extracellular space. Despite the
increase in plasma volume during pregnancy, there is no evidence
for a hypervolemic (i.e. overfilled circulation) state during preg-
nancy. Indeed, the marked vasodilation that is observed as early as
the first trimester may be the stimulus for increased sodium reten-
tion and increased plasma volume. The observations that blood
pressure is significantly lower and that the renin–angiotensin sys-
tem is stimulated during normal pregnancy are consistent with
primary vasodilation preceding and causing the increase in plasma
volume.

Blood pressure regulation
Normal pregnancy is characterized by generalized vasodilation
so marked that despite increases in cardiac output and plasma
volume in the range of 40%, mean arterial pressures decrease ap-
proximately 10 mm [18]. The decrement in blood pressure is ap-
parent in the first trimester, reaching a nadir by mid-pregnancy
and then increasing gradually to approach prepregnancy values at
term. Potential mediators of the vasodilation of pregnancy include
placental hormones, nitric oxide, relaxin, prostacylin, and vascu-
lar endothelial growth factor. In response to the vasodilation and
lower blood pressure, the renin–angiotensin system is markedly
stimulated in pregnancy. Increases in plasma renin activity are
apparent early in pregnancy, and levels increase to reach a maxi-
mum of about four times nonpregnant values by mid-pregnancy
[18]. The increase in plasma renin activity is accompanied by in-
creases in aldosterone secretion. Angiotensin II levels have not
been studied extensively in pregnancy but are likely to be in-
creased as well. Despite the increased renin and aldosterone levels,
blood pressure and electrolytes are normal during pregnancy. In-
deed, normotensive gravidas demonstrates exaggerated responses
to acute converting enzyme inhibition, suggesting that the stim-
ulated renin–angiotensin system is an important defense against
hypotension during pregnancy [19].

Assessment of renal function in pregnancy

The GFR increases by 40–65% in pregnancy, but creatinine pro-
duction is unchanged, resulting in decreased serum creatinine lev-
els. One study reported average values of 0.83 mg/dL (73 �mol/L)
in nonpregnant women and 0.74, 0.58, and 0.53 mg/dL (65, 51, and
46 �mol/L) in the first, second, and third trimesters of pregnancy,
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respectively, with values for the upper limit of normal of 0.96, 0.9,
and 1.02 mg/dL (85, 80, and 90 �mol/L) [20]. Calculation of GFR
by creatinine-based formulae is challenged by increasing maternal
weight that is not muscle weight, and neither the MDRD formula
nor Cockroft-Gault GFR estimates have been validated in preg-
nancy [21]. Measurement of serum cystatin C had been proposed
as a more sensitive marker for GFR, as it was thought to be in-
dependent of age, weight, height, or muscle mass; however, this
has not been found when studied in pregnancy [22]. At this time,
creatinine clearance measured by 24-h urine collection remains
the most-well-validated method for measuring renal function.

Proteinuria is measured using 24-h urine collection, urine dip-
stick, and the protein/creatinine ratio, but the gold standard re-
mains the 24-h urine protein measurement. A 24-h protein level
greater than 300 mg is abnormal in pregnancy and correlates with
a urine dipstick protein measurement of 1+. Although commonly
used to detect significant proteinuria, urine dipstick testing is sus-
ceptible to error due to variations in urine concentration and may
miss up to 10% of hypertensive pregnant women with true pro-
teinuria [23]; thus, if the level of suspicion is high, 24-h urine
testing should be performed. The total protein/creatinine ratio
has been shown to estimate 24-h urine protein in nonpregnant
patients; however, in pregnancy it does not appear to exclude the
equivalent of 0.3 g/24 h proteinuria and underestimates severe pro-
teinuria, so it cannot be recommended as an alternative to 24-h
measurement [24].

Kidney disease in pregnancy

Kidney disease during pregnancy may be due to 1) preexisting
kidney disease that was diagnosed prior to conception, 2) chronic
kidney disease that was unappreciated prior to pregnancy and
diagnosed for the first time during pregnancy, or 3) kidney disease
that develops for the first time during pregnancy. Overlapping
categories occur with some diseases. For example, lupus nephritis
may be a chronic condition or it may develop for the first time
during pregnancy.

Chronic kidney disease: general principles
Fertility and ability to sustain an uncomplicated pregnancy are
related to the degree of renal functional impairment, rather than
to the specific underlying disorder. The greater the functional im-
pairment, and/or the higher the blood pressure, the less likely the
pregnancy will be successful. Patients with preserved renal func-
tion and normal or well-controlled blood pressure have favorable
maternal and fetal outcomes. Those with moderate renal insuf-
ficiency (serum creatinine of 1.2–2.5 mg/dL [110–220 �mol/L])
are at increased risk for preeclampsia (20–30%) and preterm de-
livery. Women with moderate or severe renal dysfunction should
be discouraged from conceiving, because up to 40% of these preg-
nancies are complicated by hypertension or deterioration in renal
function that may be irreversible [25]. The level of blood pressure
at the time of conception is an important variable in pregnancy

outcome. In the absence of hypertension there is significantly less
chance of irreversible deterioration in renal function during preg-
nancy. When hypertension is present, and especially when it is
severe, pregnancy outcome is rarely uncomplicated. Premature
delivery and deterioration in renal function are expected. Urine
protein excretion may increase markedly in pregnant women with
underlying kidney disease. Although the increments in protein ex-
cretion during pregnancy may not necessarily reflect worsening of
underlying kidney disease, increased proteinuria is associated with
worse fetal prognosis.

Kidney diseases associated with systemic illness
Diabetes is one of the most common medical disorders encoun-
tered during pregnancy, and the majority of cases are due to gesta-
tional diabetes. Preexisting diabetes poses significant risks to preg-
nancy. Many younger women with pregestational diabetes have
type 1 diabetes, and if their disease has been present for 10–15
years, they may show early signs of diabetic nephropathy. Women
with microalbuminuria (compared to macroalbuminuria), well-
preserved renal function, and normal blood pressure have a good
prognosis for pregnancy, although they are at increased risk for
preeclampsia and urinary tract infection [26,27]. In one prospec-
tive cohort study from Denmark, 240 pregnant women with type 1
diabetes were followed during pregnancy, of whom 26 (11%) had
microalbuminuria and 11 (5%) had diabetic nephropathy. A 62%
proportion of women with microalbuminuria and 91% of women
with diabetic nephropathy had preterm deliveries (compared with
35% of women with normal albumin excretion). Preeclampsia
developed in 6% of women with normal albumin excretion com-
pared with 42% and 64% of women with microalbuminuria and
diabetic nephropathy, respectively [27]. In another study of 72
pregnancies in 58 women with diabetic nephropathy, high serum
creatinine at enrollment, independent of urinary protein excre-
tion, was associated with preterm delivery, very low birth weight,
and neonatal hypoglycemia. With respect to progression of ma-
ternal kidney disease as a consequence of pregnancy, one study
from Denmark reported that 26 women with type 1 diabetes who
became pregnant had similar rates of deterioration in renal func-
tion over a 16-year follow-up, compared to 67 control subjects with
comparable disease who had never been pregnant [28]. Thus, when
baseline renal function and blood pressure are still normal, preg-
nancy is not likely to accelerate the progression of early diabetic
nephropathy [28], although it is not unusual for urinary protein
excretion to increase significantly during pregnancy, and there
are only limited data that have specifically addressed this prob-
lem. Women with non-nephrotic-range proteinuria preconcep-
tion may develop nephrotic-range proteinuria during pregnancy,
but it is usually reversible. Women with overt nephropathy pre-
conception, particularly those with impaired renal function and
hypertension, have a high incidence of premature delivery and de-
terioration in maternal renal function [26]. Women with type 1
diabetes with microalbuminuria and normal renal function and
normotension should be encouraged not to postpone pregnancy
because of the worse prognosis once overt nephropathy develops.
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There are no published studies of pregnancy and nephropathy as-
sociated with type 2 diabetes; however, given the increasing preva-
lence of this condition, it is an important area for future study.

Tight glucose control is critical because of the established as-
sociation between glucose control and fetal outcome [29]. Thus,
all women with diabetes should be managed by physicians ex-
perienced with diabetes in pregnancy. Blood pressure control is
also important; however, because angiotensin converting enzyme
inhibitors and angiotensin receptor blockers are contraindicated
during pregnancy, women should be switched to other agents prior
to conception.

Women with lupus nephritis during pregnancy present unique
problems. Although similar considerations apply regarding the
relationship between level of renal function and blood pressure
to pregnancy outcome, in general, lupus is a much more unpre-
dictable illness because of the tendency of the disease to flare. Re-
cent data suggest that pregnancy duration, total disease duration,
and disease activity and damage prior to pregnancy are associated
with increased organ damage following pregnancy in women with
lupus [30]. Whether or not pregnancy per se is a risk factor for lu-
pus flares has been disputed [31]. Although some studies report no
increase in flares attributable to pregnancy in patients in remission
[32], prospective data from other studies suggest that pregnancy
is associated with a greater chance of disease exacerbation [33,34].
Women with lupus are advised not to conceive unless their disease
has been “inactive” for the preceding 6 months, as there is a higher
incidence of fetal demise with active disease [35]. Additional com-
plications associated with lupus and pregnancy include placental
transfer of maternal autoantibodies, which can cause a neonatal
lupus syndrome characterized by heart block, transient cutaneous
lesions, or both. Women with lupus are also more likely to have
clinically significant titers of antiphospholipid antibodies and the
lupus anticoagulant, which are associated with spontaneous fetal
loss, hypertensive syndromes indistinguishable from preeclamp-
sia, and thrombotic events including deep vein thrombosis, pul-
monary embolus, myocardial infarction, and strokes [36]. Thus,
all women with systemic lupus erythematosus should be screened
for antiphospholipid antibodies early in gestation. When titers are
elevated (more than 40 GPL), daily aspirin (80–325 mg) is recom-
mended. If there is a history of thrombotic events, then heparin in
combination with aspirin is recommended [37].

One of the difficulties in managing lupus nephritis during preg-
nancy is that increased activity of lupus may be difficult to distin-
guish from preeclampsia. Both are characterized by an increase
in proteinuria, a decrease in GFR, and hypertension. Thrombocy-
topenia may also be observed in both conditions. Hypocomple-
mentemia is not a feature of preeclampsia, whereas increases in
liver function tests may be observed in preeclampsia but are not
characteristic of lupus activity. If disease activity is present before
20 weeks of gestation, then the diagnosis is more likely to be a
lupus flare. In the latter half of pregnancy, it may be impossible to
distinguish between a renal lupus flare and preeclampsia. In fact,
frequently both are present simultaneously, and what starts as in-
creased lupus activity appears to trigger preeclampsia. Spun urine

microscopy for red blood cell casts can also signal lupus nephritis
activity. Unfortunately, delivery may be necessary if immunosup-
pressive therapy and supportive care fail to stabilize the condition.
The approach to treatment of lupus nephritis during pregnancy
is based largely on anecdotal experience and knowledge regarding
treatment of lupus in nonpregnant patients, as well as informa-
tion on fetal toxicity of immunosuppressants that has been gained
from treatment of other conditions, such as organ transplanta-
tion. Steroids and azathioprine are the mainstays of treatment.
A recent prospective, observational study of women with lupus
exposed to hydroxychloroquine during pregnancy suggested that
this agent was associated with improved outcomes and absence
of fetal toxicity [38]. Cyclophosphamide is generally not recom-
mended during pregnancy, because of potential fetal toxicity [39],
and should only be used when the mother’s life is in jeopardy. We
are unaware of published data regarding use of mycophenolate
mofetil during pregnancy for treatment of lupus nephritis. It is
embryotoxic in animal studies and has been associated with fetal
malformations in humans [40].

Chronic glomerulonephritis
Child-bearing women may be afflicted with any of the forms of
chronic glomerulonephritis common in this age group. These
include immunoglobulin A nephropathy, focal and segmental
glomerulosclerosis, membranoproliferative glomerulonephritis,
minimal change nephritis, and membranous nephropathy. We are
unaware of data that would support the notion that histologic
subtype confers a specific prognosis for pregnancy. Rather, the
previously mentioned principles are applicable to women with
chronic glomerulonephritis; when renal function is normal and
hypertension is absent, the prognosis is good.

Polycystic kidney disease
Young women with autosomal dominant polycystic kidney dis-
ease are frequently asymptomatic, with normal renal function and
normal blood pressure, and indeed they may be unaware of their
diagnosis. Little has been written about polycystic kidney disease
and pregnancy, because many patients with this condition have
well-preserved kidney function until after childbearing. A series
consisting of 235 women with autosomal dominant polycystic
kidney disease and 108 unaffected family members evaluated preg-
nancy outcomes and reported an increased incidence of maternal
complications in affected compared to unaffected women [41].
Preexisting hypertension was the most common risk factor for
maternal complications during pregnancy [41]. Pregnant women
with polycystic kidney disease should be considered at increased
risk of urinary tract infection. Estrogen is reported to cause liver
cysts to enlarge, and repeated pregnancies may result in symp-
tomatic enlargement of liver cysts. Given the association between
cerebral aneurysms and autosomal dominant polycystic kidney
disease in some families, screening for such aneurysms should be
considered prior to natural labor. All patients should undergo ge-
netic counseling before pregnancy to ensure they are aware that
their offspring have a 50% chance of being affected.

302



BLBK043-Molony September 11, 2008 15:18

Chapter 29 Pregnancy

Chronic pyelonephritis
Dilation and stasis in the urinary tract make chronic pyelonephritis
(nephropathies associated with recurrent urinary tract infection,
often in association with urinary tract abnormalities, e.g. vesi-
coureteral reflux) in gravidas more prone to exacerbation. These
women should have a high fluid intake and should be screened
frequently for bacteriuria. Women with reflux nephropathy have
been reported to have an adverse prognosis during pregnancy.
A prospective study of 54 pregnancies in 46 women with reflux
nephropathy found that preeclampsia was present in 24% and
more common in women with preexisting hypertension [42]. Nine
(18%) experienced deterioration in renal function during preg-
nancy, and those with preexisting reduced renal function were at
greater risk. One-third of the infants were delivered preterm, and
43% had vesicoureteral reflux. These high-risk women should be
screened with urine cultures and should be treated promptly when
infections are present, with consideration to suppressive antibiotic
therapy for the duration of pregnancy in some cases.

Chronic kidney diseases that may be first diagnosed
during pregnancy
The presence of chronic kidney disease may be diagnosed for the
first time during pregnancy, in part because pregnant women are
scrutinized more closely and also because the renal hemodynamic
alterations during pregnancy may cause proteinuria to increase
and be clinically detectable for the first time. Frequent measure-
ment of blood pressure may also lead to diagnosis of kidney dis-
eases accompanied by hypertension. Furthermore, the presence
of even mild preexisting kidney disease is associated with an in-
creased risk of preeclampsia; thus, underlying kidney disease may
first become apparent after preeclampsia has developed in later
pregnancy. Kidney diseases that may have been relatively silent
preconception but that may “present” during pregnancy include
immunoglobulin A nephropathy, focal and segmental glomeru-
losclerosis, polycystic kidney disease, and reflux nephropathy. Re-
nal diagnostic testing during pregnancy can include blood and
urine testing and ultrasonography. Renal biopsy is usually de-
ferred until after delivery, unless there is acute deterioration in
renal function or morbid nephrotic syndrome. Although experi-
enced operators have reported few complications of renal biopsy
during pregnancy, increased renal blood flow, hypertension, and
difficulty positioning the patient are concerns [43–45]. The timing
of renal biopsy after delivery depends on the clinical circumstances.
If renal function is normal, and only proteinuria is present, it is
reasonable to delay biopsy by at least 1–2 months, because protein-
uria may improve once the hemodynamic alterations associated
with pregnancy have resolved. If renal function is impaired, then
biopsy should be considered within a few weeks of delivery.

Kidney diseases that develop for the first time
during pregnancy
Pregnant women are at risk for any of the kidney diseases
that occur in childbearing-age women, including pyelonephritis,
glomerulonephritis, interstitial nephritis, and acute kidney failure.

Pyelonephritis in pregnant women is more likely to be associated
with significant azotemia compared with nonpregnant women and
should be treated aggressively. Glomerulonephritis and interstitial
nephritis are not more likely to develop during pregnancy, al-
though they do occur. Acute kidney failure in association with
pregnancy, a rare complication in developed countries, is also de-
creasing in incidence in the developing world, with only 190 cases
observed in a 20-year period in eastern India [46]. Recent estimates
suggest that the incidence of acute kidney failure from obstetric
causes is less than 1/20,000 pregnancies [47].

When acute kidney failure occurs early in pregnancy (12–18
weeks), it is usually in association with septic abortion or prere-
nal azotemia due to hyperemesis gravidarium. Most cases of acute
kidney failure in pregnancy occur between gestational week 35 and
the puerperium and are primarily due to preeclampsia and bleed-
ing complications. Preeclampsia, particularly the HELLP variant
(hemolysis, e levated l iver enzymes, low platelet count) is an im-
portant cause of acute kidney failure in pregnancy [26]. Although
most cases of preeclampsia are not usually associated with kidney
failure, the HELLP syndrome may be associated with significant
renal dysfunction, especially if not treated promptly. Most women
without preexisting kidney or hypertensive disease do not require
long-term renal replacement therapy. Additional important clini-
cal entities causing kidney failure during pregnancy are discussed
next.

Thrombotic microangiopathy
Although rare, thrombotic microangiopathies (thrombotic
thrombocytopenic purpura [TTP] and hemolytic uremic syn-
drome [HUS]) are an important cause of pregnancy-associated
acute kidney failure because they are associated with considerable
morbidity. They also share several clinical and laboratory features
with pregnancy-specific disorders, such as the HELLP variant of
preeclampsia and acute fatty liver of pregnancy; thus, distinction
of these syndromes is important for therapeutic and prognostic
reasons. Features that may be helpful in making the correct di-
agnosis include timing of onset and the pattern of laboratory ab-
normalities. Preeclampsia typically develops in the third trimester,
with only a few cases developing in the postpartum period, usu-
ally within a few days of delivery. TTP usually occurs antepartum,
with many cases developing in the second trimester, as well as the
third. HUS is usually a postpartum disease. Symptoms may begin
antepartum, but most cases are diagnosed postpartum.

Preeclampsia is much more common than TTP or HUS, and
it is usually preceded by hypertension and proteinuria. Kidney
failure is unusual, even with severe cases, unless significant
bleeding or hemodynamic instability or marked disseminated in-
travascular coagulation (DIC) occurs. In some cases, preeclampsia
develops in the immediate postpartum period, and when throm-
bocytopenia is severe, it may be indistinguishable from HUS.
However, preeclampsia spontaneously recovers, whereas TTP or
HUS is often associated with persistent renal insufficiency and
hypertension, with many patients requiring long-term dialysis or
transplantation [48].
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In contrast to TTP and HUS, preeclampsia may be associ-
ated with mild DIC and prolongation of prothrombin and partial
thromboplastin times. Another laboratory feature of preeclampsia
and HELLP syndrome that is not usually associated with TTP or
HUS is marked elevation in liver enzymes. The presence of fever
is more consistent with a diagnosis of TTP than preeclampsia or
HUS. The main distinctive features of HUS are its tendency to
occur in the postpartum period and the severity of the associ-
ated kidney failure. Treatment of preeclampsia and HELLP syn-
drome is delivery and supportive care. More aggressive treatment
is rarely indicated. Some centers have reported the use of steroids
in cases of severe HELLP syndrome, although this therapy has not
been rigorously evaluated in placebo-controlled clinical trials [49].
Treatment of TTP and HUS includes plasma infusion or exchange
and other modalities used in nonpregnant patients with these
disorders.

Acute tubular necrosis
Acute tubular necrosis, either induced by volume depletion or ex-
posure to nephrotoxins, may occur during pregnancy, although
the incidence is low. In the first trimester, acute tubular necrosis
is usually associated with hyperemesis gravidarium, whereas later
in pregnancy and in the peripartum period, it is usually associ-
ated with abruptio placenta or other causes of obstetric hemor-
rhage. Occasionally, nonsteroidal anti-inflammatory agents, used
for postpartum analgesia, may precipitate acute kidney failure in
patients who are volume depleted from either hemorrhage, de-
creased fluid intake, or both. In severe cases of obstetric hemor-
rhage, acute cortical necrosis with associated DIC may be present,
and ultrasonography or computed tomography may demonstrate
hyperechoic or hypodense areas in the renal cortex. Most patients
ultimately require dialysis, but 20–40% with cortical necrosis have
partial recovery of renal function.

Acute fatty liver of pregnancy
Acute fatty liver is a rare complication of late pregnancy that is
characterized by rapidly progressive liver failure. Women usually
present with nausea, vomiting, and anorexia, and many patients
have coincident diagnoses of preeclampsia or HELLP syndrome
[50]. Other laboratory abnormalities (in addition to marked eleva-
tions in aspartate aminotransferase and alanine aminotransferase)
frequently observed include elevated bilrubin, hypofibrinigemia,
prolonged partial thromboplastin time, hypoglycemia, anemia,
and low platelet count [51]. Many cases are associated with sig-
nificant azotemia, and one series compared AFLP to HELLP syn-
drome and observed that acute kidney failure was significantly
more common with AFLP [52]. Those authors hypothesized that
because AFLP is believed to be a disease of mitochondrial dys-
function [53], it is possible that the kidney dysfunction associated
with AFLP reflects inhibition of �-oxidation of fats in the kidney.
Autopsy data have demonstrated microvesicular fat in the kidneys
of women with AFLP. Delivery is indicated, and most patients im-
prove shortly afterwards. This disorder was formerly associated
with a more ominous outcome, which may have been a conse-

quence of late diagnosis, although in a recent case series maternal
mortality was reported in two of six cases [51]. When diagnosed
early, long-term morbidity is reduced.

Urinary tract obstruction
Pregnancy is associated with dilation of the collecting system,
which is not usually accompanied by renal dysfunction. Rarely,
complications such as large uterine fibroids that enlarge in the set-
ting of pregnancy can lead to obstructive uropathy. Occasionally,
acute urinary tract obstruction in pregnancy is caused by a kidney
stone. Diagnosis can usually be made by ultrasonography. Often
the stone will pass spontaneously, but occasionally cystoscopy is
necessary for insertion of a stent to remove a fragment of stone and
relieve obstruction, particularly if there is sepsis or a solitary kid-
ney. ESW lithotripsy is contraindicated during pregnancy because
of the possibility of adverse effects on the fetus.

Acute renal failure during pregnancy
Management of acute kidney failure occurring in pregnancy or im-
mediately postpartum is similar to that in nongravid subjects, al-
though there are several important considerations unique to preg-
nancy. Uterine hemorrhage near term may be concealed and blood
loss underestimated; thus, any overt blood loss should be replaced
early. Both peritoneal dialysis and hemodialysis have been used
successfully in patients with obstetric acute kidney failure. Neither
pelvic peritonitis nor the enlarged uterus is a contraindication to
the former method. In fact, this form of treatment is more gradual
than hemodialysis and thus less likely to precipitate labor. Because
urea, creatinine, and other metabolites that accumulate in uremia
traverse the placenta, dialysis should be undertaken early, with the
aim of maintaining the blood urea nitrogen at approximately 50
mg/dL (8 �mol/L). In essence, the advantages of early dialysis in
nongravid patients are even more important for the pregnant pa-
tient. Excessive fluid removal should be avoided, because it may
contribute to hemodynamic compromise, reduction of uteropla-
cental perfusion, and premature labor. On the other hand, polyhy-
dramnios is also thought to contribute to premature labor. In some
cases it may be advisable to perform continuous fetal monitoring
during dialysis, particularly after mid-pregnancy.

Therapy of end-stage renal disease
during pregnancy

Dialysis
Fertility is reduced in dialysis patients, due to abnormalities of pi-
tuitary leutinizing hormone release leading to anovulation. Preg-
nancy that does occur in patients undergoing maintenance dialysis
is extremely high risk, and conception should not be encouraged
due to very high fetal mortality; in large surveys, only 42–60% of
such pregnancies resulted in a live-born infant. Prematurity, very
low birth weight, and intrauterine growth restriction are com-
mon, and approximately 85% of infants born to women who con-
ceive after starting dialysis are born before 36 weeks of gestation.
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Management of patients on dialysis who are pregnant includes
several considerations, but the single most important factor in-
fluencing fetal outcome is the maternal plasma urea level [54].
In patients undergoing hemodialysis, both the number of dialysis
sessions per week as well as the time per session must be increased
to a minimum of 20 h/week, aiming for a predialysis urea of 30–50
mg/dL (5–8 mmol/L) [54,55]. Heparinization should be mini-
mal, to prevent obstetric bleeding. Dialysate bicarbonate should
be decreased to 25 mEq/L, in keeping with the expected physiologic
metabolic acidosis of pregnancy. If peritoneal dialysis is being used,
decreased exchange volumes by increasing exchange frequency or
cycler use are recommended [56]. Adequate calorie and protein
intakes are required; 1 g/kg/day protein intake plus an additional
20 g/day has been suggested [57]. After the first trimester, maternal
“dry” weight should be increased by ∼1 lb. (400 g)/week to adjust
for the expected progressive weight increase in pregnancy. Anti-
hypertensive therapy should be adjusted for pregnancy by discon-
tinuing angiotensin converting enzyme inhibitors and angiotensin
receptor blockers and aiming for maintenance of maternal dias-
tolic pressure of 80–90 mmHg by using methyl-DOPA, labetalol,
and sustained-release nifedipine in standard doses to achieve the
target. Anemia should be treated with supplemental iron, folic
acid, and erythropoietin. Erythropoietin is safe in pregnancy, and
pregnancy-related erythropoietin resistance requires a dose in-
crease of approximately 50% to maintain hemoglobin target levels
of 10–11 g/dL. Frequent monitoring of iron stores and treatment
with intravenous iron should be prescribed as necessary [57]. Due
to placental 25(OH)-vitamin D3 conversion, decreased supple-
mental vitamin D may be required and should be guided by levels
of vitamin D, parathyroid hormone, calcium, and phosphorus.
Magnesium supplementation may be needed to maintain serum
magnesium levels at 5–7 mg/dL (2–3 mmol/L). Low-dose aspirin
to prevent preeclampsia has been suggested. Babies born to moth-
ers on dialysis may require monitoring for osmotic diuresis in the
immediate postpartum period if maternal urea was high at the
time of delivery.

Kidney transplantation
Menstruation and fertility resumes in most women from 1–12
months post-kidney transplantation. Several thousand women
have undergone pregnancy following kidney transplantation, and
pregnancy in this population appears to involve much lower risk
to mother and baby than pregnancy in patients on dialysis. Al-
though pregnancy has become more common after transplan-
tation, there have been little more than case reports and cases
series to guide practice decisions; a Consensus Conference gen-
erated a report in 2005 summarizing the literature and provided
practice guidelines as well as identified gaps in knowledge [58].
Most pregnancies (greater than 90%) that proceed beyond the first
trimester succeed; however, there are maternal and fetal compli-
cations due to immunosuppressant effects, preexisting hyperten-
sion, and renal dysfunction. These include maternal complications
of steroid therapy, such as impaired glucose tolerance, hyperten-
sion (47–73%), preeclampsia (30%), and increased infection. Fe-

tal complications include a higher incidence of premature delivery
and intrauterine growth restriction with lower birth weight. Best
practice guidelines have outlined criteria for considering preg-
nancy in kidney transplant recipients [58–60], and it is suggested
that those contemplating pregnancy should meet the following
criteria:
1) Good health and stable renal function for 1–2 years after trans-
plantation with no recent acute or ongoing rejection or infections
2) Absent or minimal proteinuria (<0.5 g/day)
3) Normal blood pressure or easily managed hypertension
4) No evidence of pelvicalcyceal distention on ultrasonography
prior to conception
5) Serum creatinine less than 1.5 mg/dL (133 �mol/L)
6) Drug therapy of prednisone at 15 mg/day or less, azathioprine
at 2 mg/kg or less, cyclosporine at >5 mg/kg/day.
Management of all pregnant transplant patients should be by a
high-risk obstetrician, due to risk of intrauterine growth restric-
tion and preeclampsia. Future studies are required to address op-
timal immunosuppression in pregnancy. Although cyclosporine
levels tend to decrease during pregnancy, there is no information
regarding whether the drug dosage should be increased. Expe-
rience with tacrolimus is increasing, but it has not been used as
widely in pregnancy as cyclosporine, although growing experience
suggests that is safe, with a similar side effect profile to cyclosporine.
Considerations regarding hypertension and growth restriction are
important; there is no established blood pressure target, although
140/90 mmHg is suggested by the authors, and antihypertensives
should be switched to those safe in pregnancy. Pregnancy safety has
not been established for either mycophenolate mofetil or sirolimus
[61]. Mycophenolate mofetil has been reported to be embryotoxic
in animals and is associated with ear and other deformities in hu-
mans. This drug should be discontinued during pregnancy, and
women should be switched to azathioprine if indicated. Sirolimus
has caused delayed ossification in animal studies and although
successful live-born human outcomes have been reported, its use
is contraindicated in humans until more data are available. Fi-
nally, data from the National Transplantation Pregnancy Registry
and the European Dialysis and Transplant Association suggest that
pregnancy rarely negatively affects the graft, though there may be
minor increases in serum creatinine postpartum compared with
prepregnancy creatinine [59,61]. Rejection is difficult to diagnose
in pregnancy, and renal biopsy may be required; the consensus
opinion was that steroids are a safe treatment, as is intravenous
immunoglobulin, but the safety of antilymphocyte globulins or
rituximab in pregnancy is unknown [58].

Hypertensive disorders of pregnancy

A comprehensive discussion of hypertensive disorders of preg-
nancy is beyond the scope of this chapter, but preeclampsia will be
briefly discussed because renal manifestations are an important
feature. Although maternal death is a rare event in most West-
ern nations where access to prenatal care is adequate, hypertensive
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disorders are one of the leading causes of maternal death world-
wide, accounting for 15–20% of all maternal deaths in the develop-
ing as well as the developed world [62]. In the USA, approximately
8–10% of all pregnancies are complicated by hypertension, with
half of these cases attributable to the pregnancy-specific disor-
der preeclampsia. Hypertensive disorders in pregnancy are sig-
nificantly more common than kidney disease in pregnancy, and
because of the burden on both maternal as well as neonatal health,
there are many examples of well-controlled multicenter random-
ized controlled trials and meta-analyses that have addressed such
issues as prevention of preeclampsia, treatment and prevention of
eclamptic seizures, and to a lesser degree, use of antihypertensive
agents in pregnancy.

The classification scheme of hypertensive disorders in preg-
nancy is one that has been in use for many years in the USA and
has been endorsed by The National High Blood Pressure Education
Program and the American College of Obstetricians and Gynecol-
ogists. It includes four designations: chronic or preexisting hyper-
tension, preeclampsia/eclampsia, preeclampsia superimposed on
chronic hypertension, and gestational hypertension.

Screening tests for preeclampsia
Because most of the morbidity attributable to hypertension in
pregnancy is due to preeclampsia or superimposed preeclampsia,
considerable efforts have been made to evaluate various clinical,
hormonal, and biochemical tests to identify early in pregnancy
those at risk for the condition later in pregnancy or for those who
manifest early, “preclinical” signs of the disorder. Although there
are currently no effective preventive strategies for most women,
the argument has been made that early identification would lead to
closer surveillance and institution of certain lifestyle adjustments
(e.g. stopping work, increased rest). To date, no single test has been
shown to meet standard criteria for a useful screening test, and a
recent comprehensive review of the subject emphasized this point
[63].

Prevention of preeclampsia
Many strategies have been investigated in well-conducted clinical
trials (including thousands of women) on the use of antiplatelet
therapy, nutritional supplementation, and antioxidant vitamins
for the prevention of preeclampsia. These trials, and subsequent
meta-analyses, demonstrated a small benefit (10–15% reduction in
relative risk) for low-dose aspirin in the prevention of preeclampsia
and its clinically important adverse maternal and fetal outcomes
[64]. With respect to nutritional strategies, calcium supplementa-
tion appears to have some benefit in women ingesting a baseline
low-calcium diet [65], whereas to date, antioxidant supplemen-
tation with vitamins C and E has not shown benefit in two large
randomized controlled trials [66,67].

Antihypertensive therapy during pregnancy
There remain many unanswered questions regarding the appro-
priate use of antihypertensive treatments in pregnant women.
Neither the indications for antihypertensive therapy, the target

blood pressures after treatment is initiated, the optimal antihyper-
tensive agent, nor the role of lowered blood pressure in preventing
complications has been adequately assessed. The reader is referred
to recently published reviews of this subject [68].

Anticonvulsant therapy in women with eclampsia
There is strong evidence from randomized trials to support the use
of magnesium sulfate for prevention and treatment of eclampsia
[69]. This agent reduces the incidence of eclampsia in women with
preeclampsia and lowers the risk of maternal death in women with
eclampsia. It is superior to other agents, such as phenytoin and
diazepam.

Conclusions

Kidney disease in pregnancy poses considerable risk to maternal
as well as fetal health. Based on case series published over the
last several decades, pregnancy outcome appears directly related
to the level of baseline renal function and degree of hypertension.
Because the kidney disorders discussed in this chapter are relatively
uncommon, multicenter efforts are needed to better identify risks
and determine optimal therapeutic strategies.
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Introduction

Progression of kidney disease refers to irreversible loss of glomeru-
lar filtration rate (GFR) due to structural damage to the kidney.
Progression to end-stage renal disease (ESRD) usually involves
two mechanisms: those of the primary kidney disease, and those
of “natural progression.” The latter refers to a vicious cycle in
which GFR loss begets more GFR loss. The vicious cycle is in-
duced by the systemic hypertension, glomerular hyperperfusion,
proteinuria, and systemic metabolic dysfunctions set in motion by
nephron loss [1]. Details of the mechanisms of natural progres-
sion are discussed in chapter 3. This chapter focuses on therapies
to slow natural progression [1–3], which should be used along
with the therapies to treat the primary kidney disease. The goal is
to preserve enough nephron function to avoid the vicious cycle of
natural progression.

GFR loss and risk of natural progression

The threshold for natural progression attributable to GFR loss ap-
pears to be crossed when loss of nephron function exceeds 50%.
For example, unilateral nephrectomy, as with living kidney donors,
does not usually lead to natural progression [4]. However, partial
nephrectomy of a solitary kidney does lead to natural progression
[5]. A normal solitary kidney can be vulnerable to natural progres-
sion if it is congenital or acquired early in life [6] or if it is accompa-
nied by hypertension, obesity, hyperlipidemia, or hyperglycemia
[2–4,7]. A patient with a 50% loss of nephron function may also be
vulnerable to natural progression if the nephron loss is the result
of hypertension, as observed in black people [8] or as the result of
glomerulonephritis (GN) [9]. The latter is suggested by scenarios
in which the clinical manifestations of biopsy-proven severe acute

GN resolve, based on return of serum creatinine and proteinuria
to near normal levels. Over the ensuing years, however, protein-
uria increases, hypertension develops, and serum creatinine begins
to rise. A repeat kidney biopsy shows complete resolution of the
inflammatory GN, but it is replaced by a segmental sclerosing
glomerulopathy [9]. This is now recognized as secondary focal
and segmental glomerulosclerosis attributed to natural progres-
sion [10] (see chapter 13). These observations suggest that a 50%
GFR loss in which the surviving glomeruli show diffuse segmental
damage (e.g. resolved GN) carries a higher risk of natural progres-
sion than a 50% GFR loss in which the surviving nephrons are
normal (e.g. unilateral nephrectomy in a live donor).

Proteinuria magnitude and risk of natural
progression

In most chronic kidney diseases (CKDs), proteinuria magnitude is
the single strongest risk factor for progression [2,3,11]. The thresh-
old for natural progression attributable to proteinuria appears to
be crossed when proteinuria exceeds 500 mg/day [12]. Nonselec-
tive proteinuria (large amounts of protein with molecular weights
exceeding that of albumin) is mainly responsible for the natural
progression attributed to proteinuria [2]. Indeed, highly selective
proteinuria (when urine protein is almost entirely albumin) can
persist in the nephrotic range for more than 10 years without caus-
ing structural damage to the kidney [13].

Monitoring kidney disease progression

Progression represents irreversible kidney damage. Generally it is
not feasible to monitor the damage itself [14]. Instead, surrogate
measures, especially changes in proteinuria and GFR, are used. In
most CKD patients the first evidence of natural progression is a
progressive increase in proteinuria. Only later does evidence of de-
clining GFR appear [9]. Important exceptions are the nephropathy
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of type 2 diabetes mellitus [15] and hypertensive nephrosclerosis in
African Americans [16]. Under these conditions serum creatinine
can increase to 2.0 mg/dL with only minimal proteinuria.

Monitoring proteinuria trends
Accurate monitoring of a patient’s proteinuria trends is critically
important to CKD management, because proteinuria magnitude
predicts progression and therapy that reduces proteinuria slows
progression [2,3,11]. The reason for these associations is that pro-
teinuria is likely nephrotoxic, probably through multiple mecha-
nisms [2]. The MDRD study and the REIN trial showed that for
each 1.0-g/day reduction in proteinuria achieved by 4–6 months of
therapy, subsequent GFR decline was slowed by 1–2 mL/min/year
[2]. GFR loss in CKD usually occurs at about 4–10 mL/min/year
[2,3]. Thus, each therapy-induced 1.0-g/day proteinuria reduction
should substantially prolong time to onset of ESRD (Figure 30.1).

The recommended method for assessing proteinuria trends is
from the urine protein/creatinine (P/C) ratio of intended 24-h
urine collections [2,17]. The National Kidney Foundation’s Kid-
ney Disease Outcomes Quality Initiative (K/DOQI) guidelines rec-
ommend the spot urine P/C ratio to monitor proteinuria trends
[18]; however, the spot urine P/C ratio is reliable only for detect-
ing large changes in 24-h proteinuria. For moderate proteinuria
changes (e.g. 0.5–3.0 g/day) a more reliable measure is the P/C ratio
of intended 24-h urine collections that are 50% or more complete
based on creatinine content [19].

Once it is established that the proteinuria is glomerular in origin
(i.e. most of the protein is albumin), it is acceptable to monitor
proteinuria trends by measuring urine total protein rather than
urine albumin. The two measures are highly correlated, and mea-
suring urine total protein is less expensive than measuring urine
albumin [20].

Monitoring GFR trends
In individual patients, it is usually sufficient to monitor GFR trends
by measuring serum creatinine serially. However, if the serum cre-
atinine level changes, one must keep in mind the conditions that
can increase serum creatinine by increasing creatinine produc-
tion (eating cooked meat, creatine ingestion, increased exercise,
or increased muscle mass) or can decrease creatinine production
(vegetarian diet, muscle wasting, or decreased exercise) [2]. If a
chronic change in creatinine production is occurring (e.g. muscle
wasting), GFR trends can be monitored by measuring serial 24-h
urine creatinine clearance, which is not affected by changes in crea-
tinine production. If creatinine clearance is used, an accurate 24-h
collection is essential [2].

The MDRD-4 equation is now widely used to monitor GFR
trends in individual patients. Its strengths are its simplicity (the
required variables are age, sex, race, and serum creatinine), accu-
racy in many CKD patients, and the ability to take into account
the influence of age. The latter is important in assessing a patient’s
GFR trend over 10 years or more [21]. MDRD-4 shortcomings in-
clude inaccuracy in K/DOQI CKD stages 1 and 2, which includes
the majority of CKD patients [18]. As discussed above, in these
patients, trends in GFR can be inferred from serial measurement of
serum creatinine, ideally expressed to the second decimal point (in
milligrams per deciliter) or the nearest whole number (in micro-
moles per liter). MDRD-4 is also inaccurate in those with high-
normal creatinine production (GFR is underestimated) or low-
normal creatinine production (GFR is overestimated) [22]. The
Cockroft-Gault equation takes into account body weight and its
effect on creatinine clearance. However, in general, the Cockroft-
Gault and MDRD-4 equations provide similar estimates of GFR,
especially in the mid-range of estimated GFR values [21]. Never-
theless, MDRD-4 is easier for clinical laboratories to implement
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Figure 30.1 Average rate of GFR decline due to aging (top curve) in comparison to hypothetical patients each with onset of a progressive kidney disease at age 25 years but
with different rates of GFR decline superimposed on the GFR decline of aging (left panel, men; right panel, women). Note that small differences in the GFR decline rate can
result in large differences in time to onset of ESRD. The top curves are adapted from Stevens [21] with permission.
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because its calculation does not require body weight. The role of
cystatin C in monitoring GFR trends remains to be established
[23,24].

Therapy of natural progression

Because of the gravity of ESRD and the benefit of even small de-
creases in CKD progression rate (Figure 30.1), a strong argument
can be made for the general use of an aggressive, multiple risk factor
intervention involving both the therapies that are of proven benefit
and those that are of plausible benefit but considered prudent to
use [1–3]. However, we do not recommend an aggressive approach
in those with kidney conditions with low ESRD risk. These patients
include those with steroid-responsive minimal change disease, a
solitary kidney that is normal, was acquired in adulthood, and not
accompanied by other CKD risk factors, hereditary nephritis, or
thin glomerular basement membrane disease in a normotensive
adult whose only renal manifestation is microscopic hematuria
or in an elderly patient with idiopathic and moderately elevated
serum creatinine (1.30–2.00 mg/dL) and minor proteinuria (24-h
urine P/C ratio of <1.0) and whose renal parameters have been
stable for at least 1 year. The latter group is much more likely to die
of cardiovascular disease (CVD) than progress to ESRD [25,26].

Described next are the recommended therapies, listed according
to level of recommendation. A level 1 (highest) recommendation
is based on one or more large randomized clinical trials (RCTs)
that have documented effects on GFR decline. Level 2 recommen-
dations are based on secondary analyses of the level 1 RCTs, or on
RCTs that have documented effects on proteinuria but not GFR de-
cline, or that appear to be of high quality but may not be definitive
because therapy involved a relatively small number of patients.

The goals of progression therapy are 1) to reduce proteinuria
as much as possible, ideally to <500 mg/day, which appears to
approach the maximum benefit of proteinuria reduction [12], and
2) to slow GFR decline as much as possible, ideally to about 1
ml/min/year, which is the rate of GFR decline attributable to aging
[21] (Figure 30.1).

Level 1 recommendations to slow natural progression
Recommendation 1: Control blood pressure
The “low BP goal” is recommended [2,3,18,27–29]. Based on the
relevant RCTs, we suggest a sitting systolic blood pressure (BP)
in the 120s or less, if tolerated [2,3]. The qualification “or less,
if tolerated” is based on the evidence that “optimal” BP (systolic
BP of <120 mmHg) is associated with significantly lower CVD
risk than “normal” BP (systolic BP of 120–129 mmHg) [30], and
there is no convincing evidence that systolic BP of <120 mmHg
is harmful to CKD function [12,29]. Sitting is the recommended
position for measuring BP, because it is the position that was used
in the relevant RCTs. Systolic BP is the recommended goal be-
cause in the relevant RCTs, achieved systolic BP strongly corre-
lated with GFR decline but achieved diastolic BP did not [2,31].
Specifying a goal with both a systolic and diastolic BP component

is not recommended. It can be confusing to the physician and the
patient and can lead to overtreatment [32]. For example, under
current guidelines [18], a CKD patient with BP of 108/86 mmHg
would require more antihypertensive therapy. However, the “op-
timal” systolic BP likely places the patient at low CV and renal
risk, and the modestly increased diastolic BP (isolated diastolic
hypertension) likely represents an artifact, particularly in white
hypertensive patients [32].

The greater the proteinuria the greater the benefit of the low BP
goal in slowing GFR decline [2,3]. In addition, in CKD patients
with low-level proteinuria, the low BP goal slows the progression
of proteinuria from low levels to high levels more than the usual
BP goal (135/85 mmHg) and likely reduces CVD risk more than
the usual BP goal [2,3]. Thus, the low BP goal can also be rec-
ommended in those with low-level proteinuria, even though the
current guidelines do not recommend that [18,27].

Home BP monitoring is recommended to assess whether the
patient is achieving the BP goal [33]. Treating nocturnal hyper-
tension, assessed by ambulatory BP monitoring, may also provide
benefit [34]. An evidence-based and experienced-based algorithm
for BP control is shown in Figure 30.2. The low BP goal should
be achieved early in the course of CKD. Delay in achieving the
low BP goal increases the risk for progression to ESRD [28]. If
the systolic BP is 20 mmHg or more above goal, generally two or
more antihypertensive agents will be needed to bring the blood
pressure to goal [18].

Recommendation 2: ACE inhibitor
The drug class of angiotensin converting enzyme inhibitors (ACEi)
is recommended as first-line therapy in all CKD patients [1,2]. It
has been suggested, however, that a diuretic should be first-line
therapy for CKD in those with low-level proteinuria [18,35]. This
recommendation is based on the ALLHAT study [35]. However,
ALLHAT’s protocol did not use ACEi optimally (with diuretic,
if needed). As a consequence ALLHAT’s design may have biased
the outcome in favor of diuretics, particularly at the expense of
ACEi [36]. Also, a diuretic as monotherapy may induce metabolic
dysfunctions that include hypokalemia, hyperglycemia, hyper-
uricemia, and stimulation of the renin–angiotensin–aldosterone
system [2,3,36]. However, if the diuretic is used along with an ACEi
(or angiotensin II receptor blocker [ARB]), most of the metabolic
dysfunctions that have been associated with diuretic use in obser-
vational studies and which are felt to increase CVD risk appear to
be largely mitigated [36,37].

Although both ACEi and ARB are kidney protective [2], ACEi
is the first choice because it is not clear if ARB are cardioprotec-
tive to the level of ACEi [2,38–41]. ACEi should be used even if
the patient is not clinically hypertensive [2,12]. Measures that may
increase ACEi kidney protection include a low-salt and reduced-
protein diet [2], diuretic therapy [2,42], the low BP goal [2,3],
and statin therapy [2]. ACEi are antiproteinuric even in inflam-
matory glomerulonephritis [2]. ACEi should be continued even
though GFR declines to stage 4 CKD (15–29 mL/min/1.73 m2)
[43]. To prevent hyperkalemia, dietary potassium restriction and
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Begin low-dose ACEI, even if BP is at goal.

Low dose is the pharmaceutical company’s recommended starting dose. Use 

angiotensin receptor blocker (ARB ) if ACEI intolerant.

If BP not at goal after 2–4 weeks  

Titrate ACEI dose upward.

Begin at moderate dose (2 to 4 times the recommended starting dose). If BP not at 

goal, increase to maximum recommended dose if tolerated.   

If BP not at goal after 2–4 weeks  

Add diuretic therapy b

If not at goal after 2–4 weeks 

Add ARB  therapy.

Begin at recommended starting dose. If BP not at goal, titrate to maximum 

recommended dose.    

If BP not at goal after 2–4 weeks  

Reassess the following: 

- BP measuring technique and equipment 

- Medication adherence 

- Diet adherence: measure 24-hr urine Na (or Cl if taking sodium bicarbonate)

If assessment does not lead to achieving the BP goal, go to Algorithm 2 or consider adding 

an aldosterone antagonist, particularly if the serum potassium is normal and the plasma 

aldosterone level has not been suppressed to the lower limits of normal. 

a  Assumes nonpharmacologic therapy to control BP is in place (see text) and that the patient does not have renovascular hypertension,

congestive heart failure, ischemic heart disease, or hypertensive urgency. The above approach focuses on BP control in proteinuric

nephropathies, but is also appropriate for nephrosclerosis, polycystic kidney disease, and interstitial nephropathies. 

b The suggestion to add diuretic before ARB is arbitrary but can be justified by the evidence that diuretic increases the antihypertensive

effect of angiotensin-converting-enzyme inhibitor (ACE inhibitor), is often needed in chronic kidney disease (CKD) to control fluid retention,

 is inexpensive, and may increase the renoprotective effects of ACE inhibitor, angiotensin receptor blocker (ARB), or the combination [57].

 Emphasize salt restriction in autosomal dominant polycystic kidney disease (ADPKD) rather than diuretic therapy, which may promote cyst

growth [3]. Details of diuretic therapy are discussed previously [3].  

Algorithm 1. Initial antihypertensive therapya

Figure 30.2 Antihypertensive regimens in CKD

314



BLBK043-Molony September 22, 2008 18:49

Chapter 30 Progression of Kidney Disease

Algorithm 2.  Recommended therapy if Algorithm 1 fails to control BP. 

Suggested regimen, in order of preference: 

1.  ACEI + ARB + diuretic + beta blocker 

2.  ACEI + ARB + diuretic + nondihydropyridine calcium channel blocker (NDH-CCB)a

3.  ACEI + ARB + diuretic + clonidineb

4.  ACEI + ARB + diuretic + alpha−1 blocker 

Note: If serum potassium is normal, consider adding an aldosterone antagonist, 

particularly if the plasma aldosterone level has not been suppressed to the lower limits of 

normal by the current therapy. 

If BP not at goal after 2–4 weeks 

Reassess the following: 

-  BP measuring technique and equipment 

-  Medication adherence 

-  Diet adherence: measure 24-hr urine Na (or Cl if taking sodium bicarbonate) 

If assessment does not lead to achieving BP goal 

24-hour Ambulatory Blood Pressure Monitoring; if sustained hypertension documented 

then investigate for secondary cause of hypertension, particularly renal artery stenosis and 

primary hyperaldosteronism. 

Intensify therapy, usually starting with an increase in diuretic dose 

Suggested regimen, in order of preference: 

1.  ACEI + ARB + diuretic + NDH-CCB + DH-CCB 

2.  ACEI + ARB + diuretic + beta blocker + DH-CCB 

3.  ACEI + ARB + diuretic + beta blocker + minoxidil 

4.  ACEI + ARB + diuretic + beta blocker + alpha−1blocker 

5.  ACEI + ARB + diuretic + beta blocker + clonidinec

a
Diltiazem and verapamil sustained release preparations are recommended. 

b
Clonidine recommended for individuals receiving insulin, because it does not importantly affect glucoregulation, and 

  for those who have difficulty with beta blocker (eg., bronchospasm, cardiac conduction).  

cBeta blocker/clonidine combination is usually well tolerated, but may cause bradycardia.   

If BP remains above goal

If BP not at goal after 2–4 weeks

Figure 30.2 (Continued,)
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the concomitant use of furosemide and sodium bicarbonate may
be indicated [44].

The benefits of ACEi appear to be shared by all ACEi [2,45]. The
longer-acting ACEi are preferred over captopril [38,44]. Advanc-
ing the ACEi dose to tolerance increases its antiproteinuric effect
[2] and decreases the likelihood of aldosterone escape (increas-
ing plasma aldosterone levels during stable ACEi therapy), which
could in turn diminish the ACEi renoprotection [46].

A recent meta-analysis suggested that ACEi may not have
kidney-protective effects apart from BP control [47]. However,
that analysis included the ALLHAT study, which did not use ACEi
optimally, and 126 other RCTs of varying sizes, many of which
may not have had the same methodologic rigor of the large RCTs
discussed above. Also, a recent retrospective analysis of ACEi use
in diabetic patients suggested more rapid progression in those re-
ceiving ACEi than those not receiving ACEi [48]. However, that
study lacked BP measures and contradicted the long-term results
of trials of diabetic nephropathy [49,50].

Recommendation 3: ARB therapy
ARB are kidney protective in the nephropathy of type 2 diabetes
and likely in other nephropathies as well [2]. ARB are recom-
mended as first-line therapy in those who are ACEi intolerant
(with cough, angioedema, or allergy). In CKD, ARB may raise
serum potassium less than ACEi [2], perhaps because in usual
doses ARB do not suppress aldosterone as much as ACEi [51]. The
highest tolerated ARB dose is recommended because it is the most
antiproteinuric [52,53] and more likely to result in regression of
left ventricular hypertrophy [54] than usual ARB doses. ARB may
be especially effective in those who are homozygous for deletion
of the ACE gene (DD genotype) [55].

Recommendation 4: Combination ACEi and ARB
The combination of the ACEi and ARB classes of medications
is more antiproteinuric [56] and slows progression better than
either drug alone [57]. Combination therapy generally improves
BP control [58,59], although the effect may not be large [58].
Combination ACEi and ARB is recommended as the next step if
the CKD patient fails to achieve the BP and proteinuria goals after
2 months of ACEi-plus-diuretic therapy (Figure 30.2). Diuretic
therapy may increase the renoprotective effects of combination
ACEi and ARB therapy [57].

An alternative to adding an ARB to ACEi-plus-diuretic therapy
is the addition of a nondihydropyridine calcium channel blocker
(NDHCCB; verapamil or cardiazem) [60–62].

Recommendation 5: Avoid dihydropyridine calcium blockers
unless needed for BP control
Generally, the dihydropyridine CCB (DHCCB) amlodipine low-
ers BP better than an ACEi or a beta blocker; however, in those
with hypertensive nephrosclerosis, it can lead to accelerated GFR
decline and an increased risk of the composite end point of dou-
bling of serum creatinine, ESRD, or death [2]. There are other lines
of evidence that DHCCB are not kidney protective [2]. However,

the clearest evidence has come from the recent REIN-2 trial [31],
in which nondiabetic proteinuric renal disease patients receiving
ramipril were randomized to the usual or the low BP goal. DHCCB
(felodipine) was used to achieve the low BP goal. Despite achieving
the low BP goal, the DHCCB group did not experience slower GFR
decline or proteinuria reduction compared to those maintained
at the usual BP goal. This suggests that the DHCCB group had
sustained glomerular hypertension, despite concomitant ramipril
therapy and despite achieving the low BP goal [44,60,61]. It is likely
the DHCCB provided cardiovascular protection because it lowered
systemic BP. Its addition to ramipril did not, however, provide ad-
ditional kidney protection (proteinuria reduction or slowed GFR
decline) beyond that achieved with the baseline dose of ramipril
in this study. For alternatives to DHCCB that should provide sys-
temic BP control and kidney protection, see recommended ther-
apies 2–4, 7–12, and 15 in the context of the algorithm shown in
Figure 30.2. Further insight into the kidney-protective effects of the
combination ACEi plus DHCCB should be forthcoming from the
Avoiding Cardiovascular Events through Combination Therapy
in Patients Living with Systolic Hypertension (ACCOMPLISH)
trial [63].

Recommendation 6: Control protein intake
Reducing dietary protein intake from the usual level (about 1–
1.5 g/kg of ideal body weight/day) to about 0.7 g/kg ideal body
weight/day (low-protein diet) slows GFR decline in those with
proteinuria of >1 g/day [2]. A further benefit of the lower protein
intake is that it slows proteinuria progression in CKD, even in those
who at baseline have low-level proteinuria (e.g. <250 mg/day) [2].
Soy proteins may be less proteinuric than animal proteins [2,64].
Dietary protein intake should be monitored periodically, for ex-
ample, every 4–6 months, by urine urea excretion in 24-h urine
collections [2,17]. Monitoring urine protein intake is particularly
important in those who are not achieving their proteinuria goal.
CKD patients who are men or who have glomerular disease may
particularly benefit from the low-protein diet [65].

Level 2 recommendations to slow natural progression
Recommendation 7: Restrict NaCl intake, diuretic therapy
A high salt intake (e.g. 200 mmol NaCl/day; 4.6 g sodium) can
completely override the antiproteinuria effects of ACEi, ARB, or
NDHCCB therapy [2,66]. The recommended NaCl intake in CKD
(assuming that renal salt wasting is not present) is about 80–120
mmol/day (2 to 3 g Na). The NaCl intake of the average North
American adult is about 170 mmol/day (3.9 g Na). Salt intake
should be monitored periodically (e.g. every 4–6 months) by 24-
h urine collection [2,17]. The monitoring of 24-h urine sodium
content is particularly important in those not achieving the BP
or proteinuria goal. In patients receiving NaHCO3 therapy, urine
chloride rather than sodium should be monitored. Concomitant
KCl therapy needs to be taken into account in assessing NaCl in-
take in such patients [2]. Diuretic therapy improves BP control and
proteinuria reduction in those receiving ACEi or ARB [2,42,57].
Nevertheless, the ideal treatment may be to avoid use of a diuretic,
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if possible, because of multiple metabolic dysfunctions [41]. These
metabolic dysfunctions, however, may be mitigated by concomi-
tant ACEi–ARB therapy. Note that 40% of the AASK and 60% of
the MDRD patients did not receive a diuretic, and they generally
achieved their BP goals [2].

Recommendation 8: Control fluid intake
A retrospective analysis of MDRD Study A showed that urine vol-
umes exceeding 2 L/day were associated with faster GFR decline,
especially in polycystic kidney disease patients [67]. The patients
with the higher urine volumes showed higher BP, lower serum
sodium, and frankly hypotonic urine, suggesting that they were
“pushing fluids.” It is not uncommon that CKD patients are ad-
vised to increase fluid intake [68]. However, in patients with CKD
there is no evidence of benefit, and it may cause harm based on
data from both the MDRD [67] and AASK [69] studies.

Recommendation 9: NDHCCB therapy
The class of NDHCCB drugs, which includes diltiazem and
verapamil, is antiproteinuric and may be renoprotective [2,60–
63]. NDHCCB used together with a DHCCB is a potent anti-
hypertensive combination when used along with other antihy-
pertensive therapies. It can be recommended in CKD patients
with poorly controlled hypertension that is resistant to the usual
measures [2].

Recommendation 10: Control each component of
metabolic syndrome
The metabolic syndrome is defined as any three of the following
conditions [70,71]:
1 BP of ≥135/85 mmHg or BP requiring therapy for hypertension
2 Fasting blood glucose of >110 mg/dL, or treatment for hyper-
glycemia
3 Serum high-density lipoprotein cholesterol of <40 mg/dL for
men or <50 mg/dL for women
4 Serum triglycerides of ≥150 mg/dL or drug therapy needed to
control hypertriglyceridemia
5 Waist circumference of >40 in. (102 cm) in men or above 35 in.
(88 cm) in women.

Each component of the metabolic syndrome has been found
to be a risk factor for CKD progression. Also, the prevalence of
microalbuminuria and CKD increases proportionately with the
number of components of the metabolic syndrome that are present
in a given patient [71].

Obesity increases the risk of CKD and is associated with
glomerulomegaly, focal and segmental glomerulosclerosis, and
proteinuria, which can be progressive [2]. Reducing even mod-
erate obesity can reduce proteinuria [2]. In a randomized trial in
moderately obese CKD patients (mean body mass index, 32; mean
proteinuria, 2.8 g/day) a 4% decrease in body weight over 5 months
reduced proteinuria by 31% [2].

With regard to statins, there have been numerous trials showing
that statins have antiproteinuric effects and appear to be kidney
protective. However, it is widely believed that the definitive trial has

not been done [72]. This is discussed in greater detail in chapter 32.
However, in progress is the SHARP trial, in which CKD patients are
being randomized to placebo or combined simvastatin–ezetimibe
therapy [72].

With respect to kidney protection by fibrates, gemfibrozil does
not appear to slow progression of CKD [73]. However, fenofi-
brate has an antiproteinuric effect in diabetic humans and animal
models [74]. This drug, however, causes an increase in serum cre-
atinine in CKD patients. The mechanism is unclear. It has been
suggested that fenofibrate is nephrotoxic or that it increases crea-
tinine production. However, our recent analysis of 13 fenofibrate-
treated patients followed for up to 5 years did not find evidence
for either of those mechanisms. Indeed, although serum creati-
nine increased acutely during follow-up, when the fenofibrate was
discontinued, the serum creatinine returned to or below baseline,
which is remarkable because each patient previously showed evi-
dence of progression [75].

Some authors advise against the routine use of lipid-lowering
therapy in CKD because of lack of proof of a kidney-protective
effect [72]. We suggest, however, that given the clear evidence that
CKD itself is a CVD risk factor and that there is substantial evidence
that statins are antiproteinuric and kidney protective by means of
their lipid-lowering effect or anti-inflammatory, antithrombotic,
“pleiotropic” effects [76–78], a strong argument can be made for
the routine use of lipid-lowering therapy in CKD with a goal
of reducing low-density lipoprotein cholesterol to <100 mg/dL
and raising high-density lipoprotein cholesterol as much as feasi-
ble [2,3]. With regard to statin dose, in general, high-dose statin
therapy shows better cardiovascular protection than low-dose
therapy (typical starting dose of statins) [79] and generally is as
well-tolerated as the low doses [80]. A complete discussion of this
topic is found in chapter 32.

Recommendation 11: Aldosterone antagonists
Spironolactone and the more selective aldosterone antagonist
eplerenone have substantial antihypertensive [81], cardioprotec-
tive [2], and antiproteinuric effects even when administered in
low doses and in the presence of ACEi therapy [46,82]. The mech-
anism is not clear. However, it could involve effects of aldosterone
blockade on the endothelium and the profibrotic effects of aldos-
terone [46]. If these drugs are used in combination with an ACEi
or ARB, careful monitoring to avoid hyperkalemia is in order.
Spironolactone may increase the risk of upper gastrointestinal
bleeding [83].

Recommendation 12: Beta blocker therapy
The AASK study showed that beta blocker therapy is more an-
tiproteinuric and slows GFR decline better than amlodipine [2].
However, beta blockers increase the likelihood of diabetes and, as
monotherapy or combined with a diuretic, increase the mortality
rate of hypertension management compared to ACEi plus a di-
uretic [84]. Thus, beta blockers should be avoided in CKD unless
required to manage heart disease [85]. Carvedilol, however, may
be better tolerated [86].
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Recommendation 13: Smoking cessation
There is strong epidemiologic evidence that cigarette smoking pro-
motes progression of all forms of kidney disease and that this ef-
fect may be of greater magnitude in African Americans [2]. Also,
cigarette smoking combined with obesity increases CVD mortality
by 6- to 11-fold [87].

Recommendation 14: Correct severe anemia
Correction of anemia by erythropoietin-stimulating agents (ESAs)
has the potential to slow progression of CKD by multiple
mechanisms, including mitigation of renal hypoxia and in-
creasing the antioxidant activity of blood [88]. Erythropoietin
can prevent apoptosis of cells by altering cell signaling path-
ways [89]. Additionally, erythropoietin inhibits proinflamma-
tory cytokines and has a protective effect on endothelial cells
[90,91].

Low hematocrit has been shown to be an independent pre-
dictor of progression of nephropathy in type 1 diabetes melli-
tus [92], type 2 diabetes mellitus [93], and nondiabetic renal
disease [94–96]. Lower hematocrit is linked, in a linear fashion,
to development of ESRD [97–99]. ESA treatment of CKD ane-
mia in observational studies is associated with slowing of GFR
decline, especially in nondiabetic CKD patients [100–104]. In
a small RCT involving ESA treatment of anemic nondiabetic
CKD patients, the ESA showed a 60% reduction in death or
the need for renal replacement in patients in the early treatment
arm [105].

Recently, the Correction of Hemoglobin and Outcomes in
Renal Insufficiency (CHOIR) study, which used erythropoietin
alpha therapy in 1432 CKD patients randomized to either a
high hemoglobin goal (13.5 g/dL) or a low hemoglobin goal
(11.3 g/dL) was stopped prematurely because of increased CV
events in the patients assigned to the high hemoglobin goal group.
The Cardiovascular Reduction Early Anemia Treatment with Epo-
etin Beta (CREATE) study randomized 603 anemic CKD patients
in an open-label fashion to receive epoetin beta to achieve target
hemoglobin levels of 13–15 or 10.5–11.5 g/dL. During the 3-year
follow-up, the primary end point of a composite of eight CV events
was not significantly different between the two groups. The esti-
mated GFR decline was similar, although dialysis was required in
more patients in the high hemoglobin target group. Still ongoing
in Europe and North America is the Trial to Reduce Cardiovascular
Events with Aranesp Therapy (TREAT) study. This double-blind,
randomized, placebo-controlled study has enrolled 4000 diabetic
patients with nephropathy to assess the effect of anemia correction
on CV and renal outcomes.

Until the results of the TREAT study become fully avail-
able, treatment of anemia in CKD can be recommended if the
hemoglobin level is <9.0 g/dL, because of the documented im-
provement in quality of life. The recent update of the K/DOQI ane-
mia recommendations suggests a target hemoglobin of 11–12 g/dL
that should not exceed 13 g/dL [106]. A more complete discussion
of this topic is found in chapter 31.

Recommendation 15: Control elevated uric acid levels
In a placebo-controlled, randomized trial, allopurinol therapy re-
sulted in a 40% lesser increase in serum creatinine over 1 year of
follow-up and improved BP control (∼13-mmHg-lower systolic
BP) [107]. The mechanisms may involve inhibition of uric acid
effects that induce arteriopathy, which may induce CV and kidney
disease [108].

Recommendation 16: Renin inhibition
Aleskiren, a direct renin inhibitor, is antiproteinuric, appears to
be kidney protective alone or in combination with ARB, and is
well-tolerated [109,110]. Its role in kidney protection remains to
be established.

Other measures to consider to slow CKD progression
It should be noted that the strength of the evidence for the ap-
plication of the following for slowing progression of CKD is not
as strong as data for BP control, proteinuria control, and renin–
angiotensin–aldosterone system blockade.� Avoid multiple daily doses of acetaminophen, particularly in
women, because of the evidence that it is significantly associated
with rising serum creatinine during prolonged follow-up [111]� Avoid nonsteroidal anti-inflammatory drugs altogether, or at
most take them no more than once or twice weekly, because of
their known nephrotoxicity [2]; daily low-dose (baby) aspirin,
however, appears to provide net benefit in CKD [112]� Avoid herbal therapy unless the safety of the herb has been
proved; many herbal products appear to be nephrotoxic [113]� Avoid prolonged severe hypokalemia because it can cause pro-
gressive renal interstitial fibrosis [2]� NaHCO3 to correct metabolic acidosis should be considered
because of its anticatabolic effects [2]. Also, the nephrotoxicity of
nonselective proteinuria appears to be strongly related to activa-
tion of the alternative complement pathway in the renal tubular
compartment [2,114]. NaHCO3 inhibits this process by raising
tubular fluid pH [2]� Control hyperphosphatemia and hyperparathyroidism; in ani-
mal models and in human studies, controlling hyperphosphatemia
slows CKD progression. Also, active 1,25-(OH)-vitamin D ther-
apy, which has effects on calcium, phosphorus, and parathyroid
hormone, was found to be potentially antiproteinuric (dipstick
protein) in CKD in one post hoc analysis of an RCT, and by this
mechanism it might be kidney protective [115].
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Introduction

Anemia is common in chronic kidney disease (CKD), and a dose-
dependent relationship exists between the severities of both condi-
tions. Recombinant technology has revolutionized the therapy of
anemia in CKD, and many controlled trials, primarily examining
hemoglobin targets and how to achieve these targets, have been
performed. For many other components of anemia management,
clinical precedent, opinion, and observational studies have been
the foundation for treatment.

Evaluation of anemia in CKD

Anemia is virtually the rule in late-stage CKD, irrespective of the
underlying primary disease process [1]. Although anemia is of-
ten multifactorial, erythropoietin deficiency and resistance are
thought to be major contributing factors, and most guidelines
are primarily based upon these beliefs. This being said, it is vital
that other potential causes be considered when treating anemia
in CKD. As the differential diagnosis of anemia can be extremely
wide, most guidelines take a pragmatic approach and clearly can-
not replace expert hematological opinion with regard to identify-
ing other contributing or exacerbating factors. Hints that anemia
is caused by conditions other than CKD include anemia severity
that is not commensurate with the level of kidney function, iron
deficiency, and the presence of leukopenia or thrombocytopenia.

Few clinical trials have been performed to test the effective-
ness of different anemia evaluation strategies in CKD populations.
Several national guidelines suggest that glomerular filtration rates
(GFRs) of less than 60 mL/min/1.73 m2 should stimulate a search
for anemia. It is likely that this opinion is based on experience
from referral populations, and the utility of this approach in other

settings is unknown. Typical guidelines for initial assessment of
anemia are as follows [2]:� Complete blood counts, including hemoglobin concentration,
mean corpuscular hemoglobin, mean corpuscular volume, mean
corpuscular hemoglobin concentration, white blood cell count
(and differential), and platelet count� Absolute reticulocyte count� Serum ferritin to assess iron stores� Serum transferrin saturation (or reticulocyte hemoglobin con-
tent or percent hypochromic red cells, where available) to gauge
the adequacy of iron available for erythropoiesis
Fluid retention and expansion of extracellular fluid volume are
typical features of advancing kidney disease, and hemodilution
can affect hemoglobin concentrations. Hence, in patients receiving
hemodialysis, interdialytic fluid shifts need to be considered when
evaluating hemoglobin levels. Several guidelines recommend that
hemoglobin levels be measured before dialysis, midweek, partly
reflecting the fact that virtually all the observational and trial data
are based on this parameter [2].

Serum ferritin is the main marker of storage iron in common
use. Several tests for assessing the adequacy of iron availability for
erythropoiesis are available, such as transferrin saturation, percent
hypochromic red blood cells, and reticulocyte hemoglobin con-
tent. In practice, only the first of these tests, iron availability, is in
routine clinical use.

Several definitions of anemia have been used in national
guidelines for CKD anemia management. For example, the US
National Kidney Foundation Disease Outcomes Quality Initia-
tive (K/DOQI) guidelines recommend a minimum frequency of
hemoglobin testing of once per year in all patients known to have
CKD, irrespective of disease severity [2].. Unfortunately, no con-
trolled studies are available to guide the optimum frequency for
anemia testing.

In the K/DOQI guidelines, anemia was defined as hemoglobin
values of <13.5 g/dL in adult men and 12.5 g/dL in women [2].
The relationship between hemoglobin and estimated GFR (eGFR)
was investigated in the National Health and Nutrition and Ex-
amination Survey III (NHANES III), a cross-sectional survey of
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nutritional and health status in 15,419 individuals approximately
randomly selected from the general US population [3,4]. This
survey showed that hemoglobin levels declined when GFR fell
below 75 mL/min/1.73 m2 in men and 45 mL/min/1.73 m2 in
women. As expected, the prevalence of anemia depended heavily
on the hemoglobin levels used to define it. For example, when
hemoglobin levels of less than 13 g/dL were used to define anemia,
a relationship with eGFR became apparent below 60 mL/min/1.73
m2 in men and 45 mL/min/1.73 m2 in women. For hemoglobin
levels less than 11, a relationship with GFR was not apparent until
eGFR values fall below 30 mL/min/1.73 m2, with no apparent gen-
der differences. It is likely that the prevalence of anemia is much
higher in populations referred for specialist nephrology care [5,6].
In addition, studies from referral populations suggest that patients
with diabetes mellitus develop anemia at higher eGFR levels and
sooner than otherwise expected [7–12].

The relationship between serum ferritin and hemoglobin levels
has also been studied in general population settings. In subjects
with CKD, abnormally low hemoglobin levels are not apparent un-
til ferritin levels fall below 25 ng/mL in men or 11 ng/mL in women,
closely paralleling findings in the general population without overt
kidney disease [13]. In patients on maintenance hemodialysis, the
association profile between ferritin and hemoglobin is less straight-
forward, in part because inflammation is so common (with high
ferritin levels acting as an acute phase reactant). In the latter group,
while low ferritin levels imply deficient iron stores, high levels do
not exclude this possibility. The association between transferrin
saturation and hemoglobin appears to be continuous and approx-
imately linear in nature [13]. In other words, no single threshold
value for transferrin saturation appears to discriminate anemic
from nonanemic hemoglobin values.

Hemoglobin targets in CKD

Hemoglobin target trials suffer from all the limitations of ran-
domized trial designs, including cost, use of selected populations,
and problems with generalizability of trial results to latter-day pa-
tients, because time must elapse before sufficient outcomes can be
accumulated to identify between-group differences. Hemoglobin
target trials also have limitations that are not present with typical
placebo-controlled trials in which the experimental intervention
is not defined by physiological variables, like hemoglobin. Most
hemoglobin target trials suffer from this unattractive design fea-
ture, in that they randomly assign subjects to hemoglobin targets
and not to treatments; in contrast, the anemia treatment is typically
not part of the experimental design. In these trials, therefore, one
is left in a situation where the main treatment is a co-intervention.
This leads to the unfortunate possibility that hemoglobin target tri-
als may not be completely comparable, because anemia treatment
becomes a variable that is outside the control of the experimen-
tal design. Although this may be unavoidable, it is unfortunate
because it becomes difficult to decide whether differences in out-

comes in different trials reflect differences in hemoglobin targets
or in the methods used to achieve these targets.

Another typical trial strategy involves studying patients with
declining hemoglobin levels; one group is randomly assigned to
receive anemia treatment to maintain current hemoglobin lev-
els (“now”), while hemoglobin levels are allowed to continue
to decline in the other group until they reach a predefined low
value which triggers salvage treatment (“later”). The later arm
differs in several ways from the early intervention arm, includ-
ing hemoglobin level at which treatment is instituted, severity of
kidney disease at which treatment is instituted, and era of time.
Critically, none of these variables is completely controlled by the
experimental process, so that the nature of the intervention, by
design, is allowed to vary from patient to patient.

In summary, although experimental designs appear to be the
best way forward, target hemoglobin trials may have unique limi-
tations not shared by other trials.

Many trials of hemoglobin targets, or erythropoiesis-
stimulating agent (ESA) dose, have included death, cardiovascular
events, left ventricular size, quality of life, and rates of loss of kid-
ney function as outcomes [14–38]. Table 31.1 summarizes major
findings from those studies with 100 or more subjects and at least
6 months of follow-up. When one examines these trials, a note-
worthy overall finding is the heterogeneous nature of hemoglobin
target effects, with the possible exception of quality of life, and even
that outcome is not entirely homogenous in direction. Another no-
table feature of Table 31.1 is that most of the larger recent trials
have compared intermediate to high targets, without an untreated
(or placebo or low hemoglobin) arm. Lack of no-treatment arms
naturally generates a degree of caution. For example, showing that
intermediate and high target hemoglobin levels have similar treat-
ment effects cannot refute the hypothesis that the effects of low
targets are intrinsically different from those of intermediate and
high targets. This situation is somewhat clearer for quality of life
assessments, because initial trials included untreated arms and an
earlier generation of trials showed superiority of treatment with
respect to quality of life [23].

Mortality and major cardiovascular events
Many of the studies reported to date have been underpowered to
detect differences in major outcomes like death and cardiovascular
events. The US Normal Hematocrit Study and the Correction of
Hemoglobin and Outcomes in Renal Insufficiency trial are the
most obvious exceptions [14,31]. The first of these studies exam-
ined hemodialysis patients with symptomatic cardiac disease. The
finding that patients assigned to the higher hemoglobin target of
14 g/dL had increased rates of the primary outcome (death or
nonfatal myocardial infarction) did not reach statistical signifi-
cance when the multiple interim analyses used in the trial were
considered. In the second of these trials, involving patients with
CKD not on dialysis, neither futility nor efficacy boundaries were
crossed at the time the study was terminated early. When all events
were subsequently examined, increased rates of the primary out-
come variable were observed with the higher hemoglobin target.

324



BLBK043-Molony September 12, 2008 14:1

Chapter 31 Treatment of Anemia in CKD

Ta
bl

e
31

.1
M

aj
or

fin
di

ng
s

fro
m

ra
nd

om
ize

d
tri

al
s

w
ith

at
le

as
t1

00
su

bj
ec

ts
an

d
6

m
on

th
s

of
fo

llo
w

-u
p,

re
po

rti
ng

on
de

at
h,

ca
rd

io
va

sc
ul

ar
ev

en
ts

,l
ef

tv
en

tri
cu

la
rs

ize
,q

ua
lit

y
of

lif
e,

or
ra

te
s

of
ch

an
ge

of
re

na
lf

un
ct

io
n.

St
ud

y
[r

ef
er

en
ce

],
Ta

rg
et

H
gb

(g
/d

L)
or

EP
O

M
aj

or
Co

m
pl

et
ed

A
ch

ie
ve

d
Q

oL
CK

D
ty

pe
,s

am
pl

e
si

ze
or

ES
A

do
se

an
d

tr
ea

tm
en

t
gr

ou
p

al
lo

ca
ti

on
en

tr
y

cr
it

er
io

n
Ba

se
H

gb
as pl

an
ne

d?
H

gb
(g

/d
L)

a
D

ea
th

CV ev
en

t
LV

H
/L

VD
U

RR
Kt

/V
Tr

an
sf

us
io

n
ov

er
al

l
fa

ti
gu

e
BP

BP m
ed

s
A

cc
es

s
lo

ss
Δ G

FR

Si
ng

h
20

06
[3

6]
,

N
D,

n
=

14
32

Hg
b

13
.5

vs
.1

1.
3,

op
en

la
be

l
10

.1
N

o
12

.6
vs

.
11

.3
↑↔ ?b,

c
↑↔

?c
↔ ↔

↑
↔

Be
sa

ra
b

19
98

[1
4]

,
HD

,n
=

12
33

Hg
b

14
.0

vs
.1

0.
0,

al
lo

ca
tio

n
co

nc
ea

le
d

CV
D

10
.2

N
o

13
.0

vs
.

10
.0

↔
d

↔
d

↓
↓

↔
↑

Dr
ue

ke
20

06
[3

6]
,

N
D,

n
=

60
3

Hg
b

13
.5

–1
5.

0
vs

.1
0.

5–
11

.5
,

op
en

la
be

l
CV

D
<

3
m

os
11

.6
N

o
13

.3
vs

.
11

.6
↔

e
↔

e
↔

↑ ↑
↔

↔
↔

f

Pa
rfr

ey
20

05
[1

7]
,

HD
,n

=
59

6
Hg

b
13

.5
–1

4.
5

vs
.9

.5
–1

1.
5,

al
lo

ca
tio

n
co

nc
ea

le
d

N
o

CV
D

N
o

LV
D

11
.0

Ye
s

13
.0

vs
.

10
.9

↔
CV

A
↑

↔
↓

↔ ↑
↔

↑
↔

Fu
ru

la
nd

20
03

[1
5]

,g
HD

,n
=

41
6

Hg
b

13
.5

–1
6.

0
vs

.9
.0

–1
2.

0,
op

en
la

be
l

N
o

CV
Dh

10
.9

Ye
s

14
.3

vs
.

10
.9

↔
↓

↑
↔

↔
↔

Ro
ss

er
t2

00
6

[3
7]

,
N

D,
n

=
39

0
Hg

b
13

.0
–1

5.
0

vs
.1

1–
12

,
op

en
la

be
l

An
em

ia
an

d
G

FR
de

cli
ne

<
0.

6
m

L/
m

in
/m

o.

11
.5

N
o

11
.7

vs
.

13
.9

↔
↔

↔

M
ac

do
ug

al
l2

00
6

[3
8]

N
D,

n
=

19
7

St
ar

tE
PO

al
fa

w
he

n
Hg

b
de

cli
ne

s
to

11
vs

.w
he

n
Hg

b
de

cli
ne

s
to

9;
op

en
la

be
l

10
.8

N
o

11
.0

vs
.

10
.5

↔
↔

↔

Ro
ge

r2
00

4
[2

0]
,

N
D,

n
=

15
5

Ea
rly

EP
O,

Hg
b

12
.0

–1
3.

0
vs

.
la

te
EP

O,
Hg

b
9.

0–
10

.0
;

al
lo

ca
tio

n
co

nc
ea

le
d

Hg
b

de
cli

ne
≥1

.0
g/

dL
,

1
yr

11
.2

Ye
s

12
.1

vs
.

10
.8

↔
↔ ↔

↔
↔

(c
on

tin
ue

d
)

325



BLBK043-Molony September 12, 2008 14:1

Part 5 Chronic Kidney Disease, Chronic Renal Failure

Ta
bl

e
31

.1
(C

on
t.)

St
ud

y
[r

ef
er

en
ce

],
Ta

rg
et

H
gb

(g
/d

L)
or

EP
O

M
aj

or
Co

m
pl

et
ed

A
ch

ie
ve

d
Q

oL
CK

D
ty

pe
,s

am
pl

e
si

ze
or

ES
A

do
se

an
d

tr
ea

tm
en

t
gr

ou
p

al
lo

ca
ti

on
en

tr
y

cr
it

er
io

n
Ba

se
H

gb
as pl

an
ne

d?
H

gb
(g

/d
L)

a
D

ea
th

CV ev
en

t
LV

H
/L

VD
U

RR
Kt

/V
Tr

an
sf

us
io

n
ov

er
al

l
fa

ti
gu

e
BP

BP m
ed

s
A

cc
es

s
lo

ss
Δ G

FR

Le
vi

n
20

05
[1

8]
,

N
D,

n
=

15
2

Ea
rly

EP
O,

Hg
b

12
.0

–1
4.

0
vs

.
la

te
EP

O
Hg

b
9.

0–
10

.5
;

al
lo

ca
tio

n
co

nc
ea

le
d

Hg
b

de
cli

ne
≥1

.0
g/

dL
,

1
yr

11
.8

N
o

12
.8

vs
.

11
.5

↔
↔

↔
↑

↔

N
iss

en
so

n
19

95
[2

1]
,P

D,
n

=
15

2
ES

A
vs

.p
la

ce
bo

,a
llo

ca
tio

n
co

nc
ea

le
d

8.
0

Ye
s

11
.2

vs
.

7.
0

↔
↓

↑

Fo
le

y
20

00
[1

6]
,

HD
,n

=
14

6
Hg

b
13

.0
–1

4.
0

vs
.9

.5
–1

0.
5,

op
en

la
be

l
N

o
CV

D,
LV

H,
or

LV
D

10
.4

Ye
s

13
.0

vs
.

10
.5

↔
↔

↔
↓

↔ ↑
↑

↔

Ba
hl

m
an

n
19

91
[2

2]
,H

D,
n

=
12

9
EP

O
vs

.p
la

ce
bo

,a
llo

ca
tio

n
co

nc
ea

le
d

7.
7

Ye
s

10
.7

vs
.

7.
8

↔
↓

CE
SG

19
90

[2
3]

,
HD

,n
=

11
8

Hi
gh

EP
O

vs
.l

ow
EP

O
vs

.
pl

ac
eb

o,
al

lo
ca

tio
n

co
nc

ea
le

d
N

o
m

aj
or

co
m

or
bi

di
ty

7.
0

Ye
s

11
.7

vs
.

10
.2

vs
.

7.
4

↔
↓

↑ ↑
↑

↑

Ab
br

ev
ia

tio
ns

:N
D,

no
nd

ia
lys

is;
HD

,h
em

od
ia

lys
is;

PD
,p

er
ito

ne
al

di
al

ys
is;

EP
O,

ep
oe

tin
;H

gb
,h

em
og

lo
bi

n;
CE

SG
,C

an
ad

ia
n

Er
yt

hr
op

oi
et

in
St

ud
y

G
ro

up
;C

VA
,c

er
eb

ro
va

sc
ul

ar
ac

cid
en

t;
LV

H,
le

ft
ve

nt
ric

ul
ar

hy
pe

rtr
op

hy
;L

VD
,

le
ft

ve
nt

ric
ul

ar
di

la
tio

n;
UR

R,
ur

ea
re

du
ct

io
n

ra
tio

;Q
oL

,q
ua

lit
y

of
lif

e.
a

Am
on

g
th

e
st

ud
ie

s,
Hg

b
le

ve
ls

w
er

e
re

po
rte

d
in

m
an

y
w

ay
s;

va
lu

es
re

po
rte

d
he

re
(in

gr
am

s
pe

rd
ec

ili
te

r)
ar

e
in

di
ca

tiv
e.

b
An

as
te

ris
k

de
no

te
s

th
e

pr
im

ar
y

ou
tc

om
e.

↑,
be

tte
ro

rh
ig

he
r;

↔
,e

qu
iva

le
nt

;↓
w

or
se

or
lo

w
er

.
c

Th
e

pr
im

ar
y

en
d

po
in

tw
as

a
co

m
po

sit
e

of
de

at
h,

m
yo

ca
rd

ia
li

nf
ar

ct
io

n,
ho

sp
ita

liz
at

io
n

fo
rc

on
ge

st
iv

e
he

ar
tf

ai
lu

re
(w

ith
ou

tr
en

al
re

pl
ac

em
en

tt
he

ra
py

),
an

d
st

ro
ke

.T
he

st
ud

y
w

as
te

rm
in

at
ed

ea
rly

,e
ve

n
th

ou
gh

fu
til

ity
an

d
ef

fic
ac

y
bo

un
da

rie
s

ha
d

no
tb

ee
n

re
ac

he
d.

W
he

n
fu

rth
er

ev
en

ts
w

er
e

co
ns

id
er

ed
,p

rim
ar

y
ou

tc
om

e
ra

te
s

w
er

e
hi

gh
er

in
th

e
hi

gh
ta

rg
et

gr
ou

p.
d

Th
e

pr
im

ar
y

ou
tc

om
e

w
as

a
co

m
po

sit
e

of
de

at
h

or
no

nf
at

al
m

yo
ca

rd
ia

li
nf

ar
ct

io
n.

e
Th

e
pr

im
ar

y
ef

fic
ac

y
en

d
po

in
tw

as
a

co
m

po
sit

e
fo

rf
irs

tc
ar

di
ov

as
cu

la
re

ve
nt

,i
nc

lu
di

ng
su

dd
en

de
at

h,
m

yo
ca

rd
ia

li
nf

ar
ct

io
n,

ac
ut

e
he

ar
tf

ai
lu

re
,s

tro
ke

,t
ra

ns
ie

nt
isc

he
m

ic
at

ta
ck

,a
ng

in
a

pe
ct

or
is,

pe
rip

he
ra

lv
as

cu
la

rd
ise

as
e

w
ith

am
pu

ta
tio

n
or

ne
cr

os
is,

or
ca

rd
ia

c
ar

rh
yt

hm
ia

.
f

Ev
en

th
ou

gh
ra

te
s

of
lo

ss
of

G
FR

w
er

e
id

en
tic

al
,p

at
ie

nt
s

in
th

e
hi

gh
ta

rg
et

gr
ou

p
ha

d
hi

gh
er

ra
te

s
of

ne
ed

fo
rd

ia
lys

is.
g

Th
e

sa
m

pl
e

in
clu

de
d

he
m

od
ia

lys
is,

pe
rit

on
ea

ld
ia

lys
is,

an
d

no
nd

ia
lys

is
CK

D
pa

tie
nt

s.
A

to
ta

lo
f7

0%
w

er
e

on
he

m
od

ia
lys

is.
h

Cr
ite

rio
n

ad
de

d
du

rin
g

th
e

pr
og

re
ss

of
th

e
tri

al
,i

n
re

sp
on

se
to

th
e

fin
di

ng
s

of
th

e
US

N
or

m
al

He
m

at
oc

rit
St

ud
y

[1
3]

.

326



BLBK043-Molony September 12, 2008 14:1

Chapter 31 Treatment of Anemia in CKD

The latter trial had some issues that could potentially threaten
validity and generalizability, not the least of which were the use
of an initial dose of ESA far larger than typical for a population
with non-dialysis CKD and a large rate of unexpected dropouts.
In another trial of hemodialysis patients without symptomatic
heart disease or dilated left ventricles, the 13.5–14.5 g/dL group
had unexpectedly higher rates of cerebrovascular events compared
to the control arm (9.5–11.5 g/dL). This latter trial showed no
differences in the rates of other cardiovascular events or death
[17].

Left ventricle size
There is little evidence for the widely held belief that partial treat-
ment of anemia improves left ventricular hypertrophy in CKD
patients. In fact, the controlled evidence for this belief appears to
have come from three trials that involved approximately 50 pa-
tients [27,34]. As shown in Table 31.1, most of the evidence has
been generated from trials of intermediate or high targets and, so
far, the available evidence suggests neutral effects.

Quality of life
Most, but not all, studies have shown that higher hemoglobin
targets improve quality of life in patients with CKD. These effects
have been most obvious in the domains of vitality and fatigue and
have been seen with hemoglobin targets up to 15 g/dL and achieved
hemoglobin values up to approximately 13 g/dL (Table 31.1).

Hemodialysis access
Some studies have shown that higher hemoglobin targets lead to
higher rates of vascular access problems in hemodialysis patients.
These effects have been less obvious in recent trials that have ex-
cluded hemodialysis patients with ongoing vascular access prob-
lems. For example, in the US Normal Hematocrit Study, vascular
access thrombosis rates were approximately one-third higher in
the higher hemoglobin group [14].

Blood pressure
Several of the trials reported to date have shown that higher
hemoglobin targets lead to higher blood pressure levels or greater
antihypertensive requirements for antihypertensive therapy (Table
31.1). Whereas this effect was more apparent in earlier trials, two
recent trials in CKD patients not on dialysis showed discordant
effects with respect to raising blood pressure levels [35,36].

Dialysis adequacy and change in GFR
Compared to intermediate hemoglobin targets, higher
hemoglobin targets have been associated with lower measures
of intradialytic urea clearance in several studies of hemodialysis
patients (Table 31.1). In general, the between-target differences
were small, and the clinical significance of these differences is
unclear [39].

The effect of hemoglobin targets on rates of progression of
CKD is unclear. Whereas the larger, more recently published stud-
ies (Table 31.1) have not shown an effect in either a harmful or

beneficial direction, it is likely that the currently available evidence
does not allow definitive conclusions. It should be noted that one
recent large trial showed that patients in the high hemoglobin
arm were more likely to require hemodialysis earlier than con-
trols, even though rates of loss of kidney function were identical
in the two arms [35]. Good clinical practice would mandate that
higher hemoglobin targets not be attempted without frequent clin-
ical monitoring and should probably be avoided in comparatively
noncompliant patients.

Transfusions
Avoidance of blood transfusions is highly desirable for many rea-
sons, and it is clear from the studies performed to date that higher
hemoglobin targets are associated with lower transfusion rates
(Table 31.1).

Target recommendations
The available evidence suggests that an initial hemoglobin tar-
get of ≥11.0 g/dL has a reasonable evidence base [2,40]. Beyond
this, a clear-cut upper bound for hemoglobin target is difficult to
define from the current evidence base, especially given the diver-
gence between benefits in quality of life and potentially harmful
effects. It is also apparent that hemoglobin levels vary consider-
ably and that keeping levels within narrow ranges is extremely
difficult among individuals. Safety issues, considered in isolation,
clearly suggest that hemoglobin levels above 12 g/dL should not be
a routine recommendation. However, many patients might accept
the potential incremental risk associated with higher hemoglobin
levels in return for quality-of-life benefits. With this approach,
lengthy risk–benefit discussions with patients, families, and care-
givers are needed. One fervently hopes that this unsatisfactory sit-
uation, where an upper hemoglobin target remains unclear, even
after almost 20 years of target hemoglobin trials, will be clarified
by the completion of ongoing intervention trials.

Use of ESAs

ESAs are molecules that increase rates of red blood cell produc-
tion, acting through the erythropoietin receptor, either directly or
indirectly. At present, the ESAs in clinical use include epoetin alfa,
epoetin beta, and darbepoetin. Although the first two entities are
very similar to endogenous erythropoietin in terms of molecu-
lar structure and biological activity, the third of these entities, in
contrast, has a longer half-life than the native hormone.

The optimum frequency of hemoglobin measurement under
ESA therapy is unknown. In particular, no trial has been performed
in which the primary intervention was randomization to different
frequencies of hemoglobin monitoring, without alteration of ESA
therapy. Clinical judgment should be exercised in less stable situa-
tions, such as initiation of ESA therapy, hemoglobin levels above or
below target, rapid changes in hemoglobin level, and unstable clin-
ical circumstances. Similarly, no trial has been performed among
patients initiating ESA therapy in which the intervention has been
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Table 31.2 Major findings from trials with at least 50 subjects comparing subcutaneous or intravenous administration of a single ESA.

Study [reference], Intervention, ESA strategy, Target Single
CKD type, sample
size

treatment group
allocation

hemoglobin
(g/dL)

ESA
dose? Iron replete? Duration Result

Kaufman 1998 [41],
HD, n = 208

i.v. vs. s.c. epoetin alfa 3 times
weekly, open label

10–11 No Ferritin >100 ng/mL 26 wks Lower epoetin dose with s.c.

Muirhead 1992
[42], HD, n = 128

i.v. vs. s.c. epoetin alfa 3 times
weekly, open-label

10.5–12.5 No TSAT >20% 24 wks Lower epoetin dose with s.c.

Leikis 2004 [43],
HD, n = 81

i.v. vs. s.c. epoetin alfa (and
1 vs. 2 vs. 3 times per wk),
crossover, open label

None, withdrawn
if <9 or >14

Yes Ferritin 300–800
ng/mL and TSAT
25–50%

3 mos/treatment Higher hemoglobin with s.c.

Aarup 2006 [44],
HD, n = 71

i.v. vs. s.c. darbepoetin once
weekly, crossover, open label

11.0–13.7 No 20 wks/treatment No difference in darbepoetin
dose

Cervelli 2005 [45],
HD, n = 53

i.v. vs. s.c. darbepoetin once
weekly, crossover, allocation
concealed

11.0–13.0 No Ferritin ≥200 ng/mL
and TSAT ≥25 %

6 mos/treatment No difference in darbepoetin
dose

Abbreviations: HD, hemodialysis; i.v., intravenous; s.c., subcutaneous; TSAT, transferrin saturation.

different target rates of change of hemoglobin level. Finally, no
trials have compared different frequencies of dose adjustment of
ESA. In the absence of such information, most guidelines have rec-
ommended a minimum frequency for hemoglobin measurement
of at least monthly measurements in stable patients and have sug-
gested rates of increase in hemoglobin levels of 1–2 g/dL/month
during the initiation phase.

Table 31.2 summarizes findings from trials that have compared
subcutaneous and intravenous routes of administration of ESAs
[41–45]. These studies suggest that the subcutaneous route is asso-
ciated with lower epoetin alfa dose among hemodialysis patients.
They also suggest that darbepoetin is equally efficacious with re-
gard to hemoglobin level attainment whether used subcutaneously
or intravenously. In practice, concerns that subcutaneous epoetin
may cause pure red cell aplasia in hemodialysis patients has led to
the recommendation, in many guidelines, that it be given intra-
venously in this population [46], even though pure red cell aplasia
rates appeared to have declined worldwide since 2003 [47].

Table 31.3 summarizes findings from trials comparing different
frequencies of administration of subcutaneous epoetin [28,48–
50]. These trials suggest equivalent efficacy regarding attained
hemoglobin levels, whether epoetin is administered once, twice,
or three times per week or once every 2 weeks.

Table 31.4 summarizes findings from major trials that com-
pared different ESAs with hemoglobin level as the outcome vari-
able. These studies suggest that darbepoetin once per week is as
efficacious as epoetin two or three times per week, and darbepo-
etin once every 2 weeks is as efficacious as epoetin once per week
in dialysis patients.

In practice, the use of ESAs varies widely according to factors like
practice setting and patient preference. In addition, hemoglobin
levels alone have been the major efficacy criterion in the trials per-
formed to date. Clearly, structurally different biological molecules

may have different actions at many sites beyond the bone marrow,
and the comparative safety profiles of different ESAs and how they
are used remain to be determined in adequately powered random-
ized trials.

Iron therapy

No iron intervention trials have been performed that had sufficient
power to adequately examine safety issues, which is unfortunate,
given the fact that iron is a potent oxidizing agent, in addition to
being an essential component of heme. The optimum frequency
for iron testing has never been determined using experimental
methods. As a result, guidelines that suggest that the minimum
frequency should be at least once per month in stable patients are
only opinion-based.

Iron status markers
Although small studies in hemodialysis patients have suggested
that intravenous iron-based treatment based on transferrin satu-
ration targets between 30 and 50% lowered the epoetin dose (vs.
20–30%) [51], as did a ferritin target of 400 ng/mL (vs. 200 ng/mL)
[52], the evidence base appears to be inadequate for formulation
of firm recommendations. Hence, recommendations that lower
bounds for ferritin and transferrin saturation levels should be 200
ng/mL and 20% [2], respectively, probably should be viewed as
less than definitive, and further trials are clearly needed. An even
stronger disclaimer may be required for establishing upper bounds
for optimum ferritin and transferrin saturation targets, if these are
to be based, ideally, on evidence from randomized controlled trials.

Two randomized trials have used reticulocyte hemoglobin con-
tent as an indicator of iron status in hemodialysis patients. In the
first of these trials, 157 patients were randomly assigned to iron
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Table 31.3 Major findings from trials with at least 50 subjects comparing different frequencies of administration of a single ESA.

Study [reference], CKD type,
sample size

Intervention, ESA strategy,
treatment group allocation

Target Hgb
(g/dL) Iron replete?

Duration
(wks) Result

Provenzano 2006 [48], ND,
n = 519

QW, Q2W, Q3W, or Q4W, open
label

>11 16 Similar hemoglobin with
QW and Q2W, lower with
Q3W and Q4W

Covic 2006 [49], HD, n = 207 Epoetin beta s.c., QW vs. Q2W,
open label

10–12 Ferritin 100–800 ng/mL
and TSAT 20–50%

24 No difference in Hgb or
epoetin beta dose

Locatelli 2002 [50], HD, n = 173 Epoetin beta s.c., QW vs 3
times/wk, open label

9.3 Ferritin 100–800 ng/mL
and TSAT 20–50%

24 No difference in Hgb or
epoetin beta dose

Weiss 2000 [28], HD, n = 158 Epoetin beta s.c., QW vs. 2 or 3
times/wk, open label

10–13 Ferritin 200–500 ng/mL 24 No difference in Hgb or
epoetin beta dose

Abbreviations: ND, nondialysis; HD, hemodialysis; QW, once every week; Q2W, once every 2 weeks; Q3W, once every 3 weeks, Q4W, once every 4 weeks; s.c., subcutaneous;
Hgb, hemoglobin; TSAT, transferrin saturation.

management based on serum ferritin level (treatment threshold
of <100 ng/mL) and transferrin saturation (threshold of <20%),
or on reticulocyte hemoglobin content (threshold, 29 pg), with
6 months follow-up and intravenous iron dextran (100 mg for
10 consecutive treatments) as iron therapy. Although hemoglobin
levels and epoetin doses were the same in both groups, weekly
doses of iron dextran were lower when reticulocyte hemoglobin
content was used to determine therapy [53]. The other trial used a
reticulocyte hemoglobin content of <32.5 pg or a transferrin sat-
uration of <20% to diagnose iron deficiency and used 240 mg of
iron colloid intravenously over 2 weeks as treatment, with follow-
up lasting 16 weeks. In this study, use of transferrin saturation as
a trigger for iron therapy led to lower epoetin doses to achieve
equivalent hemoglobin levels [54]. Hence, the available literature
does not definitively support the use of reticulocyte hemoglobin
content as an indicator of iron deficiency, and more randomized
trials are needed. Similar comments apply to other markers of this

deficiency, including hypochromic red blood cells, zinc protopor-
phyrin, and soluble transferrin receptors.

Modes of administration of iron
Although several trials [55–62] have studied the effect of iron on
hemoglobin levels in patients with CKD, the patient populations
and methodologies employed have been quite heterogeneous, es-
pecially with regard to proportions with overt iron deficiency, si-
multaneous use of ESAs, use of untreated control arms, sample
sizes, and study durations. Table 31.4 shows findings from the
larger trials that compared different modes of iron therapy, or one
mode of iron therapy versus no iron therapy (as opposed to differ-
ent doses of the same therapy without a control arm). Although
much evidence remains to be gathered, these trials tend to show
that intravenous iron therapy is more efficacious than oral iron
therapy for achieving target hemoglobin levels in hemodialysis
patients. The situation is less clear in CKD patients not requiring

Table 31.4 Major findings from trials with at least 50 subjects comparing different formulations of iron.

Study [reference], CKD
type, sample size

Intervention, treatment group
allocation Iron critria ESA Duration Result

Van Wyck 2005 [56], ND,
n = 188

i.v. iron sucrose, 1 g in divided doses (2 or
5) over 14 days vs. ferrous sulfate 325 mg
orally t.i.d. for 56 days; open label

Ferritin ≤300 ng/mL
and TSAT ≤25%

Epoetin or
darbepoetin at
constant dose

56 days Higher hemoglobin with i.v. iron

Charytan 2005 [57], ND,
n = 96

i.v. iron sucrose, 5 doses of 200 mg weekly
vs. 29 days of oral FeSO4, 325 mg t.i.d.

Epoetin 42 days Similar hemoglobin with oral and
i.v. iron

Agarwal 2006 [55], ND,
n = 75

i.v. sodium ferric gluconate complex 250
mg wkly x 4 vs. oral ferrous sulfate 325 mg
t.i.d. x 42 days; open label

Ferritin <100 ng/mL
or TSAT <20%

None 42 days Similar hemoglobin with oral and
i.v. iron

Fishbane 1995 [60], HD,
n = 52

i.v. iron dextran 100 mg twice wkly Ferritin >100 ng/mL
and TSAT >15%

Epoetin 4 mos Higher hemoglobin and lower
epoetin dose with i.v. iron

Search strategy employed: randomized trial, iron, intravenous or oral, dialysis, or kidney or renal.
Abbreviations: ND, nondialysis; HD, hemodialysis; i.v., intravenous, t.i.d., three times/day; TSAT, transferrin saturation.
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dialysis, and it seems reasonable to recommend either oral or in-
travenous iron therapy if achieving target hemoglobin levels with
the lowest possible ESA dose is the therapeutic objective.

Limitations of body of evidence
All the studies of iron therapy described above have used early
surrogate markers as primary outcomes, including hemoglobin,
ferritin levels, transferrin saturation levels, and ESA doses. Given
the nature of the therapy, however, there is clearly a requirement
for randomized trials evaluating long-term safety parameters, in-
cluding death, progression of kidney disease, and natural history
of adverse events. These trials should include placebo-controlled
trials of individual agents and placebo-controlled trials of multiple
agents, so that safety and efficacy can truly be determined.
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Introduction

Today, clinicians use serum total cholesterol, low-density lipopro-
tein (LDL) cholesterol, high-density lipoprotein (HDL) choles-
terol, and triglycerides (lipid profile) for diagnosis and treat-
ment of hyper- or dyslipidemia. These lipids are transported
within lipoproteins, which have been isolated and used in patient-
oriented research and for in vitro experiments. Lipoproteins not
only contain lipids but also proteins, so-called apolipoproteins.
Integrating all these components into the discussion, lipidologists
use terms such as “composition of lipoprotein particles” that may
not be familiar or routinely understood by clinicians. Quite of-
ten, statins are mistakenly prescribed for patients with very high
triglycerides that arise from triglyceride-rich lipoproteins. This is
unfortunate, because statins work via receptors that mediate ab-
sorption of cholesterol-rich lipoproteins by the liver. Therefore, it
is of advantage for nephrologists to have some basic knowledge
about lipids, lipoproteins, and apolipoproteins in order to diag-
nose and treat lipid disorders adequately in a patient population
prone to suffer from complex forms of dyslipidemia as well as sig-
nificant cardiovascular disease (CVD). For a better understanding,
Figure 32.1 and Table 32.1 are provided. This figure and table are
complementary, as they combine knowledge about lipoproteins
and the lipid components.

Types of dyslipidemia in different stages of
chronic kidney disease and renal replacement
therapy

General aspects
Qualitative characteristics of dyslipoproteinemia are similar in
early renal insufficiency and in advanced kidney failure. Hy-
pertriglyceridemia and delayed catabolism of triglyceride-rich

lipoproteins resulting in increased concentrations of very low
density lipoproteins (VLDLs) and intermediate density lipopro-
teins (IDLs) and reduced levels of HDL appear to be the main
metabolic abnormality. Plasma cholesterol concentration is usu-
ally normal, even reduced, and only occasionally elevated. Dys-
lipidemia is detected in an early stage of chronic kidney disease
(CKD, stage 2) and is best characterized by abnormalities in the
composition of apolipoproteins. Increased levels of apoC-III and
decreased levels of the apoA-I/apoC-III ratio are considered to
be the hallmarks of an altered apolipoprotein profile in kidney
disease [1].

CKD and proteinuria: impact on serum lipids and
lipoproteins
Dyslipidemia is present in 70–90% of patients with nephrotic
syndrome. Combined hyperlipidemia, with an increase in the
serum total cholesterol/LDL cholesterol ratio and increased serum
triglycerides, is the most common form (50%) [2–4]. One-third
of patients have an exclusive elevation of LDL cholesterol, whereas
only 4% of patients show pure hypertriglyceridemia. Changes in
the composition of lipoprotein particles also have been described,
with cholesterol enrichment in IDL but not LDL [5,6]. The levels of
HDL cholesterol may vary [7,8]. This could be due to high serum
lipoprotein (a) [Lp(a)] contaminating the HDL samples when
cholesterol is assayed. The reasons why patients with nephrotic
syndrome present different accumulations of triglycerides and
cholesterol may include factors such as genetic apolipoprotein
phenotypes, concomitant drug therapy, and the catabolic state
of the individual. Two separate processes impede the removal of
triglyceride-rich lipoproteins in nephrotic syndrome. One is an
abnormality in VLDL that decreases the ability to bind to endothe-
lial surfaces in the presence of saturating Lipoprotein Lipase (LPL)
[9]. This defect in VLDL function, and presumably structure, re-
sults from proteinuria [10]. The second defect is the inability of
LPL to bind effectively to vascular endothelium [11]. Whereas
VLDL levels are high due to reduced catabolism, LDL levels are in-
creased because of increased synthesis[12]. The presence of uremia
in nephrotic patients leads to further changes [13].
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Figure 32.1 Relative density of lipoproteins in human plasma.

Markedly elevated Lp(a) concentrations have been found in
the majority of patients with proteinuria [14,15] and nephrotic
syndrome and resolve when remission of the nephrotic syndrome
is induced [16,17]. There are data that suggest increased synthesis,
rather than decreased catabolism, causes elevated plasma Lp(a)
concentrations in nephrotic syndrome [18].

Hemodialysis and dyslipidemia
Dyslipidemia in hemodialysis patients is more frequent than in the
general population [19,20] and is characterized by hypertriglyc-
eridemia and low levels of HDL [21–29]. However, levels of total
cholesterol and LDL usually are normal [30–34]. This translates
into the most characteristic feature of the end-stage renal dis-
ease (ESRD)-associated dyslipidemia represented by an accumu-
lation of triglyceride-rich lipoproteins (VLDL remnants) and IDL
[23,31,35]. Catabolism of IDL and LDL is severely impaired, re-
sulting in a markedly prolonged residence time of both particles
[36]. Additionally, qualitative changes of LDL with formation of
small dense LDL are found [37–40]. On the level of apolipopro-
teins, the dyslipidemia can also be classified as an accumulation
of apoB-containing triglyceride-rich lipoprotein particles contain-
ing apoC-III and Lp(a) or lipoprotein B complex particles [41–43].
Besides a defect in postprandial chylomicron remnant clearance,
abnormal HDL apoA-I and apoA-II kinetics have been described,
with increased catabolism of apoA-I and decreased production rate
of apoA-II resulting in reduced plasma levels of both apolipopro-
teins [44,45].

Continuous ambulatory peritoneal dialysis and
dyslipidemia
Continuous ambulatory peritoneal dialysis (CAPD) patients
present with higher plasma cholesterol, triglyceride, LDL, and
Lp(a) levels than hemodialysis patients [46–52]. This additional
increase is most likely due to two factors [53]: 1) loss of protein
(7–14 g/day) into the peritoneal dialysate [54], and 2) absorp-
tion of glucose (150–200 g/day) from the dialysis fluid [55–57].
This was in part reflected in the data from Prinsen et al., who re-
ported VLDL-1 apoB100 and VLDL-2 apoB100 pool sizes were
increased due to disturbances in both synthesis and catabolism.
VLDL-1 apoB100 production is, at least partially, explained by
increased free fatty acid availability secondary to peripheral in-
sulin resistance; thus, insulin resistance might be a potential ther-
apeutic target in peritoneal dialysis patients [58]. In general, qual-
itative lipoprotein abnormalities are similar to those found in
hemodialysis patients, and most mechanisms altering lipopro-
tein metabolism are probably also qualitatively the same [59,60],
even though a study in normolipidemic CAPD patients demon-
strated less-pronounced abnormalities of cholesterol transport
in normolipidemic CAPD patients than in hemodialysis patients
[61].

Lipid abnormalities after kidney transplantation
Posttransplant dyslipidemia is qualitatively and quantitatively de-
pendent on age, gender, body weight, and type, and dose of im-
munosuppressive agents [62]. The prevalence of lipid changes in

Table 32.1 Lipoprotein classes of human plasma.

Composition (% mass)

Lipoprotein Density g/mL Particle(s) TG FC CE PL Pr

Chylomicrons <0.95 AI, AIV,B-48 C,E 90 1 2 5 2
VLDL <1.006 B-100,C,E 54 7 13 16 10
IDL 1.006–1019 B-100,C,E 20 9 34 20 17
LDL 1.019–1.063 B-100 4 9 34 20 17
HDL 1.063–1.210 AI, AII,E,C 4 4 14 29 49
Lp(a) 1.080–1.100 B-100,(a) 3 9 36 18 34

Abbreviations: TG, triglyceride; FC, free cholesterol; CE, cholesteryl ester; PL, phospholipids; Pr, protein.
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kidney transplant recipients is very high. Particularly common
are increases in cholesterol and LDL. HDL is usually normal, and
triglycerides are often increased [63–66].

Dyslipidemia and impact on CVD

The risks of cardiovascular morbidity and mortality are pro-
foundly increased in patients with CKD [67]. For instance, the
majority of patients with CKD die of cardiovascular events before
reaching ESRD [68].

Nephrotic syndrome
There is no reason to doubt that the severe, persistent elevation
of cholesterol, LDL, IDL, and Lp(a) represent a highly atherogenic
condition. Relatively little and conflicting information has been
published on the risk of atherosclerotic vascular disease [69–71].
All of these studies were retrospective, however, and flawed by
small sample numbers, selection bias, and lack of control for other
atherosclerotic risk factors. Some studies included patients with
minimal change disease, and these patients would most likely not
remain nephrotic and hence not remain at risk for the long-term
complications of hyperlipidemia. According to Ordonez et al., the
adjusted relative risks of myocardial infarction and coronary death
in nephrotic syndrome are 5.5 and 2.8, respectively. Data were
obtained for 142 patients matched with healthy controls and fol-
lowed prospectively for 5.6 and 1.2 years [72].

Dialysis
CVD is the leading cause of morbidity and mortality in hemodial-
ysis patients; cardiac disease accounts for 44% of overall mortality
[73,74]. Approximately 22% of these deaths from cardiac causes
are attributed to acute myocardial infarction. In patients who sur-
vive a myocardial infarction, the mortality from cardiac causes is
59% at 1 year, 73% at 2 years, and nearly 90% at 3 years [75,76].
After adjusting for age, gender, race, and diagnosis of diabetes,
mortality from CVD is far greater in hemodialysis patients than
in the general population. It ranges from 500-fold in individu-
als aged 25–35 years to 5-fold in individuals aged >85 years [77].
This might be due to an increased prevalence of traditional and fur-
ther kidney disease-related risk factors [78]. In this context, lipid
abnormalities have been suggested as a major cause of vascular
disease in hemodialysis patients [79–81]. Whereas the log-linear
relation between risk of coronary artery disease and blood choles-
terol is well-established in the general population, most cross-
sectional studies with longitudinal follow-up have failed to demon-
strate that plasma total cholesterol, LDL cholesterol, and triglyc-
erides are associated with increased cardiovascular mortality in
hemodialysis patients [82,83]. Even inverse associations have been
observed among hemodialysis patients between blood choles-
terol and all-cause or cardiovascular mortality. The relationship

between serum cholesterol and mortality has been described as
U-shaped and, recently, as a J-shaped curve. The risk of death is
4.3 times greater in hemodialysis patients with serum cholesterol
of <100 mg/dL (<2.6 mmol/L) than in those with values between
200 and 250 mg/dL (5.2–6.5 mmol/L) [84,85]. This phenomenon
is known as reverse risk factor causality and is embedded in the
condition of reverse epidemiology [86]. Concomitant chronic ill-
nesses that induce a compensatory decrease in cholesterol synthesis
are also associated with an increased risk of death, producing ar-
tifactual negative associations (confounding) between cholesterol
and mortality [87]. This hypothesis was supported by Liu et al.,
who demonstrated that hypercholesterolemia was an independent
risk factor for all-cause and cardiovascular mortality in a subgroup
of ESRD patients without serologic evidence of inflammation or
malnutrition but not in patients with inflammation [88]. In an-
other prospective study of 1167 hemodialysis patients, low serum
cholesterol levels were associated with all-cause mortality in pa-
tients with low serum albumin [89]. These effects may limit the
extent to which standard observational studies can identify the
true impact of serum cholesterol on the development of vascular
disease in this and other populations [90,91]. In the largest and
longest study to date, 419 dialysis patients were followed prospec-
tively over a 21-year period. During this time 49% died of CVD
and 23% experienced fatal or nonfatal ischemic events. Smoking,
hypertension, and hypertriglyceridemia were identified as inde-
pendent risk factors for CVD [92]. Another “positive” study in
a group of 196 diabetic patients receiving hemodialysis demon-
strated elevated cholesterol levels with high LDL/HDL ratios that
were associated with an increased risk of cardiac death during a
45-month follow-up [93].

Data on the effects of lipids on cardiovascular risk in peritoneal
dialysis patients are sparse. Only two studies that examined the
relationship between dyslipidemia and CVD were identified. Both
had major design limitations [94,95].

Kidney transplantation
Kidney transplant recipients suffer from a high morbidity and
mortality due to premature CVD [96]. Several studies have re-
ported a positive association between total cholesterol and CVD,
but unfortunately few of them have examined the relationship
between LDL and CVD. Lower levels of HDL were associated with
CVD in most studies. In about half of the studies higher levels
of triglycerides were associated with CVD [97–106]. Recently,
the findings of an observational study of 1200 patients up to
15 years after kidney transplantation were in line with these
results, showing associations between diabetes, prior transplant,
body mass index at the time of transplant, cholesterol level, and
LDL level with early acute coronary syndrome [107]. Another
recent observational study did not prove these findings [108]. No
significant association between triglyceride and total cholesterol
levels with patient mortality has been observed. Similarly, no as-
sociations were found with allograft loss. This study was done in a
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much smaller cohort (154 patients) with clearly shorter follow-up
(6.1 years).

Cardiovascular end point studies on
lipid-lowering therapy in CKD patients

CKD stages 1–4
Until now, no prospective, randomized, controlled trials on lipid-
lowering therapy in patients with CKD stages 1–4 have been pub-
lished. The effect of lipid-lowering therapy on cardiovascular, cere-
brovascular, and renal outcomes in patients with CKD stages 2 and
3 was investigated in post hoc subgroup analyses of the Pravas-
tatin Pooling Project. In this trial, a total of 12,333 subjects with
estimated glomerular filtration rates (GFRs) determined by the
Cockcroft-Gault equation of 60–89.9 mL/min/1.73 m2 and 4491
subjects with estimated GFRs of 30–59.9 mL/min/1.73 m2 were
analyzed; the results showed that 40 mg/day pravastatin produced
a significant 23% relative risk reduction for the combined risk
of nonfatal myocardial infarction, coronary mortality, and coro-
nary revascularization in people with moderate CKD. Similar re-
sults were obtained in patients with mild CKD. In the subgroup
of diabetic patients (i.e. the patients with the highest baseline
risk), the highest absolute risk reduction was observed (6.4%)
[109,110].

Furthermore, a prespecified subgroup analysis of 6517 patients
with kidney dysfunction from the ASCOT study revealed that
atorvastatin significantly reduced the risk of the combined pri-
mary end point of nonfatal myocardial infarction and cardiac
death [111]. Of the 1329 patients with serum creatinine levels
of 110–200 μmol/L (1.21–2.26 mg/dL) who entered the Heart
Protection Study, 182 of those who received simvastatin and 268
of those in the placebo group experienced a vascular event, indi-
cating a proportional risk reduction with simvastatin treatment
of about one-fourth [112]. Finally, a recent pooled analysis of 30
double-blind, randomized trials testing fluvastatin versus placebo
in patients with moderate (creatinine clearance of ≥50 mL/min)
to severe (creatinine clearance of ≤50 mL/min) renal insufficiency
described a 41% and 30% reductions in the relative risk of cardiac
death and nonfatal myocardial infarction in patients with severe
and moderate renal impairment [113]. The analysis of adverse
effects in the above-mentioned trials showed no special safety
concerns in patients with CKD. Serum lipids were adequately
lowered.

Other lipid-lowering agents to be considered are fibrates. Gem-
fibrozil has been shown to lower the risk of coronary death or
nonfatal myocardial infarction in 1046 patients of the VA-HIT trial
with impaired renal function, but the risk of sustained increases in
serum creatinine was elevated in gemfibrozil-treated participants
compared with placebo [114].

In conclusion, there is indirect evidence that patients with
CKD stages 2 and 3 may benefit from statin therapy with respect
to cardiovascular events. Patients with stage 4 CKD (GFR of

<30 mL/min/1.73 m2) were either absent or their numbers were
too small to be analyzed.

CKD stage V: dialysis
In light of the findings described above, the results of the 4D study
came as a surprise. A total of 1255 patients with type 2 diabetes
on maintenance hemodialysis were randomized to receive 20 mg
atorvastatin or matching placebo. After a median follow-up of 4
years, a nonsignificant 8% relative risk reduction in the primary
composite end point (cardiac death, nonfatal myocardial infarc-
tion, and stroke) was observed. Atorvastatin reduced the rate of
all cardiac events combined (relative risk, 0.82; 95% confidence
interval, 0.68–0.99; P = 0.03, nominally significant) but did not
reduce the rate of all cerebrovascular events combined or total
mortality. Of note, there was a higher incidence of fatal stroke in
the atorvastatin group compared with placebo (27 versus 13; rela-
tive risk, 2.03; P = 0.04). The overall incidence of adverse events
was comparable between groups [115].

According to these data, we would not recommend initiation of
statin treatment in patients with type 2 diabetes mellitus undergo-
ing hemodialysis and with LDL levels of <190 mg/dL. Large-scale
randomized controlled trials on lipid-lowering therapy in peri-
toneal dialysis patients and nondiabetic hemodialysis patients are
currently under way: the AURORA study, comparing rosuvastatin
with placebo in more than 2750 hemodialysis patients [116], and
the SHARP trial [117], which is a randomized study of about 9000
patients with CKD (including kidney transplant recipients) partly
on dialysis treatment (hemodialysis and peritoneal dialysis) and
receiving either simvastatin in combination with ezetimibe or a
placebo. Results from both trials are anticipated in the next few
years.

CKD stages 1–4 T, kidney transplant recipients
The final CKD subpopulation considered in this chapter is kidney
transplant recipients. The ALERT study [118] was the first large-
scale cardiovascular outcome trial to be conducted in kidney trans-
plant recipients and compared fluvastatin with placebo in 2102
patients followed for 5–6 years. Fluvastatin showed no significant
reduction in the composite primary end point of cardiac death,
nonfatal myocardial infarction, and coronary intervention proce-
dure. The reductions observed in two of three subcomponents of
the primary end point, cardiac death or nonfatal myocardial infarc-
tion, were interpreted as a great success for this therapy. Notably,
the overall incidence of adverse events and study discontinuations
with fluvastatin treatment was similar to placebo. The authors sug-
gested that the trial was too small to detect a significant effect on the
composite primary end point because the event rate was lower than
expected. Therefore, an extension study was performed in which
1652 patients were treated with open-label fluvastatin for 2 years. A
31% relative reduction in major adverse cardiac events and a 29%
relative reduction in cardiac death or definite nonfatal myocardial
infarction were found. Total mortality and graft loss did not dif-
fer significantly between groups [119]. Another subgroup analysis
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supported an early introduction of fluvastatin therapy in kidney
transplant recipients and suggested a greater benefit with respect to
cardiac death and myocardial infarction in patients treated earlier
[120]. Clearly, studies in patients who have received kidney trans-
plants require a high number-needed-to-treat in their design, in
line with primary prevention trials.

In summary, the results of the 4D and ALERT studies do not
necessarily cast doubt on the validity of the subgroup analyses done
for patients with CKD stages 2 and 3, in whom statins appear to
be just as effective as in patients with normal kidney function.
The issue remains undecided whether statins are still effective for
reducing cardiovascular risk in those with more advanced stages
of CKD.

Renal end point studies of lipid-lowering
therapy in CKD patients

In addition to the effects of lipid-lowering drugs on cardiovascular
and cerebrovascular outcomes, there are data that suggest that
lipid lowering may slow the rate of decline in kidney function and
lower urinary protein excretion. Recently, a meta-analysis of 27
studies, including 39,704 participants with a baseline mean GFR
of 41–99 mL/min, addressed these questions. It showed that statin
therapy leads to a small reduction in the rate of kidney function loss
in patients with CVD (loss of estimated GFR, 1.22 mL/min/year
slower in statin recipients) but not a significant effect based on
studies of subjects with diabetic or hypertensive kidney disease
or glomerulonephritis [121]. Proteinuria appeared to be modestly
reduced. Gemfibrozil did not exert a clinically relevant effect on
rates of kidney function loss in a comparable analysis [122].

Treatment guidelines

General remarks
Guidelines for management of dyslipidemia in CKD have been
issued, including the European Best Practices guidelines (EBPG)
[123] and the US National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative (K/DOQI) guidelines [124]. Guide-
lines on lipid-lowering therapy in CKD patients were difficult to
define because of the lack of randomized controlled interventional
trials showing that the treatment of dyslipidemia reduces the inci-
dence of vascular events. Furthermore, it is possible that in some
subpopulations of CKD treatment of dyslipidemia may not be
as safe or as effective in reducing the incidence of vascular dis-
ease as it is in the general population. When these guidelines were
prepared, the 4D and ALERT trials were still under way. There-
fore, both working groups, EBPG and K/DOQI, concluded that
additional trials are needed to fill this gap and advised random-
ization of patients into controlled clinical trials. In the following
section, the main aspects of the EBPG guidelines for the treatment
of hemodialysis patients and the K/DOQI guidelines are summa-
rized.

Principles of lipid-lowering therapy for CKD patients
As patients with CKD have a very high prevalence of dyslipi-
demia and CVD [125–128], the EBPG working group concluded
that hemodialysis patients should be treated according to existing
guidelines of lipid-lowering therapy for the general population,
applying a high-risk strategy. The K/DOQI working group rec-
ommended that the NCEP/ATP III guidelines [129] were generally
applicable to patients with CKD stages 1–4. Some additional spe-
cific aspects of the management of dyslipidemias in CKD should
be considered. These include the following:
1) CKD should be classified as a CVD risk equivalent.
2) Complications of lipid-lowering therapies resulting from re-
duced kidney function should be anticipated.
3) Indications for the treatment of dyslipidemia other than pre-
venting CVD should be considered when deciding on specific treat-
ment strategies.
4) Treatment of proteinuria as an alternative treatment of dyslipi-
demia may prove beneficial.

In conjunction with dyslipidemia, the assessment and manage-
ment of other modifiable, conventional risk factors (hypertension,
smoking, obesity, and diabetes) should be performed.

Assessment and diagnosis of dyslipidemia
A complete fasting lipid profile with total cholesterol, LDL, HDL,
and triglycerides is recommended for patients with CKD. For pa-
tients with stage 5 CKD, dyslipidemia should be evaluated upon
presentation, at 2–3 months after a change in treatment, or with
other conditions known to cause dyslipidemia (change in pro-
teinuria, GFR, etc.) and at least annually thereafter. The EBPG
advises measurement of cholesterol, HDL, and triglycerides more
frequently. LDL should be calculated according to the Friedewald
formula if triglycerides are <400 mg/dL; otherwise, direct LDL
measurement is recommended. If triglycerides are>800 mg/dL, no
LDL measurement needs to be performed. Whenever possible in
patients with CKD stage 5, lipid profiles should be measured after
an overnight fast, because eating increases especially triglycerides
and also total cholesterol. However, it is better to obtain nonfasting
lipid profiles than to forgo evaluation altogether. In hemodialysis
patients blood should be taken either before dialysis or on non-
dialysis days, at least 12 h after hemodialysis treatment, because the
hemodialysis procedure may acutely alter plasma lipids [130]. Pa-
tients with dyslipidemia should be evaluated for secondary causes.
Acute medical conditions (e.g. serious infections or myocardial
infarction) may alter plasma lipids. It is best to wait until these
conditions have resolved. Immunosuppressive medications may
cause dyslipidemia. The recommendation is to assess the lipid pro-
file 2–3 months after starting or stopping an agent that is known
to influence plasma lipids.

Treatment of dyslipidemia
Three patient groups are to be distinguished:
1 In adults with stage 5 CKD and fasting triglycerides of
≥500 mg/dL (≥5.65 mmol/L) that cannot be ameliorated by cor-
recting an underlying cause, treatment with therapeutic life-style
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changes (TLC) and a triglyceride-lowering agent should be con-
sidered to prevent acute pancreatitis. Only when triglycerides are
<500 mg/dL (<5.65 mmol/L) should attention be focused on
LDL cholesterol reduction. According to EBPG, in patients with
triglycerides of >800 mg/dL (>9 mmol/L) who are resistant to any
intervention, the administration of fish oil and/or a switch to low-
molecular-weight heparin as anticoagulant during hemodialysis
therapy should be considered.
2 For adults with stage 5 CKD and LDL of ≥100 mg/dL (≥2.59
mmol/L), treatment should be considered to reduce LDL to <100
mg/dL (<2.59 mmol/L).
3 For adults with stage 5 CKD and LDL of <100 mg/dL (<2.59
mmol/L), fasting triglycerides of ≥200 mg/dL (≥2.26 mmol/L),
and non-HDL cholesterol (total cholesterol minus HDL choles-
terol) of ≥130 mg/dL (≥3.36 mmol/L), treatment should be con-
sidered to reduce non-HDL cholesterol to <130 mg/dL (<3.36
mmol/L). The EBPG chose a lower threshold for initiation of ther-
apy with triglycerides ≥180 mg/dL (≥2 mmol/L).

Treatment of very high triglycerides
TLC is the therapy of first choice and includes diet, weight re-
duction, increased physical activity, abstinence from alcohol, and
treatment of hyperglycemia, if present. For patients with fasting
triglycerides of ≥1000 mg/dL (≥11.29 mmol/L), the NCEP/ATP
III diet recommendations include a very low fat diet (<15% total
calories), medium-chain triglycerides, and fish oils. Diet should
be used judiciously, if at all, in individuals who are malnourished.
If TLC is not sufficient to reduce triglycerides to <500 mg/dL
(<5.65 mmol/L), treatment with a fibrate or nicotinic acid should
be considered. Statins cause less triglyceride lowering, and bile acid
sequestrants (BASs) may actually increase triglyceride levels. In any
case, the benefits of drug therapy for hypertriglyceridemia should
be weighed against the increased risks (particularly for myositis
and rhabdomyolysis) in CKD.

Treatment of high LDL
Treatment with TLC
It may be possible to reduce the level of proteinuria and thereby
improve a patient’s lipid profile [131,132]. For patients with LDL
of 100–129 mg/dL (2.59–3.34 mmol/L), it is reasonable to attempt
dietary changes for 2–3 months before beginning drug treatment.
Diet changes should be used judiciously, if at all, however, when
there is evidence of protein–energy malnutrition [133], because
there have been no randomized trials that have examined the safety
and efficacy of a low-fat, low-cholesterol diet in patients with CKD.
There are data that suggest that exercise improves cardiovascular
function in hemodialysis patients [134] and decreases triglycerides
in CKD patients [135]. The role of weight reduction in CKD pa-
tients [133] is unclear. Additional studies are needed to define the
role of diet, exercise, and weight reduction in patients with CKD.

Treatment with a statin
In patients who cannot reduce LDL to <100 mg/dL (<2.59
mmol/L) by TLC, a statin should be added because of the strong

evidence from studies in the general population that statins reduce
CVD and all-cause mortality and the lack of any strong evidence
to the contrary in patients with CKD. Whether statins cause hep-
atotoxicity is controversial. EBPG recommend liver function tests
every 6 weeks. Patients should be monitored for signs and symp-
toms of myopathy. Creatine kinase monitoring is mandatory if
muscle symptoms develop. The risk of myopathy from statins is
increased by CKD, advanced age, small body frame, and concomi-
tant medications [136]. Patients who develop muscle pain or ten-
derness should discontinue statin therapy immediately and have a
creatine kinase level determined. Doses of lovastatin, fluvastatin,
or simvastatin are recommended to be reduced by approximately
50% in patients with CKD stages 4 and 5 according to K/DOQI,
whereas the EBPG states that statin doses are usually the same in
hemodialysis patients as in the general population.

Medications known to increase statin blood levels should ei-
ther be avoided or the statin should be reduced or stopped. Cy-
closporine has been shown to increase the blood levels of virtually
every statin. Even fluvastatin and pravastatin, which are not metab-
olized by cytochrome P450 3A4, show two- and fivefold increased
plasma levels. Accumulating evidence suggests that statins can be
used safely with cyclosporine if the dose of the statin is reduced
[137–140]. The addition of a third agent that is also metabolized
by the cytochrome P450 system increases the risk of myositis and
rhabdomyolysis. Such combinations should be avoided. Because of
the lack of sufficient data, it should also be assumed that tacrolimus
may cause elevations in statin blood levels [141]. Everolimus has
minimal effects on blood levels of atorvastatin and pravastatin
[142]. The effects of sirolimus on statins are not well known.

Adding a second LDL-lowering agent to a statin
There are very few data on the safety and efficacy of combination
therapies in patients with CKD. The K/DOQI guidelines state that
in general, it is wise to avoid the use of a fibrate together with
a statin. EBPG recommended avoiding combining a fibric acid
analog with a statin due to the high risk of rhabdomyolysis. BASs
can be considered in combination with a statin in patients with
LDL of ≥100 mg/dL (≥2.59 mmol/L) despite TLC and optimal
treatment with a statin [143]. They are contraindicated in patients
with triglycerides of ≥400 mg/dL (≥4.52 mmol/L) because they
may increase triglycerides in some patients. Sevelamer hydrochlo-
ride lowers lipid levels by mechanisms similar to those of BASs
[144]. Furthermore, nicotinic acid can be considered an alterna-
tive second agent in combination with a statin for patients with
high triglycerides or for those not tolerating a BAS. There are no
data on the use of a combination therapy with a statin and nicotinic
acid in patients with CKD.

Treating high LDL in patients who cannot take a statin
Patients with minor adverse effects from a statin may tolerate a
reduced dose or a different statin; sometimes a second-line agent
needs to be used. BASs, nicotinic acid, and sevelamer [145,146]
are possible alternatives.
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Use of BASs in kidney transplant recipients
Using BASs in kidney transplant recipients may be difficult because
of a possible interference with the absorption of immunosuppres-
sive medications that bind to lipids. Even though two small studies
did not find a reduction in cyclosporine levels [147,148], it may be
prudent to avoid administering a BAS from 1 h before until 4 h af-
ter the administration of cyclosporine and to monitor blood levels
of cyclosporine. For many patients, the potential risk of transplant
rejection resulting from poor absorption of immunosuppressive
medication may outweigh the benefits of a further reduction in
LDL.

For kidney transplant recipients who have LDL levels of ≥100
mg/dL (≥2.59 mmol/L) despite maximal medical management,
consideration should be given to changing the immunosuppres-
sion protocol. In deciding whether to change immunosuppressive
agents, the risk of rejection should be weighed against the risk
of CVD. Moreover, the effects of immunosuppression on overall
CVD risk should be taken into account, not just their effects on
dyslipidemia. For example, different immunosuppressive agents
have different effects on blood pressure and posttransplant dia-
betes, both of which can affect the incidence of CVD.

Treating non-HDL cholesterol in patients with high
triglycerides
Non-HDL cholesterol is defined as total cholesterol minus HDL.
High fasting triglycerides (180–499 mg/dL; 2–5.7mmol/L) are
not used as goals of therapy, but they are markers of increased
coronary risk and should be treated in the absence of increased
LDL [129]. The finding that elevated triglycerides were an indepen-
dent cardiovascular risk factor in some studies suggests that some
triglyceride-rich lipoproteins are atherogenic [149,150]. The latter
are partially degraded VLDL, commonly called remnant lipopro-
teins. Non-HDL cholesterol was demonstrated to remain one of the
strongest predictors for intima media thickness in 897 hemodialy-
sis patients [151]. Non-HDL cholesterol also was a predictor of aor-
tic atherosclerosis in a cohort of 205 hemodialysis patients [152].
Therefore, non-HDL cholesterol is an independent factor affect-
ing arterial wall thickening and stiffness. Recent data suggest that
non-HDL cholesterol may actually be a better predictor of coro-
nary mortality than LDL [153]. Non-HDL cholesterol is also a rea-
sonable surrogate marker for apoB, the major apolipoprotein of all
atherogenic lipoproteins [154]. In one study, hemodialysis patients
showed higher levels of VLDL and IDL, and lower levels of HDL,
than age- and sex-matched controls with similar levels of plasma
triglycerides [155]. However, so far no evidence has linked low
HDL, high fasting triglycerides, and increased non-HDL choles-
terol directly to CVD in patients with CKD. Clearly, additional
studies are needed to establish whether therapy targeting lower
levels of VLDL and IDL is safe and effective in patients with CKD.

TLC for high triglycerides and non-HDL cholesterol
There are virtually no studies on the effects of alcohol consumption
in patients with CKD. Even if studies from the general population
have produced conflicting results as to whether intensive glycemic

control reduces the risk for CVD, CKD patients with low HDL and
or high triglycerides should be assessed for diabetes, and diabetic
patients with this lipid profile should have as good glycemic control
as possible without causing excessive hypoglycemia. Obesity is
associated with low HDL and/or high triglycerides. There are a
few studies demonstrating successful weight reduction in obese
patients with CKD. A limited number of studies suggest that low-
fat diets [156] and increased physical activity [135] may be effective
in patients with CKD. A few studies have examined the effects of
fish oil supplements on lipoproteins in patients with CKD; their
results have been inconclusive [157–161].

Drug therapy for high triglycerides and non-HDL cholesterol
Patients who are not already receiving a statin for treatment of LDL
cholesterol who have fasting triglycerides of ≥200 mg/dL (≥2.26
mmol/L) (K/DOQI) or ≥180 mg/dL (≥2 mmol/L) (EBPG) and
non-HDL cholesterol of≥130 mg/dL (≥3.36 mmol/L) and who do
not have liver disease should be started on a statin along with TLC.
The safety and efficacy of statins for preventing CVD have been
more conclusively established in randomized trials in the general
population. If a statin cannot be used, a fibrate may be consid-
ered. The blood levels of bezafibrate, clofibrate, and fenofibrate
are increased in patients with decreased kidney function compared
to controls with normal kidney function [162–165]. In contrast,
blood levels of gemfibrozil do not appear to be altered by decreased
kidney function. Bezafibrate, ciprofibrate, fenofibrate, and gem-
fibrozil have been reported to cause increased serum creatinine
and blood urea nitrogen levels [166,167]. Since dose modifica-
tion for decreased kidney function is not required for gemfibrozil,
unlike other fibrates, gemfibrozil should probably be considered
the fibrate of choice for most CKD patients. Nicotinic acid can be
used in place of fibrates for patients with elevated triglycerides.
However, there are almost no data on blood levels of nicotinic
acid in patients with CKD. Furthermore, the use of polysulfone
or polyamide high-flux dialysis has been shown to ameliorate hy-
pertriglyceridemia in some patients [168–171]. Treatment of renal
anemia with erythropoietin in hemodialysis patients has beneficial
effects on plasma lipid concentrations [172].

Isolated low HDL cholesterol
Patients with isolated low HDL cholesterol should be treated with
TLC. Pharmacological treatment of isolated low HDL cholesterol
is not recommended because the risks of pharmacological therapy
to raise HDL probably outweigh the benefits.

Other lipid-lowering agents
Ezetimibe was approved after publication of the above-presented
guidelines. There are data on ezetimibe treatment in patients,
including peritoneal dialysis, hemodialysis, and CKD patients
[173,174] as well as kidney transplant recipients [175] that show it
to be an effective lipid-lowering agent when added to other lipid-
lowering therapies as well as to be safe in patients with reduced
renal function and in patients who do not tolerate statin therapy.
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At this time, there are no data about its influence on cardiovascular
events.
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6 Krämer A, Nauck M, Pavenstädt H, Schwedler S, Wieland H,

Schollmeyer P et al. Receptor-mediated uptake of IDL and LDL from

nephrotic patients by glomerular epithelial cells. Kidney Int 1993; 44:

1341–1351.

7 Short CD, Durrington PN, Mallick NP, Hunt LP, Tetlow L, Ishola M.

Serum and urinary high-density lipoproteins in glomerular disease with

proteinuria. Kidney Int 1986; 29: 1224–1228.

8 Appel GB, Blum CB, Chien S, Kunis CL, Appel AS. The hyperlipi-

demia of the nephrotic syndrome. N Engl J Med 1985; 312: 1544–

1548.

9 Kaysen GA, Pan X-M, Couser WG, Staprans I. Defective lipolysis persists

in hearts of rats with Heymann nephritis in the absence of nephrotic

plasma. Am J Kidney Dis 1993; 22: 128–134.

10 Davies RW, Staprans I, Hutchison FN, Kaysen GA. Proteinuria, not

altered albumin metabolism, affects hyperlipidemia in the nephrotic

rat. J Clin Invest 1990; 86: 600–605.

11 Shearer GC, Kaysen GA. Proteinuria and plasma compositional changes

contribute to defective lipoprotein catabolism in the nephrotic syn-

drome by separate mechanisms. Kidney Int 2001; 37(Suppl 2): S119–

S122.

12 de Sain-van der Velden MG, Kaysen GA, Barrett HA, Stellaard F, Gadel-

laa MM, Voorbij HA et al. Increased VLDL in nephrotic patients results

from a decreased catabolism while increased LDL results from increased

synthesis. Kidney Int 1998; 53(4): 994–1001.

13 Joven J, Villabona C, Viletta E. Pattern of hyperlipoproteinemia in hu-

man nephrotic syndrome: influence of renal failure and diabetes melli-

tus. Nephron 1993; 64: 565–569.

14 Karadi I, Romics L, Palos G, Doman J, Kaszas I, Hesz A et al. Lp(a)

lipoprotein concentration in serum of patients with heavy proteinuria

of different origin. Clin Chem 1989; 35: 2121–2123.

15 Thomas ME, Freestone A, Varghese Z, Persaud JW, Moorhead JF.

Lipoprotein(a) in patients with proteinuria. Nephrol Dial Transplant

1992; 7: 597–601.

16 Stenvinkel P, Berglund L, Heimbürger O, Petterson E, Alvestrand A.

Lipoprotein (a) in nephrotic syndrome. Kidney Int 1993; 44: 1116–

1123.

17 Wanner C, Rader D, Bartens W, Krämer J, Brewer HB, Schollmeyer
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Hypertension (HTN) is very common among patients with
chronic kidney disease (CKD). Using ambulatory blood pressure
(BP) monitoring in patients with CKD, Andersen et al. [1] found
that in 232 veterans, 35% had isolated systolic HTN, 3% had iso-
lated diastolic HTN, 27% had combined systolic and diastolic
HTN, and 35% had normotension or well-controlled BP. Elevated
BP is an important cardiovascular (CV) risk factor in the general
population as well as in those with CKD. In addition, high BP is a
well-recognized risk factor for the development and progression of
kidney disease. The prevalence of end-stage renal disease (ESRD)
is rising rapidly. Physicians are confronted with a major challenge
of preventing ESRD among patients with CKD, and treatment of
HTN is a cornerstone for such intervention. Several prospective
trials have been performed to determine the goal BP, outcome,
and choice of antihypertensive therapy in patients with HTN and
CKD. The optimal level of BP in CKD is still unclear despite the
numerous studies. Based on the available data, the National Kidney
Foundation (NKF) [2] and the Joint National Committee (JNC)
[3] have recommended a goal BP of less than 130/80 mmHg in
patients with CKD. In this chapter we discuss the rationale for
these recommendations.

CKD burden in the general population

The burden of CKD in the general population is increasingly ac-
knowledged. In a cross-sectional study of 16,589 adults aged 17
years and older (Third National Health and Nutrition Examina-
tion Survey, conducted from 1988 to 1994), 3% had elevated serum
creatinine, defined as ≥1.6 mg/dL for men and ≥1.4 mg/dL for
women [4]. HTN, defined as BP of ≥140/90 mmHg or use of anti-
hypertensive medications, was noted in 70% of these individuals.
What was more astonishing was the fact that among the hyperten-
sive individuals, only 11% had a BP of <130/85 mmHg (the goal

BP for CKD without proteinuria, as recommended by JNC-6). In
each category of BP, elevated serum creatinine was more preva-
lent among treated than untreated individuals with HTN, and the
relationship between elevated serum creatinine and BP was linear
among untreated individuals and was J-shaped among treated in-
dividuals. Despite the inherent limitations of this cross-sectional
study and that the data signified an association rather than cau-
sation, the study revealed a high burden of CKD in the general
population and the suboptimal control of BP in such individuals.

Misclassification of HTN with BP monitoring
in clinic

Measurement of BP via a sphygmomanometer and a stethoscope
is the most common method for estimation of arterial pressure
in a clinical practice. Clinical diagnosis and HTN management
are based almost entirely on office measurements. However, these
measurements may be prognostically less reliable than BP ob-
tained outside the office setting. When home BP monitoring (self-
measured BP) is performed, HTN is less frequently misclassified
and better correlation is achieved with putative markers of kid-
ney disease progression [5]. Masked HTN, that is, normotension
in the clinic and HTN at home, is associated with higher risk of
ESRD in patients with CKD [5]. Conversely, “white coat” HTN,
which is HTN in the clinic and normotension at home, is asso-
ciated with better renal outcomes. Ambulatory BP monitoring is
also prognostically superior to clinic BP but does not further re-
fine the prognosis made by home BP monitoring [6]. In patients
on hemodialysis, home BP, not the predialysis and postdialysis BP
values, shares a combination of high sensitivity and high speci-
ficity of greater than 80% to make a diagnosis of HTN with the
reference standard of ambulatory BP monitoring [7]. In addition,
home BP is a better predictor of left ventricular hypertrophy in pa-
tients on hemodialysis compared with peridialysis BP [8]. These
data suggest that self-measurement of BP by patients with CKD
can serve as a useful addition to assessing the level of HTN control
and prognosis.
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Part 5 Chronic Kidney Disease, Chronic Renal Failure

Role of angiotensin converting enzyme
inhibitors and angiotensin II receptor blockers
in CKD and HTN

A significant interaction between proteinuria and BP has been
delineated among patients with CKD and HTN that seems to be
important especially with reference to outcomes. The introduc-
tion of agents blocking the renin–angiotensin–aldosterone sys-
tem was an important milestone in the management of patients
with CKD and HTN, particularly in those with diabetes mellitus
and proteinuria. Drugs inhibiting the renin–angiotensin system
have the added benefit of reducing glomerular HTN and other
nonhemodynamic benefits. In addition, angiotensin converting
enzyme inhibitors (ACEi) preferentially improve arterial stiffness
and lower central aortic pressures more than beta-blockers or cal-
cium channel blockers, which may offer an additional mechanism
of improvement in CV outcomes seen with this class of drugs
[9].

Diabetic nephropathy is a major cause of ESRD and enhances
the mortality rate in the diabetic population. A landmark study by
Lewis et al. [10] provided initial evidence that use of an ACEi (cap-
topril) in patients with type 1 diabetes mellitus and proteinuria of
≥500 mg/day was superior to placebo in preventing the progres-
sion of kidney disease and lessened the mortality and ESRD rates.
There was no significant difference in BP control in the two groups.
Proteinuria reduction was overall greater in the captopril group
than in the placebo group. The study led to the widespread use
of ACEi in diabetic nephropathy. Whether ACEi would be equally
beneficial in those with less or no proteinuria was not answered
by this study.

The benefit of ACEi in nondiabetic nephropathies has been
shown in several studies. The Italian investigators of the Ramipril
Efficacy in Nephropathy (REIN) study reported that among pa-
tients with chronic nondiabetic nephropathies, ramipril was supe-
rior to conventional antihypertensive therapy in attenuating the
loss of renal function over the long term [11,12]. The GFR de-
cline per month was significantly lowered with ramipril among
patients with baseline proteinuria of >3 g/day, even during the
short follow-up, but not in those with baseline proteinuria of
1–2.9 g/day. However, ramipril was more effective in reducing
proteinuria and progression to ESRD, even in patients with non-
nephrotic-range proteinuria. The goal BP in this study was <90
mmHg diastolic BP, which at the time of the study was the recom-
mended target for these patients. Thus, pretreatment proteinuria is
highly predictive of the benefit of ACEi on long-term kidney func-
tion, with a greater benefit in those with higher proteinuria. ACEi
gained a pivotal role in preventing progression of CKD in both
diabetic and nondiabetic nephropathies, with benefits extend-
ing beyond BP reduction and became the mainstream treatment
in CKD.

The Irbesartan Diabetic Nephropathy Trial (IDNT) assessed the
role of irbesartan, an angiotensin II receptor blocker (ARB), in
slowing the progression of nephropathy (median urine protein

excretion of 2.9 g/day) in patients with type 2 diabetes [13]. Irbe-
sartan, compared to placebo and amlodipine, significantly low-
ered the risk of doubling of serum creatinine and development of
ESRD. These results could not be explained by differences in the
mean arterial pressure (MAP) during follow-up. The MAP was
significantly higher by 3.3 mmHg in the placebo group than the
irbesartan and amlodipine groups. Proteinuria reduction on aver-
age was 33, 6, and 10% in the irbesartan, amlodipine, and placebo
groups, respectively. The overall mortality and CV event rates were
not significantly different between the groups. Irbesartan was well-
tolerated.

In another study of patients with nephropathy and HTN as-
sociated with type 2 diabetes (RENAAL), losartan, compared to
placebo, resulted in a 16% risk reduction in the composite end
point of doubling of serum creatinine, ESRD, or death [14]. Over-
all mortality and morbidity and mortality from CV causes were
similar in the two groups. There was no significant difference in
the BP between the two groups at the end of the study, although the
losartan group had a significantly lower MAP at the end of 1 year.
Albuminuria reduction on average was about 35% in the losar-
tan group, whereas it increased in the placebo group (P < 0.001
between the groups). The ARBs in these two studies involving pa-
tients with nephropathy from type 2 diabetes led to significant im-
provement in the renal outcomes that was beyond that attributable
to BP reduction and appeared to be in part related to albumin-
uria reduction. Two post hoc analyses from this trial demonstrated
that baseline albuminuria and reduction in albuminuria were pre-
dictive of primary outcome, ESRD outcome, CV outcomes, and
hospitalization due to heart failure [15,16]. Whether ARB is su-
perior to ACEi in patients with nephropathy from type 2 diabetes
is unclear, but certainly remains an obvious alternative to those
who do not tolerate ACEi. ACEi could be used when ARBs are cost
prohibitive.

BP level and progression of nephropathy

Post hoc analysis of the RENAAL study was also done to evalu-
ate the impact of systolic BP on renal outcomes [17]. A baseline
systolic BP of 140–159 mmHg, compared to <130 mmHg, in-
creased the risk of ESRD or death by 38%. In a multivariate model
that also included the urinary albumin/creatinine ratio, each 10-
mmHg rise in baseline systolic BP increased the risk for ESRD
or death by 6.7%; a similar rise in diastolic BP decreased the risk
by 10.9%. Thus, the predictive capability for renal outcomes is
stronger for baseline systolic BP and widening pulse pressure in
patients with nephropathy from type 2 diabetes. Among patients
with a baseline pulse pressure of >90 mmHg, the losartan group
compared to the placebo group had a 53.5% and 35.5% risk re-
duction for ESRD alone and ESRD or death, respectively. One
explanation for these favorable results may be the known effects
of ARBs on improvement in central pressures and arterial stiffness
[18].
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Chapter 33 Hypertension in CKD

Goal BP in CKD and HTN

The Modification of Diet in Renal Disease (MDRD) study tested
whether dietary protein restriction and BP control delayed the
progression of renal disease [19,20] (Table 33.1). Patients with
insulin-requiring diabetes were excluded, and ACEi use was en-
couraged but was not mandatory. Although the mean decline in
the GFR was overall not significantly different between the two
groups in either study (Table 33.1), a higher follow-up MAP was
significantly associated with a faster decline in GFR. In the first
study, GFR decline was steeper for MAP of >98 mmHg in those
with baseline proteinuria of 0.25–3.0 g/day and for MAP of >92
mmHg in those with proteinuria of ≥3 g/day. In the second study
(more advanced CKD), GFR decline demonstrated an inverse rela-
tionship with follow-up BP only for patients with baseline protein-
uria of ≥1 g/day. In addition, there was a significant reduction in
proteinuria in the low-BP groups in both studies. The studies sig-
nified the importance of BP control in ameliorating GFR decline,
particularly in those with proteinuria, even in patients without
insulin-requiring diabetes. This led to the JNC-6 guideline of tar-
get BP of <125/75 mmHg in those with proteinuria of ≥1 g/day.
However, there was a disproportionate use of ACEi in the usual
BP and low target BP groups, 32% and 51%, respectively, which
could have contributed to the observed results.

After the completion of the MDRD study, which was conducted
from 1989 to 1993, those patients were followed long-term through
2000 in an observational fashion, and no specific target BP was
mandated [21]. ESRD developed in 62% in the low BP target
(MAP <92 mmHg) and 70% in the usual BP target (MAP 102–107
mmHg) groups. The adjusted hazard ratios in the low BP group for
ESRD and the composite outcome of ESRD or all-cause death were
0.68 (P < 0.001) and 0.77 (P = 0.0024), respectively. These re-
sults did not vary considerably after adjustment for ACEi use. How-
ever, there were no BP measurements during the long-term follow-
up, and therefore the exact mechanism by which assignment to the
low BP group resulted in these better outcomes is unclear.

The REIN-2 trial tested whether BP lowering in addition
to ACE inhibition is beneficial in CKD [22]. Patients with
nondiabetic proteinuric nephropathies who were already being
treated with ramipril were randomized to either conventional
(diastolic BP <90 mmHg) or intensified (BP < 130/80 mmHg)
BP control. Felodipine was used in the intensive treatment group
to further lower the BP. Concomitant antihypertensive drugs
were used in both groups as needed to attain target BP. Urinary
protein excretion was similar in both groups at baseline and
throughout follow-up. BP decreased from 137/84 to 130/80
mmHg (P < 0.0001) in the intensified BP control group and
from 136/84 to 134/82 mmHg in the conventional control group
(P = 0.02 for systolic and 0.03 for diastolic BP). A separation in
MAP by about 3 mmHg was maintained throughout the study.
The study was stopped after a short follow-up based on futility.
There was no significant difference in the percentage of patients
reaching ESRD in the two groups (23% vs. 20%; P = 0.99). The

median rate of GFR decline was similar in both groups throughout
the study period. However, as expected, GFR decline was slower in
patients with <3-g/day proteinuria than in those with >3-g/day
proteinuria (0.19 mL/min/month vs. 0.49 mL/min/month;
P = 0.001). These results suggest that the use of felodipine to fur-
ther lower the BP does not confer renal protection in nondiabetic
patients with overt proteinuria. The study provokes the thought
that perhaps one should focus on variables other than BP, such as
protein excretion, to evaluate the renoprotective effects of drugs.

In the African American Study of Kidney disease and HTN
(AASK), patients with hypertensive renal disease were assigned to
MAP goals of 102–107 mmHg and ≤92 mmHg [23]. The achieved
BP was on average 128/78 mmHg and 141/85 mmHg, respectively,
in the low and usual BP groups, with a mean separation in MAP
of approximately 10 mmHg throughout the follow-up. There was
no significant difference between the two groups in the GFR slope
or the composite outcome (GFR decline of ≥50% from baseline,
ESRD, or death). Thus, the low BP goal in this study had no added
benefit in improving renal outcome. GFR decline was significantly
lower in patients with baseline urinary protein/creatinine ratios
of ≤0.22 compared to those with a ratio of >0.22. No significant
differences in all-cause and cardiovascular mortality were noted
between the groups. The results of this study do not support the
low BP goal in African Americans with hypertensive renal disease
in terms of decreasing the rate of GFR decline and the compos-
ite outcome. However, the study did not have sufficient power to
identify differences in mortality and ESRD. Although cardiovas-
cular outcomes were not an end point of the study, subsequent
analyses of the AASK trial did not show a significant effect of BP
level on cardiovascular events [24]. The hazard ratios in the low
versus usual BP goal comparison for CV deaths, CV composite
outcome (first CV hospitalizations and CV deaths), CV compos-
ite outcome or ESRD, and all CV events, respectively, were 0.98
(95% confidence interval [CI], 0.48–2.01; P = 0.96), 0.84 (95%
CI, 0.61–1.16; P = 0.29), 0.91 (95% CI, 0.72–1.15; P = 0.42), and
1.06 (95% CI, 0.76–1.49; P = 0.73). These findings of no apparent
benefit could have been due to the inadequate power of the study.

The NKF guidelines for HTN recommend a goal BP of< 130/80
mmHg for all patients with CKD and HTN [2]. A patient-level
meta-analysis supports the need for systolic BP control to 110–
129 mmHg in patients with CKD and proteinuria of greater than
1 g/day [25]. These guidelines seem reasonable considering the
available data. However, an individualized approach needs to be
taken for each patient with CKD in determining the goal BP. For
example, a more aggressive reduction in BP and nonpharmaco-
logic measures may be attempted in patients who have persistent
proteinuria or increasing proteinuria.

Choice of antihypertensive therapy in CKD
and HTN

The benefits of ACEi and ARB in CKD among diabetic and nondi-
abetic patients with proteinuria and HTN were described above.
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Chapter 33 Hypertension in CKD

In the AASK trial (Table 33.1), patients were randomized to initial
treatment with a beta blocker (metoprolol), ACEi (ramipril), or
a dihydropyridine calcium channel blocker (amlodipine) [23,26].
Additional open-label agents were used to achieve the BP goals. In
an interim analysis following discontinuation of the amlodipine
intervention for safety reasons [26], ramipril compared to am-
lodipine was associated with a 36% slower mean GFR decline over
3 years and a 48% risk reduction of the clinical end points. How-
ever, the risk reduction was profoundly influenced by the sub-
group of patients with baseline proteinuria. Among patients with
no baseline proteinuria or with GFR of ≥40 mL/min, there was no
difference in the GFR decline between the two groups at the end of
the follow-up and GFR remained slightly higher in the amlodipine
group than the ramipril group. Follow-up systolic BP was 2 mmHg
lower for the amlodipine group than the other groups.

In the ramipril versus metoprolol comparison following the
completion of the study [23], the mean GFR decline was slower
during the acute phase with ramipril than with metoprolol
(ramipril, −0.23 vs. metoprolol, −1.73 mL/min/1.73 m2; P =
0.01). During the 4-year follow-up, GFR decline was marginally
better in the ramipril group (−1.81 vs. 2.42 mL/min/1.73 m2/year;
P = 0.07). However, the chronic GFR slopes were similar be-
tween the two groups (ramipril, −1.87, vs. metoprolol, −2.12;
P = 0.25). In the amlodipine versus metoprolol comparison, GFR
increased in the amlodipine group during the acute phase (4.03
mL/min/1.73 m2 −1.73 mL/min/1.73 m2; P <0.001). However,
the decline in GFR was faster during the chronic phase in the am-
lodipine group (−3.22 mL/min/1.73 m2) compared to the meto-
prolol group (−2.33 mL/min/1.73 m2; P = 0.02).

GFR decline was significantly slower during the 3-year follow-
up in the amlodipine group than the metoprolol group (1.60 vs.
2.68 mL/min/year; P = 0.004), which was primarily a reflection
of the change during the acute phase, which was likely a hemody-
namic response. The beneficial effect on GFR in the amlodipine
group during the acute phase and total GFR slopes was significantly
related to baseline proteinuria and occurred only if the baseline
urine protein/creatinine ratio was 0.22 or less. This interaction of
baseline proteinuria was not significant for the chronic slope or
the clinical composite outcome. However, among patients with
baseline urine protein/creatinine ratios of >0.22, the metoprolol
group compared with the amlodipine group had a risk reduction
of 38% (P = 0.03) for the main composite outcome. In addi-
tion, mean declines in GFR were smaller for patients with higher
baseline GFR but larger for those with lower baseline GFR in the
amlodipine group compared with metoprolol groups. The risk re-
duction for the main clinical composite outcome with ramipril
was 22% compared to metoprolol. Overall, although there was no
difference among the three drug regimens in the primary analy-
sis of the GFR slope, ramipril was more beneficial than the other
two drugs in slowing progression of hypertensive kidney disease
based on the results of secondary analyses. Metoprolol may be su-
perior to amlodipine in improving renal outcomes, particularly
among those with higher proteinuria and lower baseline GFR in
African Americans with hypertensive kidney disease. Subsequent

analyses showed no difference in CV outcomes in the three drug
groups [24]. The hazard ratios for CV deaths in the ramipril ver-
sus metoprolol, amlodipine versus metoprolol, and ramipril ver-
sus amlodipine comparisons were 1.06 (95% CI, 0.47–2.39), 1.18
(95% CI, 0.46–3.04), and 0.90 (95% CI, 0.35–2.30), respectively.
The hazard ratios for CV composite outcomes (first CV hospital-
izations and CV deaths) in the respective comparisons were 0.98
(95% CI, 0.69–1.39), 0.77 (95% CI, 0.48–1.24), and 1.27 (95% CI,
0.78–2.06) (P not significant, all comparisons).

In the REIN-2 trial [121], addition of the dihydropyridine cal-
cium channel blocker felodipine for treatment of patients with
nondiabetic proteinuric nephropathies receiving ACEi therapy
(ramipril) did not slow the progression to ESRD or GFR decline
and did not reduce proteinuria. The patients had a baseline GFR of
about 35 mL/min and urine protein excretion of about 2.9 g/day.

Post hoc analysis of the ALLHAT study [27] assessed whether
therapy with a calcium channel blocker (amlodipine) or an ACEi
(lisinopril) improved the renal outcomes compared to a diuretic
(chlorthalidone) among patients with HTN stratified by baseline
estimated GFR ( GFR, ≥90 mL/min, 60–89 mL/min, and <60
mL/min). All three groups required additional antihypertensive
medications to achieve a target BP of <140/90 mmHg. The ALL-
HAT study had 33,357 participants, of whom about 17% had CKD.
Proteinuria was not measured, and patients with baseline creati-
nine of >2 mg/dL were excluded. The baseline estimated GFR was
3–6 mL/min higher in the amlodipine group than the other two
groups. Compared with the chlorthalidone group, the incidence of
ESRD was not significantly different in the lisinopril or amlodip-
ine groups across the three GFR groups for the total group or for
participants who had diabetes at baseline. The major limitation of
this analysis is the lack of information on baseline proteinuria.

The results, however, do not nullify conclusions from several
other studies that ACEi or ARBs, usually in combination with a
diuretic, slow the progression of kidney disease better than the
other hypertensive agents. Moreover, BP control in CKD usually
requires two or more antihypertensive agents.

Conclusions

Renoprotective strategies include both BP and proteinuria reduc-
tion in addition to others. Nonpharmacologic therapies, such as
sodium restriction, weight loss, and increased physical activity,
play a significant role in BP reduction in such patients. Proper use
of diuretics is important for regulating the volume status and thus
improving BP in these patients. Although ACEi and ARBs have
a key role in BP and proteinuria reduction in CKD, they almost
always require the addition of diuretics and other agents to achieve
adequate BP. We need novel therapies and innovative approaches
to prevent ESRD and to decrease mortality in patients with CKD.
An individualized approach is recommended in managing patients
with CKD and HTN. Studies determining outcomes in CKD us-
ing home BP and ambulatory BP measurements would be very
informative.
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34 Recognition and Management of Mineral and
Bone Disorder of Chronic Kidney Disease and
End-Stage Renal Disease

Donald A. Molony
Division of Renal Diseases and Hypertension and Center for Clinical Research and Evidence-Based Medicine, University of
Texas Houston Medical School, Houston, USA

The recognition and therapeutic management of the metabolic
bone disease of chronic kidney failure occupies a central place in
the overall treatment of end-stage renal disease (ESRD) patients
and is one of the unique activities that differentiates, in practice,
chronic kidney disease (CKD) specialized care from the routine
care of patients provided by the general internist. Much of the
rationale for current treatment of chronic kidney disease mineral
and bone disorder (MBD) has been based on biological reasoning:
the view that if abnormalities in the hormone systems that regu-
late bone health and calcium and phosphorus metabolism can be
corrected, then the disease states that result from these abnormal-
ities can be treated and survival and quality of health improved.
Figure 34.1 illustrates some of the important relationships be-
tween these hormone systems [1–11]. The validity for patients with
CKD and ESRD of a therapeutic approach based on such patho-
physiological reasoning and on evidence from animal models has
been supported mostly by results from epidemiologic, observa-
tional studies; evidence arising from randomized controlled trials
(RCTs) is more limited [1,12,13].

Thus, current therapies rely on a combination of approaches,
including hormone replacement where hormone deficiencies are
recognized [e.g. 25(OH)-vitamin D and 1,25(OH)2-vitamin D]
and suppression where excesses occur (e.g. parathyroid hormone
[PTH]) and direct modulation of serum and/or whole-body phos-
phorus and calcium. This chapter will examine the evidence that
supports current practice in adult patients with CKD and with
ESRD. The evidence as it relates to pedeatric patients is covered
in chapter 60. The biochemical targets for management of MBD
recommended by national guideline committees are compared
in Table 34.1 [14–23]. The oldest of these guidelines, the Kidney
Disease Outcomes Quality Initiative (K/DOQI), was last updated
with evidence prior to January 2001, and there have been some
calls for revisions to reflect new data [24–26]. It is anticipated that
the Kidney Disease: Improving Global Outcomes (KDIGO) guide-
lines will address some of the expressed concerns [27]. Table 34.1

does not include KDIGO targets, as these guidelines are still under
review.

It should be noted that the recommendations regarding treat-
ment of MBD during CKD stages 3 and 4 or in earlier stages of CKD
have been determined commonly by expert opinion and by the ex-
trapolation of evidence from ESRD [13]. Furthermore, there are,
to date, no published well-designed clinical trials in either ESRD or
CKD that have evaluated the impact of concurrent modulation of
multiple interrelated therapies (e.g. phosphate binders along with
vitamin D and calcimetics) on the long-term outcomes of mor-
tality and non-bone-related morbidity. Trials examining a limited
number of these combined strategies are currently in progress
[1,28].

Lending credence to an approach of arbitrating clinical deci-
sion making on the basis of biological plausibility and a mech-
anistic view of the disease processes responsible for MBD is the
epidemiological and observational evidence that MBD is asso-
ciated with bone demineralization and more importantly, clini-
cally, with overt symptomatic bone disease and potentially with
nonosseous calcification, including calcification of the vascula-
ture. The latter is thought to contribute to the increased prema-
ture cardiovascular and all-cause mortality that occurs in CKD
[29–50]. The causal link between vitamin D deficiency in CKD,
secondary hyperparathyroidism, dysregulation of Ca and PO4,
demineralizing bone diseases of low or high turnover, MBD, and
vascular disease is based principally on this epidemiologic and ob-
servational evidence [29,51–59]. Recently, some RCT evidence in
ESRD patients has been obtained that supports a causal link be-
tween MBD and mortality and the potential benefits of the ther-
apeutic interruption of this causal pathway [60]. Similarly, the
evaluation of outcomes of the currently recommended therapies
for management of MBD in CKD and ESRD is based principally
on results from observational studies, and therefore the conclu-
sions regarding therapy that can be drawn from these studies are
subject to some uncertainty. The individual therapies or, more
importantly, combinations of these therapies, should be scruti-
nized with well-designed RCTs of sufficient size evaluating patient-
centered outcomes in patients with both ESRD and CKD [61].
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Table 34.1 Comparison of guidelines and recommendations regarding targets for biochemical parameters of MBD of CKD and ESRD.

Recommendation from national body (yr of publication)

Biochemical
parameter Disease status

Caring for
Australians with
Renal Impairment
(2005)

Canadian Society of
Nephrology Hemodialysis
Clinical Practice
Guidelines (2006)

European Best
Practice Guidelines
(2006)

K/DOQI
US National Kidney
Foundation (2003)

UK Renal Assoc.
(2006)

PO4, mg/dL CKD
stages 3 & 4

Target within normal
range

2.7–4.6 2.8–4.7

ESRD 2.5–5.0 2.5–5.5 3.5–5.5 3.4–5.6

Ca, mg/dL CKD
stages 3 & 4

Target normal range Target normal range Target normal range

ESRD 8.4–9.5 Target normal range 8.4–9.5 8.8–10.4

Ca × PO4, mg2/dL2 CKD
stages 3 & 4

<55 <60, ideally <52

ESRD <50 <55 <55 <60, ideally <52

iPTH, pg/mL CKD stage 3 35–70 Within normal range
CKD stage 4 70–110 <2× normal upper

limit of assay

ESRD 2–3× upper limit of
normal

Avoid PTH <100, treat if
>500 and symptoms

150–300 <4× nomal upper
limit of assay

nephron number,

net renal PO4 clearance

CKD -

Progressive

Renal Decline

PO4 load

[Ca2+]

VDR and CSR

PTH secretion

FGF-23

FGFR1:Klotho

Klotho

1,25 (OH) Vit D2

Excess

PTH

Renal
Osteodystrophy

MBD - Systemic
Manifestations

Excess

PTH

1- α hydroxylase

25 (OH) Vit D

+ −

Figure 34.1 Pathogenesis of Secondary Hyperparathyroidism in CKD.
This figure illustrates some of the complex relationships between calcium, phosphorus, vitamin D, and PTH that determine normal mineral metabolism and some of the ways in
which these relationships may be altered in CKD leading to the development of secondary hyperparathyroidism and the MBD of CKD. Two processes mediate the early events
in the pathogenesis of SHPTH in early CKD; the renal and systemic response to excess phosphorus and the fall in active 1,25 diydroxy-vitamin D levels. The number of
functioning nephron units decline as renal function worsens. The maintenance of normal serum phosphorus levels in CKD patients is dependent on an increase in phosphate
excretion per nephron. High PTH and low active vitamin D levels inhibit tubular phosphate transport by decreasing sodium-dependent phosphate cotransporter activity.
FGF-23 and the FGF-23 FGFR-Klotho complex may be important modulators of renal phosphate. In addition, FGF-23 appears to reduce 1,25(OH)2 vitamin D in part by
reductions in 1-�-hydroxylase activity. The fall in 1-�-hydroxylase activity in CKD is most likely secondary to multiple mechanisms. Active vitamin D is also reduced in many
patients because of insufficiency in 25 hydroxyvitamin D. Low levels of active vitamin D reduce calcium absorption from the GI tract and stimulate secretion of PTH.
Additionally, low calcium levels stimulate PTH secretion; as a result calcium levels are partially restored by release of calcium from the bone. Excess PTH, hyperphosphatemia,
and vitamin D deficiency each appear to contribute to the development of the systemic manifestations of CKD-MBD.
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The results of a limited number of such studies have been
reported.

Definition of MBD in CKD

The traditional views of bone disease in renal insufficiency (CKD)
and renal failure (ESRD) have emphasized dimineralizing bone
diseases representing a spectrum of bone pathologies ranging from
osteitis fibrosa of secondary hyperparathyroidism to adynamic
bone disease [62–65]. These definitions have been based largely
on observational cross-sectional studies in CKD patient popula-
tions. Distinct bone histological patterns or disease states classified
according to the American Society for Bone and Mineral Research
criteria have been to varying degrees correlated to PTH, vitamin D,
and mineral metabolism status [65]. The bone classification def-
initions and the utility of bone biopsy in identifying individuals
with high-turnover and low-turnover metabolic bone disease and
in monitoring treatment effects have been reviewed extensively
[62–65].

The KDIGO guidelines have proposed an expansion of the def-
inition of MBD that occurs in CKD (CKD-MBD) [27]. This new
definition is necessitated by the emerging view that CKD-MBD is
a systemic pathologic process that results both in bone pathology
(renal osteodystrophy) and in other nonosseous abnormalities,
including vascular and soft tissue calcification. This body recom-
mended the following:

The term renal osteodystrophy [should] be used exclusively to de-

fine the bone pathology associated with CKD. The many clinical,

biochemical, and imaging abnormalities that have heretofore been

identified as correlates of renal osteodystrophy should be defined

more broadly as a clinical entity or syndrome to be called chronic

kidney disease-mineral and bone disorder.

The latter then is a systemic disorder of mineral and bone
metabolism due to CKD with one or more of the following: abnor-
malities in calcium, phosphorus, PTH, or vitamin D metabolism
or of bone turnover, mineralization, volume, linear growth or
strength, or vascular or other soft tissue calcification [27]. This
revised definition of MBD of CKD is based on evidence from obser-
vational studies reported over the last 30 years. These studies have
underscored the central role of secondary hyperparathyroidism in
the pathogenesis of MBD; hence, the definition of the disease in
large part is related to the occurrence and consequences of this
secondary hyperparathyroidism. As potential biomarkers of early
mineral metabolism are identified and validated, such as FGF23,
the definition of MBD may need to be reframed [11,66–68].

MBD can also be framed in terms of specific vitamin D defi-
ciency states recognized in CKD. Vitamin D deficiency [both that
of 25(OH)- and “active” 1,25(OH)2-vitamin D] plays a central
role in the development of secondary hyperparathyroidism and
may antedate by some time in individuals experiencing progres-
sive loss of renal function measurable elevations in serum intact
PTH (iPTH) levels [69–73]. Thus, vitamin D deficiency has been
considered a potential target for early therapeutic intervention.

Table 34.2 Vitamin D preparations evaluated with multiple cohort or RCTs in
patients with CKD or ESRD.

Vitamin D class Agent

Vitamin D Cholecalciferol, D3

Vitamin D, “vitamin’’ Ergocalciferol, D2

Active vitamin D, “hormone’’ 1,25(OH)2-vitamin D

Established Active vitamin D Calcitriol, 1,25(OH)2-vitamin D3

Active vitamin D analogs Alfacalcidiol
Paricalcitol, 19-nor-1,25(OH)2-vitamin D2

Doxecalciferol, 1-�-(OH)-vitamin D2

The RCT and observational study evidence supporting replace-
ment strategies for CKD and ESRD patients deficient in vitamin
D with cholecalciferol (vitamin D3), ergocalciferol [vitamin D2],
and active forms of vitamin D3 or D2 [1,25(OH)2-vitamin D or
an equivalent] will be reviewed below. Table 34.2 lists the forms
of vitamin D that have been evaluated in clinical trials in patients
with either CKD or ESRD [74].

The relative contributions of 25(OH)-vitamin D and
1,25(OH)2-vitamin D in the pathogenesis of MBD are unknown,
and to date no RCTs comparing treatment outcomes in a head-to-
head study of both hydroxylated forms of vitamin D or evaluating
their concurrent use have been reported. The evidence in CKD and
ESRD is principally related to the effects of active 1,25-hormone on
parameters of bone health and on Ca and PO4 metabolism; fewer
studies have evaluated the effects of cholecalciferol or calcidiol re-
placement on PTH and active vitamin D levels in ESRD [3,75–82].
By current customary practice, there is a general consensus that
active vitamin D “hormone” [active 1,25(OH)2-vitamin D] defi-
ciency is part of the clinical spectrum of MDB, and there is an
emerging view that vitamin D deficiency [25(OH)-vitamin D] is
also important in CKD and ESRD.

One of the important limitations of conducting clinical trials is
the challenge of determining noninvasively, using a measure that
can be employed in routine clinical practice, when MBD begins
and the effectiveness of the treatment under investigation in mod-
ulating the MBD. Current assays for iPTH and vitamin D may
have somewhat more limited reliability and reproducibility, as has
been demonstrated when the same sample is tested in multiple dif-
ferent reference laboratories [83,84]. Furthermore, evidence has
emerged from some investigations (but not all) that indicates that
iPTH measurements may not always allow for accurate classifica-
tion of a significant number of patients into those with low- versus
high-turnover bone disease or to identify patients with a signif-
icant osteoporosis component [85–91]. Correct classification of
patients is likely to have important implications for response to
therapy [23,92]. None of the currently recommended testing reg-
imens has been evaluated in an RCT for its utility in impacting
long-term clinical outcomes. The clinical trials evidence reviewed
in this chapter that relies on PTH or vitamin D levels as the primary
outcome may need to be reconsidered as more sophisticated tests
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are developed and validated. Ideally, therapy for treatment and/or
prevention of MBD and its complications should be evaluated in
terms of its effects on bone pathology, clinically relevant bone
disease outcomes such as fracture risk, and on vascular health,
patient survival, and the preservation of a state of optimal health
[13,61]. In current practice, therapeutic success is often monitored
by achievement of target PTH, PO4 and Ca levels and, thus, this
chapter will also review the therapies of MBD in terms of their
effects on these biochemical disease-centered surrogate outcomes.

In the development of CKD, when does MBD
begin?

If MBD is a systemic disease with severe consequences, it makes
sense that initiation of specific targeted therapies either before
the disease begins (primary prevention) or early in the course of
disease (secondary prevention) might be able to reduce morbid-
ity and improve overall survival among CKD patients. The most
proximate initiating events in the pathogenesis of MBD of CKD are
currently the focus of intense investigation. These investigations
are clinically relevant in that they may allow for the development
of early biomarkers of disease, allow for earlier treatment at a stage
where treatment is presumably more effective, and suggest new
loci for therapeutic interventions. Likely candidates include FGF-
23, klotho, and phosphatonins, all of which may participate in the
early pathogenesis of secondary hyperparathyroidism and MBD of
CKD [6,9,10,67,68,93,94]. The utility of these “early” biomarkers
of MBD in CKD has not been confirmed with cohort, epidemi-
ologic, or RCT evidence, either as diagnostic tests that efficiently
identify patients with MBD or as a way of directing therapeutic
interventions and monitoring the effectiveness of these interven-
tions. Despite the potential promise of these early biomarkers,
clinical trials evidence is lacking to support the routine use of vita-
min D in CKD for the prevention of MBD before overt vitamin D
deficiency itself is identified. The clinical trials evidence on early
recognition and treatment of MBD in the CKD patient is limited to
the recognition of vitamin D deficiency and replacement strategies
with vitamin D once deficiency is confirmed.

Epidemiology and definition of vitamin D
deficiency

A number of recent studies have reported the frequency of vitamin
D deficiency for both calcidiol [25(OH)-vitamin D] and calcitriol
[1,25(OH)2-vitamin D3] and their respective vitamin D2 coun-
terparts for the normal adult population and for those with CKD
or ESRD [72,95–104]. These studies have used definitions of vita-
min D adequacy, insufficiency, and deficiency for both 25(OH)-
vitamin D and 1,25(OH)2-vitamin D metabolities that have been
determined principally from an examination of the effects of these
deficiencies on PTH levels and on bone health and histology, clin-

ical phenomena that are regulated largely by active 1,25(OH)2-
vitamin D hormone [105]. These definitions tell us little about the
effects of vitamin D deficiency on nonosseous tissues. It is quite
possible that higher levels are required to treat optimally the po-
tential non-bone-related effects of vitamin D in patients with CKD
[106,107]. Although epidemiologic studies demonstrate a strong
association between vitamin D deficiency either assumed because
of place of residence (northern climes) or measured using the
normal values defined as above and a number of cellular, develop-
mental, and immune dysfunctions, including myopathy, multiple
sclerosis, psoriasis, infections, and malignancies, the converse has
not been formally demonstrated, with a few exceptions [107–118],
specifically, that the replacement of vitamin D either as 25(OH)-
vitamin D or as active 1,25(OH)2-vitamin D hormone results in
a reduction in cancer risk, infection risk, myopathy, anemia, and
renal fibrosis in patient populations where vitamin D deficiency is
the consequence of CKD.

1,25(OH)2-vitamin D deficiency has long been recognized to
occur in an increasing proportion of subjects as renal function
levels decline. At an estimated glomerular filtration rate (eGFR)
of <60 mL/min/1.73 m2, most studies report that 50% of pa-
tients with CKD will be vitamin D hormone insufficient or defi-
cient [69,70,72]. Recently, Levin and coworkers reconfirmed the
topology of the decline in 25(OH)- and 1,25(OH)2-vitamin D in
CKD and a correlation between the increasing prevalence of vita-
min D deficiency and secondary hyperparathyroidism [72]. They
reported a direct relationship of declining GFR with declining
1,25(OH)2-vitamin D3 (R2 = 0.3827; P < 0.0001), but not with
25(OH)-vitamin D levels. They also reported onset of overt hyper-
parathyroidism at eGFR levels of <45 mL/min/1.73 m2, at a level
where roughly 50% of the subjects in their survey population were
deficient in 1,25(OH)2-vitamin D3. The relationship of vitamin
D deficiency and the development of hyperparathyroidism was
strongest for 1,25(OH)2-vitamin D. They also reconfirmed that
abnormal serum values for calcium and phosphorus do not occur
until late in the course of CKD and as such are not good markers
for either secondary hyperparathyroidism or vitamin D deficiency.
Recently, Wolf and coworkers demonstrated that PTH status, late
in CKD, provided a poor marker of an individual patient’s vitamin
D status [118]. LeClair and coworkers demonstrated significant
calcidiol [25(OH)-vitamin D] deficiency in CKD, with only 17%
of patients with CKD stage 3 and 12% of patients with CKD stage
4 having sufficient levels [101]. In this cohort of CKD patients,
vitamin D levels did not increase during the summer months,
implying that sunlight exposure was not sufficient for ensuring
adequate levels of calcidiol. A cross-sectional study conducted in
Hawaii demonstrated a significant number of healthy individuals
with calcidiol insufficiency despite more than 30 h of sunlight/week
[103]. Thus, sufficient levels of calcidiol cannot be assumed with-
out a direct measurement in CKD patients, even among those with
adequate sun exposure.

Although is it clear that patients with CKD are at significant risk
for calcidiol and calcitriol deficiency and, consequently, secondary
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hyperparathyroidism and MBD, the full benefits from the various
vitamin D replacement strategies have not been investigated
with well-designed RCTs. The hypothesis that pharmacological
replacement of either calcidiol or of active 1,25(OH)2-vitamin D
hormone will result in improvements in survival has not been
evaluated with a rigorous RCT in subjects with CKD or ESRD.
Vitamin D therapy in CKD and ESRD has been evaluated in terms
of the effects on bone histology and fracture risk and on PTH and
metabolic parameters.

Data from non-CKD patients have been reviewed in recent
meta-analyses analyzing the evidence for prevention of fractures
and for improvement in survival [120–128]. These clinical tri-
als focused mainly on elderly individuals with osteoporosis. These
studies included elderly individuals with unrecognized CKD. Con-
sideration of these results might have relevance to the CKD pop-
ulation in the absence of similar specific CKD trials. The findings
reported from RCTs in “normal” elderly subjects are similar to the
findings that arise from the observational studies in CKD patients.

Vitamin D supplementation does appear to reduce the risk of
hip or other clinically significant fractures in elderly women and
men who have osteoporosis or are at risk for this disease. Bischoff-
Ferrari conducted a meta-analysis of RCTs in which cholecalciferol
was administered to elderly patients for prevention of hip or non-
vertebral fractures [128]. They found five and seven RCTs that met
their inclusion criteria where vitamin D therapy was evaluated for
the prevention of hip and nonvertebral fractures, respectively. All
of the studies identified used cholecalciferol as the active agent.
They noted significant heterogeneity that disappeared when the
studies employing high doses of vitamin D were analyzed sep-
arately from low-dose trials. They found that a higher dose of
vitamin D (700–800 IU/day) reduced the relative risk (RR) of hip
fracture by 26% (95% confidence interval [CI], 0.61–0.88) and
nonvertebral fractures by 23% (95% CI, 0.68–0.87) versus either
calcium or placebo. Vitamin D at a low dose (400 IU/day) did not
confer benefit in these studies. In a more recent analysis that com-
bined the low-dose and higher-dose studies, Jackson et al. did not
demonstrate a similar benefit from vitamin D in preventing falls to
that reported by Bishoff-Ferrair [124]. From recent studies it is un-
certain whether a benefit is seen with customary doses of vitamin
D or only with supraphysiologic doses and whether a benefit is seen
in the absence of supplementation of dietary calcium [126,129]. In
order to determine the impact of calcium supplementation, Boo-
nen et al. recently updated the meta-analysis of Bischoff-Ferrari
and found a favorable effect on hip fracture prevention with vi-
tamin D when administered with calcium supplementation but,
in contrast to the earlier meta-analysis, an absence of a signifi-
cant overall benefit when cholecalciferol, even in the higher doses,
was used alone. Others have also evaluated in a systematic review
the benefits of achieving high serum levels of 25(OH)-vitamin D
in non-renal failure patients and demonstrated limited benefits
for subsets of the population, but the studies could not separate
the benefits from those related to calcium and were inadequately
designed to address the question of harm [123].

Does vitamin D supplementation improve other
aspects of health and survival in the non-CKD
population?

The observations that measured 25(OH)-vitamin D deficiency or,
alternatively, residence in northern latitudes is associated epidemi-
ologically with increased risk of infection, malignancy, myelopro-
liferative disorders, myopathy, neurodegenerative disorders, etc.,
have resulted in the recommendation that vitamin D supplemen-
tation be administered to the general population and that this
might result in reduced mortality [107,110]. Autier and Gandini
performed a meta-analysis of RCTs with vitamin D and demon-
strated a significant survival advantage for subjects on vitamin D,
especially at higher doses [130]. The effect was associated with
a fivefold increase in 25(OH)-vitamin D levels in the treatment
groups and was most robustly demonstrated in the RCTs that
compared cholecalciferol administration to placebo rather than
ergocalciferol to placebo. This differential benefit was somewhat
attenuated in trials that used vitamin D in combination with cal-
cium supplementation. Overall for all of the vitamin D trials, an RR
reduction for death of 7% was determined with a number needed
to treat of 169 (95% CI, 91–1178). More recently, Lappe et al. in a
three-armed RCT of vitamin D plus calcium versus calcium alone
or versus placebo demonstrated a substantially decreased risk for
the development of cancer for the women assigned to the vitamin
D plus calcium group compared to the other two study arms when
the women were followed beyond the first year of therapy [111].
Whether these health benefits are attenuated or magnified in CKD
patients on vitamin D supplementation has not been tested with
an RCT.

Evidence from observational and epidemiological studies does
support the hypothesis of a survival advantage in CKD stage 5
and likely late stage 4 from the use of active vitamin therapies.
Some of this evidence as it pertains to cardiovascular risk has
been summarized by Levin and Li [131]. More recently, Wolf et al.
demonstrated in a prospective cohort of patients new to dialysis
that those who were treated with active vitamin D (either continu-
ing on active vitamin D started during predialysis with CKD stage
4 or initiated on vitamin D concurrent with initiation of dialy-
sis) experienced a significant 90-day survival advantage compared
to those who were not treated with active 1,25(OH)2-vitamin D
(or its equivalent) [119]. The survival advantage in this popu-
lation appeared to be obtained whether patients were deficient
in 25(OH)- or 1,25(OH)2-vitamin D. Whether a similar survival
benefit would have been observed in incident dialysis patients who
were deficient in 25(OH)-vitamin D had they been treated with
ergocalciferol or other forms of active vitamin D precursors could
not be evaluated in this observational study.

The association of active vitamin D therapies with improved
survival in ESRD has been observed in multiple cohorts of preva-
lent ESRD patients on dialysis [132–140]. Tang and coworkers ob-
served that patients on hemodialysis who received active vitamin D
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had a lower mortality than those who did not, irrespective of their
serum PTH, PO4, or calcium status [132]. Furthermore, they re-
ported that those who received active vitamin D2 (paricalcitol) ap-
peared to do better than those treated with vitamin D3 (calcitriol)
[133]. Tentori and coworkers reported similar survival patterns
with active vitamin D therapy in a different cohort in a later time
period [134]. They also observed a survival advantage when active
vitamin D2 forms (paricalcitol and doxecalciferol) were compared
to vitamin D3 (calcitriol). The survival curves for paricalcitol and
doxecalciferol were superimposed. In each of these observational
studies the apparent survival advantage was relatively small. No
head-to-head comparison in an RCT of sufficient duration of one
form of vitamin D versus another or versus placebo has been per-
formed to determine the true survival benefit of a specific vitamin
D therapy for patients on dialysis. Despite sophisticated and appro-
priate statistical adjustments, the observational studies cannot be
assumed to be entirely free of bias. Given that the magnitude of the
observed benefit is small, it cannot be assumed that if this question
were to be examined with an RCT that a similar survival benefit for
vitamin D would be found [142]. However, in the absence of mul-
tiple robust RCTs, it is appropriate to acknowledge that a survival
benefit for vitamin D sufficiency and/or its therapeutic restoration
is supported by multiple lines of epidemiological reasoning. This
body of evidence fulfills the major considerations attributed to Sir
Austin Bradford-Hill, by which one can infer likely causal linkage
between an exposure (active vitamin D deficiency) and an out-
come (increased mortality), including dose response, strength of
association, consistency, and biological plausibility, among others
[1,143,144].

What is the evidence then that vitamin D
replacement in patients with CKD results in
meaningful clinical patient-centered outcomes?

Whenever possible, therapy should be informed by patient-
centered outcomes that include improved survival, reduced risk
of hospitalization, reductions in cardiovascular disease and car-
diovascular events, reduced risk of fractures, and improved qual-
ity of life. Most of the clinical trials evaluating vitamin D therapy
and informing its current clinical use in CKD measure disease-
oriented and/or surrogate outcomes, such as changes in serum
phosphorus, calcium concentrations, bone histology by biopsy or
noninvasive measures, and serum PTH levels. The evidence that
vitamin D therapies improve both patient-centered and disease-
oriented outcomes is reviewed.

Before examining a recent meta-analysis of the RCT evidence, it
may be useful to examine briefly the data that historically resulted
in the current recommendations for use of vitamin D in CKD
and ESRD. Renal osteodystrophy was recognized as a significant
and progressive disease in patients with ESRD soon after effective
renal replacement therapy became generally available in North
American, Europe, and Asia. The disease state was recognized as
demineralizing and debilitating bone disease, hypocalcemia, and

hyperphosphatemia. It was observed to be more prevalent in pa-
tients with prolonged kidney failure, especially those with chronic
diseases of the renal tubulo-interstitium [145]. Bone biopsy studies
demonstrated that the degree of disordered bone architecture was
associated directly with the degree of hyperparathyroidism and
that the latter correlated in some studies to 25(OH)-vitamin D
deficiency or to 1,25(OH)2-vitamin D deficiency [105,146–148].

The first clinical trials with vitamin D replacement in CKD
were conducted, prior to the availability of significant quantities
of active vitamin D, with either supraphysiologic doses of cholecal-
ciferol or 25(OH)-vitamin D3 [75,76,78,79]. When these studies
were performed in patients with ESRD, they were generally short
term (typically 12 weeks) and included small numbers of subjects.
Typically, improvements in bone pain, alkaline phosphatase, and
PTH levels in patients with severe secondary hyperparathyroidism
were evaluated. Typically, these early studies in ESRD cohorts did
not include a control group and none evaluated hard patient out-
comes, such as fracture rates and mortality. Some of these early
cohort studies did include evaluations of bone histomorphology
by biopsy.

Some of the earliest investigations of 1,25(OH)2-vitamin D
therapy reported two findings that have subsequently proven to
be causes for concern. First, Berl et al. conducted an RCT on a
small number of hemodialysis patients [75], comparing the bio-
chemical effects of oral therapy with calcitriol versus cholecalcer-
ferol. They reported a prompt development of hypercalcemia in
nearly all of their subjects receiving calcitriol (maximum dose, 1.5
�g/day), even though these patients were receiving aluminum and
not calcium salts as a phosphate binder. Second, Christiansen and
coworkers examined the effects of calcitriol in CKD patients [149–
151]. They reported that calcitriol produced significant and abrupt
increases in serum calcium levels and a doubling of renal calcium
excretion. Importantly, in these studies oral calcitriol therapy sig-
nificantly accelerated the rate of decline of renal function. Others
have reported that calcitriol is safe without any adverse effect on
renal function when used in very low doses that do not invoke
a hypercalcemic response but that are sufficient to manage the
early stages of secondary hyperparathyroidism in CKD [152,153].
Calcitriol is currently commonly used in CKD patients. More re-
cently, Coburn and Coyne reported the effects of newer vitamin D
analogs on urinary calcium excretion and renal function [154,155].
These investigators did not see elevations in urinary calcium ex-
cretion comparable to those reported by Christainsen et al. nor
changes in the GFR with 6 months of oral therapy with the newer
agents.

The widespread adoption of vitamin D therapy in ESRD more
than 2 decades ago was based on two lines of evidence: on the effects
of vitamin D replacement in ESRD patients on biochemical mark-
ers of MBD, such as PTH, PO4, Ca, and alkaline phosphatase, that
were reported from multiple mainly short-term nonrandomized
trials, and on the clinical reasoning that emerged from experi-
mental studies in laboratory animals. One of the principal initial
goals of this therapy was correction of the hypocalcemia and con-
sequent suppression of PTH based on mechanistic reasoning. This
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mechanistic rationale for therapy has been summarized elsewhere
[76,156].

Most recently, Palmer and colleagues reevaluated the clinical
trials evidence regarding vitamin D use in ESRD and CKD using
the formal analytical methods specified by the Cochrane collab-
oration, therefore limiting their analysis to evidence from RCTs
[157,158]. They evaluated the effects of vitamin D on the magni-
tude of suppression of PTH and on the treatment of hyperphos-
phatemia, as well as the impact of vitamin D therapy on renal
function, hypercalcemia, and on mortality. This analysis of the
published literature demonstrated a number of findings.

Despite the promise of benefit from the observational studies
in CKD patients and from the RCT results in the general popu-
lation and the biological plausibility for a survival benefit, there
have been no clinical RCTs specifically designed to demonstrate
this survival benefit in patients treated with vitamin D in either the
ESRD or the CKD population. In their meta-analysis, Palmer et al.
referred to eight trials that reported on mortality as part of report-
ing of adverse events. The shortest of these trials was 12 weeks, and
the longest in CKD patients, 2 years; the weighted average follow-
up for the six trials that compared vitamin D to non-vitamin D
therapy was approximately 1.2 years. Many of these trials excluded
diabetic patients, and the average age of participants was less than
50 years. In these trials, there were a total of 16 deaths, 10 in
those receiving vitamin D and 6 in the placebo group, or approx-
imately 2 deaths for every 100 patient-years of follow-up. Thus,
these trials were significantly underpowered to demonstrate any
survival difference with vitamin D therapy and generally examined
a healthier-than-typical hemodialysis population.

From their meta-analysis, Palmer et al. did conclude that active
vitamin D therapy with newer agents reduced end-of-treatment
PTH levels but that this potential therapeutic benefit was associated
with potentially problematic albeit small increases in serum cal-
cium and to a lesser degree with increases in PO4 levels, but not with
increased episodes of overt hypercalcemia or hyperphosphatemia.
These findings of benefit versus the harm of generating hypercal-
cemia were more robust when a single trial using 22-oxacalcitriol,
in which the rate of hypercalcemia was unusually high, was ex-
cluded from the analysis. The benefits on PTH control of therapy
with an “established” vitamin D (1,25-dihydroxycholecalciferol)
were not confirmed in this systematic review. Furthermore, the
use of an established agent was associated with an increased risk
of hypercalcemia and hyperphosphatemia. The conclusions that
arise from this meta-analysis are somewhat tempered by the signifi-
cant interstudy heterogeneity and by the less-than-robust method-
ologic quality of some of the available studies.

One of the principle findings from this meta-analysis is that
there is a surfeit of robust RCT evidence underlying some of the
assumptions regarding therapeutic benefits of vitamin D in CKD
and ESRD. There are few direct comparisons of treatment with one
form of vitamin D versus another or with a placebo. In a single RCT
with 263 ESRD patients comparing head to head calcitriol versus
paricalcitol, Sprague et al. demonstrated a more rapid reduction in
PTH and less hypercalcemia with the paricalcitol treatment [159].

Much of the evidence to support the use of vitamin D comes
from longitudinal studies, in which patients serve as their own
control and where suppression of PTH and/or improvements in
bone histomorphometry on biopsy have been the primary out-
comes evaluated, or from comparisons of one active vitamin D
with another [160–192]. Because many of these studies did not
include random allocation, many of these would not normally be
included in systematic reviews such as that performed by Palmer
et al. Nonetheless, these studies provide some rationale for use of
active vitamin D preparations to ameliorate the most severe effects
of secondary hyperparathyroidism pending additional RCT evi-
dence regarding the optimal dosing, route, and form of vitamin D
for prevention of renal MBD and mortality.

The K/DOQI recommends that dialysis patients with iPTH lev-
els of >300 pg/mL should receive active vitamin D to reduce PTH
to target, that intermittent intravenous calcitriol is more effec-
tive than daily oral dosing, and that paricalcitol or doxercalciferol
should be considered for patients who become more hypercal-
cemic or hyperphophatemic with calcitriol.

25(OH)-Vitamin D

Epidemiologic studies have identified significant 25(OH)-vitamin
D deficiency in CKD populations. Clinical trials have provided
evidence for the utility of vitamin D replacement therapy with
cholecalciferol or ergocalciferol in the general population, where
replacement therapy corrects secondary hyperparathyroidism, im-
proves bone mineralization, reduces fracture risk, and improves
motor and immune functions and may even delay the develop-
ment of type 2 diabetes [104,105,109,111–120]. The epidemio-
logic and RCT data supporting these benefits of vitamin D re-
placement therapy in the general population have been exten-
sively reviewed by Hollick and others [107,120,123]. The use of
ergocalciferol or cholecalciferol in the CKD and ESRD popula-
tion are less well studied. Prior to the introduction of active forms
of vitamin D (calcitriol, etc.), correction of vitamin D deficiency
in ESRD populations with significant renal osteodystrophy was
attempted with pharmacologic doses of ergocalciferol or cholecal-
ciferol. The results were variable. A number of the early studies
failed to demonstrate a significant effect of suprapharmacologic
doses of cholecalciferol or ergocalciferol on biochemical markers
of MBD. Significant side effects were noted. Improvement in bone
mineralization was rarely measured or reported.

Recently, Saab et al. reexamined the use of ergocalciferol in a
prevalent dialysis cohort of 119 patients [82]. They noted no sig-
nificant change in the biochemical parameters (serum calcium,
PO4, and Ca–PO4 product) after 6 months of therapy with 50,000
IU of ergocalciferol monthly despite significant improvements in
25(OH)-vitamin D levels. They did not probe the long-term im-
pact of this therapy on the patient-centered outcomes of bone
health and survival. Zisman et al. demonstrated a modest improve-
ment in PTH control in CKD stage 3 patients treated with ergo-
calciferol long term but no similar benefit for patients with CKD
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stage 4 and more severe secondary hyperparathyroidism [193].
The implications of their findings for ESRD patients warrant fur-
ther exploration. The exact role of ergocalciferol or cholecalciferol
supplementation in the treatment of dialysis patients in the current
era has, to date, not been evaluated with clinical RCTs.

Hyperphosphatemia

Many of the therapeutic efforts directed towards the management
of the systemic disease of MBD of CKD are focused on the man-
agement of the excess phosphorus retention that is a consequence
of CKD. In this regard, it is prudent to first examine the evidence
that phosphorus itself contributes to increased mortality and mor-
bidity in CKD and to examine whether reduction in phosphorus
absorption either by dietary restriction or the use of phosphate
binders results in improvements in this excess mortality and these
morbidities.

The hypothesis that excess phosphorus retention and hyper-
phosphatemia result in significant human disease arises from two
lines of evidence. These include experimental data from animal
experiments and in vitro cell culture models and epidemiological
data from human populations. The latter have included studies
both in populations of dialysis patients and in cohorts of subjects
with normal renal function or mild to moderate CKD. In studies
first performed more than 20 years ago, Slatopolsky and colleagues
demonstrated in animal models of renal insufficiency that sec-
ondary hyperparathyroidism, renal bone disease, and even renal
failure progression could be attenuated after a 5/6 nephrectomy
or other causes of acute renal failure if the animals were fed a very
low phosphate diet. This body of evidence has been summarized
elsewhere [194,195]. More recently the laboratories of Giachelli,
Shannahan, Moe, and others have reported findings that provided
a potential molecular mechanism for both direct and indirect ef-
fects of increased extracellular phosphorus (and often calcium in a
synergistic manner) on fibrosis, MBD, and vascular calcification.
These studies have been summarized by these three investigators
in recent reviews [196–204].

Epidemiologic studies of patients with ESRD have demon-
strated that there is a strong association between elevations in
serum phosphorus levels, MBD of CKD, and mortality. These
studies are summarized in Table 34.3 [44,205–220]. Block and
coworkers analyzed a large data set of prevalent hemodialysis pa-
tients. They demonstrated that patients with baseline serum PO4

levels of greater than 5.5 mg/dL experienced a significant dose-
dependent increase in mortality over the subsequent 2 years of
follow-up [207]. Block et al. have more recently replicated these
findings [210]. Similar results have emerged from the DOPPS and
other large dialysis patient cohorts [211]. Kalantar-Zadeh and
coworkers, examining a large database of prevalent dialysis pa-
tients in the USA, demonstrated a similar relationship between
PO4 and mortality [44]. Kalantar-Zadeh’s analysis differed from
those conducted by Block and others in that they examined the
time-dependent effect of PO4 on mortality. In their fully adjusted

model (adjusted for significant comorbidities, age, gender, and nu-
tritional status), serum PO4 levels greater than 5.5 mg/dL and less
than 2.8 were independently associated with increased mortality.
On the basis of these findings, the K/DOQI and other consensus
evidence-based guidelines have recommended that phosphorus
levels in patients be targeted to relatively narrow ranges. A sum-
mary of the major recommendations with regards to the biochem-
ical targets for therapy from some of the principal national bodies
are shown in Table 34.1.

It should be noted that reduced survival in ESRD patients with
MBD cannot be fully described by any single biochemical parame-
ter, such as phosphorus, or by multiple parameters taken together
where the target levels for these parameters have been largely de-
termined separately. Stevens, Levin, and coworkers demonstrated
in a prospective cohort the complex interplay between each of
the MBD biochemical and clinical parameters and mortality [73].
Their analysis supports the hypothesis that patients may require
different targets depending on their duration on dialysis. It is not
surprising that the optimal calcium, phosphorus, and PTH targets
for best cardiovascular and mortality outcomes might evolve as
the vascular disease burden changes with duration of ESRD and
time on dialysis. It is also likely that the optimal serum calcium
and phosphorus targets and response to therapy might be dif-
ferent for individuals with some preservation of renal clearance
[49,74].

Evidence is now emerging to implicate high phosphorus bur-
dens with increased mortality risk in individuals with more normal
renal function. Using a time-dependent model and the Framing-
ham offspring cohort, Dhingra et al. demonstrated a significant
association of serum phosphorus levels at the high end of the
“normal” range, namely, above 3.5 mg/dL, with increased cardio-
vascular morbidity and mortality among healthy individuals with
GFRs greater than 90 mL/min/1.73 m2 followed for an average
of 16 years [220]. They were also able to demonstrate an associa-
tion of an increased Ca–PO4 product with cardiovascular events.
Tonelli et al. demonstrated a similar impact of a higher serum
PO4, albeit still within the normal range, on cardiovascular events
among survivors of a myocardial infarction who participated in a
secondary prevention trial [221]. The eGFRs (mean for the entire
cohort, 71.95 mL/min/1.73 m2) were similar across the spectrum
of PO4 levels, and a separate analysis conducted among partici-
pants with and without eGFRs of <60 mL/min/1.73 m2 did not
change the overall findings. In this cohort of individuals with pre-
existing coronary artery disease and dyslipidemia, a fasting serum
PO4 value of >3.5 mg/dL was associated with an increased risk of
mortality, and a value of >4.0 mg/dL was associated with a second
myocardial infarction or congestive heart failure.

In a retrospective cohort study conducted in Veterans Affairs’
(VA) Medical Centers located in the Pacific Northwest, Kesten-
baum et al. demonstrated a linear increase in risk of mortality
among patients with CKD with baseline serum PO4 levels of >3.5
mg/dL or higher [218]. In an analysis of a separate VA population,
Schwarz and coworkers observed in subjects identified with CKD
by eGFRs on two separate occasions that serum PO4 values of
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>4.3 mg/dL were associated with a more rapid progression of CKD
to either a doubling of creatinine or ESRD [219].

Treatment strategies for hyperphosphatemia

Whereas serum PO4 levels of greater than 4.5 and 5.5 mg/dL in
CKD and ESRD populations, respectively, have been associated
in observational studies with increased mortality, it cannot be as-
sumed a priori that all therapeutic interventions to lower serum
phosphorus levels in patients with CKD or ESRD to a specified
“normal” range will result in similar levels of improved outcomes.
Clinical trials comparing different strategies that lower PO4, in-
cluding dietary phosphorus restriction, the use of phosphate
binders, and direct measures to control hyperparathyroidism, are
required to determine absolutely the optimal strategies at each
level of renal function and the optimal serum phosphorus targets to
achieve with such treatments. Some but not all of the aspects of this
clinical question are addressed by evidence that will be reviewed.
Importantly, very few RCTs have examined the impact of multiple
simultaneous interventions on patient-oriented “hard” outcomes.

Phosphate-restricted diet

An important component of any approach to hyperphosphatemia
and the net positive phosphorus balance that occurs as a result
of reduced renal excretion is the prescription of a phosphate-
restricted diet. This approach is further supported by the
observation from animal studies that phosphate restriction can
significantly attenuate the development of secondary hyper-
parathyroidism [194,195]. In observations of CKD patients, renal
phosphorus elimination in CKD stage 3 and early stage 4 is typically
maintained as a result of compensatory changes, importantly, in-
creased PTH secretion and consequent increased PO4 elimination
per functioning nephron. The observational data reviewed above,
however, suggest that an increased phosphorus burden with nor-
mal serum phosphorus levels in the CKD patient nevertheless may
result in diminished survival, mainly through premature cardio-
vascular events. There is no RCT that has examined the effects of
phosphorus dietary restriction in CKD patients who have normal
serum phosphorus levels. The focus of the evaluation of dietary
phosphorus restriction has been on CKD and ESRD patients with
overt elevations in serum phosphorus.

The typical North American and European daily diet contains
between 800 and 1500 mg of phosphorus (800–1000 mg on a
1.2-g/kg protein-replete diet), of which approximately 50–60% is
absorbed for an average weekly phosphorus load of approximately
4200 mg (2800–6300 mg) [222,223]. Judicious dietary restriction
can reduce PO4 to the lower end of this range [224]. In early stages
of CKD, random serum PO4 levels are normal but postprandial
PO4 levels may be elevated [225,226]; the latter may play a role
in the pathogenesis of secondary hyperparathyroidism and in the
excess mortality observed among CKD patients [227,228].

As CKD progresses, residual functioning nephrons increase
net PO4excretion. Although PO4 metabolism is altered early in
CKD, it is only during late stage 4 and early stage 5 CKD that
the GFR declines sufficiently such that this compensatory pro-
cess no longer suffices and observed serum PO4 levels increase.
Patients on dialysis have negligible renal excretion of absorbed
phosphorus, and a neutral phosphorus balance depends on re-
ductions of ingested PO4 and on augmented gastrointestinal
(GI) and dialysis-related elimination [229]. Conventional thrice-
weekly hemodialysis (12 h/week) will typically eliminate roughly
2400 mg of phosphorus. A net positive PO4 balance can be greater
than 1800 mg/week [230,231]. Although PO4elimination by dialy-
sis is increased somewhat by newer modalities of dialysis (hemodi-
afiltration [232], daily dialysis [233], nocturnal dialysis [234–236],
etc.), the limited availability and acceptance of the latter modalities
that increase duration of dialysis, requires, that most patients rely
principally on diet and on reduction of PO4 absorption with phos-
phate binders to manage the PO4 load. The latter works best to con-
trol PO4 when some meaningful dietary PO4 restriction is achieved
[237–239].

Murphy-Gutekunst and others have evaluated sources of phos-
phorus in commercially available foods and demonstrated multi-
ple sources of hidden PO4, principally as food additives. They have
addressed the impact of these sources on the PO4 burden and the
resultant challenges for PO4 control in CKD patients [240–244].
Adequate dietary PO4 restriction may increase the risk of pro-
tein malnutrition [245]. The safety of this excess PO4 in the form
of food additives for the general population has been called into
question [246–248]. Although the impact of such food additives
on the health of the CKD population is unknown, it is argued that
the excess PO4 could contribute importantly to cardiovascular dis-
ease [222,249], development of secondary hyperparathyroidism,
vitamin D deficiency, and accelerated renal failure progression
[195,248,250]. The inability of dialysis to adequately control PO4

balance speaks to the inevitability of the need for phosphate binders
for the majority of patients with ESRD [251,252].

Phosphate binders

Another pillar of treatment of MBD in late-stage CKD and in ESRD
has been the prevention and treatment of hyperphosphatemia
through reduction in PO4 absorption from food with dietary ma-
nipulation in combination with oral PO4 binders. The currently
available phosphate binders have each been demonstrated to re-
duce PO4 absorption from the GI tract and control serum PO4

concentrations to targeted levels when utilized in recommended
doses. This evidence has been reviewed by a number of investi-
gators [253,254]. Agents currently in use for which there is either
observational or study trial data demonstrating their efficacy as
phosphate binders are shown in Table 34.4. Because each of these
agents is effective in lowering phosphorous, the question of their
appropriate use rests on whether it results in improved bone and
cardiovascular health and reduced overall morbidity and mortality
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Table 34.4 Agents used as phosphate binders in
CKD and ESRD patients.Class Agent Comments

Mineral salts Calcium carbonate Extensive clinical experience in CKD and ESRD
populations; limited RCT comparison to placebo

Calcium acetate Extensive clinical experience in CKD and ESRD
populations; RCT evidence compared to other
phosphate binders

Calcium citrate Limited trials evidence in ESRD

Magnesium hydroxide Limited trials evidence in ESRD and CKD

Magnesium carbonate Short-term RCT evidence in ESRD

Metal-based compounds
Aluminum hydroxide Extensive clinical experience in CKD and ESRD

populations; no RCT comparison with placebo

Lanthanum carbonate Extensive prospective cohort evidence in ESRD
populations; RCT evidence compared to other
phosphate binders

Iron salts Limited clinical trials evidence

Nonabsorbed polymers
and resins

Sevelamer-HCl Extensive prospective cohort evidence in ESRD
populations; RCT evidence compared to other
phosphate binders; surrogate and
patient-centered outcomes.

Sevelamer carbonate RCT evidence compared to other phosphate
binders; equivalency study compared to
sevelamer-HCl

in individuals with CKD and ESRD. Additionally, for the individ-
ual patient, decisions on their use might also be influenced by
tolerability and overt side effects.

The question of cost-effectiveness of one phosphate binder ver-
sus another, a public policy question of relevance for health au-
thorities, will not be addressed in this chapter, even though this
consideration has influenced importantly some of the decisions
regarding the development of national guidelines. To better appre-
ciate the potential and the limitations of such analyses, the reader
is referred to four recent cost-effectiveness analyses comparing two
phosphate binders, in which the analyses arrive at largely opposite
conclusions [255–259]. The cost-effectiveness analysis by Manns
et al. argues that substantial clinical benefit has not been demon-
strated for any particular binder strategy, hence, the “cost mini-
malization” approach reported by this group [255]. Their findings
are in contrast to the systematic review and cost-effectiveness anal-
ysis of Nadin and the cost-effectiveness analyses of Taylor et al. and
of Huybrechts and coworkers [257–259].

Given the strong association between the severe elevations in
PO4 that occur in late stages of CKD and nonosseous or metastatic
calcification, phosphate binders have been universally adopted into
routine care of the ESRD patient without supporting RCT evidence
in which outcomes with phosphate binders have been compared
to outcomes with treatment strategies not including binders. This

acceptance of phosphate binders without RCT evidence, in gen-
eral, seems prudent for the severely hyperphosphatemic ESRD
patient with severe secondary hyperparathyroidism. The evidence
that has emerged from observational studies in ESRD populations
does not help with the questions of when, along the spectrum of
CKD, phosphate binders should be initiated, what level of serum
or total body phosphorus should be targeted to obtain the best
health outcomes, and whether all phosphate binders are equiv-
alent in terms of long-term outcomes if they achieve equivalent
PO4 control. This last question drives the attention that has been
paid to measuring, in short-term clinical trials, the efficacy of one
binder compared to another in terms of biochemical parameters,
but it begs entirely the related questions regarding the optimal
PO4 target along the continuum of CKD and whether the use of
some PO4 binders at particular stages of CKD might produce un-
intended adverse consequences. The uncertainty that arises from
the sparseness of RCT data in CKD stages 3 and 4 has led most
national guidelines groups to recommend achievement of nor-
mal PO4 levels in these patients by relying principally on diet.
These recommended target PO4 levels, where available, are listed in
Table 34.1.

This chapter will attempt to summarize the efficacy tri-
als evidence insofar as these data inform one or more of
the potential harms, namely, of hypercalcemia, hypercaluria,
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Table 34.5 Comparison of epidemiologic criteria
supporting a causal link of adverse outcomes for three
elements.

Epidemiologic criterion Aluminum Calcium Lanthanum

Strength of association Strong Strong Unknown

Consistency, unbiasedness of
findings

Criteria met Criteria met Unknown

Specificity Criteria meet Criteria met Unknown

Temporality Yes Yes Unknown

Epidemiology in human
populations

Yes, strong Yes moderate Not yet demonstrated

Biological gradient, dose-effect
relationship

Yes Yes Yes, increased accumulation
with increased duration of use

Biological plausibility Yes Yes Yes

Experimental evidence from
animal studies

Yes Yes Yes

Analogy Yes Yes Yes

hyperphosphatemia, renal failure progression, reduced survival,
and oversuppression of PTH and development of adynamic bone
disease. The focus of this section will be on a review of the evidence
that relates phosphate binder choice to changes in patient-centered
outcomes, focusing principally on hard outcomes, such as mortal-
ity and hospitalization rates rather than on surrogate outcomes,
such as measures of vascular calcification and pulse-wave velocity.

Metal salts as phosphate binders

Aluminum salts
Aluminum hydroxide is an effective phosphate binder according
to results from experience in the mid- to late 1970s, when use of
aluminum hydroxide came into widespread use [260]. Aluminium
hydroxide was adopted in part because of concerns with the poten-
tial for the development of hypercalcemia with the use of calcium
carbonate and other calcium salts, and these concerns emerging
from expert opinion in the absence of cohort or RCT evidence
drove much of the change in therapy [260]. Subsequently, alu-
minum hydroxide fell out of favor because of case series that asso-
ciated aluminum accumulation with neurotoxicity and other tox-
icities [261–269]. These concerns received further impetus from
epidemiological data, in particular the well-studied disease out-
breaks associated with parenteral aluminum from dialysate, from
animal models of aluminum toxicity, and finally from the observa-
tion that chelation therapy appeared to modify the natural history
of this toxicity in cases attributed to oral aluminum exposure.
Chelation therapy was administered with significant associated
morbidity and resource utilization. The more fulminant forms
of overt dialysis dementia and aluminum-associated osteomalatia
appeared to disappear in the USA after general abandonment of
aluminum salts as a phosphate binder [277–280]. Whether this was

due to a true therapeutic benefit from avoidance of exposure to
aluminum or an issue with case identification is unknown. Clearly,
given the widely held view by many that aluminum is harmful, an
RCT to interrogate its benefits and its toxicities is not feasible.
The best one can do is to assess its potential for harm using the
accepted criteria for determining that an exposure is likely linked
causally to an adverse outcome. These criteria, attributed to Sir
Bradford-Hill, are listed in Table 34.5. The evidence supporting
the view that aluminum salts as a phosphate binder are harmful
has been reviewed elsewhere [260,263,264,266]. These data do not
allow one to conclude that there is some low level of aluminum
exposure that is safe with chronic use [274,275,277]. There is sig-
nificant absorption of aluminum even in individuals with normal
renal function, where this excess is excreted in the urine [281]. In
the patient with ESRD, this absorbed aluminum is retained.

The current K/DOQI recommends that the use of aluminum
salts as phosphate binders be considered (guideline 5.8) if an
individual with ESRD has a serum phosphorus level of >7.0
mg/dL (2.26 mmol/L). Furthermore, the K/DOQI recommenda-
tions state that aluminum-based phosphate binders may be used
as a short-term therapy (4 weeks), and for one course only, to be
replaced thereafter by other phosphate binders and where other
modalities such as more frequent dialysis are also considered [22].

Lanthanum-carbonate
Other metal salts that are effective in reducing phosphate absorp-
tion from the GI tract and improving circulating phosphorus lev-
els in short-term efficacy trials include iron salts (ferrous sulfate)
and the lanthanum salt La-carbonate. These metal-based phos-
phate binders have been advanced as alternatives to calcium-based
phosphate binders. In in vitro studies lanthanum carbonate was
demonstrated to be a highly efficient binder of PO4, with well-
preserved effectiveness across a wide pH range [282]. Lanthanum
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carbonate has been widely studied in patients and in animals for
its efficacy and safety [283–287].

The available evidence on the safety and effectiveness of lan-
thanum carbonate, currently approved in many countries includ-
ing the USA, Canada, and Europe under the brand name Fos-
renol, has been reviewed. Most of the information regarding long-
term safety of lanthanum has been culled from cohort studies,
open-label extensions of shorter-term RCTs in which the control
arm is dropped and study subjects were followed over years on
La-carbonate phosphate binder therapy. These studies have in-
cluded hemodialysis patients in Europe, Japan, and the USA, with
some followed for more than 3 years while on lanthanum carbon-
ate [284,286–292]. Short-term studies that have probed patient
outcomes with use of lanthanum carbonate compared to placebo
have shown that lanthanum is associated with substantial improve-
ments in biochemical markers of MBD in ESRD patients, including
substantial reductions in PO4, the Ca–PO4 product, and improve-
ments in iPTH and bone histomorphometry [288,293,294]. When
lanthanum carbonate has been evaluated in RCTs with calcium
carbonate as the control phosphate binder, investigators have re-
ported equivalent control of PO4 with improved Ca–PO4 product,
iPTH levels, and markedly less hypercalcemia [284,286–288,292]
compared to calcium carbonate phosphate binders.

In animal models, lanthanum carbonate accumulates promi-
nently in the liver and bone, and less significantly in the kidney
and other soft tissues [295–298]. Similar accumulation is noted
in patients after long-term exposure despite very minimal GI ab-
sorption of lanthanum. Spasoviski noted that although lanthanum
accumulation in bone is low, release of lanthanum from the bones
of these dialysis patients continued even 2 years after discontinu-
ation of the lanthanum [290]. These authors and others have ob-
served that lanthanum does not disrupt normal bone architecture
in a manner analogous to aluminum [290,294,295]. Deposition of
lanthanum into the liver is not associated with elevations in liver
transaminases or in reductions in hepatic synthetic function, but
the results of systematic liver biopsies performed in lanthanum
study subjects have not been reported, so the possibility of some
long-term liver damage cannot be absolutely excluded [286,291].
Lanthanum absorption appears to be principally as La-Cl salts and
not as the much less soluble La-carbonate [299]. The absorption of
La from the GI tract after oral administration and its accumulation
appear to be accentuated by uremia in most animal models.

Some but certainly not all investigators have reported measur-
able accumulations of La in the brains of uremic animals [296,297].
One group has challenged this evidence, arguing that the measure-
ment of La in animal brain tissue is due to contamination from pe-
ripheral blood during the processing and that work completed al-
most 20 years ago demonstrated that the normal blood-brain bar-
rier was impermeable to lanthanum [300]. In these earlier studies
summarized by Evans, La was evaluated as a potential radiographic
imaging marker, and the chemical and biological properties of La
were evaluated after either a single administration or a limited
number of exposures [299]. These studies demonstrated that La
typically was excluded by the tight junction of the blood-brain

barrier after a single exposure, but in animal models of osmotic
injury or after repeated exposure, limited lanthanum passage could
be demonstrated [301,302].

Recently, Feng provided more direct evidence that La may in-
deed cross the blood-brain barrier in sufficient albeit still minute
quantities to affect rat brain function and composition [303,304].
In a series of experimental studies that did not require direct mea-
surement of La in the brain, they demonstrated by magnetic reso-
nance imaging significant changes in the normal brain ion content
(Ca, Fe, and Zn) and distribution in rats given lanthanum chloride
in their drinking water. If such events are occurring in patients,
even to a much lower degree, it would be worrisome especially in
light of the stated objective of using phosphate binders in the first
place, that is, extending survival and improving quality of life of
ESRD patients.

An RCT comparing cognitive function in patients randomized
to La-carbonate versus calcium carbonate over 24 months has been
reported [305]. The authors reported no difference in cognitive
function at 24 months in patients remaining in the two groups.
The results, however, may have been biased by the investigators’
choice to exclude from the analysis only those patients random-
ized to lanthanum who were withdrawn from taking La for any
reason including adverse side effects but to include in the anal-
ysis all patients in the comparison group randomized to receive
conventional therapy, whether they were maintained on the orig-
inally specified calcium carbonate binder or were switched to an
alternative binder because of side effects. In other words, the inves-
tigators chose to compare a potentially less-healthy control group
of patients to healthy La survivors group. Their observation that
the patients in the La group did not perform profoundly better in
the final cognitive function studies is somewhat concerning. Thus,
the long-term safety of lanthanum in uremic patients has not been
unambiguously established.

Non-metal-based phosphate binders

The non-metal-based phosphate binders can be divided into two
categories. The first category contains the mineral salts, such as
calcium carbonate and calcium acetate or magnesium hydroxide
and magnesium carbonate, where some of the mineral is absorbed
as part of normal physiologic processes and some remains in the
GI tract to form nonabsorbable salts with phosphorus. The second
of the categories consists of nonabsorbed polymer resins that bind
phosphorus in the GI tract and are excreted in the feces (Sevelamer
HCl and Sevelamer carbonate).

Magnesium salts
Magnesium carbonate, Mg-hydroxide, and other magnesium salts
will bind phosphorus [306–310]. Magnesium has been used inter-
mittently in ESRD patients for this purpose, but has not been
widely studied because of concerns about the potential adverse
effects from excessive Mg absorption in individuals with kidney
failure [311,312]. Recently Spiegel et al. compared the efficacy for
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controlling hyperphosphatemia of magnesium carbonate to cal-
cium acetate and found that both were well-tolerated and effective
[313]. This was a short-term study, so long-term events could not
be evaluated and await additional clinical trials.

Calcium carbonate and calcium acetate
Both calcium carbonate and calcium acetate have been demon-
strated as effective in controlling hyperphosphatemia in ESRD
patients in large cohort studies and smaller controlled clinical tri-
als. The latter was introduced approximately 20 years ago, as it
was observed to result in less calcium absorption from the GI
tract in animal experiments and in human balance studies, and
it was advocated as superior because of a potential reduced risk
of hypercalcemia [314]. Most balance studies have demonstrated
a substantially lower albeit significant net positive calcium bal-
ance in ESRD patients treated with calcium acetate compared to
carbonate [315–317], but many have reported equivalent rates of
hypercalcemia [317,318]. In addition, patient adherence with cal-
cium carbonate appeared in general to be better [317,319].

Calcium carbonate was recognized as a potential therapeutic
agent in ESRD more than 40 years ago based on its ability to re-
sult in a net positive calcium balance and in reduced phosphorus
absorption in uremic patients [320]. In comparison to aluminum
hydroxide, it was equally effective in controlling the latter [229], al-
though in one study some patients required addition of aluminum
to achieve target control of PO4 [321]. Additionally, CaCO3 has
been associated with an increased incidence of hypercalcemia com-
pared either to aluminum or to calcium acetate [254,322], in part
due to a relative increased GI absorption when administered with
[323] or without [324] food, even though net absorption of cal-
cium in kidney failure in the absence of vitamin D was substantially
reduced [325].

It is current practice to administer vitamin D to patients with
CKD usually at a point in the progression of their disease that an-
tedates the need to initiate PO4 binders, and virtually all ESRD pa-
tients require both agents. Shortly after Clarkson, Ginsburg et al.
reported clinically significant hypercalcemia in dialysis patients
receiving 2–6 g/day of CaCO3 orally [326]. Furthermore, it was
quickly established that individuals dialyzed against a higher cal-
cium dialysate concentration (during either hemodialysis or peri-
toneal dialysis) experienced increased episodes of hypercalcemia
and increased suppression of PTH when they received CaCO3 as
their binder [327–330]. These effects could be somewhat miti-
gated by use of lower bath calcium concentrations [297,322,331]
or more Al(OH)3 or Mg(OH)2 as phosphate binders [310]. In the
current era of dialysis, Salusky and coworkers have demonstrated
that coadministration of vitamin D with CaCO3 as the phosphate
binder results in a significant increase in hypercalcemic episodes in
pediatric peritoneal dialysis patients compared to patients not re-
ceiving calcium orally [332]. Use of CaCO3 in patients with CKD
stages 3 and 4 may result in a lower number of hypercalcemic
episodes and produce significant suppression of PTH [333], but
recent studies support the notion that long-term use of calcium

carbonate might contribute to vascular calcification even in pre-
dialysis patients [47,334–336].

Calcium acetate was introduced as a phosphate binder with a po-
tential for reduced GI calcium absorption in part because of the ex-
posure to roughly one-half of the elemental calcium for equivalent
PO4 binding capacity [253,254]. It was hoped that this would re-
sult in less hypercalcemia. Some of the initial clinical trials demon-
strated the expected favorable serum calcium result [315,316,337].
Other investigators, however, either did not demonstrate a differ-
ence in the risk of hypercalcemia with the acetate salt compared
with the carbonate in either crossover RCTs or longitudinal co-
hort studies [317,338,339] or found an actual worsening of hyper-
calcemia with calcium acetate, albeit with improved PO4 control
[313]. In the latter studies, hypercalcemia appeared to be most
likely in patients who were receiving vitamin D and less likely
when dialysate calcium was reduced [339]. Medication adherence
appeared to be better with the carbonate than with the acetate
[313,317]. It should also be noted that in healthy volunteers, cal-
cium acetate does not increase aluminum absorption when these
are administered together, whereas citrate does [340]. The latter
may be an issue for CKD patients who are receiving citrate to
correct metabolic acidosis [271].

The long-term consequences of the oral calcium loads at the
doses typically used for binding phosphorus in ESRD patients have
been debated extensively [341–344]. The evidence that informs this
debate arises both from observational studies and from a limited
number of RCTs, with the latter comparing the effects of different
phosphate binders on long-term patient-centered outcomes. The
observational data are reviewed in the next section.

Calcium-based phosphate binders: are they
safe?

A general assumption that followed from the widespread use of
calcium salts as PO4 binders was that, short of causing overt hyper-
calcemia, some net positive calcium absorption would be beneficial
as it might improve bone health and reduce cardiovascular risk.
Both of these assumptions have been challenged recently by new
RCT evidence in the general population. Bollard and colleagues
randomly assigned postmenopausal women with sufficient vita-
min D levels to receive 1 g of elemental calcium daily as calcium
citrate versus placebo and followed these women for 5 years [345].
The women who were assigned to the calcium group experienced
a higher rate of myocardial infarction and a trend towards reduced
survival compared to women not receiving calcium. The popula-
tion was principally individuals with mild CKD by virtue of their
age and mild baseline elevations in creatinine. The benefits of
calcium supplementation on preventing osteoporosis have been
challenged by the negative results of the Women’s Health Study
[346]. A recent meta-analysis of the effects of calcium alone with-
out vitamin D on bone health concluded that neither the pooled
analysis of prospective cohort studies nor that of RCTs demon-
strated a reduction in fracture risk. Furthermore, there was no
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observed treatment benefit in RCTs for hip or vertebral fractures
from calcium supplementation [347].

In patients with ESRD, it is recognized that oral calcium admin-
istration both reduces phosphorus absorption and modestly in-
creases serum calcium in such patients with hypocalcemia. Both of
these effects were previously thought to be beneficial, as they both
result in suppression of PTH. Calcium salts were widely adopted
as phosphate binders in an era when the correction of hypocal-
cemia in ESRD patients was already a specific goal of multiple si-
multaneous interventions, including use of high dialysate calcium
concentrations [348]. The last decade has seen a significant shift
away from this approach, largely due to an appreciation of a signif-
icant incidence of postdialysis hypercalcemia and the emergence of
adynamic bone disease thought, in part, to be due to oversuppres-
sion of PTH by hypercalcemia [349–352]. Furthermore, a number
of observational studies have demonstrated an association of de-
creased survival in ESRD patients with higher predialysis serum
calcium concentrations. These observations further accelerated
the abandonment of strategies to raise serum calcium levels after
1997. The results of these observational studies are summarized
in Table 34.3.

In a seminal study, Block et al. reported increases in observed
mortality independently associated in ESRD patients with abnor-
malities in the biochemical parameters of MBD [207]. Mortality
was associated with elevations in baseline serum phosphorus lev-
els (reviewed above) and the calcium–phosphorus product. These
observations have been replicated by Block et al. and by other
groups independently examining dialysis patient population data
[44,208–217]. In a follow-up analysis of a large dialysis cohort,
Block demonstrated that mortality increased significantly with
serum calcium levels of >9.5 mg/dL and a calcium–phosphorus
product of >50–55 mg2/dL [210]. In this second analysis, they
observed a continuous relationship between increasing serum cal-
cium and mortality, and the highest survival rates were seen in
patients with the lowest baseline calcium levels. Klantar-Zadeh,
using a somewhat different analytical methodology, demonstrated
a similar relationship between high serum calcium levels and mor-
tality [44]. In their maximally adjusted model, patients with the
highest serum calcium levels experienced the highest mortality
risk, and patients with serum calcium levels of between 8.2 and
9.5 demonstrated the most favorable survival. The observations
arising from all of these studies have been relatively consistent;
higher levels of serum calcium, serum phosphorus, and Ca–PO4

product are each independently associated with reduced survival,
even if the magnitude of impact or the threshold for the effect
reported from each study differ somewhat (Table 34.3). Based on
these observational studies, current K/DOQI guidelines recom-
mend targeting a serum calcium level of 8.4–9.5 mg/dL.

London and others have provided evidence that it is not simply
the serum calcium level but rather the total calcium exposure that
may determine the mortality risk. They have demonstrated from
longitudinal cohort studies performed in ESRD populations that
increased exogenous calcium loads are associated with increased
vascular calcification [31,32,41,42] and in independent observa-

tions, with increased mortality [37,39]. Most recently this group
has reported that in patients with adynamic bone disease as might
occur with oversuppression of PTH by exogenous calcium loading
compared to those with high-turnover bone disease, the relation-
ship between exogenous calcium burden and mortality is strongest
[51].

Although the classic Bradford-Hill considerations for a possi-
ble causal relationship between exposure to calcium and adverse
outcomes are largely fulfilled (Table 34.5), there are no RCTs with
masked allocation evaluating the long-term patient-oriented out-
comes of phosphate binder therapy compared to placebo, there-
with addressing this question with the lowest opportunity for bias
and confounding. Despite a significant number of observational
studies in which the use of calcium-based phosphate binders is
associated with vascular calcification and premature cardiovascu-
lar disease, some equipoise with respect to the safety of calcium-
based phosphate binders compared to non-calcium-based binders
exists. This has permitted completion of RCTs comparing out-
comes with calcium-based phosphate binders to outcomes with
the non-calcium-based phosphate binder sevelamer. These stud-
ies have compared calcium-based binders to sevelamer principally
in ESRD patients and have not investigated the incremental bene-
fit of either phosphate binder compared to a no-phosphate binder
control. In patients with ESRD who manifest the most severe dys-
regulation of PO4 metabolism and the highest levels of serum PO4,
inclusion of a placebo arm to a phosphate binder trial is probably
not ethically sustainable. However, the use of any of the currently
available phosphate binders in CKD stages 3 and 4 has not been
studied rigorously with multiple RCTs evaluating mortality and
cardiovascular outcomes, and the benefits from these medicines
in this patient population are less certain. Thus, RCTs with ap-
propriate controls are appropriate and required in CKD stages 3
and 4 to address the following questions: 1) when to initiate phos-
phate binders as an individual progresses through the stages of
CKD; 2) what target levels of PO4 and PTH should be recom-
mended at each stage of CKD to achieve optimal benefit on mor-
tality and morbidities, including renal failure progression; 3) how
to use the binders optimally in conjunction with vitamin D; and
4) what binders might be most effective in maintaining health and
survival.

It is plausible that patients with moderate to moderately severe
CKD (CKD stage 3 and early stage 4) might behave either simi-
larly or differently than ESRD patients when exposed to phosphate
binders. The epidemiologic and observational data and the lim-
ited RCT evidence available in CKD patients support the hypoth-
esis that patients with late CKD stage 4 behave similarly to CKD
stage 5 and ESRD patients. Thus, data from ESRD population-
based studies have been used in the absence of more direct RCT
evidence for CKD stage 4 to inform practice. Observational stud-
ies have identified a significant degree of vascular calcification in
CKD patients [50,331,335,353], especially in those patients with
diabetes or increased markers of inflammation, and that this vas-
cular calcification is associated with a number of factors, including
the quantity of calcium ingested [47,50,334,335].
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What is the evidence that exposure to calcium salts in the form
of phosphate binders may result in less favorable outcomes when
compared to non-calcium-based binders? These data are of four
types: 1) epidemiological data that demonstrate a strong positive
association between calcium exposure and adverse outcomes (Ta-
ble 34.3); 2) whole-animal studies and experimental models us-
ing human cells in culture; 3) short-term human trials reporting
serum and urine calcium levels, PO4, and PTH; and 4) the results
of long-term RCTs comparing calcium-based phosphate binders
to sevelamer and evaluating hard outcomes. The evidence from
each of these sources when evaluated in the context of the totality
of evidence is consistent with the remainder of this evidence. The
RCT evidence is considered below.

Sevelamer

Sevelamer is a cross-linked poly(allylamine)-hydrochloride or
carbonate, a calcium-free, metal-free, nonmineral, nonabsorbed
polymer that binds phosphorus in the proximal intestine and bile
acid more distally [354–360]. This first characteristic permits seve-
lamer to perform as an efficacious binder of PO4in the more prox-
imal portions of the GI tract, the second as a sequestrant acting
more distally to decrease low-density lipoprotein (LDL) choles-
terol and triglyceride levels [356–362]. It is available in most coun-
tries as the hydrochloride. A newer form of sevelamer polymer as
the carbonate is available in a limited but growing number of coun-
tries [360]. These phosphate binders have been evaluated in pa-
tients with ESRD [354–356,359–361,363,364] and CKD [336,362]
with hyperphosphatemia in comparison to calcium-based phos-
phate binders or in comparisons of one form of sevelamer to the
other. There have been three crossover trials that have probed the
use of sevelamer to control phosphorus in combination with a
calcium-based phosphate binder [365–369]. The principal goal of
the efficacy studies has been the control of hyperphosphatemia. In
addition, long-term clinical RCTs have been conducted compar-
ing sevelamer to calcium-based phosphate binders on coronary
artery and vascular calcification, on pulse wave velocity [370,371],
on mortality, and on hospitalization rates. The studies of 52 weeks
or longer in duration are shown in Table 34.6 [60,335,364,372–
379]. RCT evidence of potentially favorable effects of sevelamer
compared to calcium-based phosphate binders on biochemical
parameters, including LDL and high-density lipoprotein (HDL)
cholesterol levels, C-reactive protein, fetuin, FGF-23, and uric acid
(many of which are candidate markers of inflammation) has also
been reported [380–382]. These “pleiotropic” effects of sevelamer
theoretically may provide additional long-term health benefits
from sevelamer use, but the magnitude of these potential bene-
fits has yet to be established [383].

It should be noted that most clinical trials (observational stud-
ies, single-arm efficacy trials, and RCTs) with sevelamer-HCl re-
port consistently lower serum bicarbonate levels in patients on
sevelamer-HCl for longer than a few weeks compared to the level
in the same patients prior to sevelamer-HCl therapy or in compar-

ison to patients on other phosphate binders, including sevelamer-
carbonate, aluminum hydroxide, calcium-carbonate, and calcium
acetate. In sevelamer-treated patients, observed serum bicarbon-
ate levels range from 18 to 21.5 mEq/L (commonly 18.5–20.5)
compared to levels of close to 22 mEq/L reported in most patients
treated with other PO4 binders. The mild acidosis is thought to be
due to the absorption of additional Cl− released from sevelamer-
HCl and not an effect of the sevelamer polymer itself, since use
of sevelamer as the carbonate results in correction of this acidosis
[384]. The long-term clinical implication of the mild metabolic
acidosis seen in patients treated with sevelamer-HCl is uncertain;
to date there have been no clinical trials that have implicated the
mild acidosis per se as causal of significant adverse events.

Both the HCl and the carbonate forms of sevelamer reduce
phosphorus absorption and serum phosphorus levels in an iden-
tical dose-dependent fashion, as reported in two recent clinical
trials. In the first trial, the investigators determined that sevelamer
carbonate and sevelamer HCl were equipotent and efficacious as
phosphate binders [384]. They also demonstrated that the carbon-
ate form of sevelamer was associated with fewer GI side effects of
any type (15 vs. 28%; P < 0.007) and with normalization of serum
HCO3 levels (22.4 vs 20.8 mEq/L) [384]. A second trial conducted
in patients with CKD or ESRD demonstrated that once-daily dos-
ing of sevelamer carbonate with a meal was not as effective in
reducing PO4 in those patients with the most severe elevations in
baseline PO4 as thrice-daily dosing with meals and/or snacks but
did control PO4 to target in some patients with more moderate
degrees of hyperphosphatemia [360,385].

Both forms of sevelamer also bind bile salts and improve LDL
and HDL cholesterol and triglyceride levels in these patients. The
impact of the observed improvements in lipid profiles with seve-
lamer on patient-oriented clinical outcomes is unknown. Similar
degrees of improvement in lipid profiles did not result in substan-
tial improvements in vascular outcomes in one large RCT [386],
but a meta-analysis by Stripolli et al. that also included these trial
results supported the view that the pharmacologic modulation in
lipid profiles in CKD patients is beneficial [387]. The recent CARE
II trial of Qunibi and coworkers that included a lipid-lowering
intervention (atorvastatin) did not evaluate patient-oriented out-
comes and therefore does not add to the evidence informing this
specific question [364].

Long-term RCT comparisons of sevelamer with other
phosphate binders
The important long-term risks and benefits of sevelamer as a phos-
phate binder have been probed with RCTs virtually exclusively in
comparison to calcium-based phosphate binders. These RCTs have
evaluated the effects of a phosphate binder on disease-oriented
outcomes, including coronary artery calcification, pulse wave ve-
locity, bone mineral density, and bone histomorphology, and on
patient-centered outcomes, including mortality and hospitaliza-
tion rates. A single case report of reversal of calciphylaxis with high-
dose sevelamer is intriguing but has not been corroborated in an
RCT [388]. Table 34.6 lists RCTs of at least 12 months in duration
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that compared outcomes in patients treated with sevelamer or
calcium-based phosphate binders [60,335,364,372–379]. The first
eight reports are from six trials that evaluated disease-oriented
outcomes, and the remaining three are from two trials report-
ing on patient-centered outcomes. These trials demonstrated a
statistically significant increase in vascular calcification (coronary
arteries, heart valves, and/or aorta) in predialysis, incident dialy-
sis, and prevalent dialysis patients treated with either diet alone or
calcium-based phosphate binders alone compared to sevelamer-
treated patients. In the prevalent hemodialysis patients studied in
the treat-to-goal trial reported by Chertow and coworkers [372]
and by Asmus et al. [375], vascular calcification progressed signif-
icantly more in the calcium-treated group compared to the seve-
lamer group at 1 year and yet further again at 2 years. The benefit
from sevelamer treatment was greatest for those with the most
intense calcification at study entry.

Most recently, Qunibi [364] compared vascular calcification
scores in prevalent hemodialysis patients treated either with
sevelamer-HCl or with calcium-acetate plus atorvastatin where
the atorvastatin was titrated in both arms of the study to achieve
the same lipid profile with both binders. They observed that the
between-binder group difference in calcification scores in the pa-
tients followed for 12 months was no greater than the predeter-
mined margin of 1.8. The authors argued that calcium acetate is not
inferior to sevelamer in modulating coronary artery calcification
(CAC) scores when both are used along with a statin. The study
was limited by its short duration and substantial and differential
dropout rates: 28 and 43% in the calcium-acetate group prior to
6 months and prior to 1 year, respectively, and 13 and 30% for
the same periods in sevelamer-treated participants. There were 7
deaths during approximately 75 patient-years of observation in the
calcium arm of the trial (actuarial method) compared to 3 deaths
during approximately 86 patient-years in the sevelamer arm. The
authors did not report whether these death rates were different
statistically.

The three remaining studies in Table 34.6 report as their pri-
mary or secondary outcomes patient-centered outcomes. Block
and coworkers followed the original RIND trial cohort for a total
of 60 months from the date of first enrollment [60]. They demon-
strated two important findings in this planned extension of the
RIND trial. First, they provided the first prospective validation in
ESRD patients of the CAC score as a predictor of future mortality.
Second, the authors reported a statistically significant, more favor-
able hazard ratio (lower mortality) over the entire survival curve
for study subjects enrolled in the sevelamer arm at initiation of
dialysis compared to patients randomized to receive the calcium-
based phosphate binders for the first 18 months of hemodialysis
treatment. The difference in the annualized hazard ratio if ex-
trapolated over 5 years might result in a substantial absolute risk
reduction for mortality. (A crude estimate for the absolute risk re-
duction over 5 years of roughly 28% can be made with a degree of
uncertainty.) Block et al. provided evidence of a potential survival
benefit from using sevelamer in place of calcium-based phosphate
binders that is consistent with the epidemiologic data.

Suki et al. conducted the largest trial to date comparing out-
comes in prevalent dialysis patients treated either with sevelamer
or calcium-based phosphate binders (70% calcium acetate, 30%
calcium carbonate) [378]. This trial was inconclusive for the pri-
mary outcome of all-cause mortality for the entire study popula-
tion because of a 30% lower than predicted mortality rate and the
uncertainty introduced by an approximately 50% dropout rate at
2 years. For the strata of patients older than 65 years, however, a
preplanned analysis revealed a significant survival advantage for
those elderly patients allocated to the sevelamer arm of the trial. St.
Peter and colleagues used the Centers for Medicare and Medicaid
Services medical billings to determine the hospitalization rates and
length of stay and overall mortality for all DCOR study subjects
whether actively enrolled or lost to follow-up [379]. They demon-
strated a statistically significant reduction in multiple hospitaliza-
tions and hospital days for those individuals originally allocated
to sevelamer rather than calcium-based phosphate binders.

The RCT evidence does not eliminate some of the uncertainty
regarding the magnitude and the topography of the survival ben-
efit from the use of sevelamer and/or elimination of calcium salts
as phosphate binders. Further clinical trials may be required. It
should be noted, however, that the hypothesis that excessive cal-
cium ingestion is associated with reduced survival is supported
by substantial epidemiologic and observational data in addition
to the RCTs reviewed. Furthermore, a recent observational study
by Borzecki et al. demonstrated that incident dialysis patients in
the VA medical system had a 33% (multivariant-adjusted) to 35%
(propensity score-adjusted) improved 18-month survival if they
were treated with sevelamer rather than calcium acetate or carbon-
ate [389]. Although the magnitude of the benefit was greater in
this observational study than that reported for the elderly subjects
in the RCT by Suki, the effect size in the Borzecki study is large
enough that it is likely that a benefit would persist were the same
question interrogated in this incident dialysis population under
RCT conditions [142].

Sevelamer effects on bone histology
In addition to a potential survival benefit, findings from a number
of RCTs in prevalent hemodialysis patients support the hypothe-
sis that sevelamer improves bone health in patients with MBD of
CKD more than comparable control of PO4 with calcium-based
phosphate binders [332,366,374,375,377]. Each of these studies re-
ported improvement in some measure of bone mineralization and
biochemical parameters associated with improved bone health,
such as alkaline phosphatase. Raggi and Asmus demonstrated in-
creases in trabecular bone mineralization that were significantly
greater in sevelamer-treated subjects [374,375]. Kokuho et al. eval-
uated patients with low-turnover bone disease and low iPTH
and demonstrated improved biochemical bone parameters when
sevelamer was used either alone or in combination with calcium
carbonate in a strategy designed to reduce overall calcium expo-
sure [366]. In an RCT in prevalent hemodialysis patients, Ferriera
et al. evaluated the effects of sevelamer versus calcium carbon-
ate on bone histomorphometry [377]. A majority (59%) of their
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population (prevalent hemodialysis patients) demonstrated fea-
tures of adynamic bone disease at study entry. Over the 1 year of the
study, the patients randomized to receive sevelamer demonstrated
improvements in their bone formation rate per bone surface area
that were not seen in the opposite arm of the study. None of these
studies evaluated changes in fracture rates.

Sevelamer: when should it be used
K/DOQI guidelines recommend that clinicians consider using
sevelamer as a phosphate binder in place of calcium-based binders
in those patients who cannot tolerate calcium binders due to the
development of hypercalcemia or in those patients who already
demonstrate vascular calcification or who are at high future risk
of developing vascular calcification. The latter group includes el-
derly dialysis patients, those with long-standing kidney failure on
dialysis for more than 2 years, and those with diabetes mellitus
[50,353,382]. For the remainder of the dialysis and CKD popula-
tions, reliable simple measures are available that have been shown
in clinical trials to identify most individuals with significant vascu-
lar calcification. Sophisticated approaches using computed tomog-
raphy technology have been developed [390–393] and validated for
the general and dialysis populations [60,394–403]. Potentially of
greater broad clinical applicability are those techniques that have
been developed and validated that utilize X-ray or ultrasound to
identify the presence of vascular calcification [404–406].

Meta-analyses comparing sevelamer and other
binders

Meta-analyses on the effectiveness of sevelamer as a PO4binder
have been performed. It should be noted that because most of
the clinical trials used either PO4 levels or the Ca–PO4 product
to titrate the dose of the binders, substantial differences in end-
of-trial PO4 levels should not be expected. Any differences might
reasonably be assumed to be due to potential protocol failure. On
the other hand, meta-analyses could reasonably evaluate differ-
ences in control of hyperparathyroidism, frequency of hypercal-
cemic events, changes in coronary artery calcification, mortality,
and morbidities such as hospitalization rates. Attempts at com-
piling such comprehensive summaries have been limited by the
availability of robust RCT evidence of long-term hard outcomes
in CKD and ESRD patients and the significant important differ-
ences in trial design including duration of follow-up, resulting in
significant between-study heterogeneity.

Burke et al. conducted a systematic review of the literature on
sevelamer-HCl reported through October 2002 (68 published re-
ports, 46 abstracts evaluated, and 17 included in the final analysis)
to evaluate the question of the effect of ingestion of sevelamer
as a phosphate binder on lipid profiles and on the biochemical
parameter of MBD in ESRD, specifically, on serum PO4, Ca, Ca–
PO4 product, and iPTH [407]. They did not evaluate the literature
for comparisons of sevelamer with any other phosphate binder.
Burke et al. demonstrated a significant fall in serum PO4 (average

reduction of 2.1 mg/dL; 95% CI, 3.1–1.2), in the Ca–PO4 product
(15.9 mg2/dL; 95% CI, 121.4–10.4), in iPTH (36.0 mg/dL; 95%
CI, 67.7–4.28) and in triglycerides (22.0 mg/dL) and total and
LDL cholesterol (30.6 mg/dL [95% CI, 35.4–25.8] and 31.4 mg/dL
[95% CI, 35.5–27.3], respectively), and a concomitant rise in HDL
cholesterol (4.1 mg/dL). Serum calcium levels did not change (0.09
mg/dL; 95% CI, −0.10 to 0.14).

Nadin conducted a similar evaluation in 2005 but also included
an assessment of morbidity and mortality outcomes and cost-
effectiveness in comparison to other binders. She included studies
identified through January 21, 2005, evaluated 177 reports, and
included 53 in the final analysis [408]. She concluded that the
evidence demonstrates that sevelamer is as effective as calcium salts
in lowering PO4 and product, with a lower risk of hypercalcemia.
She also noted substantial evidence on vascular calcification and
more limited evidence on patient-oriented outcomes related to
morbidity and mortality.

Most recently, Tonelli and coworkers evaluated the clinical ef-
ficacy and safety of sevelamer versus calcium-based phosphate
binders [209]. This review represents an update of a prior report
from the same investigators [210]. Tonelli et al. reported that hy-
percalcemia was more likely in patients treated with calcium-based
phosphate binders, with an absolute risk reduction of 21% (95%
CI, 13–29%) with sevelamer for a number needed to harm with
the use of calcium-based phosphate binders of 5. Hypercalcemia
was the only significant risk difference that emerged from this
meta-analysis. These findings reiterate findings reported in the
analysis by Nadin and others [208]. Tonelli et al. also reported
an effect of binder choice on end-of-study phosphorus levels that
favored calcium-based binders. They combined studies that used
the calcium–phosphorus product as the end point for titration of
binder dose with studies that used a serum PO4 target as the dosing
determinant. The former dosing protocol if successful would re-
quire lower serum PO4levels in those patients allocated to calcium-
based PO4 binders, given the nearly universal observation of higher
calcium levels in these patients, and this difference in protocol dos-
ing targets might account for the large heterogeneity reported by
Tonelli and could account for the difference in PO4 levels achieved
rather than any difference in intrinsic efficacy of the binders. In-
deed, when the DCOR results were eliminated from the meta-
analysis, the observed effect of binder class on end-of-study PO4

levels achieved was magnified.
Tonelli and coworkers also reported an absence of benefit in

patient-oriented outcomes when sevelamer was used in place of
calcium-based binders. Their finding of an equivalency of survival
benefits with either calcium-based phosphate binders or sevelamer
is based on their meta-analysis of five RCTs [60,372,378,411,412].
Only two of these studies had mortality as a primary [378] or
secondary [60] outcome of the trial and were sufficiently long
in duration to observe potential effects of a “vascular sparing”
intervention on mortality. Results from the largest study were
only available in abstract form at the time of the analysis. Tonelli
et al. included results from an 8-week crossover study in which
no deaths were reported in 20 subjects [412] and results from a
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5-month study in which multiple interventions were performed
simultaneously (including changes in dialysate calcium content
and vitamin D) [411]. Some of the limitations of this analysis have
been reviewed recently by Frazao and others [413].

Hyper- and hypoparathyroidism

Evidence that hyper- and hypothyroidism result in
increased mortality and morbidity
The clinical benefits that arise from vitamin D therapies and from
the management of the dysregulation of phosphorus and calcium
metabolism in CKD may be due, in part, to prevention or correc-
tion of hyperparathyroidism. Evidence supporting the view that
hyperparathyroidism itself leads to increased mortality and mor-
bidity has arisen from epidemiologic studies in “normal” pop-
ulations with hyperparathyroidism due to vitamin D deficiency
[414–422], in cohorts of CKD patients [74], and in prevalent dial-
ysis cohorts and from observational studies and RCTs comparing
the long-term outcomes of surgical treatment versus conservative
management of primary hyperparathyroidism 423–434].

Epidemiological studies in populations of chronic dialysis pa-
tients and of patients with CKD not yet on dialysis have identi-
fied an independent association of both hyperparathyroidism and
oversuppression of PTH secretion with an increase in mortality.
The largest of such studies are included in Table 34.3. This asso-
ciation is most evident in those studies where sensitive and stable
PTH assays were employed [86]. Block and coworkers analyzed a
large data set of prevalent hemodialysis patients and demonstrated
that patients with an initial iPTH level of >300 pg/mL experienced
a significant “dose-dependent” increase in mortality over the sub-
sequent 2 years of follow-up [207,210]. Similar observations have
emerged from the DOPPS and other large dialysis cohorts [211–
220]. Kalantar-Zadeh and coworkers, examining a large data set
of prevalent dialysis patients in the USA, demonstrated a similar
relationship between PTH and mortality. In their fully adjusted
model, adjusted for significant comorbidities, age, gender, and
nutritional status, PTH levels of >600 pg/mL were independently
associated with increased mortality [44]. The analyses of Kalantar-
Zadeh and others have also identified an increase in mortality with
achievement of low PTH in dialysis patients, most commonly with
levels of iPTH of <100–150 pg/mL. Both high and low PTH levels
are also associated with increased risk of fracture in CKD patients
[432,433], and primary hyperparathyroidism is associated with
increased mortality risk in the general population [414–422].

Studies that have included bone biopsy have identified that a
significant number of patients with low iPTH levels have ady-
namic bone disease. The potential causes of adynamic bone disease
have been reviewed elsewhere [85,87,92,349,434]. It is relevant to
the optimal management of MBD of CKD that adynamic bone
disease may occur in the setting of oversuppression of PTH poten-
tially from vitamin D therapies and excess calcium loads and the-
oretically with calcimimetics. Kalantar-Zadeh provided evidence
that adynamic bone disease occurs principally in patients who

demonstrate clinical or laboratory measures of malnutrition [60].
The relative contribution of malnutrition versus pharmacologic
oversuppression of PTH on the development of adynamic bone
disease awaits clarification by further study.

Adynamic bone disease may increase mortality risk or, as shown
recently by London and others, may accentuate the mortality and
cardiovascular disease risks associated with an increased calcium
intake [51,436,437]. Given the importance of properly identifying
patients with adynamic bone disease when determining optimal
therapy for an individual patient, it should be noted that Malluche
and others reported that conventional iPTH assays may lead to
the misclassification of bone disease in a significant number of
patients, particularly those with low-turnover disease [63,83,352].
The potential for misclassification is further complicated by the
finding that PTH assays vary significantly from one reference lab-
oratory to the next [84]. Nonetheless, at the present time the iPTH
assay remains a standard for directing therapy of MBD.

In the absence of overt kidney disease, both primary hyper-
parathyroidism and secondary hyperparathyroidism that is the
result of 25(OH)-vitamin D deficiency are associated with in-
creased cardiovascular mortality. Outcomes data from a prospec-
tively followed Swedish cohort demonstrate that individuals newly
identified with primary hyperparathyroidism have a significantly
increased risk of death over the next 14 years compared to healthy
individuals in the population [422]. These findings have been re-
produced in other populations that have included subjects with
symptomatic hyperparathyroidism as a consequence of hypercal-
cemia as well as those who are entirely “asymptomatic” [422].
Sambrook et al. observed an increased mortality associated with
elevations in serum PTH levels in a cohort of elderly frail Aus-
tralian men and women that was independent of vitamin D status,
bone mass, or renal function [417].

These studies do not permit an unambiguous separation of the
causal influence of a high PTH on mortality from other potential
confounders, such as renal insufficiency and mineral dysregula-
tion, in CKD patients. However, preliminary evidence from an
RCT does support the view that has emerged from observational
studies that PTH in excess can lead directly to an increase in mor-
tality, principally from cardiovascular causes [423,424,426]. Pa-
tients with “asymptomatic” primary hyperparathyroidism were
randomized to undergo minimally invasive parathyroidectomy
versus medical management without surgery. Those with parathy-
roidectomy demonstrated an improvement in cognitive function
and quality of life and improved survival [423,424].

Targets for PTH levels
On the basis of the observational data from dialysis populations,
K/DOQI guidelines recommend that therapies be initiated to
maintain iPTH levels in dialysis-dependent patients of 150–300
pg/mL, in CKD stage 3 patients of 35–70 pg/mL, and in CKD
stage 4 patients of 70–110 pg/mL [22]. The recommendations for
target PTH levels in CKD stages 3 and 4 are based principally on
expert opinion. To date, there is no evidence from RCTs that pro-
vides definitive proof for the recommended PTH target levels in

373



BLBK043-Molony September 22, 2008 18:42

Part 5 Chronic Kidney Disease, Chronic Renal Failure

patients with CKD stages 3 and 4, nor are there any RCTs that
demonstrate that treatment of patients with CKD stage 3 or 4 with
hyperparathyroidism to the recommended PTH target for each
stage improves survival.

Treatments for secondary hyperparathyroidism
of CKD

There are five modalities of treatment (four of which have practi-
cal clinical application) that have been demonstrated with either
observational studies or clinical RCTs to help prevent or man-
age secondary hyperparathyroidism. Vitamin D and phosphate
reduction therapies, which may have other important therapeu-
tic benefits in patients with CKD beyond their effect on PTH, are
reviewed above. Other modalities that will suppress PTH include
induction of hypercalcemia, surgical parathyroidectomy, and cal-
cimimetic administration. The latter is sometimes referred to as a
medical parathyroidectomy.

It was recognized more than 4 decades ago that elevations in
serum calcium levels in dialysis-dependent patients result in re-
ductions in PTH levels. This led to adoption of higher dialysate
calcium concentrations as the standard of care and facilitated the
widespread adoption of vitamin D therapies and oral calcium sup-
plementation. More recently, attention has been directed towards
the risks associated with increased calcium burdens, including the
oversuppression of parathyroid function and the development of
low-turnover bone disease. This led to a major shift in the choice
of dialysate composition; currently, lower bath ionized calcium
concentrations are the standard [1]. Thus, although PTH secre-
tion remains somewhat responsive to serum calcium levels in pa-
tients with secondary hyperparathyroidism of CKD, strategies to
intentionally increase serum ionized calcium concentrations to
hypercalcemic levels are no longer considered safe or prudent. In-
tentional calcium loading as a means of controlling PTH will not
be considered further in this chapter as a practical therapy for sec-
ondary hyperparathyroidism. The clinical trial evidence for the
two remaining therapies for reduction of hyperparathyroidism,
namely, surgical parathyroidectomy and cinacalcet administra-
tion, are considered.

Surgical parathyroidectomy
Numerous case series and cohort studies have demonstrated that
surgical parathyroidectomy does reduce PTH levels in dialysis pa-
tients with secondary hyperparathyroidism. Prospective surgical
cohorts have also described the rate of complications, the “opti-
mal” surgical technique to increase the probability of maintain-
ing target PTH levels postoperatively, and the effects of parathy-
roidectomy on the bone component of MBD, on postoperative
serum calcium levels, and the need for vitamin D supplementa-
tion [425426,431,438–440]. Surgical parathyroidectomy has been
advocated principally as a means of controlling severe hyper-
parathyroidism in dialysis patients who are refractory to medi-
cal management. There have been, to date, no long-term RCTs

comparing parathyroidectomy to other modalities of controlling
PTH in ESRD patients with respect to mortality and significant
morbidities, including pathologic fractures and cardiovascular
events [427–434,441–443]. Parathyroidectomy has not been evalu-
ated either with observational studies or with an RCT as a modal-
ity of treatment for secondary hyperparathyroidism in patients
not yet on dialysis. Surgical parathyroidectomy has not been eval-
uated in comparison to medical approaches such as the use of
calcimimetics. The latter medical approach has displaced surgical
parathyroidectomy in many areas of the world.

Calcimimetic therapy

The fourth modality of treatment for MBD in ESRD that is gaining
in usage in many countries is the suppression of excess PTH se-
cretion with a calcimimetic [444]. Currently the only calcimimetic
that has been approved for use in the USA and elsewhere is cinacal-
cet. Cinacalcet has been approved by the US Food and Drug Ad-
ministration for treatment of secondary hyperparathyroidism in
ESRD only. Therapy with cinacalcet is not currently included in
any of the major national guidelines, most of which were writ-
ten prior to its clinical introduction. Clinicians have investigated
cinacalcet’s actions with prospective cohorts [445,446] and RCTs
[447–451] and have demonstrated its efficacy in lowering elevated
PTH levels in patients with secondary hyperparathyroidism. With
the reduction in PTH levels, serum calcium, and to a lesser de-
gree PO4, levels fall as calcium moves into bone. A number of
these clinical trials have demonstrated that patients treated with
cinacalcet as part of their MBD therapy are much more likely
to achieve K/DOQI targets than patients receiving more conven-
tional therapy [447,448,450]. Attainment of target biochemical
parameters may be specifically enhanced by a dose optimization
algorithm that adjusts doses of vitamin D and cinacalcet simulta-
neously [450,452].

The short-term clinical trials address, only partially, patient-
centered outcomes such as any mortality benefit from cinacalcet
and long-term safety of its use. Ongoing clinical trials are cur-
rently addressing the former issue [453]. To address the latter
question, Cunningham combined the results from four trials of
6–12 months in duration [454]. The majority of study subjects
were observed for 6 months. Cunningham reported that patients
assigned to cinacalcet treatment were less likely to be hospitalized
for a cardiovascular event (RR, 0.61; 95% CI, 0.43–0.86) or sus-
tain a fracture (RR, 0.46; 95% CI, 0.22–0.95) compared to control
study subjects. Furthermore, cinacalcet-treated patients reported
improvements in their quality of life as measured by the SF-36 and
KDQOL-CF. No difference in mortality was noted.

These studies did not address the potential risk of low-turnover
bone disease from excess suppression of PTH with cinacalcet. Lien
et al. evaluated the effects of cinacalcet on BMD over 26 weeks in
14 patients randomly assigned to conventional therapy (n = 6) or
cinacalcet (n = 8 ) [448]. They reported an improvement in BMD
of the proximal femur with cinacalcet from a pooled analysis using
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Student’s t test rather than more conservative nonparametic meth-
ods. Although their conclusion that cinacalcet reverses bone loss
cannot be supported with their small sample size, their observation
that the changes in bone mineral density if present with cinacal-
cet are much smaller than those following surgical parathyroidec-
tomy does suggest that medical parathyroidectomy with cinacalcet
might be quite different from its surgical counterpart.

Recently, Strippoli and coworkers completed a meta-analysis
of high-quality studies examining calcimimetic use in CKD and
ESRD [455,456]. Garside et al. have conducted a similar analysis
as part of their Health Technology Assessment 2007 [457]. Both
groups reported similar findings. Both groups reported that the
studies included in their final meta-analyses were conducted prin-
cipally in patients with ESRD on dialysis. They concluded that
cinacalcet when administered with standard therapy was more ef-
fective at achieving PTH target levels than placebo (40 vs. 5% in
the pooled analysis by Garside; P < 0.001) and was more effective
than standard therapy for patients with moderate to severe hy-
perparathyroidism. Among study subjects that achieved the PTH
target, 90% of those treated with cinacalcet exhibited a fall in the
Ca–PO4 product, versus 1% of those treated with placebo. Pooled
incidences of serious adverse effects for cinacalcet versus placebo
were not different [455,457]. Significantly more episodes of nausea
(31 vs. 19%; P < 0.001) and vomiting (27 vs. 15%; P < 0.001)
were reported for patients treated with cinacalcet and these in-
creases were dose dependent [457]. Strippoli noted in a meta-
analysis that no significant effects on patient-oriented outcomes
such as mortality were demonstrated [455].

These two meta-analyses did not address the use of calcimimet-
ics in CKD stages 3 and 4 prior to the initiation of renal replace-
ment therapy. To date there has been only one 18-week RCT exclu-
sively in pre-ESRD patients treated with calcimimetics compared
to other modalities of secondary hyperparathyroidism manage-
ment. Charytan et al. reported that cinacalcet improved PTH levels
without producing significant changes in serum PO4 and Ca levels
[449]. They reported modest GI side effects. Lien et al. included
four CKD stage 4 patients in their RCT on bone mineral den-
sity [448]. Neither of these studies permits firm conclusions about
the possible benefits or harms of cinacalcet in predialysis patients.
Trials in CKD stages 3 and 4 are in progress. Trials in pre-ESRD pa-
tients should address issues related to the impact of calcimimetics
on mortality and on morbidity, including whether suppression of
PTH with cinacalcet in this patient population increases the sub-
sequent risk of low-turnover bone disease, especially when these
patients progress to ESRD. Although there is potential promise
with the use of cinacalcet in pre-ESRD patients, pending the re-
sults of the ongoing studies, cinacelcet cannot be recommended
as either safe or effective in patients with the CKD stage 3 or 4.

Bisphosphonates

Bisphosphonates are used widely for the treatment and/or preven-
tion of osteoporosis and its complications in the general popula-

tion. These agents are eliminated importantly via renal excretion
[458,459]. The efficacy of these agents in the treatment of osteo-
porosis in individuals without renal function has been confirmed
with robust RCT evidence from multiple trials [460]. Their use
in individuals with CKD is less well studied. In multiple large
RCTs, elderly individuals with osteoporosis experienced fewer sig-
nificant fractures when treated with bisphosphonates than those
in control groups treated with customary care (typically, calcium
supplementation). These RCTs, however, have not included by
design significant numbers of individuals with known CKD, and
none of these studies stratified subjects by baseline kidney func-
tion. Many elderly patients with CKD are identified as at risk for
osteoporosis [461]. This risk appears to be much higher than for
age- and gender-matched controls [462,463]. Alem et al. described
a much-increased risk of hip fractures in Caucasian ESRD patients
with an overall odds ratio of fracture of 4.44 (95% CI, 4.16–4.75)
[464,465]. In patients with CKD the degree of demineralization is
directly correlated to the degree (stage) and/or duration of CKD
[461,466]. Additionally, demineralization may be accelerated in
certain CKDs, such as those typically treated with steroids (e.g.
glomerulonephrititis, lupus nephritis, etc.) and those with chronic
metabolic acidosis associated with renal tubular acidosis [467].

It is likely that the osteoporosis risk in elderly patients with mild
to moderate CKD will be recognized by these patients’ primary care
physician long before they are identified with CKD and referred to
a nephrologist [466]. Thus, it is relevant to review the data regard-
ing the use of bisphosphantes in the CKD and ESRD populations.
There are five questions that need to be addressed. Because bispho-
sphonates are principally metabolized via renal excretion, are they
safe for use in patients with CKD and ESRD? Do they contribute
to low-turnover bone disease in CKD, as suggested by case series
arising from the non-CKD population [468]? If used to treat os-
teoporosis, are they effective in this population in improving bone
health and reducing morbidity and/or mortality? If they are to be
used in treating osteoporosis, how can patients with osteoporosis
best be identified? And if they are useful for treatment of osteo-
porosis, do they have any role in preventing the bone mineral loss
that occurs in transplant patients receiving corticosteroids?

The risk of adynamic bone disease and the effectiveness of these
agents in individuals with both osteoporosis and MBD can be de-
termined best by clinical RCTs. No such trials have been conducted
that have been specifically designed to address the risk of adynamic
bone disease in CKD and/or dialysis-dependent patients. Recently,
Miller and coworkers evaluated the safety of bisphosphonates in
patients with CKD stages 3 and 4 [469,470]. They reanalyzed and
combined by meta-analysis data from nine large RCTs examining
the use of the bisphosphonate risedronate (5 mg daily) to treat or
prevent osteoporosis or to treat or prevent steroid-induced bone
disease. Some subjects were included in these RCTs who had signif-
icant levels of CKD that was initially unrecognized because these
subjects had near-normal serum creatinine levels but significant
CKD when estimated GFRs (eGFRs) were calculated in retrospect.
In this post hoc secondary analysis of patients with CKD treated in
these RCTs with risedronate compared to control treatment, Miller
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and coworkers demonstrated that CKD patients treated with rise-
dronate did not experience an increase in reported adverse events.
Furthermore, they did not see an acceleration of decline in renal
function or an increase in low-turnover bone disease for patients
in any of the three CKD strata evaluated.

These findings are limited because the clinical trials were not
specifically designed to evaluate the kidney injury outcomes in
CKD patients. Furthermore, patients with CKD were not sep-
arately randomized. Nonetheless, this analysis supports the view
that in patients with eGFRs of greater than 30 mL/min/1.73 m2that
risedronate is safe and may be safe for patients with even more
severely impaired renal function after dose adjustment. In a sim-
ilar manner, Jamal et al. evaluated the effects of alendronate in
women in the FIT study who had reduced renal function [471].
They too indentified no differences in reported adverse events.
Furthermore, from their post hoc analysis of RCT results, these au-
thors provided some data supporting the efficacy of alendronate in
women with CKD. In the women with eGFRs of <45 mL/min/1.73
m2, bone mineral density increased with treatment by 5.6% (95%
CI, 4.8–6.5%) compared to an increase in bone mineral density
in treated women with normal or near-normal renal function of
4.8% (95% CI, 4.6–5.0). Each group demonstrated a similar re-
duction in clinically important fractures with alendronate therapy.
These results arise from a retrospective analysis.

Three small prospective trials have provided additional prelimi-
nary evidence that oral bisphosphonates might result in beneficial
clinical outcomes in patients with CKD and ESRD [472–474].
In a case–control study, Hansen et al. reported that the risk of
changes in bone mass of the spine, femur, and radius were sim-
ilar in men in the low versus the normal renal function groups
[472]. Nitta followed 35 hemodialysis patients for 15 months, in-
cluding 6 months on standard therapy and 9 months of etidronate
therapy (200 mg/day for 14 days every 3 months for three cy-
cles) and reported that coronary calcification scores were improved
and markers of inflammation diminished during etidronate ther-
apy [473]. In a small RCT, Aryoshi et al. compared arterial cal-
cification progression in dialysis patients assigned to receive 400
mg/day of etidronic acid versus customary care over 24 weeks
[474]. Patients assigned to the bisphosphonate therapy demon-
strated no progression of CAC and a decline in aorta calcification,
whereas aorta calcification in the control group increased signif-
icantly. There was no difference in other biochemical parameters
or CAC scores. These latter two studies raise the possibility, yet to
be proven, that bisphosphonates might have therapeutic benefits
for patients with ESRD. Current guidelines recommend that these
agents not be used in individuals with moderate to severe CKD
(GFR of <30 mL/ min/1.73 m2). Furthermore, certain bispho-
sphonates classically used in patients with the hypercalcemia of
malignancy (zoledronate and pamidronate, but not ibandronate)
have been reported to cause either acute kidney failure or a focal
and segmental glomerulosclerosis-like lesion when given in higher
doses acutely to patients with renal insufficiency [475]. From the
case reports of acute kidney injury with zoledronate, the kidney
failure occurred after some delay and was not always fully reversible

with cessation of the medication. In the posttransplant period, the
use of zolendronate has not been associated with acute renal failure
in small clinical trials [476,477].

A number of clinical trials have evaluated the use of bisphospho-
nates in the post-kidney transplant patient. These patients present
a mixed picture; they often have secondary hyperparathyroidism
and MBD as a consequence of long-term dialysis treatment an-
tecedent to their transplantation and they are at increased risk in
the posttransplant period for steroid-induced osteoporosis. This
patient population might shed some light on the potential efficacy
and safety of bisphosphonates in a kidney failure population. A
number of RCTs have examined the effects of bisphosphonates on
renal function and on bone mineral density after transplant for up
to 2 years [478–480]. These clinical trial results have been sum-
marized by Mitterbaueret al. and by Palmer et al. [476,477] and
will not be addressed further in this chapter. However, it may be
significant that even though renal function in transplant patients
was substantially restored, adynamic bone disease was identified in
the clinical trial that included evaluation of bone histomorphology
[480].

Ideally, individuals with CKD without osteoporosis should not
be given bisphosphonates, because these agents suppress bone
turnover and thereby could potentially complicate in this pa-
tient population any adynamic bone disease that has arisen from
other causes. Noninvasive methods typically used to identify pa-
tients with osteoporosis are problematic. In particular, dual-energy
X-ray absorption methodologies do not differentiate well between
demineralization due to renal osteodystrophy and osteoporosis.
Alternative noninvasive measures, such as peripheral quantita-
tive computed tomography, might better identify individuals with
demineralization, but the only reliable method for differentiat-
ing osteoporosis from the MBD of CKD is with a bone biopsy
[481,482].

At present, bisphosphonates are not approved for use in pa-
tients with significant renal impairment. Evidence does suggest
that these agents, especially oral agents such as risedronate and
alendronate, are safe and may result in improved bone health
when used in patients with milder degrees of CKD (eGFR of
>30 mL/min/1.73 m2). The study by Nitta and colleagues raises the
possibility that these agents might also benefit patients with ESRD,
but these investigators’ findings await confirmation in larger RCTs.
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Proper preparation of chronic kidney disease (CKD) patients
for renal replacement therapy is a multidisciplinary process or-
chestrated by the nephrologist. The National Kidney Foundation
Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines
state “preparation for kidney replacement therapy” as the prin-
ciple clinical action of stage 4 (glomerular filtration rate, 15–29
mL/min/1.73 m2) of CKD [1]. Current prevalence estimates sug-
gest that this group comprises 400,000 individuals in the adult
population in the USA [2]. Over 8 million people are thought to
have stage III CKD or worse. Indeed, many nephrologists intro-
duce discussions of replacement therapy preparation in the latter
portions of stage III CKD in concert with ongoing care directed at
ameliorating the metabolic derangements of declining renal func-
tion. Strategies for slowing renal disease progression and treat-
ing complications of CKD, such as hypervolemia, hyperkalemia,
metabolic acidosis, renal osteodystrophy, hypertension, and ane-
mia, are explored in detail in chapters 30 to 34. The subsequent
discussion focuses on the approach to dialysis modality selection
and preparation for specific modalities.

Timeliness of nephrology referral and outcomes

A significant body of literature has emerged over the past decade
pertaining to the timing of referral of the CKD patient to a nephrol-
ogist and its impact on outcomes. The importance of timely re-
ferral may be related to intensified progression delay strategies
and expert treatment of CKD complications but has been stud-
ied more specifically in relation to adequate preparation for renal
replacement therapy.

The earliest study of the impact of timing of referral on outcome
was performed on a small patient cohort over 20 years ago [3]
in Oxford, England. Fifty-five patients who started maintenance
dialysis in 1981 were divided into two groups: those meeting the
nephrologist less than 1 month before initiation of renal replace-

ment therapy (late referral), and all others (early referral). All dial-
ysis was initiated in acute hospital care. The primary outcome was
severe complications protracting hospital stay. Sixteen of 23 pa-
tients (70%) in the late referral group fulfilled the outcome defini-
tion, as opposed to only 3 members (9%) of the early referral group.

Little was published on this topic again until a series of arti-
cles appeared beginning in the late 1990s. The majority of these
studies followed patients prospectively from the time of entry into
dialysis but relied on retrospective record review and patient recall
to characterize the nature of each individual’s pre-end-state renal
disease (ESRD) care. The principle outcomes reported were mor-
tality or, in the case of incident hemodialysis patients, type and
timing of permanent vascular access use. A single-center study
from the UK [4] of 198 patients reported shorter hospital stays
upon initiation of dialysis (median hospital days, 9.7 vs. 25 for pa-
tients referred >3 months prior to the start of dialysis compared
to those referred later) but did not demonstrate a survival benefit.
This study may not have been adequately powered with regard
to mortality. Cohorts studied from much larger databases have
repeatedly demonstrated a survival disadvantage for late referral,
however [5–8].

The Choices for Healthy Outcomes in Caring for End-Stage Re-
nal Disease (CHOICE) investigators studied a cohort of over 800
patients at 81 centers from 1995 to 1998 [6], 25% initiating with
peritoneal dialysis and 75% starting with hemodialysis. Patients
were characterized by time of nephrology referral as >12 months
(early), 4–12 months (intermediate), and <4 months (late). Thirty
percent of patients were referred late. First-year mortality in the
three groups was 4.3, 9.5, and 13.3%, and separation in mortality
in the three groups persisted through 3 years of follow-up (Figure
35.1). A graded increase in hazard ratio persisted after adjustment
for comorbidities and demographics. In this US study, late refer-
ral patients were more likely to be black, uninsured, and have a
greater burden of comorbidity. A similar gradation of worsening
mortality from early through intermediate to late referral was re-
ported in EPIREL, a multicenter study in Lorraine, a metropolitan
administrative region of France [5]. With early referral patients
as the reference group, the odds ratio for death within 90 days
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of initiation of dialysis was 2.7 in the intermediate group and 4.9
in the late referral group. The EPIREL investigators also reported
“emergency” first dialysis and temporary vascular access catheter
use for first dialysis in over 80% of late referrals, compared with
approximately 30% of the early referral patients. Stack [7] reported
on the Dialysis Morbidity and Mortality Study (DMMS) Wave 2
patient cohort, demonstrating an adjusted relative risk of death
for late referral (<4 months before dialysis initiation) versus early
referral of 1.68 at 1 year into ESRD and 1.23 at 2 years. He also
found that late referral patients were more likely to be black or
Hispanic, less frequently had permanent vascular access, and had
poorer metabolic and nutritional characteristics at entry into dial-
ysis. The largest cohort study of this type utilized claims data from
the Centers for Medicare & Medicaid Services (CMS) database
and was a retrospective assessment of 109,321 Medicare-eligible
patients (>66 years old) entering dialysis in the USA from 1995
to 1998 [8]. Pre-ESRD care was characterized by duration and
frequency of nephrology contact. Of these patients, 50% had no
nephrology specialist care prior to dialysis initiation and 37% had
their first nephrology visit within 6 months prior to ESRD. Over-
all first-year mortality was 36%, and the adjusted hazards ratio
was greatest, 1.51, for the group with no significant pre-ESRD
nephrology contact.

Several investigators have focused on the timing and type of
vascular access for hemodialysis as the principle outcome measure
of referral timing studies. Clearly, catheter use is associated with
increased morbidity and mortality [9,10]. Late referral patients are
more likely to initiate dialysis with a vascular access catheter. The
CHOICE investigators demonstrated this finding in the subgroup
of their study patients who initiated hemodialysis therapy [11].
Only 10% of patients referred <1 month prior to ESRD initiated
with an arteriovenous access, as opposed to 30% of patients re-
ferred between 1 and 12 months and 46% referred at >12 months.
The median duration of catheter use was 202 days in the late refer-
ral group compared to 57 days for those requiring catheters in the
earliest referral group. Early referral patients were far more likely
to have an arteriovenous access in use within the first 6 months
of dialysis than the latest referrals (82% vs. 56%). Similar find-
ings were reported previously in a smaller cohort from the New
England Medical Center [12]. These investigators also noted that
patients from health maintenance organizations had a 4.5 times
greater odds of being referred late compared to Medicare patients.
This observation may have been unique to the regional practice
patterns of the era (1992–1997), however.

A lingering uncertainty of the foregoing studies is the possibil-
ity that late referral is not an independent variable that influences
outcome; rather, late referral is merely a surrogate for poor access
to health care in general. Winkelmayer et al. [13] have attempted to
address this through propensity analysis, a scoring system that at-
tempts to discern the expected probability of receiving a treatment
based on a patient’s baseline characteristics. Studying a group of
over 3000 New Jersey Medicare and Medicaid patients incident
to dialysis from 1991 to 1996, these investigators concluded that

overall mortality was indeed markedly higher in the late referral
group, but the effect appeared to be limited to the first 3 months
after initiation of dialysis.

The economic implications of late referral were assessed by
McLaughlin et al. using decision analytic modeling with a sim-
ulated cohort of 1000 typical incident dialysis patients [14]. Al-
lowing fixed assumptions about rates of CKD progression, hos-
pitalization, initiation of dialysis, modality switching, and death,
the model predicted a 20.3% cost savings over a 5-year period for
early referral compared to late referral.

Modality selection

Counseling CKD patients about renal replacement therapy op-
tions for ESRD is a distinct educational process. Patients in late
stage 3 and stage 4 CKD should be instructed about a range of po-
tential options, including home and in-center dialysis modalities,
transplantation, and in appropriate cases, withholding of renal re-
placement therapy. It is particularly important to note that there is
an allograft survival advantage when kidney transplantation is per-
formed preemptively, that is, without previous initiation of dialysis
[15]. Moreover, early consideration of transplantation is of prime
importance for diabetic patients, who stand to gain a substantial
survival benefit compared to long-term dialysis therapy [16,17].
Preparation for transplantation is addressed elsewhere in this text-
book. Unless there is absolute certainty about a patient’s prospect
for preemptive live donor kidney transplantation, it is preferable
to provide dialysis preparation in parallel with or as an alternative
to transplantation evaluation.

A small body of literature has evolved on the value of pre-ESRD
patient education and subsequent outcomes. Some of this work
has focused on specific predialysis interventional programs, while
other studies have encompassed dialysis-specific education in a
broader paradigm of CKD indoctrination. Two multicenter stud-
ies in Spain addressed the value of predialysis education. Gomez
et al. [18] provided over 200 patients with a standard informational
package that included a flip chart presentation, books, and video.
Using pre- and postinformational questionnaires, these investiga-
tors demonstrated a substantial improvement in knowledge about
treatment options. In particular, subjects gained knowledge about
peritoneal dialysis, the modality least familiar to patients prior to
the formal instruction program. Marron et al. [19] studied 621 pa-
tients from 24 centers for the effect of pre-ESRD care and patient
education on the nature of dialysis initiation. They characterized
initiation as either “planned” (outpatient start with the use of a
permanent vascular or peritoneal access) or “unplanned” (defined
as uremia requiring emergency dialysis). Although three-fourths
of the patient population had received nephrology care for at least
3 months pre-ESRD, only half had received a specific educational
program on dialysis modalities. Nonplanned starts occurred 49%
of the time. Even patients with early nephrology referral had non-
planned entry into dialysis in 33% of cases, a somewhat startling
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Figure 35.2 Kaplan-Meier survival curves for patients after starting chronic dialysis therapy: comparison of patients seen prior to dialysis initiation in the multidisiciplinary
clinic versus standard nephrology care. (Reprinted with permission from reference 22.)

commentary on the fractured care that continues to exist in the
nephrology community despite increased efforts to provide coor-
dinated care. Among patients receiving dialysis-specific pre-ESRD
education, however, a planned start happened in 73.4%. Dialysis-
specific programs were also associated with a higher number of
pre-ESRD visits and increased probability of choosing peritoneal
dialysis as treatment modality: 31% versus 8% in the “uneducated”
group.

Broader multidisciplinary educational and care team ap-
proaches, termed by some as “psychoeducational intervention”
[20,21], for CKD and pre-ESRD care have been evaluated and the
results have been published [20–23]. Most of these studies have
originated in Canada. Such teams typically include a nephrolo-
gist, nurse educator, social worker, dietician, pharmacist, and peer
support. The information that is provided is specific to ongoing
CKD care and renal replacement therapy counseling when ap-
propriate. Positive outcomes have generally been described with
regard to biochemical indices, dialysis access preparation, and sur-
vival, although none of these studies was performed in a prospec-
tive, randomized, controlled fashion. A Canadian–Italian coop-
erative case–control study of this type, the Can-It Impact study
[22], demonstrated a significant survival advantage (Figure 35.2)
for incident dialysis patients who had received multidisciplinary
clinic care as opposed to “standard” nephrology care.

Evidence indicates that it is prudent to educate patients and se-
lected family or friends in a systematic manner using some combi-
nation of multidisciplinary renal team personnel. Potential dialysis

patients need information not only about the mechanics of specific
dialysis modalities but also the associated features of such therapy
to help make informed choices. Factors such as modality-specific
dietary restrictions, travel and time commitments for in-center
therapy, nature of the home environment and self-care capabil-
ity for home therapy, and adaptability of a modality to particular
career or recreational life-styles all play a role in the choice of
therapy. Furthermore, utilizing the expertise of the extended care
team to assess the suitability of an individual patient for a spe-
cific modality may help guide the nephrologist in counseling the
patient.

Patients often wish to know if a specific dialysis modality conveys
a beneficial health outcome advantage. A number of observational
studies, both small and large in scope, have attempted to answer
this question and have been inconclusive. Several studies have sug-
gested a slight survival advantage in the first 2 years after ESRD for
patients on peritoneal dialysis compared to hemodialysis [24–26].
Speculation on the reason for this result has centered on the impor-
tance of preserved residual renal function for peritoneal dialysis
patients early after ESRD onset. Other investigators demonstrated
no difference in mortality between the two modalities [27–29] or a
lack of early outcome difference (1–2 years) followed by a relative
mortality risk in favor of hemodialysis [30,31]. Still other investi-
gators have concluded that the results vary by analytical method
[32] or by stratification of patients according to risk factors [33].
In the latter example, an analysis of 398,940 US Medicare incident
dialysis patients from 1995 to 2000 suggested that mortality risk
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favored peritoneal dialysis for nondiabetic patients in aggregate
and young diabetic patients without significant comorbidity but
favored hemodialysis in older diabetic patients. Outcomes were
neutral among nondiabetic and diabetic patients with significant
comorbidities, as well as the nondiabetic elderly.

Importance of comorbidities
The importance of comorbidity at entry into dialysis cannot
be overlooked. In a Canadian multicenter observational study,
Murphy et al. [34] concluded that apparent survival rates favor-
ing peritoneal dialysis disappeared when adjusted for the overall
lower comorbidity burden of the peritoneal dialysis cohort. Sim-
ilarly, the CHOICE investigators concluded that the number and
severity of comorbid conditions tended to be lower in patients
choosing peritoneal dialysis in their cohort [35], again, possibly
explaining mortality differences. One important comorbid condi-
tion, congestive heart failure, was specifically studied in a Univer-
sity of Texas analysis [36] of CMS patients entering dialysis from
1995 to 1997. The prevalence of this condition at dialysis initiation
was 33%. Mortality outcome favored hemodialysis, with a relative
risk of 1.3 for peritoneal dialysis patients.

Only one group of investigators [37] has attempted a random-
ized, controlled trial of the two dialysis modalities. Not surpris-
ingly, the trial was stopped after only 38 patients were enrolled in
3 years due to a low participation rate of eligible subjects. A survival
benefit at 5 years appeared to favor peritoneal dialysis patients, but
the number of subjects was far too low to draw reliable conclu-
sions. At present, it is reasonable to advise prospective dialysis
candidates that there is not a preponderance of evidence favoring
one modality over the other.

Home hemodialysis as a variation of hemodialysis delivery, par-
ticularly when provided nocturnally, has enjoyed a resurged inter-
est in recent years in the nephrology community. Numerous rea-
sons have been cited to consider this modality, including improved
blood pressure and volume control [38,39], enhanced quality of
life [40–42], cost-effective health care delivery [39,43], and pos-
sibly, a survival advantage [44–48]. The purported benefits have
yet to be confirmed in a prospective, randomized comparison to
in-center hemodialysis. Nonetheless, it is sensible to discuss home
hemodialysis in pre-ESRD modality counseling. Most hemodial-
ysis patients will start with in-center therapy prior to tackling the
training period necessary for home therapy.

Certain comorbidities or patient characteristics may suggest a
relative or absolute contraindication to a specific dialysis modal-
ity. These features are highlighted in Table 35.1. Patients should be
counseled in this regard and guided towards more suitable ther-
apy when such barriers are encountered. Patients should also un-
derstand that no care plan is completely inflexible, and modality
switching can and should occur if an initial choice is deemed less
than optimal by the patient and kidney care team. The initial choice
of therapy, however, should be followed by a plan for vascular or
peritoneal access preparation.

Table 35.1 Contraindications to specific dialysis modalities.

Hemodialysis
Relative contraindications

• Difficult vascular access
– Severe peripheral arterial vascular disease
– Central vein stenoses or occlusion

• Desired home dialysis with lack of appropriate home environment
or partner

Peritoneal dialysis
Absolute contraindications

• Extensive abdominal adhesions
• Hydrothorax or diaphragmatic defects
• Loss of peritoneal membrane function (ultrafiltration, solute clearance)

Relative contraindications
• Morbid obesity
• Severe protein calorie malnutrition
• Loss of residual renal function
• Bowel disease

– Ischemic
– Chronic inflammatory
– Diverticulosis or diverticulitis

Vascular access planning for hemodialysis

Evidence for primary arteriovenous fistula first
Vascular access remains the Achilles’ heel of hemodialysis therapy.
To be sure, the greatest source of complication or substandard
treatment is suboptimal vascular access. The native arteriovenous
fistula (AVF), either of the classic Brescia-Cimino variety [49] or
of the upper arm, remains the best and most durable of the po-
tential choices. Construction of a native fistula requires sufficient
lead time for maturation. Furthermore, it has become clear that
many native AVFs that fail to develop can be salvaged with aggres-
sive monitoring and intervention [50,51]. Additional time may be
needed for revision and satisfactory development. Consequently,
although an excellent AVF may mature and be cannulated within
4–8 weeks of creation, the initial attempt at creation of the native
AVF should occur at least 6 months before ESRD is anticipated.
The maturing fistula should be examined 4–6 weeks after creation
[52] and at CKD visit intervals thereafter. Evidence of insufficient
development should prompt further evaluation and intervention
[51].

Although there have been no specific studies dedicated to the
adequacy of vein preservation for a native AVF, it has long been
recommended that the nondominant arm should be avoided for
needle puncture. Antecedent venous injury may impair the de-
velopment or function of an AVF. Referral to an experienced
surgeon is often accompanied by Doppler assessment of arm
veins to select the most suitable site [53,54]. Historically, the ini-
tial choice of the AVF site has been the distal upper extremity,
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thereby allowing preservation of proximal sites as needed for later
vascular access attempts. Although sonographic study has im-
proved the number of successful AVF creations in general, suc-
cess rates remain suboptimal in women, diabetic patients, and the
elderly. Miller et al. [55] have advocated consideration of upper
arm sites as the first choice in these groups. Salvage procedures
have been useful in these patients [50,51,56]. Konnor et al. [57]
achieved superb results, even in high-risk groups, with a com-
bination of careful preoperative examination, ultrasonographic
study, use of a variety of AVF locations, and an experienced op-
erator. Under these conditions, primary access survival ranged
from 51 to 75% (depending upon gender and diabetes status)
for 2 years, and assisted access survival was 75–96% for the same
period.

The preference for the native AVF is supported by abundant
outcome literature over the past decade. Mortality is clearly in-
fluenced by type of vascular access in large cohorts, including
the CHOICE study [58], DMMS Wave I [9], and the ESRD Net-
work 6 [10] analysis. In all such studies using AVF patients as
the reference group, mortality risk increased in a graded fashion
for prosthetic arteriovenous grafts (AVG) and cuffed, tunneled
catheters. The increase in mortality is largely attributable to in-
fection. High rates of bacteremia have been described with use of
tunneled catheters in particular: 5.5 episodes/1000 catheter–days
were reported by Saad [59]. In his study, over 50% of bacteremias
were gram-positive cocci, 26.7% were gram-negative rods, and
20.9% were polymicrobial. Endocarditis occurred in 3.5% of pa-
tients. Oliver et al. [60] found a graded increase in the risk of
sepsis from “early” AVF creation, >4 months prior to ESRD, com-
pared to creation 1–4 months prior to ESRD and creation <1
month prior to or after ESRD. This association was presumably
due to the need to use catheters as a bridge towards a functioning
AVF.

In selected patients, native AVF creation is not feasible due to
unsuitability of vessels. The second choice of vascular access is the
prosthetic AVG with polytetrafluoroethylene or polyethaneurea.
Although these access options do not achieve the long-term dura-
bility of the native AVF, primary patency rates are comparable
[61–63]. Polytetrafluoroethylene AVG are not cannulated for at
least 14 days to allow tissue ingrowth into the graft, but polyetha-
neurea AVG can be successfully cannulated sooner [64]. Prosthetic
AVG typically require repeated intervention for thromboses and
stenoses after 2–3 years in order to extend access longevity. Inter-
estingly, although native AVF use has been highly prevalent outside
the USA for many years, AVG use within the USA exceeded AVF
use into the late 1990s [65–67]. These reports and others spurred
the 2000 NKF K/DOQI targets to be at least 50% incident and 40%
prevalent native AVF use for hemodialysis patients [68]. Progress
towards these goals appeared to be improving in the DOPPS II
study [69], with 31% prevalent AVF use, but was still not to target.
More recent developments have included the CMS Fistula First
initiative [70], which touted achievement of the prevalence target
in August 2005 and has extended the goal to a 66% AVF prevalence
by June 2009.

Use of tunneled cuffed cannulas
When dialysis need is imminent and vascular access has not other-
wise been prepared, the intervention of choice is the placement of
a cuffed, tunneled central venous access catheter for hemodialysis.
The internal jugular vein, ipsilateral to the dominant arm, is the
preferred site. A number of investigators have demonstrated an
unacceptably high incidence of subclavian vein stenosis when this
vein has been used for dialysis vascular access catheters [71–74].
The subclavian vein should be avoided. Femoral vein catheters are
sometimes used when internal jugular sites are not accessible, but
this is uncommon in the new ESRD patient. Catheters convey the
advantage of immediate use and short-term durability but carry
the previously described infection risks and potential for perma-
nent vessel injury through the development of stenoses, throm-
bosis, or occlusion. Use of catheters remains high even among
hemodialysis patients with existing AV fistulae or grafts. Danese
et al. [75] recently reported a catheter insertion rate of 44/100
patient–years, representing 57% of all Medicare patients incident
to hemodialysis from 1996 to 2001. Reasons for catheter use in-
cluded insufficient AVF maturation or revision, thrombosis, or
failure of the permanent AV access.

Late stage 3 and stage 4 CKD patients who are being prepared
for hemodialysis therapy are best served by timely referral for a
native AVF. It should be noted that inadequate development of
the AVF in the pre-ESRD patient might prompt consideration of
invasive vascular access imaging to identify potential avenues for
salvage, such as angioplasty or venous collateral ligation or coiling.
Until recently, the field was evolving to increased use of gadolin-
ium as the contrast agent of choice due to the increased risk of
acute kidney injury with iodinated contrast exposure in advanced
CKD. However, in the USA, the Food and Drug Administration
has recently issued an alert [76] advising caution in the use of
gadolinium, at least for CKD stage 5. Concern was prompted by
reports of nephrogenic systemic fibrosis and nephrogenic fibrosing
dermopathy associated with the use of this agent in patients with
very low glomerular filtration rates [77]. In stage 4 CKD patients,
at least, a recent report suggested that judicious use (i.e. volumes of
<10 mL) of a nonionic, low-osmolarity iodinated contrast agent
for fistulography was associated with only a small incidence (4.6%)
of contrast-induced nephropathy [78]. None required immediate
dialysis.

Peritoneal access planning for
peritoneal dialysis

The timing of peritoneal catheter placement for peritoneal dialysis
therapy typically occurs much closer to anticipated dialysis initi-
ation, often at early stage 5 of CKD, than vascular access creation
for hemodialysis therapy. There are no specific studies or trials
published which have addressed the optimal timing of peritoneal
catheter placement. Observational experience suggests that peri-
toneal catheters require at least 2 weeks for satisfactory healing
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Figure 35.3 Timeline for preparation for dialysis.

and avoidance of peritoneal fluid leakage. They are occasionally
used sooner in select circumstances. Nonetheless, referral for eval-
uation and placement of peritoneal catheters should be done in a
fashion that avoids precipitous need to start dialysis and minimizes
infection risks.

A variety of catheter types are potentially available, as reviewed
elsewhere in this textbook. The most commonly used catheters
are made of silicone rubber or polyurethane. A dual-cuffed sili-
cone rubber catheter, the Tenckhoff catheter, is most frequently
used. Double-cuffed catheters have been reported to have better
longevity and reduced infection risks in several studies [79–82].
However, this was not corroborated in a prospective, random-
ized, controlled trial of single-cuff versus double-cuff Tenckhoff
catheters [83]. Local practice expertise probably is the best bench-
mark of catheter choice and insertion technique.

Exit site infections and peritonitis have the greatest influence
on catheter longevity, and therefore, impact longitudinal success
of peritoneal dialysis in general. Successful measures to reduce the
incidence of infection at the time of insertion and in the early
postoperative period include perioperative antibiotic use [84–86]
and immobilization of the external portion of the catheter in an
undisturbed fashion (i.e. minimal dressing changes) during the
first 1–2 weeks after surgery [87]. Moncrief et al. [88] introduced
a technique for burying the exterior portion of the catheter subcu-
taneously for the first 3–5 weeks after surgery, followed by exterior-
ization. Peritonitis rates appeared to be reduced with this technique
compared to historical controls [89]. A subsequent prospective,
randomized study [90] of 60 incident peritoneal dialysis patients

did not confirm an advantage for this technique over traditional
catheter placement, however. Neither exit site infection nor peri-
tonitis rates differed during the first 24 months of dialysis.

Peritoneal dialysis training by appropriate dialysis personnel
usually occurs commensurate with the need to initiate and main-
tain chronic dialysis therapy. In most circumstances, patients can
be taught basic techniques for manual dialysate exchanges within a
few days, and subsequent consideration of cycler therapy is tailored
to individual situations as detailed in chapters 43–45.

Summary

Successful preparation of the CKD patient for dialysis requires
early involvement of the nephrologist. A timeline for subsequent
pre-ESRD interventions is summarized in Figure 35.3. Multidis-
ciplinary assessment and education by the kidney care team al-
lows psychological adjustment and an informed modality choice
to be made by the patient with the enhanced potential for pos-
itive ESRD outcomes. Timely referral for vascular access prepa-
ration for potential hemodialysis patients is essential to increase
the likelihood of successful creation and maturation of a native
AVF. Vascular access catheters are to be avoided, if at all possi-
ble, due to a clear association with increased ESRD morbidity and
mortality, although there continues to be a subset of patients who
require this form of access due to a precipitous need for dialysis or
inadequate arteriovenous access. Peritoneal access planning and
intervention fall later in the CKD timeline, with greater proximity
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to ESRD. However, this form of dialysis preparation is also de-
pendent upon appropriate timing and technique considerations
in order to maximize the potential for successful ESRD outcomes.
Systematic renal replacement therapy planning has been convinc-
ingly demonstrated to influence ESRD morbidity and mortality
and is the key to a successful transition from CKD to ESRD.
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When to start dialysis

Introduction
The issue of timing of initiation of dialysis was first raised by Bono-
mini et al. in the 1970s [1,2]. They reported the highest survival rate
in hemodialysis (HD) patients with a residual creatinine clearance
between 15 and 21 mL/min. However, criteria for the selection of
patients based on residual renal function were not provided. The
issue of an “earlier” start, which means with a higher glomerular
filtration rate (GFR) than usual, reappeared again in the last decade
when the process of developing guidelines for dialysis was started.

Early start or timely referral
A distinction should be made between the timing of referral to a
nephrologist and the timing of the start of dialysis treatment. Fail-
ure to make this distinction has confused the discussion. It should
be emphasized that all studies on late referral to a nephrologist are
either retrospective, based on surveys, or prospective cohort stud-
ies. Nevertheless, the results are strikingly similar. Late referral for
maintenance dialysis is associated with increased mortality [3–11]
and decreased quality of life [12,13]. The excess mortality associ-
ated with late referral was independent of demographic charac-
teristics, socio-economic status, and comorbidity. Moreover, late
referral influenced the dialysis modality choice; patients who ob-
tained predialysis care had a stronger preference for peritoneal
dialysis (PD) than patients who did not (late referrals) [14]. In
addition, patients who were referred late and started with PD were
more likely to switch to HD during the first 6 months compared
with patients who were referred in a more timely manner [15].
Despite all the evidence pointing to a beneficial effect of timely
referral to a nephrologist, almost one-fourth of patients were re-
ferred less than 1 month before the start of dialysis in a survey of
eight different European countries [16].

Guidelines and studies
The timing of initiation of dialysis has been the subject of many
opinion-based guidelines in the last decade. The US National Kid-
ney Foundation Dialysis Outcomes Quality Initiative (K/DOQI)
Workgroup on Peritoneal Dialysis published an opinion-based
guideline on the initiation of chronic dialysis treatment [17]. The
work group advised that dialysis should be initiated when renal
Kt/Vurea had fallen to 2.0/week. For a 70-kg man this equals a
urea clearance of 8 mL/min, a GFR of 10 mL/min, and a creatinine
clearance of 12 mL/min. A lower Kt/Vurea would only be acceptable
when the normalized protein equivalent of nitrogen appearance,
an index of protein intake in stable patients, was at least 0.8 g/kg
of body weight/day and the patient was in a good nutritional state.
These recommendations were retained in the update, published
in 2001. The clinical practice guidelines of the Canadian Soci-
ety of Nephrology for treatment of patients with chronic kidney
disease, published in 1999, were not significantly different from
the US guidelines but set the target for the start of dialysis at a
GFR of 12 mL/min when symptoms were present, but with an
absolute minimum GFR of 6 mL/min [18]. The European Best
Practice Guidelines for peritoneal dialysis recommend consider-
ation of initiation of dialysis when the GFR is below 15 mL/min
in combination with evidence of poorly controlled conservative
treatment. An absolute minimum value was set at 6 mL/min
[19].

At the time these guidelines were published many patients typ-
ically started dialysis at much lower clearances. In one study from
the UK the mean urea clearance was 3.9 mL/min [20]. A study
from the USA reported that 63% of the patients had an estimated
GFR between 5 and 10 mL/min/1.73 m2, and 23% had an esti-
mated value below 5 [21]. Although the above guidelines are not
evidence based and are far from current practice, they have caused
a trend towards earlier initiation of dialysis treatment [22,23].

Currently, no randomized controlled study on the initiation of
dialysis is available. The cohort studies do not point to a real ben-
efit for an early start [24,27–30]. The Netherlands Cooperative
Study on the Adequacy of Dialysis (NECOSAD) is a multicen-
ter prospective cohort study in which all new dialysis patients are
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included and followed at 6-month intervals. GFR is measured as
the mean of creatinine and urea clearance at the start of dialysis
and thereafter. An analysis of 253 patients showed that 37% started
dialysis treatment later than the K/DOQI recommendations (late
starters) [24]. The others were defined as timely starters. The ad-
justed difference in estimated survival time after 3 years on dialysis
treatment was small: a benefit of 2.5 months (95% confidence in-
terval, 1.1–4.0) in favor of timely starters. However, this is likely
to be explained by lead time bias. Lead time may have an effect on
the observed lower mortality risk, and thus longer survival time, in
patients classified as timely starters and may be simply a reflection
of initiating dialysis at an earlier stage of disease. The lead time
could not be measured in the NECOSAD analysis, but taking the
normal decline of GFR into account [25,26], it could be estimated
as a period of about 6 months. Consequently, the apparent gain
in survival from a timely start was presumably due to lead time,
instead of an actual improvement in the course of the disease. All
patients, timely and late starters, showed a marked improvement
in quality of life during the first 6 months after the start of dialysis
treatment [27]. Patients who commenced dialysis in time had a
significantly better quality of life at initiation of treatment than the
late starters. However, these differences disappeared after 1 year on
dialysis, and both groups reported a similar quality of life at that
time.

A retrospective analysis of a small single-center cohort of new,
mainly HD patients from Austria showed no difference in creati-
nine clearance at the start of dialysis between patients who survived
less than 1 year compared with those who survived more than 1
year on dialysis [28]. An analysis of the electronic patient records at
the Glasgow Royal Infirmary made it possible to identify patients
with an estimated creatinine clearance (Cockcroft-Gault formula)
of less than 20 mL/min and who could be followed before the initi-
ation of dialysis and during dialysis with exclusion of late referrals
[29]. The date from which a creatinine clearance of 20 mL/min
was calculated was used to determine survival time. Patients were
divided into an early or late start group by the median creatinine
clearance, which was 8.3 mL/min. The authors found no benefit in
patient survival from an earlier start of PD. Instead, patients who
started dialysis with a lower creatinine clearance tended to survive
longer. Although not investigated in this study, the effect may have
been due to the well-known fact that dialysis is often started earlier
in sicker patients and those with more comorbidity.

An analysis of the Dialysis Morbidity Study Wave II, which is part
of the US Renal Data System (USRDS), demonstrated essentially
the same finding [30]. Patients with a higher estimated GFR at
the start of dialysis had a higher mortality than those with lower
values, with a hazard ratio of 1.14 in multivariate analysis.

Conclusions on the start of dialysis
In the absence of randomized controlled studies, the bulk of ev-
idence has shown that late referral to a nephrologist is associ-
ated with increased morbidity and mortality. No retrospective or
prospective cohort study has shown a benefit of an early start of
dialysis on mortality, whereas the effects on quality of life were

only temporary. A randomized controlled trial is currently being
performed in Australia and New Zealand (the IDEAL study), but
given the present evidence, it is unlikely that the results will be
different from the evidence that is currently available.

PD or HD as initial renal replacement therapy

Both PD and HD have positive and negative features. Conse-
quently, these options have to be weighed in individual patients ac-
cording to their needs, with the aim of providing a patient-tailored
renal replacement therapy. The only randomized controlled trial
comparing PD and HD as initial renal replacement therapy was un-
derpowered but showed a survival advantage for PD in a cohort of
38 incident ESRD patients in the Netherlands, with unadjusted or
age and comorbidity adjusted hazard ratios for death over 5 years
for patients randomized to HD vs. PD of 3.8 (95% confidence in-
terval [CI], 1.1–12.6) and 3.6 (95% CI, 0.8–15.4), respectively [31].
The primary outcome of this study, quality of life, showed a trend
favoring HD in the first 2 years. Given the effort that was invested
to obtain a sufficient number of patients, it is unlikely that more
randomized controlled trials on this subject will be performed.

A number of retrospective or prospective studies, performed
with cohorts or by using registries, have shown a number of ad-
vantages of PD that are especially marked in the first years of treat-
ment. Besides patient survival, these include higher hemoglobin
levels [32], better preservation of residual GFR [33–38], and bet-
ter results after kidney transplantation with regard to delayed graft
function [39–41]. Furthermore, when a patient has to be trans-
ferred to HD, vascular access surgery can be planned in a timely
fashion.

Studies comparing patient survival according to dialysis modal-
ity have given divergent results, that is, no difference between HD
and PD, better results for HD, or better results for PD. This may be
due to differences in study design, study populations, sample size,
data collection, and availability of relevant data [42]. Addition-
ally, differences between countries that influence outcomes can
be present that are not explained by the above, such as access to
health care and the health care system. The CANUSA study showed
that the relative risk of death for incident PD patients in the USA
was 1.95 compared to those in Canada [43], showing that results
of studies on comparisons of survival between PD and HD were
different when performed in the USA or in Canada and western
Europe.

A retrospective multicenter study performed in the USA with
939 incident patients was published in 1990 [44]. A nonsignifi-
cant tendency for better survival for PD patients was found. In
contrast, an analysis of a large sample of incident patients from
the USRDS found no difference in survival between HD and PD
patients, except among diabetic patients, who had a higher rela-
tive risk of death when treated with PD [45]. A USRDS analysis of
prevalent patients showed that patients treated with PD had a 19%
higher adjusted mortality risk than those treated with HD [46],
particularly in patients over 55 years, those with diabetes mellitus,
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Table 36.1 Comparison of mortality between HD and PD patients: studies from North America.

No. of patients Relative risk of death (HD = 1)

Study [reference] HD PD Nondiabetic Diabetic

Serkes 1990 [44]a 342 325 0.62, P = 0.08 0.9, NS

Held 1994 [45]b 3376 681 0.84, NS 1.26, P = 0.03
Bloembergen 1995 [46]c 170,700 pt–yrs 1.11, P < 0.001 1.38, P < 0.001

(1987–1989 cohort)

Fenton 1997 [57]d 7792 2841 Patients 0–64 yrs
0.92, NS 0.92, NS

Vonesh 1999 [47]b 298,425 pt–yrs 1.04, NS 1.11, P < 0.001
(1990–1992 cohort)

Collins 1999 [48]e 99,048 18,110 0.72–0.87, sign 0.86–1.21, sign
(1994–1996 cohort)

Vonesh 2004 [49]e 352,706 46,234 Patients 45–64 yrs
(1995–2000 cohort) No comorbidity, 0.89, P < 0.01 No comorbidity, 1.09, P < 0.05

With comorbidity, 0.99, NS With comorbidity, 1.22, P < 0.001

Jaar 2005 [53]f 763 274 2.78, sign 1.23, NS

Abbreviations: NS, not significant.
a Retrospective multicenter study.
b USRDS registry, incident patients.
c USRDS registry, prevalent patients.
d Canadian organ replacement register, incident patients.
e Medicare, incident patients.
f Prospective multicenter cohort study.

and in women. However, another analysis of incident USRDS pa-
tients showed no differences between survival on PD and HD in
various 2-year cohorts from 1982 up to 1993, with the exception
of female diabetic patients, who did worse with PD [47]. Another
study, however, performed in the same period in the USA reported
better survival for PD patients [48].

A more recent analysis by Vonesh et al. in 398,940 incident
dialysis patients (11.6% PD) identified three factors that influenced
the relative risk of death in HD and PD patients: 1) the cause
of end-stage renal failure (diabetic vs. nondiabetic patients), 2)
age, and 3) the presence or absence of comorbidity at initiation of
dialysis [49]. In these analyses HD was associated with an increased
risk of death in nondiabetic and young diabetic patients, with no
reported baseline comorbidity. When comorbidity was present, no
difference in the relative risk of death was found between HD and
PD. Their findings differ from the findings of Ganesh et al. and
Stack et al., who reported an association of increased mortality with
PD in certain segments of this same US incident dialysis cohort
based on somewhat different analytical methods [50,51,52]. Of
potential clinical relevance, Stack et al. evaluated the impact of
modality choice on survival in individuals with congestive heart
failure and separately in patients with very high body mass indices.
They reported a survival advantage with HD for patients with CHF
and very large body habitus. Whether an age effect, as suggested
by the analysis of Vonesh et al., might have accounted for some

of the reported advantage of HD over PD in the latter analyses
was not determined. A recently published multicenter prospective
cohort study in the USA (CHOICE; 81 dialysis units, 1041 incident
patients, 26% PD) reported no difference in adjusted mortality
rates between PD and HD patients during the first year of treatment
for their entire cohort of incident dialysis patients [53]. However,
after the second year, the risk of death was significantly higher in PD
patients. This study can be criticized because not all participating
dialysis centers provided both dialysis modalities. Furthermore,
the as-treated analyses were influenced by the lower technique
survival of PD compared with HD.

Results of studies performed in Canada and western Europe are
different from those in the USA. The first study comparing con-
tinuous ambulatory PD (CAPD) with HD in incident patients was
performed in the UK. Using Kaplan-Meier analyses, the patient
survival was not different after up to 3 years of follow-up [54]. A
similar study from Spain also found no differences in mortality
between CAPD and HD [55]. Also, a multicenter comparison be-
tween 480 PD and 373 HD patients in Italy showed similar 7-year
survival rates for both dialysis modalities after adjustment for dif-
ferences in case mix [56]. For patients older than 54 years, the risk
of death was significantly higher in HD than in CAPD patients.
An analysis of the Canadian Organ Replacement Register among
11,970 ESRD patients showed a relative risk of death of 0.73 in PD
patients compared with HD. The difference was especially evident
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Table 36.2 Comparison of mortality between HD and PD patients: studies from Europe.

% of patients with
No. of patients diabetes mellitus

Relative risk of deatha

Study [reference] HD PD HD PD (HD = 1)

Gokal 1987 [54]b 329 610 4 14 NS
Gentil 1991 [55]b 842 272 2 29 1.18, NS
Maiorca 1991 [56]b 373 480 7 20 1.35, NS
Van Biesen 2000 [59]c 223 194 16 27 1.13, NS
Davies 2001 [63]c 392 205 NA NA 0.63, P < 0.001
Jager 2001 [60]b 132 118 17 20 1.15, NS
Locatelli 2001 [61]d 2772 1292 21 16 1.06, NS
Heaf 2002 [64]d 4020 2208 18 22 0.86, P < 0.001
Termorshuizen 2003 [62]b 742 480 23 18 NS
Liem 2007 [65]d 10,841 5802 15 16 0.43, P < 0.001

Abbreviations: NA, not available; NS, not significant.
a Intention to treat analysis; relative risk after adjustment for age and comorbidity.
b Multicenter study, incident patients.
c Single-center study.
d Registry study.

Intention to treat analysis
(diabetics and non-diabetics)

0,0

0,1

1,0

10,0

0 3 6 9 12 15 18 21 24 27 30 33 36

Time (months)

lo
g

 R
el

at
iv

e 
R

is
k

Canadian Registry

NECOSAD

CHOICE

``

Intention to treat analysis
(non-diabetics)

0,0

0,1

1,0

10,0

0 3 6 9 12 15 18 21 24 27 30 33 36

Time (months)

lo
g

 R
el

at
iv

e 
R

is
k

Medicare

RENINE (50–60 yrs)

Intention to treat analysis
(diabetics and non-diabetics)

0,0

0,1

1,0

10,0

0 3 6 9 12 15 18 21 24 27 30 33 36

Time (months)

lo
g

 R
el

at
iv

e 
R

is
k

NECOSAD

Danish Registry

Intention to treat analysis
(diabetics)

0,0

0,1

1,0

10,0

0 3 6 9 12 15 18 21 24 27 30 33 36

Time (months)

lo
g

 R
el

at
iv

e 
R

is
k

Medicare

RENINE (50–60 yrs)

Figure 36.1 Effect of duration of dialysis on relative risk of death of incident PD patients compared with HD (relative risk for HD is 1), plotted on a logarithmic scale. The
vertical lines depicts the 95% CI of the relative risk. Left panels show aggregated data for diabetic and nondiabetic patients from the Canadian registry [57], NECOSAD [62],
CHOICE [53], and the Danish registry [64]. Right panels show separate analyses for diabetic and nondiabetic patients from the Medicare registry [48] and RENINE, the Dutch
registry [65]. For the latter, only results for patients aged 50–60 years are included.
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during the first 2 years on PD [57]. A prospective observational
cohort study from Canada in 822 incident patients (34% PD),
using a scoring system for comorbidity, reported no significant
difference in adjusted mortality risks [58].

More recent studies reported either no differences in survival
between PD and HD patients [59–62] or a reduced relative risk of
death in PD compared to HD [63–65]. The results of the various
studies are summarized in Tables 36.1 and 36.2. Large registry
studies from Denmark [64] and the Netherlands [65] established
better survival rates for incident PD patients in Europe, especially
during the first years on treatment. The relative risks of death
according to the duration of PD are given in Figure 36.1.

All the studies discussed above are either analyses from registry
data or results obtained in prospective cohort studies. Differences
in case mix or in determinants of the choice for either dialysis
modality cannot be excluded with certainty. This would require a
randomized controlled trial. Such a trial would be extremely diffi-
cult to perform due to difficulties in patient recruitment, as was the
experience with the single randomized controlled trial performed
to date [31]. In light of the difficulty in performing such a clin-
ical trial, a targeted randomized controlled trial in patients with
diabetes mellitus and/or CHF or a large body habitus might be
informative. One small randomized controlled trial in a European
population has been published [31]. Although underpowered be-
cause of the above reasons, patient survival, a secondary outcome
of this study, was better in the PD group than in those randomized
to HD after 2 years.

The current state of evidence, that is, the potential benefits of
PD, as mentioned in the beginning of this section on PD versus
HD as initial renal replacement therapy, combined with the better
survival on PD during the first 2 years reported in some obser-
vational studies, provides support for the recommendation that
PD be considered as initial renal replacement therapy in patients
who agree to this and in whom no major contraindications are
present, where the definition of the latter may change as new ev-
idence emerges from ongoing analyses of registry data and other
observational studies. As elaborated in section 8 of this textbook,
to confer the greatest survival and quality of life benefit, a timely
transfer to HD should be considered when patients develop severe
problems on PD, such as recurrent peritonitis or ultrafiltration
failure. This concept of integrative care was first developed by Van
Biesen et al., as they showed in a retrospective analysis of their
center that patients who started PD and were subsequently trans-
ferred to HD had a better survival than those who were treated
with HD for the total duration of follow-up [59]. Patients should
be informed of the potential benefits of this integrated approach
as part of their modality education in the predialysis period.
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Introduction

The removal of fluids and solutes in humans with kidney fail-
ure by an extracorporeal dialysis circuit was first accomplished
by George Haas in Germany in 1924. Initial attempts at chronic
hemodialysis were unsuccessful, mainly owing to problems with
the dialysis membranes and the lack of definitive and conve-
nient arterio-venous access. Conventional chronic hemodialysis
became possible with the development of the Scribner shunt and
the Brescio-Cimino fistula in the 1960s. Dialysis technology has
advanced considerably, and multiple different modalities of extra-
corporeal renal replacement therapy (RRT) are currently available,
including hemodialysis (HD), hemofiltration (HF), hemodiafil-
tration (HDF), and acetate-free biofiltration (AFB). HD remains
the most common form of RRT for end-stage renal disease (ESRD),
although there is significant regional variation in practice. In
Austria, Belgium, and Germany, 7, 14, and 12.4% of the chronic
dialysis population is on HDF, respectively [1,2]. For HF, this pro-
portion is 1.1% in Germany and 1% in Greece [1–3].

Principles of extracorporeal RRT modalities

Extracorporeal RRT involves withdrawing a patient’s blood and
passing it through a dialysis filter. Within this filter, fluids and so-
lutes are removed from the blood compartment across a semiper-
meable membrane referred to in the literature as the dialysis mem-
brane or sometimes simply as the membrane or dialyzer. In HD,
HDF, and AFB there is passage of dialysis fluid (dialysate) through
the dialysis filter on the opposite side of the membrane from the
patient’s blood in a direction counter to that of the blood flow,
whereas HF does not involve the use of a dialysate. The movement
of fluid and solutes across the dialysis membrane depends on their
molecular weight, hydration radius, and charge, the osmotic gradi-

ent across the membrane, the electrochemical gradient across the
membrane, the size of pores in the dialysis filter, and the charge
on the dialysis membrane.

Fluid is removed principally by ultrafiltration, which is achieved
by creating a difference in the transmembrane pressure such that
the hydrostatic pressure is greater in the blood compartment than
in the dialysate compartment. Solutes can be removed by diffusion
or convection. In diffusion, solute removal is driven by the electro-
chemical transmembrane gradients. In convection, solute removal
is by solvent drag, that is, when fluid is removed, solutes passively
follow the fluid. The biophysical principles that underlie solute
and fluid transfer across a membrane determine the unique prop-
erties of each of the modalities discussed in this chapter. A detailed
description of the biophysical and mechanical principles of dial-
ysis are beyond the scope of this chapter. Rather, this chapter will
address the evidence of how each of these modalities might impact
clinical outcomes and the clinical trials evidence that might inform
the choice of which modality to select for each clinical indication.

The expected clinical outcomes with each RRT prescription are
determined importantly by the biophysical properties of the dia-
lyzer membrane materials. These help determine the water and
solute flux characteristics and the biocompatibility of the dia-
lyzer membrane. Dialyzer membranes are composed of two main
categories of material, cellulose-based or synthetic. With substi-
tuted cellulose membranes, acetyl groups are substituted for hy-
droxyl groups. By varying the degree of substitution, cellulose ac-
etate, cellulose diacetate, and cellulose triacetate membranes are
manufactured. Cellulose-based membranes made by the cupram-
monium process (Cuprophane) are hydrophilic and have high
porosity but low permeability to solutes. Substituted cellulose
membranes, however, are more hydrophobic and have greater so-
lute permeability. Cellulose membranes are relatively inexpensive,
are sometimes “recycled,” and are therefore the most commonly
used membranes worldwide. Synthetic dialysis membranes are
composed of a variety of materials, including polyamide, polyacry-
lonitrile, polysulfone, and polymethylmethacrylate. These mem-
branes are hydrophobic and have larger pore sizes and higher hy-
draulic permeabilities and solute clearances.
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The two main characteristics of dialysis membranes that most
affect patient outcomes are their biocompatibility and their flux
characteristics. Membranes can be biocompatible or bioincom-
patible and have high-, mid-, or low-flux characteristics.

Biocompatibility refers to the ability of a material to contact
human tissues and blood without inciting a clinically significant
inflammatory response. Bioincompatible dialysis membranes typ-
ically elicit a brisk inflammatory response, whereas biocompatible
membranes elicit little or no clinically apparent inflammatory re-
sponse. Dialyzer membranes have been shown to cause a variety
of inflammatory responses, including activation of the alternate
complement pathway, production of chemokines and adhesion
molecules, activation of platelets and leukocytes, and induction
of a decreased responsiveness of neutrophils and monocytes [4–
6]. Such inflammatory responses are thought to have important
consequences for the patient, and several adverse patient out-
comes have been attributed to them. These include hypoxemia,
“dialyzer reactions” (flu-like symptoms, pruritus, nausea, vom-
iting, headache, and hypotension), and increased production of
β2-microglobulin and its consequent deposition in the tis-
sues, eventually resulting in dialysis-related amyloid arthropa-
thy, increased susceptibility to infection, and increased protein
catabolism [7–11]. Given that inflammation is a well-known
atherogenic factor, the use of bioincompatible membranes could
contribute to the cardiovascular mortality and morbidity in the
hemodialysis population. To date, this specific question has not
been addressed by either a randomized controlled trial (RCT) or
a well-designed observational study.

Flux (classified as high, mid, and low) refers to the permeability
characteristics of the dialysis membranes. Hydraulic permeability
is measured by the dialyzer ultrafiltration coefficient (kUF), which
is defined as the volume of ultrafiltrate formed per hour per mil-
limeter of Hg transmembrane pressure, as determined at a blood
flow of 200 mL/min. Membranes with a kUF of >12 mL/h/mmHg
or β2-microglobulin clearance of >20 mL/min are classified as
high flux, and those with a kUF of <12 mL/h/mmHg or β2-
microglobulin clearance of <10 mL/min are classified as low flux.
These criteria are derived from the HEMO study [12] and the US
Food and Drug Administration dialyzer flux criteria [13].

In general, unsubstituted cellulose membranes are bioincom-
patible and low flux, whereas substituted cellulose membranes
are more biocompatible and typically allow for mid- or high-flux
characteristics. Synthetic membranes are considered the most bio-
compatible and can be manufactured to have either low-, mid-, or
high-flux characteristics.

The newer RRT modalities, HF, HDF, and AFB, involve convec-
tion as the predominant solute clearance modality. All such modal-
ities require high-flux dialysis membranes. In HF, a hemofilter re-
places the traditional dialysis filter and no dialysate is used. Fluid
is continuously ultrafiltered in excess of the actual fluid removal
targets. In a typical HF session, this may involve the generation
and removal of 30–40 L of ultrafiltrate. This excess removed ul-
trafiltrate is replaced by infusion of a suitable replacement fluid
either prior to the membrane filter (predilution) or after the fil-

Table 37.1 Current guidelines on membrane characteristics and RRT modality
usage.

Guideline Country Year Recommendation

Biocompatibility
K/DOQI USA 2006 Avoid use of unsubstituted

cellulosic membranes in favor of
synthetic dialysis membranes

Renal Association (UK) UK 2007 Use modified/substituted cellulose
and low-flux synthetic membranes
over unsubstituted cellulose
membranes

CARI Australia 2005 No recommendation

European Best
Practice Guidelines

Europe 2002 Biocompatible high-flux
membranes should be preferred

Membrane flux
K/DOQI USA 2006 No recommendation

Renal Association (UK) UK 2007 Use of high-flux dialysis
membranes for patients likely to
remain on HD for several years and
prevalent patients who have been
on dialysis for longer than 3.7 yrs

CARI Australia 2005 No recommendation

European Best
Practice Guidelines

Europe 2002 Use of biocompatible high-flux
membranes

RRT modality
K/DOQI USA 2006 No recommendation

Renal Association (UK) UK 2007 Use of HDF or high-flux dialysis in
patients who are likely to be on
dialysis for several years or in
prevalent patients who have been
on dialysis for greater than 3.7 yrs

CARI Australia 2005 No recommendation

European Best
Practice Guidelines

Europe 2002 No recommendation

ter (along with the venous return; postdilution). HF may be less
effective than other methods in removing small solutes, such as
urea [14]. HDF is a hybrid system that includes both convection
and diffusion [15]. In HD and HDF, the dialysate is buffered either
with acetate or bicarbonate buffers. Currently, bicarbonate is the
preferred buffer for both HD and HDF, as acetate has been shown
to depress myocardial contractility and may, therefore, cause in-
tradialytic hemodynamic instability [16]. AFB, an HDF technique,
was introduced in 1985 to avoid the use of acetate in the dialysate.
In this technique a hypertonic sodium bicarbonate solution is in-
fused postdilution to manage treatment-related acidosis [17].

Biocompatibility, dialysis membrane flux, and the dialysis tech-
nologies themselves have been considered to have major impacts
on patient outcomes. Current clinical practice guidelines with re-
spect to these dialysis technology-related factors (Table 37.1) and
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the available evidence from systematic reviews and randomized
controlled trials are reviewed below.

Review of current clinical practice guidelines

Biocompatibility
The Caring for Australians with Renal Impairment (CARI)
guidelines [18] make no recommendations regarding dialysis
membrane biocompatibility. The National Kidney Foundation’s
Kidney Diseases Outcomes Quality Initiative (K/DOQI) guide-
lines recommend avoiding the use of unsubstituted cellulose
membranes in favor of synthetic dialysis membranes [19]. The
Renal Association (UK) recommends the use of modified or sub-
stituted cellulose and low-flux synthetic membranes over unsub-
stituted cellulose membranes [20]. The European Best Practice
Guidelines (EBPG) state that biocompatible high-flux dialyzers
are preferred [21]. These differing recommendations result in
considerable regional variations in dialyzer membrane utilization
patterns.

Membrane flux
No recommendations on optimal membrane flux have been made
by CARI or K/DOQI [18,19]. The Renal Association (UK) rec-
ommends the use of high-flux dialysis membranes for incident
patients likely to remain on HD for several years and prevalent
patients who have been on dialysis for longer than 3.7 years [20].
The EBPG state that biocompatible high-flux dialyzers are pre-
ferred [21].

RRT modality
CARI, EBPG, and K/DOQI do not recommend the use of any
specific extracorporeal RRT modality [18,19,21]. The Renal As-
sociation (UK) recommends the use of high-flux HD or HDF
in patients likely to remain on HD for several years and preva-
lent patients who have been on dialysis for longer than 3.7 years
[20].

Availability of evidence

There have been a number nonrandomized studies, random-
ized studies, and systematic reviews reporting patient outcomes
based on membrane composition and RRT modality. Apart
from the systematic review comparing low- and high-flux dial-
ysis membranes (published in abstract form), the other such
reviews that are referred to below have been published in the
Cochrane Library. Although these reviews have evaluated several
outcomes, we have summarized the results only for the most im-
portant clinical outcomes for each of the comparisons mentioned
above.

Evidence from nonrandomized studies

Epidemiological studies have generally reported favorable out-
comes for biocompatible high-flux membranes compared with
unsubstituted cellulose membranes. Woods and Nandakumar
used historical controls and found that 463 patients treated with
high-flux polysulfone membranes had a 30% improvement in 5-
year survival rate (high-flux group, 90%, vs. low-flux group, 60%;
P = 0.029) [22]. Another retrospective study comparing 107 pa-
tients on high-flux HD with 146 on low-flux HD found a signifi-
cant reduction in relative risk for mortality for patients on high-
flux HD (relative risk [RR], 0.24; 95% confidence interval [CI],
0.12–0.49) [23]. Hakim et al. in their analysis of 2410 patients
from the US Renal Data System (USRDS) reported that the RR for
mortality for patients dialyzed with more biocompatible modified
cellulose or synthetic membranes was 20% lower than in patients
treated using unsubstituted cellulose membranes. In a retrospec-
tive cohort study (n = 12,791) Port et al. [24] reported that those
patients dialyzed with synthetic membranes had a significantly
lower mortality than patients dialyzed with cellulose-based mem-
branes (RR, 0.82; 95% CI, 0.72–0.93; P = 0.002) and that among
the synthetic membranes, use of low-flux compared to high-flux
membranes was associated with a significantly higher mortality
risk (RR, 1.24; 95% CI, 1.02–1.52; P = 0.04) [25]. An analysis
of 6440 patients in the Lombardy Registry in Italy between 1983
and 1995 found that patients on HF or HDF had a significantly
lower risk for carpal tunnel syndrome surgery, a surrogate marker
for dialysis-associated amyloidosis (RR, 0.58; 95% CI, 0.35–0.95;
P = 0.03) compared with those on low-flux HD, but mortality
rates were not different (RR, 0.90; 95% CI, 0.76–1.06; P > 0.05)
[26]. In contrast, Koda et al. in a retrospective study of 248 pa-
tients reported that patients dialyzed with high-flux membranes
had a significantly lower risk of carpal tunnel syndrome (RR, 0.50;
95% CI, 0.25–0.96; P = 0.03) as well as a lower mortality (RR,
0.61; 95% CI, 0.40–0.91; P = 0.02) [27]. Chanard [28] reported
that patients on high-flux HD had less hypotension and other
dialysis-related symptoms than those on HD with low-flux cellu-
lose membranes. A study of 15 patients that used a crossover de-
sign (online predilution HF to high-flux HD to online predilution
HF) reported that patients during the HF phases had significantly
fewer intradialytic hypotension episodes per patient per month
(P < 0.04), significantly fewer muscle cramp episodes, and less
need for saline and plasma expanders [29] compared to HD.

Evidence from systematic reviews of RCTs

In the systematic reviews discussed below, comparative data on
treatment effects of each extracorporeal RRT method are summa-
rized either as RRs with 95% CIs for dichotomous outcomes or as
weighted mean differences (WMD) with 95% CIs for continuous
outcomes. These data inform the clinical questions regarding the
impact of RRT modality, membrane biocompatibility differences,

412



BLBK043-Molony September 20, 2008 19:16

Chapter 37 Modalities of RRT

Table 37.2 Patient characteristics and interventions in RCTs included in a systematic review comparing cellulose-based and synthetic dialysis membranes.

Interventions compared
Study IDa No. of Mean age Gender
[reference] patients (yrs) (% male) DM (%) Synthetic Cellulose Follow-up

Aakhus 1995 [31] 8 NRb 50 12.5 AN69 Cuprophane 1 session
Bergamo 1991 [32] 328 56.4 50.8 5.5 Polysulfone Cuprophane 1 session
Blakestijn 1995∗ [50] 28 NR 35.7 0 Polysulfone Cuprophane 6 wks
Bonomini 1996 [83] 10 53.4 70 NR PMMA Cellulose acetate 3 wks
Caramelo 1994∗ [84] 22 50 59 0 PAN/polysulfone Cuprophan 9 mos
Collins 1993 [33] 40 52.5 27.5 42.5 Polyacrylonitrile Cuprophane 6 mos
Danielson 1986 [34] 7 51 NR NR Polycarbonate Cuprophane 4 wks
Ferreira 2001 [85] 40 60 79.4 NR AN69 Cellulose acetate and diacetate 1–6.5 yrs
Gardinali 1994∗ [44] 36 NR 63.9 0 Polyacrylonitrile Cuprophane 3 mos
Girndt 2000 [86] 21 NR NR 0 Polyamide Cuprophane 12 sessions
Goldberg 1996 [87] 29 NR NR NR Polysulfone Cellulose acetate 8 wks
Grooteman1995 [88] 31 NR 48.3 3.2 Polysulfone Cellulose triacetate 3 wks
Hakim 1996 [45] 159 52.5 49.5 46 PMMA Cellulosic 18 mos
Hartmann 1997∗ [35] 20 51.5 30 0 Polysulfone Cellulose acetate 1 yr
Hosokawa 1991 [46] 200 53.1 50 NR PMMA Cuprophane 1 yr
Lang 2001 [40] 30 44 63.3 13.3 Polysulfone Cuprophane 2 yrs
Levin 1993 [36] 37 54 62.1 NR Several Several 2 wks
Locatelli 1996 [39] 105 54.8 71.4 5.7 Polysulfone Cuprophane 2 yrs
Locatelli 2000 [47] 84 64.5 64.5 7 PMMA Cellulose 12 wks
Ottosson 2001 [89] 42 69.1 57.1 14.3 Polyacrylonitrile Cellulose diacetate 12 wks
Parker 1996 [51] 159 52.5 50 NR PMMA Cellulose 18 mos
Quereda 1998∗ [37] 8 58 25 0 Polyacrylonitrile Cuprophan 48 sessions
Richardson 2003 [52] 90 61.5 63 NR Polysulfone Cellulose triacetate 7 mos
Schaefer 1993 [90] 10 57 70 NR Polysulfone/AN69 Cuprophane 3 sessions
Schiffl 1995 [48] 24 51 60 0 Polysulfone Cuprophane 6 yrs
Sklar 1998 [91] 21 61 56.2 43.7 PMMA Cuprophane 1 wk
Skroeder 1994∗ [41] 20 61 80 0 Polyamide Hemophane/cuprophane 36 sessions
Skroeder 1993∗ [38] 20 59 80 0 Polyamide Cuprophane 88 sessions
Van Tellingen 2002 [43] 74 66 54 NR Polysulfone Cellulose Triacetate 12 wks
Van Tellingen 2004 [92] 10 NA 40 10 Polysulfone Cellulose triacetate 12 wks
Vanholder 1992 [42] 15 NA NA NA Polysulfone Cuprophane 12 wks
Ward 1993 [93] 21 50.6 62 NA AN69 Hemophan/cuprophan 2 wks
Ward 1997 [49] 37 55.6 77 NA PMMA/Polycarbonate Cuprophane/cellulose acetate 2 wks

Abbreviations: DM, diabetes mellitus; PAN, polyacrylonitrile; PMMA, polymethylmethacrylate.
a Asterisk indicates a study which excluded diabetic, populations.
b NR, not reported; data not available from the study report.

and flux rates on clinical outcomes and will be described separately
below.

Biocompatibility
There were 32 RCTs included in a systematic review compar-
ing cellulose-based membranes (unsubstituted and substituted or
modified cellulose) with synthetic membranes (Tables 37.2–37.3)
[30]. This review allows one to compare the risks for each of the
major side effects attributable to differences in bioincompatibility
of each dialyzer membrane type, more specifically, to evaluate the
risk for hypotension, dialysis-associated symptoms, infection, β2-
microglobulin accumulation, hypoalbuminemia, increased pro-
tein catabolic rate, and mortality.

Hypotension
In this review, eight studies [31–38] reported data on dialysis-
associated symptomatic hypotension or hypotension requiring
treatment, but only one study [32] reported data that were suitable
for meta-analysis. This study of 328 patients assessed the occur-
rence of intradialytic symptoms over one dialysis session in which
the patient and the medical staff were blinded to the type of dial-
ysis membrane. This RCT did not reveal any difference between
patient groups. Similarly, none of the other seven studies reported
a decrease in incidence of dialysis-related hypotension with the
more biocompatible membranes. In one study that reported the
composite occurrence of hypotension requiring treatment, symp-
tomatic hypotension, and asymptomatic hypotension [39], there
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Table 37.3 Results of the meta-analysis of RCTs comparing cellulose-based and synthetic membranes.

Results
No. of No. of

Outcome analyzed studies patients RR (95% CI) WMD (95% CI)

Dialysis sessions with symptomatic hypotension 1 328 1.22 (0.81–1.84)
Patients with infections 1 15 0.16 (0.01–2.66)
Mortality 3 468 1.63 (0.67–3.99)
Kt/V (substituted cellulose vs. synthetic membranes) 1 20 0.20 (0.11–0.29)a

Kt/V (unsubstituted cellulose vs. synthetic membranes) 2 243 −0.10(−0.16 to −0.04)b

Predialysis β2-microglobulin 4 407 −14.67(−33.40 to 4.05)
Total cholesterol (substituted cellulose vs. synthetic membranes) 1 39 – 0.60(−0.04 to 1.24)
Total cholesterol (unsubstituted cellulose vs. synthetic membranes) 1 28 – −0.49(−1.07 to 0.09)
HDL cholesterol (substituted cellulose vs. synthetic membranes) 1 39 – 0.11 (−0.41 to 0.63)
HDL cholesterol (unsubstituted cellulose vs. synthetic membranes) 1 28 – 0.07 (−0.06 to 0.20)
Triglycerides (substituted cellulose vs. synthetic membranes) 1 39 – −0.03(−0.43 to 0.37)
Triglycerides (substituted cellulose vs. synthetic membranes) 1 28 −0.06(−1.18 to −0.14)
Residual renal function at end of study period 1 30 – 1.10 (0.80 to 1.40)b

Average rate of loss of residual renal function 1 20 – −0.13(−0.17 to −0.19)b

Abbreviation: HDL, high-density lipoprotein.
a Difference for this outcome significantly in favor of cellulose-based membranes (P < 0.05).
b Difference for this outcome significantly in favor of synthetric membranes (P < 0.05).

was no difference between those dialyzed with Cuprophane mem-
branes and those dialyzed with either low- or high-flux polysul-
fone membranes. Similarly, another study reported intradialytic
hypotension after 10% of treatments with cellulose compared to
11% with polysulfone membranes [40].

Dialysis-associated symptoms
Four trials [33,34,36,41] reported data on the occurrence of
dialysis-associated symptoms, including headache, nausea and
vomiting, and pruritus. All of these studies were of a crossover
design. None reported significant differences between cellulose-
based and synthetic membranes for dialysis-associated symptoms.

Infection
One study (15 patients) reported that 3 of 8 patients in the
cellulose-based membrane group had infectious episodes com-
pared with 0 of 7 patients in the synthetic membrane group [42].
Another study reported that 9 of 74 patients allotted to either
polysulfone or cellulose triacetate membranes developed infec-
tions during a study period of 2 weeks [43], but it did not report
to which treatment group the patients belonged or whether the
between-group incidence of infection was significantly different.

β2-Microglobulin
Seven trials measured predialysis β2-microglobulin at the begin-
ning and end of their studies [39,44–49]. The data from the four
studies that could be combined by meta-analysis showed that the
use of synthetic membranes was not associated with a significantly
lower predialysis β2-microglobulin level in comparison with cel-

lulose membranes (WMD, −14.67, 95% CI, −33.10 to 4.05).
There was evidence of significant heterogeneity between these four
studies. Neither Hakim’s nor Locatelli’s team could demonstrate
that β2-microglobulin levels were lower with the use of a low-
flux synthetic membrane compared with cellulose membranes
[39,45]. However, in six of the seven studies the β2-microglobulin
values rose during the trials when cellulose membranes were
used [44–49].

Serum albumin
Data from four trials [39,47,50,51] showed no difference in serum
albumin levels between synthetic and cellulose membrane groups
(WMD, 0.04; 95% CI −0.13 to 0.21). Parker showed a significantly
higher mean serum albumin level in patients treated with synthetic
membranes but only after 10 months of the study [51]; by study
termination at 18 months there were no differences observed.

Protein catabolic rate
Three studies have reported data on protein catabolic rate as an
outcome [39,47,52]. A meta-analysis that included two of these
studies [39,47] showed no significant difference attributable to
the membrane used (WMD, 0.10; 95% CI, −0.15 to 0.35). One
study did not provide the means and standard deviations for the
different membrane types but stated that no difference was found
(P = 0.94) [52].

Mortality
None of the studies reported to date has been sufficiently powered
to detect differences in mortality. Three studies that lasted more
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Table 37.4 Patient characteristics and interventions in RCTs included in systematic review comparing high- and low-flux dialysis membranes.

Interventions compared
Time on

Study ID No. of Mean age Gender Dialysis High-flux Low-flux
[reference]a patients (yrs) (% males) DM (%) HTN (%) (mean) membrane membrane Follow-up

Ayli 2004 [94] 48 59.1 54.2 22.9 10.4 46 mos 6 months Polysulfone 6 mos
Bergamo 1991 [32] 328 56.4 50.8 5.5 NRb 78 mos Polysulfone Cuprophane 1 session
Blakestijn 1995 [50]∗ 28 NR 35.7 0 excluded 7.1 NR Polysulfone Cuprophane 6 wks
Bonomini 1996 [83] 10 53.4 70 NA NR NR PMMA Cellulose acetate 3 wks
Churchill 1992 [95] 30 52 59.1 9.1 22.7 3.9 yrs Cellulose acetate Cellulose Acetate 8 mos
Collins 1003 [33] 40 52.5 27.5 42.5 NR NR Polyacrylonitrile Cuprophane 6 mos
Eknoyan 2002 [12] 1846 58 43.8 44.7 97.1 3.7 yrs Several types Several types 1–6.5 yrs
Gardinali 1994 [44]∗ 36 NR 63.9 0/NR 0/NR 77 mos Polyacrylonitrile Cuprophane 3 mos
Goldberg 1996 [87] 29 NR NR NR NR NR Polysulfone Cellulose Acetate 8 wks
Hartmann 1997 [35]∗ 20 51.5 30 0 excluded 0 excluded NR Polysulfone Cellulose Acetate 1 yr
House 2000 [96]∗ 48 56.2 68.8 0 excluded NA 9.5 mos Polysulfone Polysulfone 3 mos
Kuchle 1996 [54] 24 51 60 0 8.3 41 mos Polysulfone Cuprophane 6 yrs
Lang 2001 [40] 30 44 63.3 13.3 NR NR Polysulfone Cuprophane 2 yrs
Locatelli 1996 [39] 105 54.8 71.4 5.7 NR NR Polysulfone Cuprophane Polysulfone 2 yrs
Locatelli 2000 [47] 84 64.5 64.5 7 NR 3.8 yrs PMMA Cellulose 12 wks
Munger [97] 10 64.7 100 20 20 3.1 yrs Polysulfone Cuprammonium 8 sessions
Opatrny 2002 [98]∗ 25 70 52 0 excluded NR 24 mos Polysulfone Polysulfone 16 wks
Ottosson 2001 [89] 42 69.1 57.1 14.3 NR 18.5 mos Polyacrylonitrile Cellulose diacetate 12 wks
Simon 1993 [53] 54 NR 50 NR NR NA Polyacrylonitrile Cuprophane 1 yr
Sirolli 2000 [99] 8 62.7 50 NR NR 33.5 mos PMMA Cellulose diacetate 18 sessions
Skroeder 1994 [41] 20 61 80 0 excluded NR 1.7 yrs Polyamide Hemophane Cuprophane 36 sessions

Abbreviation: DM, diabetes mellitus; HTN, hypertension; PMMA, polymethylmethacrylate.
a An asterisk after a study indicates diabetic population(s) was excluded.
b NR, not reported; data not available from the study report.

than 1 year, however, did report mortality [39,40,51]. All compared
unsubstituted cellulose versus synthetic membranes, and none of
these reported a difference in overall or cardiovascular mortality
(overall mortality RR, 1.18; 95% CI, 0.63–2.22).

Membrane flux
A total of 22 RCTs were identified for a systematic review that
forms the basis of the discussion in this section, comparing
high-flux with low-flux HD (unpublished data) (Tables 37.4
and 37.5). The patient characteristics and interventions in the
included RCTs are summarized in Table 37.4, and the results of
the meta-analysis are in Table 37.5. This review excluded RCTs
comparing HD with HF, HDF, or AFB, as these have been the
subject of a separate review. Of these 22 RCTs, only the HEMO
study was designed to assess the effect of dialysis membrane flux
on mortality (Figure 37.1). This study had a two-by-two factorial
design, comparing high-flux versus low-flux dialysis membranes
and also conventional dialysis dose (equilibrated Kt/V, −1.05;
single-pool Kt/V, −1.25) versus high dialysis dose (equilibrated
Kt/V, −1.45; single-pool Kt/V, −1.65).

Mortality
At the end of the trial period in the HEMO study, 429 of 921
patients in the high-flux-group and 442 of 925 patients in the

low-flux group had died [12]. Although no significant difference
in all-cause mortality between the patient groups was observed
for the entire study period, use of high-flux dialysis membranes
was found to reduce cardiovascular mortality and all-cause mor-
tality significantly in patients who had been on dialysis for more
than 3.7 years. In the systematic review (Table 37.4), the results
from six trials that reported mortality data with a follow-up of 1
year or longer were analyzed. There was a trend toward a differ-
ence between high- and low-flux membrane groups even when the
analysis was repeated, excluding the HEMO study (RR, 0.89; 95%
CI, 0.71–1.13). A meta-analysis of two studies [12,53] showed no
significant difference between patient groups for cardiovascular
mortality (RR, 0.84; 95% CI, 0.69–1.02).

β2-Microglobulin and dialysis amyloid-associated
complications
High-flux HD has consistently been shown in randomized studies
to achieve significantly lower predialysis β2-microglobulin
concentrations than low-flux dialysis (WMD, −13.50; 95% CI,
−15.91 to −10.19). One randomized study of 20 patients followed
for over 4 years showed that patients on high-flux dialysis had a
significantly lower risk of developing dialysis-related arthropathy
(0/10 in the high-flux group vs. 8/10 in the low-flux group; RR,
0.10; 95% CI, 0.00–0.90), but these results may reflect, in part,
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Table 37.5 Results of meta-analysis of RCTs comparing high- and low-flux membranes.

Results
No. of No. of

Outcome analyzed studies patients RR (95% CI) WMD (95% CI)

All-cause mortality 6 2079 0.89 (0.71–1.13)
Cardiovascular mortality 2 1900 0.84 (0.69–1.02)
Infection-related mortality 2 1900 0.92 (0.71–1.19)
Patients hospitalized 2 74 0.80 (0.52–1.23)
Patients developing dialysis-related amyloid complications 1 20 0.06 (0.00–0.90)
Patients experiencing hypotensive episodes during dialysis 2 412 1.24 (0.82–1.87
Hospital admissions/year/patient 1 105 −2.00 (−12.68 to 8.68)
Predialysis β2-microglobulin 4 199 −15.91 to −10.19)a

β2- Microglobulin clearance rate (mL/min) 1 1846 30.40 (29.53 to 31.27)a

Urea reduction ratio 4 102 −0.03 (−3.18 to 3.13)
Kt/V 3 135 0.08 (−0.08 to 0.24)
Total cholesterol (mmol/L) 4 124 −0.16 (−0.59 to 0.27)
HDL cholesterol 3 109 0.09 (−0.25 to 0.43)
LDL cholesterol 3 109 0.09 (−0.25 to 0.43)
Triglycerides 3 79 −0.30 (−0.57 to −0.02)a

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
a Difference for this outcome significantly in favor of high-flux membranes (P < 0.05).

the higher-than-expected rate of arthropathy in the conventional
dialysis group [54].

Lipid profile
High-flux dialyzers have been reported to have favorable effects on
lipid profiles. Meta-analysis of four RCTs showed that high-flux
HD resulted in a significant lowering of triglyceride levels alone
compared with low-flux HD (Table 37.5). The clinical importance
of this observation is not known.

Quality of life
Data from the HEMO study [55] showed that quality of life as
measured using three validated tools, the Index of Well-Being, the

Kidney Diseases Quality of Life Long-Form Questionnaire, and
the Short Form-36 Questionnaire, was not significantly different
between patients on high-flux versus low-flux dialysis.

Extracorporeal RRT modalities

A Cochrane Systematic Review compared HD, HF, HDF, and AFB
and identified 20 RCTs reporting clinically relevant outcomes [56]
(Table 37.6). We have summarized below the results from this
Cochrane Review for mortality, hypotension, β2-microglobulin,
dialysis-related amyloidosis, and quality of life. All results are
shown in Table 37.7.

Review:
Comparison:
Outcome

Study
or sub-category

Total (95% Cl)
Total events: 445 (High-flux HD), 461 (Low-flux HD) 
Test for heterogeneity: Chi2 = 3.51, df = 3 (P = 0.32), l2 = 14.6% 
Test for overall effect: Z = 0.95 (P = 0.34) 

1041 1038
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Figure 37.1 Effects of dialysis membrane flux on mortality.
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Table 37.6 Patient characteristics and interventions in RCTs included in systematic review comparing the various extracorporeal RRT modalities.

Study ID No. of Mean age Mean time on Gender
Comparison [reference] patients (yrs) dialysis (mos) (% males) DM (%) Follow-up

HF vs. HD Beerenhout 2005 [57] 40 58.5 28.5 75 NR 12 mos
Fox 1993 [58] 9 63 54 100 NR 1 session
Schiffl 1992 [59] 32 NR NR NR NR 48 mos

HDF vs. HD Bammens 2004 [60] 14 66.6 24.8 71.4 NR 2 wks
Lin 2001 [61] 57 54 112.5 73.6 12.2 15 mos
Locatelli 1996 [39] 205 52 NR 72.2 NR 24 mos
Lornoy 2000 [62] 8 68 81 NA NR 1 session
Teo 1987 [63] 13 36.5 NR 40.3 NR 8 mos
Tuccillo 2002 [64] 12 53 NR 58.3 NR 3 mos
Ward 2000 [65] 50 56.5 57.5 58 13.3 12 mos
Wizemann 2000 [66] 44 60.5 NR 56.8 18.2 24 mos

AFB vs. HD Basile 2001 [67] 11 59.9 53.2 60 NR 12 mos
Eiselt 2000 [68] 20 42.5 47.5 NA NR 12 mos
Noris 1998 [69] 5 57.6 NR NA NR 1 wk
Schrander 1999 [70] 24 65 5.7 70 NR 12 mos
Todeschini 2002 [71] 9 63.6 NR 33.3 22.2 3 sessions
Verzetti 1998 [72] 41 60 25 41.4 100 12 mos

AFB vs. HDF Ding 2002 [73] 12 49.7 83.5 66.6 NR 12 mos
Movilli 1996 [74] 12 76 18 58.3 NR 6 mos

HF vs. HDF Altieri 2004 [75] 39 58.4 NR 33.3 NR 1 yr

Abbreviations: DM, diabetes mellitus; NR, not reported (data not available from the study).

Table 37.7 Results of meta-analysis of RCTs comparing the various extracorporeal RRT modalities.

Results
No. of No. of

Comparison Outcome analyzed studies patients RR (95% CI) WMD (95% CI)

HDF vs. HD Mortality 3 316 1.68 (0.23–12.13)
Hospital admissions/patient/year 1 45 0.20 (−0.07 to 0.47)
Hospitalization days 1 45 2.30 (−1.69 to 6.29)
Predialysis β2-microglobulin (HDF vs. low-flux HD) 4 407 −14.67(−33.40 to 4.05)a

Predialysis β2-microglobulin (HDF vs. low-flux HD) 1 39 0.60 (-0.04 to 1.24)
Kt/V 1 28 −0.49(−1.07 to 0.09)
Urea reduction ratio 1 39 0.11 (−0.41 to 0.63)
Intradialytic blood pressure 1 28 0.07 (−0.06 to 0.20)a

Maximal drop in blood pressure 1 39 −0.03(−0.43 to 0.37)a

Triglycerides (substituted cellulose vs. synthetic
membranes)

1 28 −0.06(−1.18 to −0.14)

AFB vs. HD Mortality 2 40 Not estimable, as no event during
study period

1.10 (0.80 to 1.40)

Dialysis sessions complicated by hypotension (%) 1 20 −5.40(−23.71 to 12.91)
Kt/V 1 20 0.12 (−0.09 to 0.33)
Mean arterial pressure during dialysis 1 20 1.60 (−12.63 to 15.83)

a Difference for this outcome significantly in favor of HDF (P < 0.05).
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Figure 37.2 Effects of RRT modality on mortality (HDF vs. HD).

HF versus HD
Three RCTs compared HF with HD [57–59]. One study of 32 pa-
tients (24 HD vs. 8 HF) followed for 4 years reported no deaths [59].
Furthermore, there was no difference in the number of episodes of
hypotension between patient groups in one crossover study of nine
patients [58]. This study’s duration, however, was only one dialysis
session. In the study by Schiffl et al. HF was associated with signifi-
cantly higher β2-microglobulin levels in the ultrafiltrate compared
with high-flux HD, and there was virtually no β2-microglobulin
detected in the dialysate of patients on low-flux HD when Cupro-
phane membranes were used [59]. The implications of these find-
ings for clinically important outcomes, especially in light of current
practices, are unknown.

HDF versus HD
Eight RCTs compared HDF with HD [39,60–66]. Mortality data
were obtained from three studies [39,61,66]. A meta-analysis of
these studies showed no difference between patient groups (RR,
1.68; 95% CI, 0.23–12.13) (Figure 37.2). The largest RCT [39]
comparing HD with HDF had four treatment arms. Mortality
was not different when any of the three HD arms was compared
separately with HDF; a comparison of the three combined HD
groups with the HDF group indicated a higher mortality with
HDF (6/155 in the HD group vs. 7/50 in the HDF group; RR, 3.62;
95% CI, 1.27–10.26); this result should be interpreted with cau-
tion, as this study was not designed to assess mortality [39]. None
of the studies assessed the incidence of symptomatic hypotension,
but one study reported that the intradialytic blood pressure was
significantly higher and the maximal drop in intradialytic blood
pressure lower in patients on HDF [61]. Based on data from two
studies, HDF was reported to be associated with significantly lower
predialysis β2-microglobulin values compared with low-flux but
not with high-flux HD [39,66]. None of the studies reported data
on the incidence of dialysis-related amyloid arthropathy. Two fur-
ther studies [61,65] reported quality of life results. One study [65]
used a validated tool, the Kidney Diseases Questionnaire, and the
other used a nonvalidated tool, the Patient Well-Being Score [61].

Patients on HDF had significantly higher end-of-treatment Patient
Well-Being scores, whereas no significant difference was found
when quality of life was assessed with the Kidney Diseases Ques-
tionnaire, with the exception of the physical symptoms component
of this tool, which showed that quality of life improved equally with
either modality during the course of the study.

AFB versus HD
Six RCTs compared HD versus AFB [67–72]. Data from two studies
of 12 months or greater in duration did not report any patient
deaths in either RRT group [68,70]. One study of 20 patients found
no significant difference in the number of hypotensive episodes
in patients undergoing either of these RRT modalities [70]. The
remaining studies had crossover designs and hence did not provide
mortality data for analysis. None of the studies reported any data
on β2-microglobulin levels.

AFB versus HDF
Two RCTs assessed AFB versus HDF in a total of 24 patients [73,74].
Both were crossover trials and hence the data could only be sum-
marized in a narrative fashion. There was no difference in the
number of dialysis sessions for patients reported to have hypoten-
sion between patient groups (HDF, 10/72 sessions, vs. AFB, 9/72
sessions). Data on mortality could not be analyzed from these
crossover studies. No data on β2-microglobulin levels were re-
ported.

HF versus HDF
A comparison of HF versus HDF was performed in one RCT [75].
Patients on HF experienced significantly fewer episodes of hy-
potension per patient per month (HF, 0.5 vs. HDF, 1.1; P = 0.017)
if they were randomized to start on HDF and crossed over to HF.
Predialysis β2-microglobulin values were also not significantly dif-
ferent between patient groups. Long-term clinical outcomes, such
as mortality and cardiovascular morbidity, could not be assessed
in this crossover design trial.
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Critique of the evidence and guidelines

There are considerable data from observational studies indicat-
ing that biocompatible high-flux HD and convective technologies,
compared with HD with low-flux cellulose-based membranes, are
associated with significant reductions in adverse outcomes, the
most important of which are mortality, dialysis-associated amy-
loid complications, and dialysis-related side effects such as hy-
potension. The data from RCTs, however, are less compelling.

Of all the RCTS conducted in this area, only the HEMO study
was designed with sufficient statistical power to evaluate differ-
ences in mortality outcomes for high- and low-flux and high- and
low-efficiency dialysis prescriptions. This study did not show any
statistically significant differences in mortality between groups. It
has, however, been criticized for several reasons, including the use
of prevalent rather than incident patients, exclusion of patients
over 100 kg in weight, dialyzer reuse, and overrepresentation of
women and blacks (both over 60% of the study population). There
remains uncertainty, therefore, over the impact of membrane type
and flux characteristics on outcomes in HD.

Although cellulose-based membranes elicit more of an inflam-
matory response than synthetic membranes and therefore could
theoretically cause more dialysis-related side effects, none of the
RCTs that have examined this question has shown a consistent dif-
ference in dialysis-related symptoms with the different membrane
types. Thus, an increase in dialysis membrane-related inflamma-
tory responses does not result in predictable adverse clinical symp-
toms in the short term, nor is it associated with long-term increases
in mortality. Whether such inflammation is injurious in the long
term remains unknown.

Convective technologies when compared to HD appear in ob-
servational studies to result in lower rates of dialysis-related hy-
potension. Importantly, however, this has not been demonstrated
in any of the RCTs that have compared convective technologies
to HD. One recent RCT, published after the Cochrane Review,
showed that when HD is performed under optimal conditions the
hemodynamic parameters and the incidence of hypotension are
the same as in HDF [76]. A review of the effects of extracorporeal
techniques on blood pressure-related outcomes reached the same
conclusion [77]; the authors emphasized that future trials com-
paring HF and HDF with HD must ensure standardized treatment
conditions so that comparisons of the outcomes of the various
treatment modalities will be valid.

Even less information is available regarding the impact of mem-
brane type on dialysis-associated amyloidosis. The few published
studies were small and generally of too short a duration to draw
firm conclusions regarding an outcome that is both uncommon
(5–10% of patients at 5 years, 15–30% of patients at 10 years)
[78,79] and develops slowly over a period too long for most clini-
cal trials. Although further large observational studies may clarify
some of these residual questions, the quality of such evidence is
poorer than that which arises from RCTs and will undoubtedly
leave uncertainty.

Although some clinical practice guidelines continue to prefer
the use of biocompatible membranes, such recommendations are
based mostly on opinion rather than RCT evidence. For high-flux
membranes, the EBPG [21] recommend their use in all patients
whereas the Renal Association (UK) recommends their use in in-
cident patients likely to be on dialysis for several years or prevalent
patients who have been on dialysis for more than 3.7 years [20].
The Renal Association (UK) guidelines suggest that HF or HDF
may also be beneficial in patients likely to be on dialysis for sev-
eral years or for long-term prevalent patients, because of improved
middle-molecule clearance with these techniques [20]. However,
RCTs have not shown HDF to be superior to HD, especially in com-
parison to high-flux HD. Although HDF may be better than HD in
reducing predialysis β2-microglobulin levels, it is not superior to
high-flux HD in this regard. None of the RCTs has shown a signifi-
cant reduction in dialysis-related hypotension or other symptoms
with HDF versus HD.

Conclusions

Despite more than 40 years of experience with RRT, it is surpris-
ing and disappointing that the evidence base on which important
clinical decisions hinge is not more solid. Several studies have
important design flaws, are of insufficient statistical power, or
have not addressed appropriate clinical end points. There is a clear
need for additional clinical trials that lack these limitations to pro-
vide unambiguous guidance for decision making. Future studies
must also address important clinical end points, such as mortality,
morbidity, and quality of life, and should ideally include rigor-
ous economic evaluations, given the expense of extracorporeal
therapies.

At present there are a number of large studies under way that may
help to address some of the current deficiencies. The Membranes
Permeability Outcomes study is a multicenter study evaluating
high- versus low-flux membranes in 600 incident patients (<2
months on RRT) [80]. The CONTRAST study will compare HDF
versus low-flux HD in 800 patients and will include a detailed
economic evaluation [81]. Another RCT will assess cardiovascular
stability and blood pressure control in 246 patients assigned to
either HDF or HF compared to low-flux HD [82]. It is hoped
that the results of such studies will provide more solid evidence to
inform best clinical practices.
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Introduction

It is generally accepted that the delivery of “adequate” or optimal
dialysis is associated with improved survival, where adequacy is
sometimes defined as that intensity of dialysis that results in the
generally most favorable mortality and morbidity outcomes. Find-
ings that have emerged from observational studies and epidemio-
logic comparisons between countries have suggested that some of
the differences in mortality rates observed between countries may
be attributable to country-specific differences in customary pre-
scriptions for dialysis dose. These observations have led to a con-
sensus opinion that is reflected in US, UK, European, Canadian,
and Australian guidelines that dialysis dose be measured and an
adequate dose of dialysis be targeted in all patients on chronic
hemodialysis. Kinetic modeling has proven a powerful tool to de-
fine the parameters of adequate dialysis, to compare dialysis dos-
ing from one study to the next, and to identify those aspects of the
dialysis treatment and the clinical characteristics of the individual
patient that might interfere with delivery of the targeted dialysis
dose. In this chapter, we shall describe the biophysical basis for
kinetic modeling of dialysis and its utility in describing the clinical
biochemical impact of chronic dialysis for the individual patient.
We shall evaluate observational and randomized clinical trials evi-
dence with regard to competing measures of dialysis adequacy and
the impact of observed strata of levels of achieved dialysis clearance
on morbidity and mortality that have emerged from these trials.

Kinetic modeling

Kinetic modeling is a widely used analytic process for examin-
ing all aspects of the dialysis prescription and its delivery. It is a
powerful technique because it describes a system from mass bal-
ance. It requires that all model parameters be rigorously defined,

since the validity of the model can be directly determined from the
mass balance in the system. It provides a logical system for under-
standing the clinical problem of adequacy of dialysis. All the stages
involved in its analysis must be highly disciplined, because a pre-
cise mathematical definition is required for each parameter. Unlike
the approximations that are used commonly to evaluate dialysis
dose, the relative effect of each parameter can be quantitatively
assessed.

The major practical goal of modeling in dialysis is to be able
to prescribe and deliver a predetermined dose that is reproducible
primarily for urea but analogously for other solutes. The uremic
syndrome is only partly responsive to current methods of dialy-
sis therapy, and much morbidity continues to be present and to
progress even in well-dialyzed patients. The high mortality rate
characteristic among dialysis patients is strongly dependent on
background cardiovascular disease and propensity for infection.
In addition, since fluid removal is not part of the kinetic model
prescription, ultrafiltration time may determine dialysis time in
excess of the model. Because even a fully “adequate” dose of dial-
ysis does not directly affect these comorbidities and clinical prob-
lems, the dose cannot be determined by clinical symptoms. The
current dosing recommendations have evolved from being based
largely on data from observational studies to a greater reliance on
data from the limited number of randomized controlled trials that
have examined this question rigorously. However, uncertainty still
exists as to the dialysis dose needed for smaller individuals and
for women. Dialysis is almost universally given three times per
week. With increasing knowledge of daily short or nocturnal long
dialysis, the current approach to dose may need to be changed as
evidence emerges from new randomized controlled trials currently
in progress.

Calculation of the dose of dialysis is also quite complicated both
conceptually and with respect to practical details. While the ad-
equacy of dialysis using urea kinetic modeling (UKM) has been
initially defined by observational studies, more recently the evi-
dence derived from randomized trials has provided information
that has been formalized in practice guidelines to guide dialysis
prescription.
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Dialysis delivery

The concept of prescribing the dose of dialysis as Kt/V grew out of
examination of the outcomes of the National Cooperative Dialysis
Study (NCDS) in the USA [1,2]. The NCDS was designed to study
two levels of predialysis blood urea nitrogen (BUN; 70 and 110
mg/dL) and was controlled by UKM. UKM is based on the law of
conservation of mass and the concept of urea mass balance, which
requires that the amount of urea removed during a dialysis session
must equal the amount generated between sessions [3,4]. Removal
of urea at any instant is determined by the product of dialyzer urea
clearance and plasma urea concentration, whereas urea generation
(Gu) is determined by the net rate of protein breakdown or pro-
tein catabolic rate (PCR), which in turn, in the absence of acute
illness, is determined by the dietary protein intake. Urea genera-
tion is normally constant, but removal varies from zero between
dialyses to very high rates at the beginning of each individual dial-
ysis session, when the BUN is high, to very low rates at the end,
when the BUN has fallen maximally. UKM is derived from math-
ematical modeling of urea removal and urea generation in dialysis
therapy and is used to calculate Gu and to determine the volume
of distribution of urea in the body (Vu) from the BUN profile and
the dialyzer clearance, treatment time, and frequency of dialyses.
In the NCDS, UKM was used to calculate Gu, that is, PCR and
Vu, and from these values the magnitude of dialyzer clearance and
treatment time required to achieve the targeted predialysis BUN
levels in thrice-weekly therapy could be calculated. A further step is
necessary to calculate the blood and dialysate flow rates required to
achieve optimal dialyzer urea clearance. This is accomplished with
use of the dialyzer overall permeability (Ko) and area (A) product
or (KoA), which has a specific value for each dialyzer and depends
on its membrane area and flow geometry [4,5]. From the KoA, the
required blood and dialysate flows can be calculated to effect the
desired clearance. These computations are readily available in PC
kinetic modeling programs.

Poor clinical outcome (a global clinical composite outcome of de
novo uremic symptoms, hospitalization, and death during follow-
up) in the NCDS could not be predicted from the predialysis BUN
alone as anticipated [1]. The NCDS recommended empirically a
normalized PCR (nPCR) of 0.8 g/kg/day. When NPCR was ≥0.8
g/kg/day, the high BUN did predict poorer outcome, but when
NPCR was <0.8 g/kg/day the global composite clinical outcome
was poor irrespective of predialysis BUN. Kinetic analysis showed
that outcome could be predicted in all groups when dose was ex-
pressed as the product of dialyzer urea clearance and treatment
time divided by the urea distribution volume, or Kt/V. In patients
with very low nPCR and Gu, very low levels of Kt/V were required
to maintain the BUN at target, and these low levels of Kt/V cor-
related significantly with the global composite clinical outcome
failure of the therapy. This relationship was consistent with the
concept that urea per se is not the critical toxin, but that it could
serve as a surrogate for all low-molecular-weight toxins when the

therapy dose is expressed as Kt/V, a relationship which would apply
to other low-molecular-weight toxins also. Consequently, UKM no
longer aims to reach a specific urea concentration but provides a
rational method for prescribing the dose of dialysis, defined as
Kt/V, and to monitor dietary protein intake from a determination
of Gu. Because all errors in delivery of the dose appear in the cal-
culated value for Vu, when an aberrant Vu is calculated it can be
concluded that the dose has not been delivered [3,4].

eKt/V and spKt/V

The calculated Kt/V is proportional to the decrease in BUN during
a dialysis session. The single-pool Kt/V (spKt/V) is calculated from
the predialysis BUN and the postdialysis BUN obtained 15 s after
the end of dialysis. This delay is included to circumvent any access
recirculation that might be present, which would lower the BUN
and result in an erroneous increase in spKt/V [3,4].

Equally important is the concept of urea “rebound.” At the end
of the dialysis session the concentration of BUN is lower in the
blood and extracellular fluid than in cells [3,4,6]. It requires 30–
40 min of urea diffusion between the compartments until there
is a uniform concentration (diffusion equilibrium). The differ-
ence between the two BUN levels is the rebound. Therefore, the
spKt/V calculated using the end-dialysis BUN will be higher than
an equilibrated Kt/V (eKt/V), which is calculated from the BUN
after postdialysis equilibration. It is the eKt/V that more accurately
reflects the effective dose of dialysis. If one accepts that Kt/V repre-
sents an accurate picture of dialysis dose with respect to urea and
water removal, it should be apparent that one should wait until
equilibration is completed to determine Kt/V so that the clini-
cal values used to compute the Kt/V are accurate and errors in
prescription are avoided.

The rebound phenomenon and effects on Kt/V and nPCR are
illustrated in Figure 38.1. The BUN at the end of dialysis is used
to calculate the equilibrated BUN value using validated equations
in UKM programs, such as in the Fresenius Medical Care North
America (FMCNA) system, rather than by keeping the patient for
30–60 min after termination of dialysis to take the final blood
sample. The magnitude of rebound is determined almost entirely
by the rate at which the dialysis dose is delivered. The rate of
dialysis is defined by spKt/V divided by the treatment time (t),
which equals K/V (K is the delivered clearance and V is the volume
of distribution of urea equivalent to the total body water). The
greater the K/V, the greater the rebound. Because most patients
are treated at about the same blood flow (300–400 mL/min) and
with the same dialyzer urea clearance (K), the smallest patients
(with small V values) will tend to have the highest K/V ratios and
the highest rebounds. For example, if a small patient is given the
same dose of spKt/V over the same time as a larger patient, the
rebound will be identical. That, however, happens infrequently in
clinical therapy, and smaller patients are usually treated at higher
rates and have more rebound.
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Figure 38.1 The Kt/V and nPCR are both calculated from
the magnitude of BUN decrease during dialysis. The apparent
drop in BUN will always be larger before rebound occurs.
Because spKt/V and spnPCR are calculated from predialysis
BUN minus the postdialysis BUN, while eKt/V and e-nPCR are
calculated from the predialysis BUN minus the rebound BUN,
spKt/V and spNPCR will always be larger than eKt/V and
eNPCR.

Dialysis dosing target

The spKt/V obtained from blood urea measurements immediately
before and immediately after the completion of dialysis does not
account for the change in urea from any rebound and therefore
provides a value of dialysis clearance that overestimates the true
dialysis urea clearance as determined by the eKt/V by a percent-
age that is influenced by the magnitude of the rebound. A com-
parison of the consequences of different dialysis prescriptions on
achievement of the customary target measures of adequacy using
either spKt/V or eKt/V illustrates some factors that could influence
achievement of adequate dialysis and the potential consequences
and limitations of protocols that use spKt/V as the measure of
achieving true adequacy. The relationship between spKt/V and
eKt/V is illustrated in Figure 38.2A, in which the ratios of eKt/V
and spKt/V are each plotted as functions of treatment time, t. The
Tattersall equation [6] was used to calculate eKt/V over a spKt/V
range of 1.3–1.7 and independently of volume, dialyzer clearance,
and Gu, with treatment times fixed at six levels ranging from 2.0 to
4.5 h. The lower limit of 1.3 is the lower limit recommended in the
National Kidney Foundation Kidney Disease Outcomes Quality
Initiative guidelines, and it permits an appropriate dose of dialysis
with a reserve in case of delivery problems. The upper limit of 1.7
was chosen because there is no evidence of a benefit with higher
spKt/V. Over the ranges calculated, eKt/V is a highly linear func-
tion of spKt/V when time is held constant, so a family of six lines
is seen (Figure 38.2A). The eKt/V dose target of 1.2 is depicted as
a horizontal line on the y axis and the spKt/V dose target of 1.4 as
a vertical line on the x axis. The regression lines for the different
dialysis times are depicted as solid lines for all segments with eKt/V
of ≥1.20 and dashed lines for all segments where eKt/V is <1.20.
Note that the two adequacy targets agree only in the left lower
portion of the plot, where eKt/V is <1.20 and spKt/V is <1.40.
Here they define a domain of inadequacy common to both crite-
ria. Some of the regression lines for spKt/V of >1.4 pass through
the inadequate zone because of their high rebound with shorter
dialysis times.

The required spKt/V to achieve an eKt/V of 1.20 is shown for
each treatment time (Figure 38.2B) by a vertical arrow to the x axis
at the point that each regression line reaches the minimum level for
adequate dialysis, defined by eKt/V of 1.20. It can be seen that the
spKt/V necessary to provide an adequate Kt/V can range from 1.32
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Figure 38.2 (A) Two definitions of adequate dialysis: eKt/V of ≥1.20 and spKt/V
of ≥1.40. Note that a substantial number of adequate doses by the criterion of a
spKt/V of ≥1.40 are inadequate by the eKt/V ≥1.20 criterion. (B) When treatment
time (t) varies in the patient population, there must be a family of spKt/V values
ranging from 1.35 to 1.58 to ensure all doses are equivalent to an eKt/V of 1.20.
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to 1.58 over a range of dialysis times to provide an eKt/V of 1.20.
Therefore, an eKt/V can be associated with several spKt/V values,
depending on the dialysis time. In contrast, a single target eKt/V
of 1.20 permits determination of the optimal time and spKt/V for
each patient in the population.

The nPCR is calculated from the amount of urea removed, which
is considered equal to the Gu based on the PCR [4]. As noted above,
the postdialysis BUN is artificially low, so if it is used for calculation
of nPCR, the urea removal will be overestimated, because it is the
difference between this BUN concentration and the predialysis
BUN of the next treatment that is used. The nPCR will therefore
behave like the Kt/Vs (as above).

Impact of residual renal urea clearance on eKt/V
and estimated nPCR

Intermittent hemodialysis is very inefficient. With thrice-weekly
hemodialysis of 3–4 h/HD session, urea is being cleared for only
5–7% of the total weekly time while urea and other solutes are
generated continuously throughout the week. Consequently, high
dialyzer urea clearances are used, which result in an exponential
drop in BUN and very inefficient removal of urea and other so-
lutes in the later part of dialysis. A low continuous clearance is far
more efficient because the BUN does not fall to very low levels,
which is the reason that a lower total clearance is required in con-
tinuous ambulatory peritoneal dialysis (CAPD) and potentially
with prolonged daily hemodialysis prescriptions as yet to be de-
termined [7]. A weekly Kt/VCAPD of 2.00 with CAPD is equivalent
to an eKt/V of 1.2 with thrice-weekly hemodialysis. Recent clinical
trials suggest that even this dose of CAPD might be higher than
required for optimal outcomes. These data are reviewed in section
8 of this textbook. The standard Kt/V (stdKt/V) calculation [4,7]
quantifies the effects of both intermittent and continuous dialysis,
giving a dose that applies to all dialysis frequencies and intensities
ranging from CAPD, short and long daily HD, to twice-weekly
HD. However, in the specific case of thrice-weekly hemodialysis,
the residual renal function can be directly expressed as a quantity
of eKt/V (abbreviated as eKrt/V) in accordance with the equation
eKrt/V = 4.5 × Kru/V (with V in liters and Kru in mL/min, the
units of the coefficient 4.5 are liters per milliliter per min Kru per
dialysis).

Assuming a V of 30 L, a Kru of 1 mL/min contributes an ad-
ditional equivalent of 4.5 L of urea clearance per dialysis session,
which translates into a gain of eKt/V of 0.15 (4.5/30). If a patient
has a Kru of 3 mL/min, it will add 3 × 0.15, or 0.45 to the eKt/V
provided by hemodialysis (abbreviated as eKdt/V), a highly signif-
icant addition. With this Kru being present, the total equilibrated
dialysis dose (eKdrt/V) is simply the sum of eKdt/V and eKrt/V,
so that a Kru of 3 mL/min raises an eKt/V of 1.2 to 1.65.

The impact of Kru on total eKdrt/V and estimated nPCR
(e-nPCR) is illustrated in Figure 38.3A and B. In Figure 38.3A
the Kdrt/V is plotted as a function of Kru for an average-size pa-
tient and four levels of eKdt/V (0.40, 0.60, 0.80, and 1.00; these are
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Figure 38.3 (A) Solution for eKdrt/V as a function of Kru for average patient
volume (V) of 30 L. As shown, in the average-sized patient, each milliliter of Kru
increases eKdrt/V by about 0.15 units of eKt/V. (B) Solutions for “apparent” nPCR
if residual Kru is not included in UKM. The presence of Kru lowers the predialysis
BUN, which will result in spurious lowering of the nPCR calculated if Kru is not
included in the modeling equations. The error introduced will be about −4% for
each milliliter per minute of Kru in the average-sized patient.

the y axis values shown when Kru is 0). As discussed above, eKrt/V
is additive to eKdt/V. The UKM program in the FMCNA system
can calculate the Kdrt/V for thrice-weekly and also twice-weekly
dialysis.

In Figure 38.3B the impact of Kru on nPCR is illustrated. Using
the UKM, nPCR values of 0.8, 1.0, 1.2, and 1.4 are shown with Kru
increasing from 0 to 8 mL/min. The “apparent” e-nPCR values
that would be calculated if Kru were present but not measured and
assumed to be zero are depicted. For example, if the nPCR were 1.0
and an unmeasured Kru of 3 mL/min were present, the apparent
e-nPCR calculated would fall to 0.80 and would be interpreted
as a marginal protein intake. Thus, residual renal function (when
measured and applied) can have a marked impact on eKt/V and
e-nPCR and will further exaggerate the differences between the
single-pool and equilibrated measures.

Standard Kt/V

The calculation of standard Kt/V based on the relationship be-
tween urea generation and the mean predialysis BUN level makes
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Figure 38.4 Results of solution of the stdKt/V model over wide ranges of eKt/V
and weekly dialysis frequency (N ). Note that by inspection stdKt/V can be seen to
increase linearly as N increases and logarithmically with eKt/V. The doses of
adequate continuous ambulatory peritoneal dialysis and thrice-weekly
hemodialysis are the same with this model, the weekly stdKt/V of 2.

it possible to compare different doses at different treatment fre-
quencies from one to seven times per week (Figure 38.4).

Use of approximation equations

A number of attempts have been made to greatly simplify urea
kinetic calculations [6,8–14]. None of these approximations cal-
culate the urea distribution volume, which is essential to assess
therapy delivery and to quantify the dietary protein intake based
on PCR. Also, it is not possible to prescribe a desired dose of dialysis
(spKt/V) without calculation of V and without prescription cal-
culation routines. The Daugirdas equation [9] is the only reliable
equation to estimate spKt/V, but it will not detect errors in therapy
delivery because the individual components defining a particular
Kt/V (e.g. treatment time, blood flow, residual renal function, and
V) are not computed by a kinetic model but lumped together in-
stead, so that a prescription based on the individual components
cannot be accurately determined. A volume change with formal
UKM suggests that the prescription has not been delivered or that
blood drawing errors have occurred.

The most rigorous equation to estimate eKt/V is the Smye equa-
tion [13], but this equation is very sensitive to small BUN errors.
The most usefully rigorous equation is the Tatersall equation [6]
to calculate eKt/V. The Depner-Daugirdas equation [10] provides
a reasonable estimate of nPCR but cannot be used to estimate PCR
and errors in delivery cannot be identified, for the same reasons
as with the Daugirdas equation.

The urea reduction ratio (URR) [12] is widely used to judge
adequacy of dialysis dose. It is a very crude estimate of dose
but very inexpensive and easy to obtain and therefore widely
used. It is probably reasonably suitable for analysis of popula-
tions on dialysis but is of limited usefulness for individual patients

because a URR cannot be prescribed. The URR is quite sensitive
to the magnitude of ultrafiltration, will not identify errors in de-
livery, and cannot be used to monitor the nutritional status of the
patient.

The NCDS and HEMO studies

The utilization of UKM and the Kt/V methodology may have been
in part responsible for decreasing hemodialysis times and con-
comitant increases in mortality observed in dialysis populations
in the USA during the 1980s and 1990s. UKM became widely ap-
plied after the results of the NCDS were published [1,2]. The NCDS
was a landmark study, as it was the first prospective randomized
trial for dialysis. A total of 160 chronic dialysis patients undergoing
thrice-weekly hemodialysis were observed over a minimum of 6
months and randomly allocated to four treatment arms. Dialysis
doses were randomly distributed over a very wide range, with a
spKt/V between 0.42 and 1.45. The primary end point in the NCDS
was the probability of failure, which was a global clinical compos-
ite of de novo uremic symptoms, hospitalization, and death dur-
ing follow-up. The NCDS found that a Kt/V urea above 0.9 with
thrice-weekly treatment provided an adequate dialysis prescrip-
tion in that the patient failure rate of 13% was substantially below
that in patients with a lower Kt/V. Although the NCDS included
no diabetic patients or those with other important comorbid con-
ditions, a Kt/V of 1.0 was widely accepted after publication of the
study results as representing adequate dialysis.

Subsequent observational data from Tassin, France (with an
spKt/V of >1.6) [15] and Minnesota (spKt/V of >1.3) [16] re-
ported improved survival with increased spKt/V, and this improve-
ment in survival occurred despite a striking increase in comorbid-
ity, which should have resulted in an overall decreased survival.
Using the URR as a measure of dialysis adequacy, it was shown that
survival was significantly reduced at URR below 60% [12]. Ob-
servational data also suggested that more intensive dialysis leads
to improved survival. In one study, increasing the mean spKt/V
from 0.82 (pre-1988) to 1.33 led to a reduction in the gross mor-
tality rate from 22.8 to 9.1%/year [17]. It is important to note that
an increased spKt/V was only one of multiple parameters that im-
proved from the first period to the second period in these analyses.
During this same period the magnitude of inflammatory response
induced by dialysis presumably improved with the introduction of
more biocompatible dialysis membranes, the observed nPCR in-
creased and plasma albumin concentrations rose. Thus, enhanced
nutrition and possibly fewer inflammatory problems might have
contributed significantly to if not entirely to the observed improve-
ment in survival. A national sample in the dialysis population in
the USA suggested a 7% reduction in mortality for each 0.1 unit
increase in spKt/V [18].

It is of note that some studies observed an increased relative
risk (RR) of death among patients with high spKt/V values (>1.6)
or URR between 75 and 79%, possibly reflecting a subset of the
population with disease or malnutrition-imposed reduction in
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body mass or reflecting errors in postdialysis blood collection lead-
ing to artificially low blood urea values [19]. These results were,
however, corroborated by data showing that a spKt/V greater than
1.68 was associated with lower survival compared to a range of
spKt/V values between 1.23 and 1.68 [20]. Therefore, based upon
these observational studies, the optimal dose of hemodialysis re-
mained undefined.

The Hemodialysis (HEMO) study, begun in 1995, aimed to clar-
ify this issue [21]. It was a multicenter clinical trial of hemodialy-
sis prescriptions for patients on thrice-weekly hemodialysis treat-
ment. During the pilot phase of the HEMO study the proposed
dose in the standard arm of the study was a spKt/V of 1.1–1.2.
However, by the time the final protocol was written, the practice
in the USA was to provide doses close to a spKt/V of 1.40, which
precluded any investigation of the equivalent dose ranges used in
the NCDS. Ultimately, participants (1037 men, 809 women) from
over 65 US dialysis facilities were randomized in a two-by-two fac-
torial design to dialysis prescriptions targeted to a standard dose
(eKt/V of 1.05, which is equivalent to a URR of 65% or a spKt/V of
1.25) or a high dose (eKt/V of 1.45, which is equivalent to a URR
of 75% or a spKt/V of 1.65) and to either low-flux membrane
(mean β2-microglobulin clearance of <10 mL/min) or high-flux
membrane (mean β2-microglobulin clearance of >20 mL/min
and ultrafiltration coefficient of >14 mL/h/mmHg).

Despite important exclusion criteria, such as severe congestive
heart failure and serum albumin of <2.6 g/dL at baseline, the
HEMO study population was representative of the majority of
chronic hemodialysis patients. The primary outcome was death
from any cause, whereas the main secondary outcomes were the
rate of hospitalization and the composite outcomes of first hos-
pitalization for a cardiac problem or death from any cause, first
hospitalization for an infectious cause or death, and first decline of
greater than 15% of serum albumin from baseline value or death.
Mean follow-up was 4.5 years.

The risk of death from any cause (the primary outcome) was
the same in the high-dose and standard-dose groups (RR of 0.96
for high versus standard dose, 95% confidence interval [CI], 0.84–
1.10). Similarly, there was no difference in all-cause mortality be-
tween the high-flux and the low-flux groups (RR, 0.92; 95% CI,
0.81–1.05). The risk of the main secondary outcomes was also the
same for both dialysis doses. The prespecified subgroup (unad-
justed) analysis revealed a possible interaction between survival
and gender, that is, a benefit for women receiving a high dialysis
dose (19% lower risk of death than for women in the standard
dose group) and, conversely, an increased risk of death for men
receiving high-dose dialysis that was 16% higher than that for
men receiving standard-dose dialysis in the unadjusted analysis
[22].

Post hoc analysis of the HEMO study [23] data showed that
the high-flux intervention seemed to be associated with reduced
risks of specific cardiac-related events, such as cardiac death (RR
for the high-flux arm, 0.80; 95% CI, 0.60–0.99) and the compos-
ite of first cardiac hospitalization or cardiac death (RR, 0.87; 95%

CI, 0.76–1.00). Dialysis vintage may interact with the effects of
high-flux dialysis on outcomes. In the subgroup that had been on
dialysis for >3.7 years before study entry (median time of dialy-
sis for the entire study population), randomization to high-flux
dialysis was associated with lower risks of all-cause mortality (RR,
0.68; 95% CI, 0.53–0.86) and cardiac deaths (RR, 0.63; 95% CI,
0.43–0.92) during the time on the study. This apparent benefit
seemed to be attenuated when the time before entry was included
in the analysis of morbidity. For the subgroup of patients with
<3.7 years of dialysis before the study, assignment to high-flux
dialysis had no significant effect on any of the examined clinical
outcomes.

Originally, the HEMO study was analyzed on an intention-to-
treat basis. A subsequent as-treated analysis showed that each 0.10
reduction in achieved eKt/V below the group median was asso-
ciated with a mortality risk increase of 58% in the standard-dose
group and 37% in the high-dose group [24]. Patients in the highest
quintile of the standard-dose group had better survival than those
in the lowest quintile of the high-dose group. The discrepancies
between the results of the intention-to-treat and the as-treated
analyses could reflect extraneous factors that were associated with
both increased mortality and lower achieved eKt/V, and they pro-
vide another concrete example of the problems inherent in relying
principally on findings from observational studies, which tend
to overestimate the benefits of any therapy, rather than on data
from rigorous randomized controlled trials when informing clini-
cal practice decisions. In the HEMO study, factors associated with
lower achieved eKt/V were larger anthropometric volume, black
race, and comorbidity at baseline, and follow-up factors included
use of catheters and grafts (both versus fistula), hospitalization
rate, and declining serum albumin levels. Additionally, data from
the HEMO study also revealed a coefficient of variation within
patients of ∼0.1 spKt/V units. In order to provide 95% confidence
that the dose will not decrease to less than 1.2 per dialysis for any
individual dialysis session, the target dose has to be increased to a
spKt/V of 1.4 per dialysis.

Dialysis adequacy: current recommendations

The optimal dose for adequacy of an individual hemodialysis treat-
ment to produce the lowest rate of morbidity and mortality when
hemodialysis is administered thrice weekly remains uncertain. The
NCDS suggested that there was some minimum level of clear-
ance below which patients would predictably do less well. This
finding is relatively intuitive. The HEMO study suggests that this
threshold might differ for patients with different baseline char-
acteristics and comorbidities. On the basis of the totality of evi-
dence, however limited the randomized controlled trial evidence
might be, several national and international bodies have issued rec-
ommendations for hemodialysis adequacy, and these are listed in
Table 38.1.
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Table 38.1 Recommendations from various countries for adequate thrice-weekly
hemodialysis.

Recommended minimum
(target)a values

Country or region (year
recommendation issued) spKt/V eKt/V URR (%)

Canada (1999) 1.2 65
Australia (2005) 1.2 (1.4) 65 (70)
Europe (2002) 1.4 1.2 65
UK (2006) 1.3 1.2 (1.4) 65 (70)
USA (2006) 1.2 (1.4) 65 (70)

Source: KDIGO; http://www.kdigo.org/welcome.htm.
a The target value (shown in parentheses) to achieve the minimum dose with 95%
confidence.

The Frequent Hemodialysis Network trial

Observational studies have suggested improvements with frequent
hemodialysis, but its true efficacy and safety remain uncertain.
The multicenter, randomized controlled Frequent Hemodialysis
Network (FHN) trial aims to compare nocturnal home dialysis (six
times per week; 125 patients) with conventional in-center dialysis
(125 patients) and short daily in-center dialysis (six times per week;
125 patients) with conventional thrice-weekly hemodialysis (125
patients). The trial will be performed with high-flux dialyzers.

Patient enrollment commenced for the FHN trial in early 2006.
Each patient was to be treated and followed for 12 months. Daily
HD was to be delivered for 1.5–2.75 h, 6 days/week. The dialy-
sis prescriptions target an eKt/V of 0.9 at each of the six weekly
dialysis sessions. Patients assigned to the six-times-per-week noc-
turnal dialysis followed any dialysis prescription, provided their
prescribed weekly stdKt/V was at least 4.0 and treatment time was
at least 6.0 h, six times per week. In the conventional hemodialy-
sis group, subjects remained on their usual dialysis prescriptions,
subject to a minimum prescribed eKt/V of 1.1. The composite of
mortality with the 12-month change in left ventricular mass in-
dex (by magnetic resonance imaging) and SF-36 RAND Physical
Health Composite are specified as coprimary outcomes. Trial fea-
sibility will be assessed during the first 12 months of enrollment
(Vanguard phase). The FHN trials will help to elucidate whether
more frequent hemodialysis might improve outcomes in chronic
hemodialysis patients. The trial will have important implications
for dialysis therapy in the next decades.
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Introduction

In the past, the provision of hemodialysis has focused on achiev-
ing prespecified standards of small solute clearance (chapter 44),
with little attention given to the more general clinical and labora-
tory indices of hemodialysis adequacy. A holistic, multidisciplinary
approach to the optimal care of the hemodialysis patient should
include maintenance of satisfactory nutritional status, correction
of metabolic disturbances (including disordered lipid metabolism,
predialysis hyperkalemia, and metabolic acidosis), and control of
high blood pressure (while avoiding hypotension). These aspects
of care should be addressed in addition to the management of
anemia (chapter 31), renal bone disease (chapter 34), infection
(chapter 40), and vascular access (chapter 42). Despite a paucity
of robust clinical data, monitoring and management of the more
general aspects of hemodialysis are considered an important com-
ponent of good practice and have been addressed in clinical prac-
tice guidelines developed in Australasia [1], Canada [2], Europe
[3–6], the UK [6,7], and the USA [8,9]. Where data from random-
ized controlled trials are lacking, these guidelines have defined
ranges of relevant parameters associated with optimum outcomes
reported in large observational studies [10], or when such data
are lacking, have used biological plausibility expressed as expert
opinion. Such indices typically relate to patients receiving thrice-
weekly hemodialysis, although there is no intuitive reason to be-
lieve that they should not be applicable to those receiving alterna-
tive hemodialysis regimens or hemodiafiltration. This chapter sets
out to summarize the available evidence relevant to these more
general aspects of the management of the hemodialysis patient as
it relates to chronic hemodialysis treatment.

Hyperkalemia

Hyperkalemia is a common indication for emergency hemodial-
ysis and accounts for between 3 and 5% of deaths among dial-
ysis patients [11]. Noncompliance with the dialysis prescription
and diet are thought to be the most common contributory fac-
tors, although medications such as angiotensin converting en-
zyme inhibitors, angiotensin receptor blockers, nonsteroidal anti-
inflammatory drugs, beta-blockers, and potassium supplements
may be implicated. The general principles of the assessment and
treatment of disorders of potassium metabolism (hypo- and hy-
perkalemia) are detailed in chapter 10.3 of this textbook. The spe-
cific problem of potassium as it relates to patients on hemodialysic
is discussed below.

Treatment of hyperkalemia
Hemodialysis is the most appropriate emergency treatment for
hyperkalemia in the dialysis patients. In the chronic dialysis pa-
tient with a working vascular access, hemodialysis can be initiated
quickly. Serum potassium levels usually fall by 1 mmol/L during
the first hour of treatment and by a further 1 mmol/L over the
next 2 h [12]. The rate of potassium removal may be enhanced
further by increasing the dialyzer blood flow rate or by either rais-
ing the bicarbonate or lowering the potassium concentration of
the dialysate [13]. An urgent electrocardiogram is of proven value
in guiding management of non-hemodialysis-dependent patients
with a serum potassium above 6 mmol/L [14] and can be used
to dictate which patients should receive additional emergent in-
terventions, such as the administration of intravenous calcium
chloride. The results of a Cochrane meta-analysis of controlled
trials of nondialytic emergency interventions for hyperkalemia,
which was not limited to dialysis patients, can be extrapolated
in the absence of better evidence cautiously to the dialysis pa-
tient with hyperkalemia. The authors of the Cochrane review
concluded that intravenous glucose with insulin and nebulized
or inhaled salbutamol were effective in reducing serum potassium
levels, but studies were limited by the absence of data on cardiac

431

Evidence-Based Nephrology. Edited by D. A. Molony and J. C. Craig.

© 2009 Blackwell Publishing Ltd.  ISBN: 978-1-405-13975-5



BLBK043-Molony September 20, 2008 19:23

Part 6 Chronic Kidney Disease Stage 5: Hemodialysis

arrhythmias and mortality rates [13]. The evidence for efficacy of
intravenous bicarbonate and potassium exchange resins in dialy-
sis patients is equivocal, and neither can be recommended as sole
therapy in severely hyperkalemic hemodialysis patients [13], espe-
cially in light of the effectiveness of hemodialysis in reducing total
body potassium burden.

Hypokalemia occurring towards the end or immediately after
hemodialysis is common, may increase the risk of cardiac arrhyth-
mias, and can be corrected by increasing the dialysate potassium
concentration [15,16]. Table 39.1 shows recommendations for
predialysis blood potassium concentrations taken from the avail-
able English language clinical practice guidelines.

Metabolic acidosis

Metabolic acidosis is usually detected in dialysis patients by mea-
surement of serum bicarbonate concentrations, although assess-
ment of severity may require analysis of arterial blood pH and
gases. In stable hemodialysis patients, the main contributory fac-
tors for metabolic acidosis appear to be inadequate dialysis de-
livery, excessive intake of animal proteins, and high interdialysis
weight gain [17,18]. In sick patients, increased protein catabolism,
increased lactate production (induced by hypotension or hypoxia),
and bicarbonate losses (associated with comorbid illness) may ex-
acerbate the problem [17]. Adverse consequences of a metabolic
acidosis include an increase in protein catabolism, there being a
well-established association between metabolic acidosis and mark-
ers of poor nutritional status [18]. Other adverse associations in-
clude a negative inotropic effect, loss of bone mineral, insulin re-
sistance, growth retardation in children, reduced thyroxine levels,
altered triglyceride metabolism, hyperkalemia, low serum leptin
levels, and enhanced accumulation of �2-microglobulin [18].

In a large cohort study, predialysis venous blood bicarbonate
values between 17.5 and 20 mmol/L were associated with the

lowest risk of death among 13,535 hemodialysis patients, whereas
the relative risk was increased threefold if the predialysis venous
bicarbonate was less than 15 mmol/L [9]. Among more than 7000
unselected hemodialysis patients in the Dialysis Outcomes and
Practice Patterns study, the corrected midweek blood bicarbonate
concentration averaged 21.9 mmol/L and correlated inversely with
the normalized protein catabolic rate (nPCR) and serum albumin
[19]. In this observational study, moderate predialysis midweek
acidosis was associated with a better nutritional status (nPCR,
albumin, PO4) and a lower risk of death and hospitalization com-
pared to patients with severe acidosis (serum bicarbonate levels of
less than 16 mmol/L) or a sodium bicarbonate 24 mmol/L greater
than [19].

Correction of metabolic acidosis
Several small crossover studies have suggested short-term bene-
fits associated with correcting predialysis acidosis from below 19
mmol/L to above 24 mmol/L, either by increasing the dialysate bi-
carbonate concentration [20–23] or by the addition of oral bicar-
bonate supplements [24]. Correction of acidosis reduced whole
body protein degradation [20], increased the sensitivity of the
parathyroid glands to serum calcium [21,22], improved nutri-
tional status (assessed by measurement of triceps skin fold thick-
ness) [23], and increased serum albumin after 3 months without
changes in body weight, Kt/V, or nPCR [24]. However, other stud-
ies have shown no increase in serum albumin after correction of
acidosis [25]. Furthermore, these studies have not demonstrated
any direct impact on mortality or significant morbidities in the
long term.

Complete correction of predialysis metabolic acidosis in
hemodialysis patients could theoretically contribute to an in-
creased risk of postdialysis metabolic alkalosis with hypoventi-
lation, phosphate transfer into cells, and a higher risk of soft tissue
and vascular calcification. Furthermore, the prerequisite sodium
load associated with the additional oral or dialysate bicarbonate

Table 39.1 Guidelines for predialysis serum potassium and
bicarbonate concentrations in hemodialysis patients.

Clinical practice
guideline [reference]

Date of
update

Recommendation for
predialysis serum
potassium
concentration

Recommendation for
predialysis serum
bicarbonate
concentrationa

Caring for Australasians
with Renal Impairment [1]

2005 Reduce dietary potassium if
>5.5mmol/L

Increase to 23–24 mmol/L

Canadian Society of
Nephrology [2]

No recommendation No recommendation

European Best Practice
Guidelines [5]

2007 Reduce dietary potassium if
>6 mmol/L

Midweek predialysis target,
20–22 mmol/L

UK Renal Association [7] 2007 3.5–6.5 mmol/L Target range, 20–26
mmol/L

NKF K/DOQI [8] 2003 No recommendation Aim for >22mmol/L

a Predialysis serum bicarbonate concentration should be measured in a fully filled sample bottle with minimum
delay after venipuncture without using a tourniquet.
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requirement may contribute to fluid retention and hypertension.
In one recent randomized crossover study, the use of standardized
bicarbonate bath concentration (32 mmol/L) resulted in more fre-
quent hypotensive episodes despite the greater potential sodium
load when compared in the same patients to the use of a low bi-
carbonate bath concentration (26 mmol/L) [26]. A summary of
the recommended targets for predialysis blood bicarbonate levels
in hemodialysis patients taken from clinical practice guidelines is
shown in Table 39.1 and indicates that a mild degree of predialysis
acidosis is generally accepted to minimize the risk of adverse events
based on this limited trials evidence.

Hypertension

Although hypertension has been established as an important risk
factor for the development of cardiovascular disease in the general
population, whether such an association exists in hemodialysis pa-
tients, what the actual clinical impact of hypertension treatment is
in this population, and what the optimal target for achieved blood
pressure should be are all less clear for patients on hemodialysis
[27]. A recent systematic review of the available literature showed
an association between predialysis hypertension and total mor-
tality in incident cohorts of hemodialysis patients and between
better control of predialysis blood pressure and higher patient
survival rates [28]. In an observational study of 16,059 incident
hemodialysis patients in the USA, baseline systolic blood pressure
above or equal to 150 mmHg was associated with a higher risk of
death in patients who had survived for at least 3 years, whereas
baseline systolic blood pressure below 120 mmHg was associated
with a higher risk of death during the first 2 years of dialysis [29].
Systolic blood pressure records obtained outside the dialysis unit
were stronger predictors of left ventricular hypertrophy than blood
pressure measurements taken while patients were attending for
dialysis [30].

Control of blood pressure
Given the association of the highest blood pressure levels with
poorer outcomes, the above observations led to the conclusion
that control of hypertension is beneficial in the hemodialysis pop-
ulation and more recently to the conclusion that excessive control
might be harmful. However, evidence-based target ranges and the
optimum timing and method of measurement of blood pressure
in hemodialysis patients have not been rigorously defined. Never-
theless, in view of the high cardiovascular morbidity and mortality,
clinical practice guidelines recommend tight blood pressure con-
trol. For example, the authors of the US Kidney Disease Outcomes
Quality Initiative (K/DOQI) extrapolated treatment recommen-
dations from blood pressure control in the general population and
advocated a target predialysis blood pressure below 140/90 mmHg
and postdialysis blood pressure below 130/80 mmHg [31].

Control of hypertension is facilitated by maintaining a patient at
their “dry” body weight, and this is more likely to be achieved with
longer-duration or more frequent hemodialysis treatments [31].

Very low mortality rates were observed in a cohort of patients
treated with long-duration thrice-weekly hemodialysis, among
whom survival was independently associated with improved blood
pressure control [32]. Furthermore, lower cardiovascular mor-
tality was related to better long-term optimization of dry body
weight [32]. Conversely high-efficiency, short-duration, thrice-
weekly hemodialysis has been associated with poor blood pres-
sure control [33]. Retrospective data from a large Japanese cohort
showed that patient survival improved with increments in dialysis
duration up to 5.5 h beyond baseline after adjusting for dialy-
sis dose [34]. Despite a lack of strong supporting evidence, some
clinical practice guidelines recommend that dietary sodium intake
not exceed 100 mmol/day in order to facilitate control of hyper-
tension while reducing thirst and minimizing interdialytic weight
gains [6,31].

Dialysis-related hypotension

Hypotension is the most frequent complication of hemodialy-
sis and can shorten treatment times, thus reducing the delivered
dialysis dose [35]. Dialysis-related hypotension is an independent
predictor of poor patient survival [36]. Patients experiencing fre-
quent episodes are at higher risk of death [37], probably because
low blood pressure during dialysis can be a marker of severe car-
diac disease [38]. The frequency of dialysis-related hypotension is,
therefore, an important indicator of the quality of dialysis.

Preventing dialysis-related hypotension
Adjustment of the rate of fluid removal, dialysate sodium con-
centration, and dialysate temperature (or combinations thereof)
minimize the likelihood of hypotension during dialysis [39–42].
Dialysate sodium modelling, or “ramping,” can reduce intradial-
ysis cramps and hypotension but may increase thirst, weight gain,
and hypertension between dialysis sessions [43]. A recent ran-
domized trial of intradialytic blood volume monitoring demon-
strated no difference in weight, blood pressure, or frequency of
dialysis-related complications, although hospitalization and mor-
tality rates were higher than in a control group assigned to conven-
tional monitoring [44]. This result was unexpected and might be
explained by the unusually low hospitalization and mortality rates
in the control group compared with local prevalent hemodialy-
sis patient population. A recent systematic review of 22 studies
concluded that a reduction in dialysate temperature is effective
in decreasing the incidence of intradialytic hypotension without
affecting dialysis adequacy [45].

Nutrition

Malnutrition may develop in hemodialysis patients despite the
delivery of an adequate dialysis dose and protein intake [46] and
is prevalent in up to 72% of adult hemodialysis patients [47,48].
Nutritional status may start to decline before a patient reaches
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end-stage kidney disease and should influence the clinician’s deci-
sion to initiate renal replacement therapy [49]. Chronic inflamma-
tion and cardiovascular disease are commonly associated, leading
to the concept of the malnutrition–inflammation–atherosclerosis
syndrome [50]. It is generally considered that malnutrition and a
decline in nutritional status over time are associated with adverse
outcomes in hemodialysis patients [51,52], although this has not
been confirmed by all studies [53]. Such discrepancies may result
from the use of different nutritional markers and reflect a general
lack of agreement as to how best to assess nutritional status in
hemodialysis populations.

Assessment of nutritional status
Clinical practice guidelines developed in Australasia [1] Canada
[2], Europe [5], the UK [6,7], and USA [8,54] make specific rec-
ommendations with respect to the assessment of nutritional sta-
tus in hemodialysis patients (Table 39.2). Although these guide-
lines differ in terms of which nutritional indices they endorse,
they all agree that no single measure alone can be used to assess

nutritional status and that a combination of the measures outlined
below should be used. Canadian, UK, and US guidelines clearly
state criteria for the diagnosis of malnutrition based on these mea-
surements.

Subjective global assessment
The use of subjective global assessment (SGA) is recommended
by all five guidelines and comprises an evaluation of gastrointesti-
nal symptoms (appetite, anorexia, nausea, vomiting, diarrhea), a
recording of weight change over time, an estimation of functional
impairment, and a subjective visual quantification of subcuta-
neous tissue and muscle mass [55]. SGA has the advantages of being
readily available, cheap, and easy to perform [56]. However, it has
not been adequately validated as a measure of malnutrition. While
this tool may distinguish those with severe malnutrition from those
who are adequately nourished [57], and predicts poor outcomes
for those identified by this measure as most severely malnour-
ished [56]. When it does not reliably assess protein malnutrition
in dialysis patients compared with more complex methods [57].

Table 39.2 Recommended tools for nutritional
assessment and criteria for malnutrition based on
current guidelines in hemodialysis patients.Guideline [reference]

Date
updated

Recommended tools for
assessment of malnutrition Criteria for malnutrition

Caring for Australasians
with Renal Impairment [1]

2005 Measure of nutritional intake
(dietary evaluation, PCR)
Long-term measures of nutritional
adequacy (total body nitrogen,
DEXA, BIA)
nPNA, Albumin
Urea and creatinine
Edema-free body weight
SGA

No criteria stated

Canadian Society of
Nephrology [2]

1999 Serum albumin
nPNA
Dietary energy intake
SGA
Edema-free lean body mass

Albumin <30 g/L Lean body
mass <70% (men) or <60%
(women)

European Best Practice
Guidelines [5]

2006 Dietary assessment, BMI, SGA,
anthropometry, nPNA, albumin,
prealbumin, cholesterol, technical
investigations

No criteria stated

UK Renal Association [7] 2002 SGA
Height and weight (BMI)
Serum albumin

Unintentional fall in
edema-free weight (>10% in
last 6 mos). Unintentional fall
in BMI, or BMI <18.5 kg/m2

SGA score less than 5 (on
7-point scale)

K/DOQI [54] 2003 Predialysis serum albumin
Percentage of usual body weight
Percentage of standard body
weight, SGA
Dietary interviews and diaries nPNA

Albumin >4 g/dL
Prealbumin <30 mg/dL
Predialysis creatinine <10
mg/dL

Abbreviations: BMI, body mass index; PCR, protein catabotic rate; DEXA, dual-energy X-ray absorptionetry; nPNA,
normalized protein nitrogen appearance; SGA, subjective global assessment.
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Markers of visceral protein stores
Like SGA, all five guidelines recommend the use of measurements
that reflect visceral protein stores, for example, serum albumin.
However, a low serum albumin is strongly correlated with inflam-
mation and is influenced by other factors, such as hydration status
[58]. Other readily measurable blood markers of nutritional sta-
tus include creatinine and thyroid binding protein (prealbumin
or more correctly transthyretin). Plasma creatinine concentrations
reflect muscle mass, somatic stores, dietary protein intake, residual
kidney function, and dialysis dose, but may nonetheless be of value
as a marker of nutritional status [59]. Blood transthyretin levels
change rapidly when hepatic protein production is impaired and
provide useful prognostic information independent of albumin
levels in hemodialysis patients [60].

Dietary protein intake
In addition to SGA and markers of visceral protein stores, a mea-
sure of dietary protein intake is recommended in the Australasian
[1], Canadian [2], European [5], and US [54] guidelines. This
generally involves the patient keeping a diary or recalling their re-
cent food intake. A simpler method is to evaluate protein nitrogen
appearance (PNA), which is mathematically identical to protein
catabolic rate (PCR) and roughly equivalent to protein intake [61].
Under steady-state conditions, nitrogen intake roughly equals to-
tal nitrogen loss (total nitrogen appearance) [62]. Thus, PNA can
be calculated from total nitrogen appearance (the sum of dialysis,
urine, and fecal nitrogen losses) and should be normalized (nPNA)
to fat-free, edema-free standardized body weight. Because of the
difficulty in measuring nitrogen in stool, equations have been de-
rived to estimate PNA from nitrogen in serum, urine, and dialysate,
although these are more accurate in peritoneal dialysis patients,
in whom dialysate urea concentrations can be measured directly
rather than estimated [54].

Assessment of changes in lean body mass
Another approach is to monitor lean body mass over time. This
is best done in practice by using anthropometrics, multifrequency
bioimpedance assay (BIA), and dual-energy X-ray absorptiometry
(DEXA). BIA parameters indicative of poor nutritional status pre-
dicts mortality in dialysis patients [63], and although sequential
DEXA measurements are reproducible [64], they have not been
validated as outcomes measures. Hand grip strength can also be
used as a readily measurable marker of muscle mass and pre-
dicts clinical events in men but not women receiving hemodialysis
[56].

Management of malnutrition
Regardless of the cause, ongoing provision of an adequate nu-
tritional intake is generally recommended for the prevention
and treatment of malnutrition in adults receiving hemodialy-
sis. Although intensive nutritional support undoubtedly improves
markers of poor nutritional status, there is currently insufficient
evidence to suggest that either the administration of oral sup-
plements [65] or intradialytic parenteral nutrition [66] improves

clinical outcomes among such individuals. This should be kept
in mind when evaluating the various randomized controlled trials
that have used nutritional markers, such as albumin, as a surrogate
for clinical benefit [67–75]. These studies, which have examined
the value of various dietary interventions and intradialytic par-
enteral nutrition, are summarized in Table 39.3.

Despite the lack of evidence of benefit, proactive management
of malnourished hemodialysis patients is generally recommended
[1,2,6–8,54]. The general principles are to ensure that the patient is
receiving an adequate dialysis dose and that reversible factors such
as inflammation are corrected [76]. In a stepwise approach to nu-
tritional support, attempts should be made initially to increase
intake of ordinary foods with the addition of oral supplements
as necessary [77]. However, when these strategies fail and assum-
ing that the gastrointestinal tract is functional, enteral feeding
should be considered [78], either by nasogastric tube or percuta-
neous endoscopic gastrostomy. Patients in whom oral nutrition
is not feasible or poorly tolerated should be considered for ei-
ther intradialytic parenteral nutrition or total parenteral nutrition
[79]. The benefits of these more aggressive interventions on mor-
tality and morbidity outcomes in either moderately or severely
malnourished hemodialysis patients have not been determined in
randomized controlled clinical trials.

Dyslipidemia

Pattern and prevalence of dyslipidemia
Hemodialysis patients exhibit a dyslipidemia characterized by ele-
vated plasma triglyceride levels, reflecting the accumulation of chy-
lomicrons [80] and non-high-density triglyceride-rich lipoprotein
particles [81]. This results from both an increase in the rate of
synthesis and decreased clearance [82]. High-density lipoprotein
(HDL) levels are generally reduced, and the distribution of HDL
subfractions is abnormal. Whereas low-density lipoprotein (LDL)
levels are usually normal, LDL particles tend to be small and of
increased density [83], which are characteristics associated with
enhanced atherogenicity [84] in the general population.

Clinical practice guidelines developed in Europe [4], the UK
[6,7], and USA [85] recommend desirable limits for plasma lipid
concentrations in hemodialysis patients (Table 39.4), based largely
on ranges felt to be optimal in the general population. For ex-
ample, the US K/DOQI guidelines use threshold values for LDL,
HDL, and triglycerides recommended by the US National Choles-
terol Education Program Expert Panel on Detection, Evaluation
and Treatment of High Blood Cholesterol in Adults. Using these
criteria, only 20.2% of 1047 hemodialysis patients in the Dialy-
sis Morbidity and Mortality Study had normal plasma lipid val-
ues, and 61.1% qualified for treatment [85]. The above pattern
of dyslipidemia is seen across a wide spectrum of chronic kidney
disease and the evidence supporting specific steps in management
of these dyslipidemias is reviewed in detail in chapter 32. This
chapter will focus on these issues as they relate to hemodialysis
patients.
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Table 39.3 Published randomized trials assessing the impact of nutritional interventions in hemodialysis patients.

Study author
[reference] Population Intervention Outcome marker Follow-up Outcome

Cano [67] 26 malnourished
HD patients

Peridialytic parentral
nutrition 3× weekly vs. no
treatment

Albumin, prealbumin
transferrin, body weight,
arm circumference

3 mos Intervention associated with improved
serum albumin, prealbumin, body
weight, and arm circumference

Cockram [68] 79 normally
nourished HD
patients

Standard formula vs. two
disease-specific supplements
(as sole source of nutrition)

Gastrointestinal symptoms,
urea kinetics, nPCR

2 wks No differences in GI symptoms;
compared to standard formula; lower
phosphorus on disease-specific products

Hiroshige [69] 28 malnourished
elderly HD
patients

Oral branched-chain amino
acids (12 g/day) vs. placebo
(crossover)

Serum albumin,
anthropometric indices

6 mos Supplementation increased albumin and
improved anthropometric parameters

Kloppenburg
[70]

50 HD patients High-protein diet (and
increased dialysis dose)

Protein intake (total
nitrogen appearance), food
diaries, serum albumin,
lean body mass

10 wks Protein intake increased on high-protein
diet but no change in albumin or lean
body mass

Kuhlmann [71] 18 malnourished
HD patients

Group A: 45 kcal/kg/day
with 1.5 g protein/kg/day;
Group B: 35 kcal/kg/day with
1.2g protein/kg/day; Group
C: usual diet supplemented
with 10% protein intake

Serum albumin,
prealbumin, dietary intake,
and body weight

3 mos Serum albumin increased in group A
only; weight change correlated with
mean dietary protein intake

Leon [72] 83 HD patients Dietician-directed
interventions vs. usual care

Change in albumin 6 mos Dietetic intervention improved albumin
levels

Sharma [73] 40 nondiabetic
HD patients with
BMI <20,
albumin <4 g/dL

Disease-specific or standard
enteral nutritional
supplements vs. usual care

BMI, albumin, functional
status

1 mo Increase in BMI, serum albumin, and
functional status among patients
receiving supplements

Tietze [74] 19 HD patients Fish protein vs. placebo
(crossover)

Serum proteins,
anthropometrics

6 mos Body weight and arm muscle
circumference but not albumin or other
anthropometric markers improved during
active treatment

Toigo [75] 21 HD patients Essential amino acids vs.
standard amino acid
supplement (control)

Biochemisty,
anthropometrics, PCR

6 mos PCR increased more and albumin
decreased in those receiving standard
amino acids compared to essential
amino acids group

Abbreviations: HD, hemodialysis; nPCR, normalized protein catabolic rate; PCR, protein catabolic rate.

Dyslipidemia and cardiovascular disease
Because dialysis patients are at high risk of vascular events, dys-
lipidemia represents a potentially attractive target for therapeu-
tic intervention. However, although in the general population
high blood LDL and low HDL concentrations are associated with
increased cardiovascular risk [86], epidemiological studies have
failed to demonstrate these relationships in hemodialysis popu-
lations [87]. This may be due to the confounding effects of mal-
nutrition and inflammation, because the expected relationships
are partly restored when these factors are taken into account [88].
Whether other markers (which might more clearly define the ex-
tent of disturbed lipoprotein metabolism) perform better than
cholesterol in predicting cardiovascular outcomes in hemodialysis
patients remains to be established.

Management of dyslipidemia
Recommendations relating to the management of dyslipidemia
usually start with therapeutic life-style changes. Low-fat, low-
cholesterol diets [89] and exercise programs [90] favorably modify
blood LDL and HDL concentrations in the general population,
and at least one small randomized controlled trial has suggested
that exercise lowers triglyceride levels in dialysis patients [91]. Fi-
brates are generally recommended for lowering blood triglyceride
concentrations and raising HDL, although use of these agents in
hemodialysis patients may be associated with an increased risk
of myositis and rhabdomyolysis [85], and benefits have not been
properly assessed in outcomes studies.

Statins reduce adverse vascular events in a wide range of pop-
ulations, particularly in patients with (or those at high risk of
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Table 39.4 Current guidelines on targets for lipid
reduction in hemodialysis patients.

Guideline
Date
updated Recommendation Notes

Caring for Australasians with
Renal Impairment [1]

No recommendation

Canadian Society of
Nephrology [2]

No recommendation

European Best Practice
Guidelines [4]

2002 LDL cholesterol <100 mg/dL,
triglycerides <180 mg/dL,
non-HDL cholesterol <130 mg/dL

Blood collected in
fasting state

UK Renal Association [7] 2002 Primary prevention: Total
cholesterol <195 mg/dL or 30%
reduction from baseline

K/DOQI [85] 2003 LDL cholesterol <100 mg/dL;
triglycerides <200 mg/dL;
non-HDL cholesterol <130 mg/dL

Bloods collected in
fasting state if
feasible

developing) cardiovascular disease there is no threshold below
which a lower LDL level is not associated with clinical benefit [92].
Whether such benefits apply to hemodialysis patients is less clear. A
recent Cochrane review [93] identified six randomized controlled
trials that assessed the efficacy of statins in lowering blood lipid
levels in hemodialysis populations [94–96] or in populations that
included hemodialysis patients [97–99]. These trials are listed in
Table 39.5. The authors of the review concluded that when patients
were treated for 12 weeks, statins decreased blood cholesterol as
effectively as in the general population, although based on these
short-term studies they were unable to comment on safety and
outcome benefits [93]. A large retrospective study including 3716
incident dialysis patients showed a 36% reduction in cardiovascu-
lar events in patients prescribed statins at baseline [100], suggesting
that such patients may gain benefit from these agents. However, the

only published prospective randomized controlled trial examining
the impact of statin therapy on outcomes among hemodialysis pa-
tients has not supported these observational data. In Die Deutsche
Diabetes Dialyse (4D) study, 1255 patients with type 2 diabetes re-
ceiving hemodialysis were randomized to receive atrovastatin at
20 mg/day or placebo [101]. Active therapy was associated with a
42% reduction in LDL cholesterol levels but made no difference
to the primary composite end point of fatal cardiovascular events,
nonfatal myocardial infarction, and nonfatal stroke.

Two ongoing studies, the Study of Heart and Renal Protection
(SHARP, with simvastatin at 20 mg and ezetimibe at 10 mg versus
placebo) [102] and AURORA (A study to evaluate the Use of Ro-
suvastatin in subjects On Regular hemodialysis: an Assessment) of
survival and cardiovascular events; using rosuvastatin at 10 mg
versus placebo [103] will provide additional outcome data in

Table 39.5 Randomized trials evaluating the impact of statins on blood lipid levels in hemodialysis patients.

% Change compared to baseline or placeboa

Patients Treatment Cholesterol LDL HDL TG
Study author
[reference]

Fiorini [94] 12 HD Atorvastatin, 10 mg titrating to 40 mg, vs. placebo −26* −36*

Lins [95] 42 HD Atrovastatin, 10–40 mg −33* −43*

Diepeveen [96] 23 HD, 25 PD 2×2 factorial, Atrovastatin, 40 mg, and
alpha-tocopherol 800 IU daily

−34
+1.9

−43
+4.4

−1.9
+4.8

−34
−4.2

PERFECT [97] 107 on HD or PD 2×2 factorial, simvastatin, 10 mg, and enalapril −13* −17* −12*

Saltissi [98] 34 HD, 23 CAPD Simvastatin, 5–20 mg, vs. placebo, both with
dietary intervention

−21
−12

−25
−14

−6
−3

−18
−14

Chang [99] 62 HD Simvastatin vs. placebo −16
+2

−41
+3

+3
−3

−17
+2

Abbreviations: HD, hemodialysis; PD, peritoneal dialysis.
a*, treatment group significantly different from placebo or control.
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hemodialysis populations consisting of predominantly nondia-
betic patients. In the interim, the benefits of lipid-lowering therapy
in such patients remains uncertain.

Conclusion

Optimal management of the hemodialysis patient should include
attention to the more general aspects of care outlined in this chap-
ter and requires a multidisciplinary approach. Failure to address
specific aspects such as predialysis hyperkalemia can result rapidly
in adverse events, whereas correction of complications such as hy-
pertension and dyslipidemia may have long-term clinical outcome
benefits. Despite a lack of robust clinical data, management of these
general aspects of care of the hemodialysis patient is considered
to be sufficiently important to justify inclusion of target ranges in
most clinical practice guidelines. These targets are likely to need
revision in the future as the results of outcomes trials become
available.
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40 Infections in Hemodialysis

Behdad Afzali & David J. A. Goldsmith
Department of Nephrology and Transplantation, Guy’s Hospital, London, UK

Introduction

The number of patients referred for consideration of manage-
ment of end-stage renal disease (ESRD) with renal replacement
therapy (RRT) has continued to grow inexorably over the last 3
decades. This has arisen because of a large, mostly unreferred pop-
ulation who meet the criteria for chronic kidney disease (CKD)
[1–4], together with increasing societal longevity, prosperity, and
willingness to offer expensive medical therapies such as RRT
[5,6].

Survival on RRT is markedly compromised by a combination
of factors that include cardiovascular disease, malignancy, and in-
fectious diseases. Infection is the second most common cause of
death in this cohort and a very frequent cause of patient morbidity
[7,8]. It thus constitutes a significant economic outlay [9]. In com-
parison to the general population, patients on hemodialysis (HD)
are much more likely to die of infectious diseases [10], which is
the result not only of a higher frequency of infections but also of
greater severity of infections in these subjects [10].

Although this phenomenon can be partly explained by nega-
tive selection, that is, that healthier HD patients are selected for
transplantation, there is nevertheless a very real susceptibility to
infection in patients on HD, the etiology of which is multifactorial
and includes a state of acquired immunodeficiency, immunocom-
promise, and increased risk of exposure to pathogenic microor-
ganisms.

It is our intention in this chapter to describe the reasons for
the increased risk for blood-borne bacterial infections in HD pa-
tients and to explore the evidence for prophylaxis, intervention,
and treatment in this complex clinical situation as it relates specif-
ically to infections of the dialysis access catheters. The epidemiol-
ogy and etiology of non-access-related nosocomial infections that
are nevertheless related to the dialysis procedure and the current

guidelines for their prevention and management will be discussed
in the next chapter.

Susceptibility to infection in patients receiving
HD: immunodeficiency

Immunodeficiency can be acquired as part of the process of uremia
and is demonstrated by the observation that responses to vacci-
nations in patients with CKD are poorer than in the general pop-
ulation [11–13] and become less pronounced as CKD progresses
[14]. Defects in most components of the immune system have
been described and include failure of T-cell costimulation [15,16],
altered cytokine production [17], immune deviation toward Th1
responses [18,19], with consequent defective B-cell activity, dys-
regulation in innate immune mechanisms, defective phagocytosis
[20], oxidative stress [21], and inhibition of cellular responses with
iron therapy or iron overload [22–25]. In addition, immunode-
ficiency can arise as a direct result of the underlying cause of the
renal failure (e.g. leukopenia in association with multiple myeloma
[26] or HIV [27]) or as part of its treatment (e.g. immunosuppres-
sion for vasculitis [28]). These many predispositions are further
exacerbated by contributory factors such as the marked trends in
RRT populations towards increasing age and an increasing propor-
tion of RRT patients whose ESRD has arisen secondary to diabetes
mellitus [29]. Malnutrition is common in RRT populations [30]
and is yet another factor strongly correlated with increased risk of
infections.

Patients on HD are thus immunocompromised in many signifi-
cant and complementary ways. In addition, there is another highly
significant risk factor for infection in HD patients, the presence of
plastic lines (dialysis catheters and pacemaker wires) and dialysis
needles which circumvent immunological barriers (the skin) and
provide ready access for microorganisms to reach the bloodstream.
Not surprisingly, the presence of artificial vascular access for HD
is the leading risk factor for the development of bacteremia in
chronic HD patients [31]. Indwelling plastic materials and wires
(as well as polytetrafluoroethylene used in arteriovenous grafts)
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also act as niduses of microbiological colonization and subsequent
infection, including endovascular infections such as endocarditis,
inhibiting normal eradication of microorganisms by immune cells
and antibiotics [32].

In-hospital HD exposes patients to hospital-acquired microor-
ganisms, which are generally more fastidious and resistant to an-
tibiotics than their community-acquired counterparts (although
this pattern is slowly changing, with the emergence of more re-
sistant organisms in the community [33,34]). Replacement of the
endogenous flora with those from the hospital environment is
therefore likely and is driven by repeated hospitalization and by
the common use of broad-spectrum antibiotics. Many of the above
factors also explain the increased incidence of Clostridium difficile
in CKD and RRT populations. Not surprisingly, the repeated use
of broad-spectrum antibiotics in this cohort of individuals has led
to a selection in favor of the growth of resistant species, such as
methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-
resistant Staphylococcus aureus, vancomycin-resistant enterococ-
cus, and others [35,36]. Nasal carriage of S. aureus is not only a
prevalent finding in patients on HD (and in HD unit caregivers)
but also a strong risk factor for bacteremic episodes [37–39]. A
formal measure of prevalence of MRSA carriage in patients on
HD in any specific country has not been published, but estimates
in patients on peritoneal dialysis stipulate a carriage rate of around
16% [40]. Carriage rates are potentially higher among in-center
HD patients, for whom the opportunity for colonization may be
higher due to thrice-weekly close proximity to other recently hos-
pitalized patients. Current recommendations in the USA do not
require isolation of MRSA patients in free-standing dialysis units
beyond universal precautions.

Additionally, HD patients can acquire infectious agents from
a number of other sources, including exposure to intravenous
substances (such as blood-borne viruses or translocation of skin
organisms into the bloodstream during transfusions), dialysis wa-
ter that may contain killed bacteria or bacterial products, such
as endotoxin (fortunately, the occurrence of this in practice is
very rare [41] and is reviewed in the next chapter). There are
some risks associated with newer trends in HD practice, including
bicarbonate-containing dialysate fluid, high-flux dialyzers, and di-
alyzer reuse, each of which may increase the threat of endotoxin
transfer [42,43]. These risks are reviewed in the next chapter. Fi-
nally, “holiday dialysis” places the patient in contact with hospital
organisms of the receiving institution (risking transport of po-
tentially resistant bacteria between units [44]) and exposure to
environmental pathogens, such as malaria-causing Plasmodium
spp. and hepatitis A virus in certain parts of the world.

Infectious diseases in HD recipients can be divided into those
that are related to vascular access and those that are not related
to vascular access. Patients with non-vascular access-related in-
fections are usually treated like patients without end-stage kidney
failure, although the morbidity and mortality in HD patients pre-
senting with septicemia or bacteremia are generally significantly
higher, as these patients present by definition with at least one or-

gan failure (ESRD) and typically multiorgan failure, e.g. cardiac
failure or cardiovascular disease.

The remainder of this chapter is focused on septic diseases re-
lated to vascular access in HD patients.

Infections related to vascular access

Dialysis-related infections (those that result from vascular access
for HD) account for the significant majority of all infections in
HD patients and can take a number of forms that will reflect the
type of dialysis access in situ. Infection can be local or systemic,
simple or complicated.

Local infections, as the name implies, are localized to catheter
exit site and/or tunnel and may present as purulent drainage from
the exit site or as cellulitis of the skin overlying a surgical access site
(arteriovenous fistula [AVF] or graft [AVG]) or tunneled dialysis
line. Systemic infections arise from infected dialysis lines or surgi-
cal access and show features of systemic sepsis, sepsis syndrome, or
septic shock. Complicated infections are those in which the access
infection results in the following: 1) loss of access because of access
thrombosis or surgical excision necessitated for treatment of sepsis
[45,46]; 2) metastatic infection from the infected access to distant
sites resulting in infective endocarditis [49,50], osteomyelitis or
septic arthritis [51], septic pulmonary emboli [52], intervertebral
discitis [53,54], and spinal epidural abscess [55] (Table 40.1); and
3) sepsis syndrome and/or death. Infection arising within a throm-
bosis of a graft [47,48] is also considered a complicated infection.

The overall incidence of access-related infections reported by
most studies is on the order of 5 episodes/1000 catheter days
[56,57], but it varies according to access type (Table 40.2). As
illustrated in Table 40.2, the lowest risk for infection is observed in
patients with primary AVF. The risk with AVF is lower roughly by a
factor of 4 compared to the risk with AVG, and the risk with AVG is
an order of magnitude lower than the risk with tunneled catheters.
The data in Table 40.2 have remained consistent in comparisons
from country to country and over time. Tunneled cuffed dialysis
catheters have a lower risk of infection than their “untunneled”
counterparts [58–60].

Table 40.1 Incidence of complications of HD catheter-associated bacteremic
episodes.

Complication Incidence (%)

Sepsis syndrome 6.9–12
Endocarditis 5.8–9.8
Osteomyelitis 2.3
Septic arthritis 2.3
Septic pulmonary emboli Not known
Spinal epidural abscesses 1.2
Death 12–25.9

Source: Reproduced from Saxena and Panhotra 2005 [156] with kind permission.
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Table 40.2 Incidence of bacteremic episodes according to form of dialysis access.

Infection rate
(no. of episodes/

Vascular access type 1000 catheter days)

Untunneled central venous catheters 5.0 (range, 3.8–6.5)
Femoral 7.6 (>10% after 1 wk)
Internal jugular 5.6 (>10% after 2–3 wks)
Subclavian 2.7 (>10% after 4 wks)
Tunneled cuffed central venous catheters 3.5 (range, 1.6–5.5)
Polytetrafluoroethylene arteriovenous graft 0.2 episodes/patient-year
Primary arteriovenous fistula 0.05 episodes/patient-year

Source: Reproduced from Saxena and Panhotra 2005 [156] with permission.

The higher risk associated with central venous catheters (CVCs),
tunneled or not, may be mostly attributable to the formation of
a highly organized bacterial biofilm, that is, a hydrated polymeric
matrix containing bacteria in which individual bacteria live in spe-
cific “microniches” [61] on plastic surfaces [62], which excludes
penetration by antibiotics [63], especially glycopeptides [64], and
antibodies and which frustrates phagocytosis [32]. Episodic re-
lease of planktonic bacteria from the biofilm, which may be a
programmed event [61], appears to precede bacteremia and sep-
tic symptoms [65]. Indeed, the majority of patients developing
metastatic complications of dialysis-related infections are dialyzed
via CVCs [66]. In the case of right-sided endocarditis, this may be,
at least in part, due to the proximity of internal jugular CVCs to
cardiac valves. This propensity for infection might account for the
recently reported observations from epidemiological studies that
consistently show higher mortality rates among patients dialyz-
ing via a CVC or AVG compared with an AVF [67]. In one recent
study, the adjusted relative hazard ratios for death were 1.5 and 1.2
for CVC and AVG, respectively, compared to AVF [67]. This may
not be entirely attributable to increased infection rates, as there
are likely to be several potential confounding factors; for exam-
ple, patients referred late to dialysis services who have a higher
mortality rate than early referrals [68–70] are more likely to com-
mence dialysis via a CVC than are planned RRT starters. Addi-
tionally, patients with diffuse vascular disease (“vasculopaths”),
who are generally older, more frail, and possess a greater back-
ground cardiovascular morbidity, are more likely to be dialyzed
using CVCs. Furthermore, patients dialyzed via fistulae obtain
higher blood flow rates on dialysis and obtain a greater effective
dialysis dose per session. Vasculopaths, with probable concomi-
tant coronary vessel disease, are more likely to be dialyzed via
CVCs than are more fit subjects, who are often younger and in
whom an AVF is more likely to mature and be employed suc-
cessfully.

There are two distinct but overlapping time points for vascular
access-related infections: primary infection, occurring at the time
of access insertion, or secondary infection, which occurs later and

Table 40.3 Bacteria associated with HD
catheter-related infections.

Organism % of isolatesa

Gram-positive cocci 52–70
Staphylococcus aureus 21.9–60
Staphylococcus epidermidis 8.8–12.6
MRSA 6.0–8.0
Enterococcus faecalis 2.4–8.0

Gram-negative bacilli 24–26.7
Pseudomonas aeruginosa 2.3–15.2
Escherichia coli 10.4
Acinetobacter species 12.8
Serratia marcescens 1.2–2.3
Klebsiella pneumoniae 6.4
Enterobacter cloacae 8.8

Polymicrobial 16.2–20

Source: Reproduced from Saxena and Panhotra 2005 [156]
with permission.
a Figures are composites from a number of studies and
therefore do not add up to 100%.

is temporally related to use. In the case of CVCs, microbial infec-
tion can occur through the extraluminal or intraluminal routes,
referring, respectively, to migration of bacteria from a contami-
nated catheter exit site down the catheter to the bloodstream or by
translocation of bacteria from catheter hubs contaminated during
manipulation [71–73]. The former occurs early (typically within
less than 10 days [74]), whereas the latter occurs late (generally
after 10 days [75]) after catheter insertion and is associated with
the extent of and care in handling of the catheter.

The most frequent bacterial microorganisms associated with
CVC-related infections are similar to the bacteria associated with
infections of AVGs and AVFs (Table 40.3). Although these rela-
tive frequencies will differ from center to center, it is nevertheless
the case that approximately two-thirds of all infections are caused
by gram-positive organisms, whereas the remaining third are ac-
counted for by gram-negative bacteria. Anaerobic, mycobacterial,
and fungal infections are rare. The pathological determinants of
infection relating to a CVC include the interaction between the ma-
terial of which the catheter is constructed (some catheters, such
as polyurethane, Teflon, and silicone elastomer, are more resistant
to infection than polyethylene or polyvinyl chloride [76,77]), its
thrombogenicity [78,79], and the virulence factors of local mi-
croorganisms. Not surprisingly, organisms with a predilection for
skin colonization and biofilm formation are the most frequent
causes of catheter-associated infection, and S. aureus (methicillin
sensitive or resistant) heads the list [80]. Specific pathogenic mech-
anisms, such as adherence to host adhesion molecules on endothe-
lial cells [81], extracellular matrix [82], platelets [83], and red
blood cells [84], confer additional advantages to S. aureus in caus-
ing invasive and metastatic infections in this setting.
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Management of access-related infections in HD

Management of access-related infections can be divided into mea-
sures aimed at prevention and those pertaining to treatment once
infection has occurred. It is important to stress that although there
have been a number of publications looking at the epidemiology of
access-related infections and their associated mortality and mor-
bidity, there have been no large-scale controlled trials of interven-
tions aimed at prevention or treatment. Therefore, most guidelines
and recommendations are not based on level A evidence.

Prevention of access-related infection
Insertion
Needless to say, primary catheter and surgical access infections can
be significantly reduced by good aseptic barrier technique during
insertion [85] and use of antiseptic solutions. There have been
some suggestions from observational studies that chlorhexidine-
based solutions (e.g. 2% in 70% isopropyl alcohol) may be superior
to povidone–iodine [86,87]. With whatever cleansing solution is
chosen, care is needed to ensure that the substance of the vascu-
lar catheter is not adversely affected (e.g. handling that leads to
line splitting or disintegration). Polyethylene-based or polyvinyl
chloride-based catheters should be avoided in favor of catheters
based on polyurethane, Teflon, or silicone elastomer, as the for-
mer may be more prone to infection [76,77]. The site of catheter
insertion may or may not alter the risk of infection. The evidence
comparing the subclavian, jugular, and femoral sites is conflicting
but suggests septic episodes are reduced if the subclavian route is
selected [88–90]; nevertheless, most tunneled catheters for dial-
ysis are inserted into an internal jugular vein, as the risk of sub-
sequent venous stenosis is significantly higher when a catheters is
placed in the subclavian location compared to the internal jugular
vein.

Exit site cleansing and skin care
Application of dry gauze rather than transparent film dressings
probably has little advantage in prevention of exit site coloniza-
tion [91,92]. There may be a benefit in treatment of catheter exit
sites with mupirocin ointment [93], although there also is a po-
tential risk of damage to polyurethane- or silicone-based catheters
from mupirocin [94–96] as well as a potential for development of
mupirocin resistance [97]. There is likely, also, to be benefit from
topical antiseptic agents, such as chlorhexidine and povidone–
iodine [98,99] or other agents such as antibiotic and iodophor
ointments [100,101], at the risk of favoring colonization of fungal
species [100,101]. There is also evidence from a randomized con-
trolled trial that topical application of honey to exit sites may be
effective in reducing catheter-associated infections in hemodialy-
sis patients, although this study was limited by a small number of
subjects studied [102]. The maintenance of nursing staff experi-
enced in the care of intravascular catheters [103,104] at adequate
levels [105] is paramount. It follows from the evidence that ma-

nipulation of HD catheters and changes of HD catheter dressings
should only be performed by trained dialysis staff.

Dialysis cannula characteristics
Given that colonization and subsequent infection are the result of
interactions between the catheter material and virulence factors
of local microorganisms, a number of catheters are now available
which are impregnated with antiseptic or antimicrobial agents.
Although there is some evidence demonstrating effectiveness in
reducing line-associated infections, one must acknowledge the
caveat that the trials have almost exclusively involved the use of
triple-lumen uncuffed lines in situ for short periods of time (typ-
ically less than 30 days). How these results extrapolate to dialysis
lines maintained for much more prolonged periods is unknown.
Broadly speaking, available impregnated lines include those man-
ufactured with a covering of chlorhexidine and silver sulfadiazine
either on the external surface [74,106] or on both the internal
and external luminal surfaces [107]. Minocycline and rifampin
[108,109], in addition to platinum silver [110], have also been
tried, as has silver on the cuff alone [111]. The first two may of-
fer short-term antimicrobial protection, directed mainly against
Staphylococcus epidermidis, although the evidence is conflicting
[74,106,108,109,112,113]. There are concerns about the possibil-
ity of selection in favor of resistant organisms [74], and there is an
additional risk of anaphylaxis with catheters coated with chlorhex-
idine and silver sulfadiazine [114] with little evidence in favor of
these agents [110,111,115,116]. There are some reports regarding
the use of silver-impregnated lines in HD of humans and animals,
but the studies have, in general, been small and largely inconclusive
due to low event rates (reviewed in reference 117). The antibacte-
rial properties of covalently linked heparin [118] and electrically
charged catheters [119] require additional study, and the use of
these strategies cannot be supported with the current evidence.

Antibacterial lumen locks
In recent years, some interest has focused on the utility of antimi-
crobial locks in vascular catheters. Three studies in neutropenic
cancer patients compared the use of heparin versus heparin plus
vancomycin [120,121] or heparin versus heparin plus vancomycin
and ciprofloxacin [122], with encouraging results. In each case,
the rate of bacteremia (with vancomycin-sensitive organisms) was
lower with the antibiotic-containing locks than with heparin alone,
and the time to develop bacteremia was longer. Nevertheless, these
were small studies in cohorts that differed significantly from pa-
tients on HD, such that the findings may not easily translate to
the HD setting. Small-scale randomized controlled studies in pa-
tients on HD evaluating gentamicin locks (with citrate or heparin
as the anticoagulant) in comparison to heparin alone have shown
a reduced incidence of bacteremia and longer catheter survival in
the antibiotic treatment arm [123,124]. However, the number of
patients recruited was and the duration of these trials was short;
therefore, the long-term effects of this approach, namely, long-
term efficacy, gentamicin ototoxicity [125,126], and emergence
of antibiotic resistance, cannot be properly gauged. Similarly, a
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citrate–taurolidine–containing lock solution has been reported to
confer an advantage over heparin locking alone in the preven-
tion of dialysis catheter-related sepsis, although this study barely
reached statistical significance and the event rate over 90 days of
follow-up (four infections vs. none) was small [127]. Given the
uncertainties noted above regarding an optimal locking solution,
whatever locking solution chosen, vascular access-related infec-
tion should be the subject of regular and continuing audit loops
to ensure that any changes in clinical practice confer the expected
benefits in morbidity reduction.

Because most studies have consistently shown S. aureus to be a
major pathogen in dialysis-related infections and to be associated
frequently with complicated sepsis, the development of vaccines
against S. aureus has been an important goal in the prevention
of dialysis-related infections. The first efficacy trial of a vaccine
against S. aureus (against serotypes 5 and 8, which account for
85% of all clinical isolates [128]) at a high dose in patients on HD
demonstrated an approximately 80% response rate by 2 weeks (i.e.
in 80% of subjects an antibody response of at least 80 �g/mL, the
minimum protective level, was elicited), which then fell to 26% by
the end of the study period (54 weeks). Nevertheless, 11 of 892 ver-
sus 26 of 906 subjects developed S. aureus bacteremia in the vaccine
and control arms, respectively [129]. Unfortunately, the promise of
this intervention has not yet been fulfilled. The possibility of devel-
oping a “working” staphylococcal vaccine for the dialysis popula-
tion should not be discounted at this time. However, consideration
should be given to inoculating patients at a time before they reach
ESRD in order to maximize the immune response to the vaccine,
in much the same way as is currently recommended with the hep-
atitis B and pneumococcal vaccines. Attempts at eliminating nasal
carriage of S. aureus by topical application of mupirocin ointment
[130,131] or oral rifampin [132] are fraught with the potential for
the emergence of resistance [131,133] and recolonization after dis-
continuation of the antibiotics [132] and are, therefore, not likely
to be viable long-term solutions.

Despite the measures described above to reduce the incidence
of dialysis access-related infections and the potential for future
prophylactic regimens, it is clear that the most important method
of minimizing infections from dialysis is to reduce the number of
patients dialyzed via CVCs in favor of surgically fashioned access,
preferably AVFs. Nevertheless, the worldwide trend accompanying
the growth of the ESRD population has been an increase in the
number of patients dialyzed via tunneled cuffed CVCs and AVGs
in preference to AVFs [134]. With the “Fistula First” campaign in
North America and many other regional and national initiatives
has come the good news that AVF rates are now climbing again: in
the UK (based on data from the UK Renal Registry 2005 Report
[see chapter 6]), less than 70% of established HD patients were
being dialyzed using definitive vascular access and less than 50%
of patients known to renal care units started HD with definitive
access. Staphylococcal blood infection rates averaged 13/year/100
patients, with 4 cases/year/100 patients being MRSA. It was esti-
mated that about 8–10% of the national UK MRSA burden came
from renal dialysis patients. This scandalous state of affairs has

prompted much effort at vascular access service process redesign
and numerous initiatives to reduce infections. This is not merely a
reflection of limitations imposed by surgical theater time and sur-
gical availability but a very real indication of increasing numbers
of patients referred late to renal services who commence dialysis
as hospital inpatients via plastic lines [68–70,135] and of patients
who have already exhausted all other options for dialysis access.

Treatment of access-related infections

Correct treatment of access-related infection in patients on HD
relies critically on early diagnosis and the clinical acumen and ex-
perience of the relevant clinicians. Excessive tardiness in removal
of infected lines risks complications that include increased mortal-
ity and prolonged hospitalization, while overzealous line removal
exposes the patient to unnecessary procedures which themselves
carry an associated mortality and morbidity. In addition, many
patients dialyzed through long-term tunneled lines have already
exhausted other forms of access, thereby making line removal pre-
carious. It is certainly in some cases a complex and difficult deci-
sion, and there have been no randomized controlled clinical trials
or high-quality observational studies to help inform this decision.

The diagnostic criteria for HD catheter-related infections, as
defined by the US Centers for Disease Control and Prevention
[136,137], are summarized in Table 40.4, although there is some
disagreement in the literature [138–140]. Unfortunately, while the
diagnostic criteria are formulaic, in practice positive cultures are
not always obtained, and when they are interpretation is problem-
atic, as the positive predictive values of catheter and peripheral
blood cultures are only 63% and 73%, respectively [141]. Clinical
findings are not always reliable; fever, for example, has poor speci-
ficity, while encrustment or inflammation of an exit site has poor
sensitivity. Furthermore, judgment plays an important role in the
diagnosis and management of line-associated infections. Never-
theless, patients on HD who have a fever should have at least two
sets of blood cultures sent to the laboratory before commencement
of empirical antibiotic treatment.

In general, broad-spectrum antibiotics for common organ-
isms are administered in the hope of eradicating the infection
and decolonizing the line. Vancomycin and gentamicin offer cov-
erage against most gram-positive organisms, including the in-
creasingly prevalent MRSA and gram-negative organisms, and are
the first-line choice for empirical treatment in many hemodial-
ysis units (Renal Association Clinical Practice Guidelines 2007;
http://www.renal.org/guidelines/module3b.html). However, these
recommendations are tempered by concerns that overzealous
use of vancomycin contributes potentially to the emergence of
vancomycin-resistant bacterial species and that the use of gen-
tamicin might contribute to a more rapid decline in residual renal
function where preservation of the latter is associated in obser-
vational studies with some improvement in long-term outcomes
and survival. Thus, whenever possible the antibiotic choice should
be modified by initial response to empiric therapy and culture
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Table 40.4 Diagnostic criteria for CDC definitions of HD catheter-related
infections.

Infection type and criteriaa

Catheter exit site infection
Erythema, tenderness, induration, or purulence within 2 cm of the skin at exit site
of catheter

Positive culture of drainage material (if present)*

Catheter tunnel infection
Erythema, tenderness, induration, or purulence >2 cm of the skin at exit site of
catheter

Positive culture of the drainage material (if present)*

Catheter colonization
No clinical symptoms or signs of infection

Positive culture from proximal or distal catheter segment
>1000 CFU on quantitative culture
≥ 15 CFU on semiquantitative culture (e.g. roll-plate method)

Catheter-related bloodstream infection
Clinical symptoms and signs of sepsis

Isolation of same organism from quantitative or semiquantitative culture of distal
segment of catheter and from blood†

No other source of infection

Source: Summarized from references 136 and 137.
Abbreviations: CDC, Centers for Disease Control and Prevention; CFU, colony-
forming units.
Note: Quantitative and semi-quantitative catheter culture methods are preferable
over qualitative methods in which a single contaminating microbe can lead to false
positive results (71;157).
a Symbols: *, laboratory confirmation is not a necessary requirement; †, in the
absence of laboratory confirmation, resolution of fever after removal of a vascular
catheter suspected of infection can be considered indirect evidence of catheter-
related bloodstream infection.

results when these become available. The length of antibiotic treat-
ment reasonably depends on severity of sepsis, presence or absence
of complications (osteomyelitis, for instance, frequently requires
long-term antibiotic treatment), and the microorganism and its
sensitivity.

Although patients with mild line-associated infections do not
usually require line removal, more severe infections usually ne-
cessitate prompt removal of the septic focus; in most cases this is
the dialysis catheter. Similarly, single positive blood cultures in an
otherwise-well patient usually require repetition rather than hasty
administration of antibiotics or line removal. The National Kid-
ney Foundation Dialysis Outcomes Quality Initiative’s (K/DOQI)
guidelines suggested indications for removal of infected HD lines
[142] are summarized in Table 40.5. These guidelines are based
principally on expert opinion and some observational data. To
these, one should perhaps add that unless there are good reasons
not to, lines should be removed where there is severe catheter tun-

Table 40.5 NKF K/DOQI suggested indications for removal of infected HD
catheters.

Type of infection and indication(s) for HD catheter removal

Catheter exit site infections a

Failure of infection to respond to antibiotic therapy

Catheter-related bacteremia a

Persistence of symptoms despite more than 36 h of appropriate antibiotic treatment
Any clinically unstable patient

Source: National Kidney Foundation 2000 [142].
a New permanent access should not be inserted until blood cultures, performed after
cessation of antibiotic treatment, have been negative for at least 48 h.

nel infection unresponsive to antibiotics or in the presence of septic
complications, especially endocarditis and septic embolization.

Although many of these end points seem indisputable, there
are suggestions, from small studies, that some lines may be sal-
vaged by antibiotic administration alone. The study of Marr et
al., for example, showed a 32% salvage rate of infected catheters
through antibiotic treatment in a cohort of 38 bacteremic patients
[51]. This approach is not entirely risk-free, and the potential for
serious complications is appreciable [55]. Similarly, the K/DOQI
guidelines advocate that at least 3 weeks of antibiotic treatment
are required to eradicate catheter-associated bacteremia (although
there is little compelling evidence for this value) and that blood
cultures should be negative for at least 48 h before a new tun-
neled access is inserted [143]. An alternative approach is to replace
the existing, infected catheter by exchange over a guidewire while
covering the procedure with appropriate antibiotics, the theory
being that exchange removes the biofilm as well as the catheter.
This approach has met with some success in the small number
of small-scale studies in the published literature. Some of these
studies reported an almost 90% treatment success rate [144,145];
however, a high incidence of septic complications has also been
demonstrated [146], calling into question the safety and utility of
this approach.

Exclusion of antibiotics from bacteria growing in biofilms is a
common cause of antibiotic failure in line-associated infections.
Indeed, antibiotic concentrations must be several orders of magni-
tude higher (up to 1000 times) in order to kill bacteria in biofilms
[147,148]. A number of investigators have, therefore, studied the
efficacy of antibiotic locks for the eradication of colonization
from infected lines. These have included vancomycin, gentam-
icin, amikacin, and ciprofloxacin. In general, the reports have been
quite encouraging, with several authors demonstrating an almost
negligible incidence of bacteremic episodes with this approach
[149–151]. Nevertheless, this approach is far from commonplace
at present, rarely works for fungal organisms [152], and would be
inappropriate for the management of extraluminal infections.

It is important when considering the management of access-
related infections in dialysis patients to actively look for the pres-
ence of complications, particularly when high-risk organisms are
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encountered. S. aureus and Candida species, when presenting
as causative organisms of line-related infections, are more likely
than other organisms to be associated with complications [153].
Candida albicans, in particular, carries a risk of endophthalmitis
[154], so attention to visual acuity and ophthalmoscopy should be
mandatory in such cases. Persistent positive cultures for any organ-
ism (particularly after line removal) should prompt a search for
new niduses of infection other than the line, in particular, cardiac
valve vegetations and bone involvement [155].

Conclusions

The current risk of infection for HD patients remains unaccept-
ably high. This clinical problem has largely remained unchanged
over the situation seen when HD first emerged as a chronic ther-
apy for ESRD and, as such, this is gravely disappointing. There
are many competing and interacting reasons for the marked in-
crease in infection in HD patients. These include the compromised
immune systems of these patients consequent upon chronic ure-
mia and dialysis-specific risks. The excessive use of CVCs is one
of the most important potentially remediable infection risks in
HD populations. Thus, no effort must go unspared in the timely
formation of definitive vascular access (AVF). Recognition of the
very strong patient benefits that result when HD is performed via
an AVF has resulted in the “Fistula First” program as a priority for
the US Centers for Medicare & Medicaid Services and US ESRD
programs. Meticulous care to avoid microbiological contamina-
tion (whether using a CVC, graft, or AVF) in HD units is also of the
greatest importance. Even with these precautions, the use of pro-
phylactic procedures, such as exit site antimicrobial treatments, at-
tempts to decolonize patients colonized with methicillin-sensitive
or -resistant S. aureus, and CVC line locks should be seriously
considered. Unfortunately, and disappointingly, there is very little
high-quality evidence evaluating the effectiveness of any of these
interventions in HD populations. This is a truly shocking state
of affairs in the fourth successive decade of RRT, which has in-
volved more than 2,000,000 subjects to date. Above all, detection
and prevention of infection in this vulnerable patient group must
be accorded the very highest priority by all responsible dialysis
practitioners.
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Introduction

Infection is the second most common cause of death among dial-
ysis patients, trailing only cardiovascular disease [1]. Although a
significant focus has been placed on access- and catheter-related
infections in hemodialysis patients, nosocomial outbreaks and the
consequent potential transmission of infection to those on dial-
ysis remains a significant issue. Patients on dialysis are at an in-
creased risk of blood-borne viruses and bacterial infection from
contamination [2]. The goal of this chapter is to review nosoco-
mial, non-catheter-related infections that occur on dialysis as well
as current guidelines on their prevention, with emphasis on dial-
ysis quality control. Catheter-related infections will be covered in
chapter 40.

Background

Several factors account for the pathogenesis of nosocomial in-
fections in dialysis patients, including impaired host immunity,
bacterial virulence factors, and exposure created by the dialysis
procedure itself (Figure 41.1).

Neutrophils and cell-mediated immunity are both affected by
uremia. Impaired chemotaxis, phagocytic activity, and apoptosis
are all demonstrated by neutrophils, and decreased lymphocyte
proliferation and immunoglobulin levels have been observed. Fac-
tors thought to contribute to these findings include malnutrition,
iron deficiency or overload, hyperparathyroidism, element defi-
ciencies, and uremia itself.

Increased virulence of bacteria is enhanced by protease, super-
oxide dismutase, catalase, polysaccharide biofilms, and adherence
factors [3]. These patterns of resistance are amplified in nosoco-
mial settings, where resistance is common.

The patient’s skin, the water system, dialysate, dialyzer, medi-
cation vials, prior patients, and staff are all potential sources of
contamination [3,4]. Strategies for prevention and management
of these nosocomial infections are based on an understanding of
their dialysis center-specific epidemiology.

Epidemiology

Several prior observational studies have shown sepsis rates to
be around 11% among end-stage renal disease (ESRD) patients
within the first several years of dialysis initiation [5]. A study
of 393,451 dialysis patients from 1991 to 1999 showed hospital-
ization rates for sepsis within the first year of hemodialysis to
range from 11 to 17% [5]. Septicemia accounts for more than
75% of infectious deaths, with annual death rates from pneumo-
nia and septicemia significantly higher in dialysis patients than
in the general population, from 10- to 100-fold higher in the
65- to 75-year-old age group [3]. The risk factors for increased
incidence of infection and mortality among ESRD patients are
summarized in Table 41.1 [1,3]. Hospitalization for septicemia in
ESRD patients is associated with an increased risk of stroke, con-
gestive heart failure, myocardial infarction, and peripheral vas-
cular disease, both in the short term and up to 5 years after the
event [3,6].

The recent HEMO trial by Allon and colleagues found an in-
fectious etiology in 23.1% of all deaths, with an annual infection-
related death rate of 3.8%. The annual rate of infection-related
hospitalizations was 35%, with 77% of the cases being non-access-
related [1]. In one study of 433 dialysis patients followed over a
9-year period, the infection rate was found to be 5.7 episodes/1000
days of dialysis, with 18% of the infections being nosocomial [7].
These were not, however, divided into catheter-related versus non-
catheter-related infections in this specific study. No study to date
has demonstrated the true incidence of nosocomial infections re-
lated to the dialysis procedure itself, but this likely remains an
important potential source for infections.
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Figure 41.1 Pathogenesis of nosocomial infections [3].

Dialysis-related infections

Bacterial infections
Outbreaks of bloodstream infections in dialysis centers are usu-
ally related to contamination of the water treatment and distri-
bution systems, reprocessed dialyzers, or improper setup proce-
dures. Most of our insights into these infections have come from
epidemiologic investigations into nosocomial infection outbreaks.
One report in Canada showed nine patients in whom Enterobacter
bacteremia was diagnosed, which was traced to infected, incom-
petent one-way waste-handling valves. When the dialysis machine
was primed, the arterial line was attached to the waste-handling
option drain port to discard the saline. After priming, the line was
detached from the port and attached to the patient’s access. Disin-
fectants were run through the drain port per the protocol, but the

Table 41.1 Risk factors for increased incidence of infections and mortality in
ESRD patients.

Risk factor

Diabetes
Older age
Hypoalbuminemia
Use of temporary dialysis catheters

Sources: Allon et al. [1] and Jaber [3].

valves were not checked for competency, possibly allowing back-
flow of fluid. Cultured bacteria from the case patients and from
valves showed identical genomic patterns, which were different
from the sink cultures outside the room [8]. Three other similar
outbreaks were reported in the USA, UK, and Israel in 1997 due
to improperly functioning drain valves [9,10].

Another outbreak also reported during this time in Chicago
included 29 episodes of bloodstream infections, with 21 hospi-
talizations for an average stay of 7 days. Again, the etiology was
traced to improper handling of connections and faulty valves [4].
In 1996 the Centers for Disease Control and Prevention (CDC)
and Gambro Healthcare surveyed 595 dialysis centers to charac-
terize methods used to disinfect the machines and methods es-
tablished for quality control. Responses showed that 62% were
not disinfecting the sampling ports as often as recommended and
only 14% performed the recommended daily quality control of
the drain valves [9]. These findings underscore the importance of
proper training and quality control measures.

In 1999, an outbreak of Serratia bloodstream infections and
pyrogenic reactions was traced to contaminated single-use ery-
thropoietin vials that had undergone repeated puncture [2]. Sev-
eral case reports have also shown infection outbreaks attributed to
improper sterilization of reusable dialysis filters [11].

Viral infections
Of particular concern for chronic dialysis patients is the transmis-
sion of viral hepatitis B and C, as well as HIV. In England in the late
1960s, there were 12 reported outbreaks of hepatitis B virus (HBV)
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in dialysis centers that affected more than 300 patients and staff,
with a reported mortality rate of 5% [12]. In the USA in 1974, the
incidence of HBV was 6.2% for all dialysis patients. This number
decreased to 0.06% in 1999 as a result of infection control, vaccina-
tion, screening of blood products, and identification and isolation
of hepatitis B-positive patients on dialysis [2]. In other parts of the
world, such as Africa and the Asia-Pacific region, the prevalence
is reported to be as high as 20% [12]. HBV is transmitted by per-
cutaneous or permucosal exposure to contaminated blood. It is a
relatively stable virus that can remain viable at room temperature
on environmental surfaces for up to 7 days. It may be present on
equipment without any evidence of visible blood. Thus, outbreaks
still occur when contaminated surfaces are touched by health care
workers and spread to others. Other reports have shown trans-
mission from infection control lapses, such as contamination of
multidose medication vials [2,13].

Hepatitis C virus (HCV) has been reported to have an inci-
dence of 0.73–3% per patient–year in hemodialysis patients in
the USA, with prevalence rates varying from 8% to 59% world-
wide [2,12]. Risk factors associated with HCV infection include
a history of blood transfusions, the volume of blood transfused,
and the number of years on dialysis [2]. In 2001 in France, an
outbreak of 22 HCV infections in a single dialysis unit over a 9-
month period was reported. No common risk factor or exposure
could be found among the patients [14]. Nosocomial HCV trans-
mission has been demonstrated in other dialysis centers, but the
exact modes of transmission remain unclear. Studies have demon-
strated that patient-to-patient transmission occurs via equipment,
devices, multidose vials, and between patients on the same shift
who do not share equipment [15]. Reuse of dialyzers has been
implicated, and recent studies suggest that patients sharing ma-
chines may be at increased risk [2,12,13,15], although the CDC
currently does not recommend isolation of HCV-positive patients
[16]. Other viral hepatotropic viruses, such as hepatitis GB virus C,
hepatitis G virus, and TT virus, have unknown clinical significance
in hemodialysis patients [12].

HIV is transmitted by blood and bodily fluids that contain
blood. No patient-to-patient transmissions have been reported
in dialysis centers in the USA, but there have been case reports of
needle stick transmission from patients to staff [2].

Other viral transmissions have been reported, including one
case report of possible transmission of West Nile virus. In October
2003, the Georgia Division of Public Health was notified of two
patients diagnosed with West Nile virus, both having been dialyzed
on the same dialysis machine. They were the only two reported
cases of West Nile virus in that Georgia county in 2003 [17], but
other modes of transmission not related to dialysis could not be
entirely excluded.

Water quality

Every week, dialysis patients are exposed to approximately 400 L
of water used in the production of dialysis fluids. This water must

meet certain quality standards, which are often stricter than mu-
nicipal water standards. Municipal drinking water must satisfy
standards of turbidity and contamination, all based on the as-
sumption of limited intake of approximately 2 L/day/person. In
addition, drinking water has the benefit of being filtered by the
gastrointestinal mucosa, unlike dialysate. Thus, tap water must be
thoroughly processed before dialysis. Water in the dialysis unit is
not only used for dialysate production, but also it may be used for
dialyzer rinsing and reuse [18].

Municipal water can contain a variety of chemical and mi-
crobiological contaminants. Mineral salts, agricultural products
(fertilizers, nitrates, and pesticides) and discarded medications
contaminating reservoirs and groundwater sources, heavy met-
als from pipes, and added agents from a processing plant (iron,
aluminum, chlorine, fluoride) may all be present in low levels in
drinking water. These amounts become significant when presented
in large volumes of dialysate over time, and they have been found
to cause acute and chronic poisoning syndromes (Table 41.2) [18].
Specific symptoms include nausea and vomiting, muscular asthe-
nia, acidosis, hypotension or hypertension, hemolysis, anemia,
encephalopathy, neurologic problems, fever, and bone alterations
[19]. Microbiological contaminants include bacteria, endotoxins,
and peptidoglycans, and rarely fungi, viruses, and protozoa. Most
of the problems encountered with microbiologic contamination

Table 41.2 Maximum allowable contaminant levels in water.

Contaminant

EPA maximum
contaminant level
for drinking water
(mg/L)

AAMI
maximum
contaminant
level for
dialysis (mg/L)

Lowest
concentration
associated
with dialysis
toxicity (mg/L)

Sodium Not regulated 70 300
Potassium Not regulated 8
Calcium Not regulated 2 88
Magnesium Not regulated 4
Fluoride 4 0.2 1.0
Chlorine 4 0.5
Chloramine 4 0.1 0.25
Nitrate 10 2 21
Sulfate 400 100 200
Copper 1.3 0.1 0.49
Barium 2 0.1
Zinc 5 0.1 0.2
Aluminum 0.2 0.01 0.06
Arsenic 0.05 0.010
Lead 0.015 0.005
Silver 0.10 0.005
Cadmium 0.005 0.001
Chromium 0.10 0.014
Mercury 0.002 0.0002
Selenium 0.05 0.09
Beryllium 0.004 0.0004

Sources: Pontoriero et al. [18] and AAMI [20].
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in dialysate are related to the characteristics and maintenance of
water treatment and distribution systems within the dialysis unit
[18].

Many dialysis centers use an initial pretreatment of tap wa-
ter with filters of different porosities to remove suspended parti-
cles. These filters also decrease the hardness of the water through
sodium exchange cationic resins. Activated carbon filters then re-
move chlorine and other organic products. These filters, however,
can serve as a medium for bacterial growth. Water is then pro-
cessed by reverse osmosis, a process that involves bulk transport of
water under pressure through a semipermeable membrane. This
removes 95–98% of dissolved salts, bacteria, endotoxins, and sub-
stances with molecular masses of >200 Da [18]. Some centers use
two reverse osmosis systems in series, and many combine another
purification technique of deionization using ion exchange resins.
Water is then distributed under hydraulic pressure to the machines.
Reserve tanks are avoided, with the goal of continuous circulation
and lack of stagnant zones. Sterilization of the entire system must
be conducted at regular intervals [18]. The Association for the
Advancement of Medical Instrumentation (AAMI) [20] and the
European Pharmacopea [21] have established guidelines for
the purity of water (discussed below).

Several studies over the last decade showed that 7.4–35% of all
dialysis centers tested did not comply with the AAMI standards,
and only 28% performed monthly disinfection procedures [18].

Many in vitro and clinical studies have evaluated differences in
standard and sterile (ultrapure) dialysate. In vitro studies show that
transfer of bacterial and endotoxin fragments across dialysis mem-
branes is dependent on both the concentration of endotoxin and
the type of membrane used [22]. Cuprophan membranes have
the highest permeability to endotoxin [22]. Notably, only high
concentrations of endotoxin typically transverse polysulfone or
polyamide membranes [22]. Clinical studies have shown that pa-
tients dialyzed with ultrapure dialysate, compared to those dialyzed
with standard dialysate, have slightly lower levels of C-reactive pro-
tein (in both groups, however, the C-reactive protein levels were
within the normal reference range), β2-microglobulin levels, and
incidence of carpal tunnel syndrome. These studies, however, have
not demonstrated significant differences in such hard outcomes as
mortality or cardiovascular events [23]. Studies have also shown
some decrease in pyrogenic reactions with high-flux membranes
when ultrapure dialysate is used [24]. Again, these differences were
small and no convincing data have been reported to date that ul-
trapure dialysate reduces the generation of proinflammatory cy-
tokines in patients [22]. Thus, there is currently no good clinical
trials evidence that shows that ultrapure dialysate improves mor-
bidity and mortality outcomes.

Dialyzer reuse

Since the early experimental years of dialysis, dialyzers have been
reused and processed by various methods. Approximately 63% of
centers in the USA reuse dialyzers for some of their patients. Japan

currently prohibits reprocessing of dialyzers, and reuse practices
vary widely from country to country in Europe [11]. Cleaning
and sterilizing methods have changed over the last century. The
most common cleaning agents have been hypochlorite and hy-
drogen peroxide, and the most common sterilizing agents have
been formaldehyde and peracetic acid. Heat sterilization has re-
cently come into favor in combination with the above agents. Cur-
rently, a majority of centers in the USA use peracetic acid instead
of formaldehyde, owing to the lower toxicity, easy removal from
stored dialyzers, and decreased environmental problems. Its disad-
vantages include degradation by heavy metals and organic material
at high temperature. Glutaraldehyde is also occasionally used as a
sterilizing agent [11].

In 2002, the US Food and Drug Administration approved a
new personal hemodialysis machine for home usage (Personal
Hemodialysis System, PHD, Aksys, Ltd., Lincolnshire, IL). The
machine reuses the dialyzer and lines so that they do not need to
be changed more often than once monthly. The machine checks di-
alyzer performance and prepares ultrapure, infusion-quality dial-
ysis solution. Prior to each dialysis, the entire system is filled with
reverse osmosis water, heated to 85◦C, and circulated for 1 h, ster-
ilizing the entire system [11].

The advantages of reuse include potential cost savings and a
potential for reduced frequency of first-use dialyzer reactions. The
first use of dialyzers has rarely been associated with symptoms of
respiratory distress, malaise, back pain, chills, or fever. This con-
stellation of symptoms, termed the “new dialyzer syndrome,” is
thought to be due to traces of substances that remain from the
membrane production processes [23], including possibly ethy-
lene oxide, glycerol, alcohols, copper, cyanates, and polyurethane.
Reprocessing of these filters causes leaching of these substances
[11]. A study by Flemming et al. showed that the mean num-
ber of symptoms per patient was significantly higher with new
dialyzers than with reprocessed ones [23]. New production and
sterilization methods and changes in preuse dialyzer preparation
within the dialysis unit have almost eliminated this new dialyzer
syndrome.

Disadvantages of dialyzer reuse include allergic reactions to dis-
infecting solutions, residual chemical infusion, pyrogen reaction,
inadequate concentration of disinfectant allowing for bacterial
contamination, and changes in membrane integrity [23]. Allergic
reactions have been seen with formaldehyde and glutaraldehyde
exposure, and some association has been found between adverse
reactions, angiotensin converting enzyme inhibitors, and repro-
cessed dialyzers [23]. Several infection outbreaks have been re-
ported following insufficient concentration of sterilizing solutions
[11,23,25]. Although some studies have reported an increased inci-
dence of pyrogenic reactions with reuse, other studies have demon-
strated the pyrogenic reactions are more strongly associated with
dialysate contamination than with dialyzer reuse [23].

Other concerns with reuse include changes in membrane
integrity and clearance. Studies in the 1980s showed that a 20%
reduction in fiber bundle volume decreased clearance by only
4–11% [23]. Subsequent studies have shown that clearance of both
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Table 41.3 Studies on the association between mortality and
reused versus single-use dialyzers.

Study
No. of
patients Study design

Follow-up
(years)

Outcome on
mortality

Collins et al. 1998 [35] 34,348 Retrospective 2–3 No difference
Port et al. 2001 [26] 12,791 Retrospective 1–2 No difference
Collins et al. 2004 [27] 49,273 Retrospective 1–2 No difference
Lowrie et al. 2004 [25] 71,122 Retrospective 1 Mortality lower in those

switched from reused
to single-use dialyzer

Fan et al. 2005 [28] 75,831 Retrospective 1–2 No difference

Source: The studies reported in references 23–31 were reviewed.

large and small substances were maintained for up to 30 uses. Even
high-flux dialyzers with blood flows of 400 mL/min and 80% fiber
bundle volume maintain measured Kt/V values. These optimistic
results are not uniformly observed. Thus, studies have shown
conflicting results between various lots of the same dialyzers [23].
Additionally, studies have shown decreased Kt/V values with
formaldehyde usage, with lower blood flows that result from fiber
bundle volume loss and with increased numbers of reprocessing
[23]. Thus, the National Kidney Foundation Task Force on Reuse
of Dialyzers recommends at least monthly Kt/V or urea reduction
ratio determinations to assess dialyzer performance [23].

Dialyzer reuse and mortality have also been examined in sev-
eral large retrospective studies over the last decade (Table 41.3)
[25–31]. Studies prior to this time were conflicting and were con-
founded by differing practice patterns, reuse procedures, dialyzer
membranes, and patient characteristics. A large study of over
12,000 patients in the mid-1990s showed no discernible difference
in mortality between single use and reuse and even demonstrated
decreased mortality in reuse of high-flux membranes reprocessed
with bleach [26]. A subsequent study in the late 1990s of over
49,000 patients confirmed no difference in mortality or first hospi-
talization between the single-use and reuse groups [27]. Medicare
data in 2001 also showed no advantage to single-use dialyzers [28],
but a recent study did show a survival advantage in patients who
were switched from reuse to single use dialyzers [25]. There have
been no high-quality prospective, randomized controlled studies
to date to address this issue.

Current National Kidney Foundation Kidney Disease Out-
comes Quality Initiative guidelines recommend that dialysis cen-
ters reusing dialyzers do so in accordance with AAMI standards
while monitoring for delivered dialysis dose [29].

Guidelines and recommendations

Immunizations
Immunization of health care workers with the hepatitis B vaccines
has been shown to reduce HBV events, and it should be routinely
implemented for all health care and dialysis staff. A 2005 Cochrane
systematic review of 21 trials showed that plasma-derived and
recombinant vaccines are equally effective in eliciting antibody

levels, with the deltoid intramuscular site preferred. The standard
vaccination schedule (0, 1, and 6 months) elicited a better antibody
response than the rapid vaccination schedule (0, 1, and 2 months),
but it is unclear if booster vaccinations to nonresponders enhance
seroconversion [32].

Given the occasional outbreaks of hepatitis in dialysis centers,
hepatitis B vaccination should be considered for all ESRD patients.
A 2004 Cochrane systematic review of chronic kidney failure pa-
tients and hemodialysis patients receiving hepatitis B vaccine did
not, however, demonstrate any difference between immunized pa-
tients and the placebo group in HBV infection rates [33]. The
studies did not show any adverse events secondary to vaccination,
however, and so additional randomized trials need to be conducted
to provide more sound clinical guidance on this question. The
Advisory Committee on Immunization Practices currently rec-
ommends that adult dialysis patients receive the hepatitis B vac-
cine series, pneumococcal vaccine, yearly influenza vaccinations,
tetanus-diphtheria toxoids, and varicella vaccine, if susceptible.
Antibody levels for HBV should be checked annually and boosters
considered if levels are below protective levels [34].

Isolation
Isolation practices for HBV were first implemented in 1977 after
factors for transmission were identified. The US CDC recommends
routine serologic surveillance of patients and staff, separate isola-
tion rooms for HBV-positive patients, assignment of designated
staff and equipment to HBV-positive patients and not to suscep-
tible patients during the same shift, routine cleaning and disin-
fection of nondisposable items and surfaces, and glove changes
between each patient (Table 41.4). With the implementation of
these recommendations, a 70–80% reduction in transmission of
HBV in hemodialysis facilities has been seen, with occasional out-
breaks occurring when there has been a breakdown in one of the
above guidelines [6,16].

HCV transmission has been attributed in various studies to
contaminated hands of staff members, shared multidose vials of
parenteral medications, and inadequate sterilization of dialyzers
and machines. No conclusive evidence has shown that HCV is
transmitted through sharing of the same machine when proper
infection control measures are used, but no studies have proven
the contrary [13–15,35]. Recent studies, however, have found
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Table 41.4 CDC infection control guidelines for
dialysis centers. Topic Recommendation(s)

Infection control precautions Use gloves when touching patient equipment

Wash/cleanse hands between patients

Use dedicated supplies at each station

Prepare all medication in a separate clean area

Deliver medication individually without common medication carts
Disinfection Clean environmental surfaces (chair, countertops, external control panel of

dialysis machine) after each patient treatment
Cleaning of areas Designate separate clean areas for storage and preparation of medications; keep

contaminated products out of the clean area
Routine serologic screening Determine HBV surface antigen (HBsAg) level on admission and monthly in

HBV-susceptible patients

Determine anti-HBs antibody titer yearly in those with established protection to
evaluate need for booster

Determine anti-HCV antibody titer semiannually in HCV-susceptible patients
Vaccinations Vaccinate all susceptible hemodialysis patients and staff
Isolation HBV-positive patients should be in a separate room.

HBV-immune patients can be a buffer between the isolation room and
HBV-susceptible patients

Staff should not be assigned to both HBV-positive patients and susceptible
patients during the same shift

HCV-positive patients require no special isolation

Source: Alter et al. [16].

associations with transmission and machine usage, and trials of
isolation of HCV-positive patients have reported decreased trans-
mission rates [15,36]. The CDC does not, however, recommend
isolation of HCV patients. They have concluded that evidence of
sufficient strength does not exist to justify these measures [16]
beyond universal infection control procedures.

Universal infection control procedures recommended by the
CDC include using gloves when touching equipment, washing
hands between patients, dedication of supplies to each dialysis sta-
tion or disinfection before returning to a common area, preparing
medications in a separate clean area, keeping contaminated prod-
ucts out of the clean area, and avoiding common medication carts
(Table 41.4) [6].

No special isolation precautions have been recommended to
date for HIV-infected dialysis patients [16].

Water control
AAMI guidelines [20] state that water used in dialysate production
should contain a total microbial count of less than 200 colony-
forming units (CFU)/mL and an endotoxin concentration of less
than 2 endotoxin units (EU)/mL. At levels of 50 CFU/mL and
1 EU/mL, respectively, AAMI standards require that actions be
taken, such as disinfection of the components of the water purifi-
cation and processing system and dialysate preparation and storage
reservoirs where indicated by the culture results. After disinfection
of the system, retesting is required by AAMI standards to confirm

improvement in levels and to prevent levels from reaching unac-
ceptable ranges. Microbiologic monitoring should be performed
at least monthly, and chemical contaminant monitoring should be
done yearly if reverse osmosis and deionization are used. Guide-
lines for levels of residual sterilization chemicals (Table 41.5) and
recommended features of purification systems have also been es-
tablished. The AAMI has also set guidelines for maximum allow-
able levels of contaminants. The European Pharmacopoeia has set
slightly stricter standards for microbiologic content, with a micro-
bial count of less than 100 CFU/mL and endotoxin concentration
of less than 0.25 EU/mL [20].

Dialyzer reuse
AAMI guidelines state that dialyzers used on HBV-positive patients
should not be reprocessed. Otherwise, the decision to reprocess
dialyzers is left to the physician, and informed consent must be

Table 41.5 Limits on disinfectant residues.

Disinfectant AAMI recommended limit (mg/L)

Formaldehyde <5
Peracetic acid <3a

Glutaraldehyde <3a

Sodium hypochlorite (bleach) <0.5a

Source: AAMI [20].
aLimit based on dialyzer manufacturer’s suggestion.
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obtained from the patients. The AAMI guidelines allow for a 10%
variance of urea clearance after processing but recommend that
the dialysis prescription account for these changes. Fiber bundle
volume should be at least 80% of the original volume. Various
recommended concentrations and contact times for the sterilizing
agents used in cleaning and storage of reprocessed dialyzers have
been established and depend on the properties of the sterilizing
agents used [20].

Summary

Nosocomial infections related to the dialysis process, although un-
common, continue to occur. An understanding of their etiology
and strategies for their prevention have emerged largely from ob-
servational studies and evaluations of nosocomial infection out-
breaks. These observations have led to the current guidelines that
govern the technical aspects of handling of water purification, pro-
duction and delivery of dialysate, cleansing of equipment, handling
of medications, and infection precautions as they relate to patients
and staff. Reprocessing of dialyzers introduces additional oppor-
tunities for transmission of infection. The benefits and risks of
dialyzer reprocessing and optimal therapeutic strategies to mini-
mize risk have not been rigorously investigated with randomized
controlled clinical trials. Rigorously conducted clinical trials are
needed to address unambiguously the contributions of reuse, if
any, to the transmission of bacterial, viral, and fungal infections,
to the incitement of an inflammatory cascade that could result
in a further deterioration in the immunocompentency of ESRD
patients, to the induction of pyrogenic reactions from allergic or
chemical exposures or endotoxins, and to overall morbidity and
mortality.
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Introduction

Hemodialysis is the dominant form of therapy for patients with
end-stage renal disease and requires repetitive, complication-free
access to the peripheral blood circulation. Hence, the establish-
ment and maintenance of vascular access is pivotal and has long
been labeled the “Achilles’ heel” of hemodialysis due to its vital
role in the delivery of dialysis [1].

Vascular access for hemodialysis can be achieved in three ways:
the native arteriovenous fistula (AVF), the arteriovenous graft
(AVG; usually polytetrafluoroethylene), or the cuffed (or un-
cuffed) central venous catheter (CVC). The main role of the cuffed
CVC is as a bridge until either an AVF or an AVG can be constructed
or as permanent access in the patient who has exhausted all other
vascular access possibilities.

It is well-established that the vascular access of first choice is
the AVF [2–4]. This stems from both superior patency rates [2,3],
lower infection risk [5], lower costs [6,7], and a lower mortality risk
compared with either AVG or CVC [8,9]. Clinical practice guide-
lines for the USA [3], Canada 4], and Australasia [2] all indicate that
AVF is the vascular access of first choice for hemodialysis patients.

Recent randomized controlled trials (RCTs) have focused on
the maintenance of vascular access and can be divided into three
broad areas: first, the use of vascular access surveillance in prolong-
ing vascular access survival; second, pharmacological approaches
to preventing AVF and AVG failure; finally, therapies for prevent-
ing cuffed CVC-related bacteremia (CRB). In this review I will
summarize the results of RCTs in these three broad areas.

Screening and vascular access survival

Once vascular access has been established, the major clinical goal
is to prevent complications, principally, vascular stenosis resulting

in failure (thrombosis) of the AVF or AVG. Screening tests must
be efficient at detecting the presence of an underlying significant
stenosis, and any correction of a stenosis thus detected should re-
sult in a reduction in access thrombosis rates and prolonged access
survival. The ability to prevent AVF and AVG failure is an impor-
tant clinical goal, as early elective repair can avoid interruption to
dialysis. Several methods have been advocated as screening for ac-
cess stenosis, including dynamic venous pressure (DVP) and static
venous pressure (SVP), Doppler ultrasound (DU) screening, and
the measurement of vascular access blood flow (Qa) 3,4].

Blood flow screening: RCTs
Vascular access blood flow can be measured by indicator dilution
techniques or by estimating Qa using either DU or magnetic res-
onance angiography [3]. Prospective studies including one RCT
[10] have sought an association between Qa and the risk of throm-
bosis and/or the presence of stenosis [10–15]. AVGs are at risk of
thrombosis at higher flows (cutoffs of 500–750 mL/min) [12,13]
and AVFs are at risk with lower flows (300–500 mL/min), which
makes comparisons difficult [15]. All RCTs reporting the effect
of Qa surveillance on vascular access survival or thrombosis rates
have used ultrasound dilution to measure Qa, and the principles
of this method have been well-described [16,17] and reviewed
[18–21].

Five RCTs have examined the effect of Qa surveillance and pre-
emptive repair (angioplasty in the majority of studies) on vascu-
lar access thrombosis rates and long-term access patency [22–26]
(Table 42.1). All studies were small, of variable quality, and used
different monitoring frequencies and flow thresholds for the trig-
gering of investigation.

The three studies on AVGs failed to demonstrate a benefit of
Qa surveillance despite significantly higher intervention rates in
the surveillance groups [23–25]. In one study the Qa group had
a significantly higher thrombosis rate than the control group, this
being driven largely by multiple thromboses in three AVGs [24].
The positive result in the smallest study was largely driven by an
abnormally high thrombosis rate in the control group [22]. Finally,
in the study by Smits et al. [23], 21 of the 42 thrombotic episodes
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Table 42.1 RCTs assessing effects of access blood flow surveillance on access thrombosis rate.

Study type
and author No. of
[reference] patients Controls Surveillance Qa thresholda Blinding ITT Intervention Thrombosis rateb Follow-up

AVG studies
Sands 1999 [22] 35 Nilc SVP + Qac <750 NS NS PCTA 246.7 vs. 23.2* 6 mos

Smits 2001 [23] 53 DVP Qa <600 NS No PCTAd 0.19 vs. 0.24 37.8 pt-yrs
72 DVP DVP + Qa <600 NS No PCTAd 0.32 vs. 0.28 42.7 pt-yrs

Ram 2003e [24] 101 Clinical + DVP Qa <600 Yes Yes PCTA 0.68 vs. 0.91* 2 yrs

Moist 2003 [25] 112 Clinical + DVP Clinical + Qa <650 or 20%↓ Yes Yes PCTA 0.41 vs. 0.51 1 yr

AVF studies
Sands 1999. [22] 68 Nilb SVP + Qab <750 NS NS PCTA 27.1 vs.16.8* 6 ms

Tessitore 2004 [26] 79 Clinical Qa <750 or 25%↓ No Yes PCTAd HR 3.93**f 5 yrs

Abbreviations: PCTA, percutaneous transluminal angioplasty; NS, not stated; ITT, analysis by intention to treat.
a Values are in milliliters per minute, all measured monthly except for the Smits et al. trial, with 8 weekly measurements, and the Tessitore et al. study, with 3 monthly
measurements.
b Control versus treatment. *, P < 0.05; **, P < 0.01.
c DU was performed every 6 months in all patients.
d Further surgical intervention required in 10%.
e Results here for the Qa arm versus control.
f Overall failure including thrombosis and abandonment HR for control versus treatment (95% CI, 1.42–10.93).

occurred after a positive screening test but before intervention and
were excluded from the analysis, reducing the power of the study.
Despite this, no difference was seen in thrombosis rates in the Qa
surveillance group compared with the control DVP groups.

In the above three negative studies, there were more interven-
tions performed in the Qa surveillance groups, suggesting that
more stenoses had been detected, particularly in the two more
recent studies [24,25]. Furthermore, in these two studies preemp-
tive angioplasty was performed in all patients, and in the study
by Smits et al. over 90% of the interventions included angioplasty
[23]. The efficacy of the angioplasty procedure in the Qa group is
thus in doubt. An increase in Qa immediately postangioplasty, and
not necessarily with radiological success (reduction in the steno-
sis diameter), has been shown to predict outcome postangioplasty
[27,28]. However, Qa was not measured immediately postangio-
plasty in these studies, although Moist et al. reported no difference
in the postangioplasty Qa rise between the two groups, suggesting
that the angioplasty procedures in both groups were equivalent.
Whether elective surgical revision of the AVG stenosis would have
resulted in an improved outcome has not been studied in any RCT.
However, there is evidence that surgical revision may be superior
to angioplasty in the treatment of AVG thrombosis [29].

Both studies of AVF demonstrated a significant reduction in
thrombosis rate with Qa surveillance. One [22], while positive,
had a unusually high background thrombosis rate in the control
arm (27.1% in 6 months). There were some methodological flaws
in the Tessitore group’s study of stenotic AVF [26]. Randomization
was by coin toss, and there was no blinding of surveillance alloca-
tion. Patency of the AVF in the Qa group lasted significantly longer

than the control group; the specific thrombosis rates in each group,
however, were not reported. In addition, a third study that ran-
domized functioning stenotic AVF to angioplasty or no treatment
demonstrated a significantly improved AVF survival with angio-
plasty [30]. These three small studies thus suggest possible bene-
fits of Qa surveillance on AVF survival. However, before definitive
recommendations can be made, a larger multicenter study is re-
quired. Assuming an annual AVF thrombosis and revision rate
of 12–15%/year [31], at least 300 subjects would be needed in
each arm to detect a reduction of 30% (relative risk [RR], 0.70;
90% power) in AVF thrombosis and revision rates as a result of Qa
screening [10]. Such an RCT is also required to determine whether
AVF screening is cost-effective [32].

DU stenosis screening: RCTs
DU screening is a noninvasive procedure that in addition to the
measurement of Qa can provide anatomic information on the vas-
cular access. As such, it has been advocated as a screening technique
to identify access that is at risk of thrombosis by identifying the
anatomic presence of a significant stenosis. It requires, however,
specialized equipment and skill and is expensive. A discussion of
the technical aspects of DU is beyond the scope of this review,
but these issues have been recently summarized by Lockhart and
Robbin [33].

Six RCTs [24,34–38] assessing the effect of DU screening for
stenosis of AVGs combined with either angioplasty or surgical re-
pair on access thrombosis and survival have been performed (Table
42.2). One study was published in abstract form only [36]. All tri-
als excluded AVF. Two [36,37] of the six studies demonstrated a
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Table 42.2 RCTs assessing effects of ultrasound stenosis screening on AVG patency or thrombosis.

Study No. of
[reference] patients Control Surveillance Blinding ITT Intervention Patencya Follow-up

Mayer 1993 [34] 70 Clinical 3 monthly USS No Yes Surgery 80% vs. 62% 2 yrs
Lumsden 1997 [35] 64 No intervention 3 monthly USS No Yes PCTA 51% vs. 47% 2 yrs
Sands 1997 [36] 55 Examination USS PCTA 126 vs. 19b* NS
Ram 2003c [24] 101 Clinical + DVP 3 monthly USS Yes Yes PCTA 34% vs. 36%d 2 yrs
Malik 2005 [37] 192 Clinical/DVP/Qa 3 monthly USS + clinical/DVP/Qa No NS PCTA RR control, 3.75e** 2 yrs
Robbin 2006 [38] 126 Clinical 4 monthly USS No Yes PCTA/Surgery 38 vs. 37 mosf 23 mos

Abbreviations: ITT, intention-to-treat analysis; PCTA, percutaneous angioplasty; USS, DU screening; NS, not stated.
a Treatment versus control data for 12-month patency unless otherwise stated. *, P < 0.05; **, P < 0.001.
b Rate is per 100 patient-years.
c Results shown are for the USS arm versus control.
d Patency defined as thrombosis or need for preemptive PCTA.
e Patency data were not presented in the study report; unadjusted relative risk of access failure in control was 3.75 (95% CI, 1.7–8.1).
f Cumulative survival.

significant increase in patency rates with DU screening and pre-
emptive angioplasty, whereas another study [34] demonstrated a
significant reduction at 6 but not at 12 months follow-up. In ad-
dition a subanalysis of the study by Lumdsen et al. assessing only
new AVGs (n = 21) [39] demonstrated a significant prolongation
of AVG patency (P = 0.035) and a reduction in thrombosis rate
in the treatment group (0.10 vs. 0.44 thrombosis/patient–dialysis
year). The DU arm in another study [24] had the highest pre-
emptive angioplasty rate and a longer thrombosis-free survival,
although this outcome did not reach statistical significance (P =
0.10). However, neither event-free survival nor 2-year AVG sur-
vival (62 vs. 64%) was significantly better in the ultrasound group.
The authors have subsequently argued that DU screening, whereas
not prolonging AVG survival, reduces morbidity and costs through
the reduction in thromboses and less interruption to the hemodial-
ysis treatment [40]. In the most recent study [38], while the fre-
quency of preemptive graft angioplasty was 64% higher in the ul-
trasound group (1.05 vs. 0.64 events/patient–year; P < 0.001) due
to an increase in the detection of AVG stenosis, the cumulative graft
survival was similar (median survival, 38 vs. 37 months for the DU
and control groups, respectively; P = 0.93). The thrombosis rates
also did not differ (0.67 vs. 0.78/patient–year in DU and control
groups, respectively; P = 0.37). As with the surveillance studies
(Table 42.1), the largely negative results of these trials raise ques-
tions on the efficacy of angioplasty to correct the underlying steno-
sis. However the only study to use surgery also failed to demon-
strate any conclusive benefit [34] from DU-based surveillance.

Other screening techniques: RCTs
Numerous other techniques have been advocated, including physi-
cal examination and the measurement of access recirculation (AR),
dynamic, and/or static venous pressures. Physical examination
of the access plays an important role, and some have suggested
that this element has been largely ignored [41,42]. Physical find-
ings suggesting a significant venous stenosis include edema of the

access extremity, prolonged bleeding postvenipuncture, and
changes in the physical characteristics of the pulse or thrill.

AR resulting in reduced dialysis efficiency occurs when the dia-
lyzed blood, returning via the venous needle of the extracorporeal
circuit, is taken up again through the arterial needle, bypassing
the systemic circulation. It occurs, within the AVG or AVF, when
Qa is less than the dialyzer blood flow (Qb) [43]. Thus, the pres-
ence of AR signifies a reduced Qa resulting from the presence
of a hemodynamically significant stenosis. The clinical usefulness
of AR measurements in AVG surveillance is limited because the
risk of thrombosis in AVG is high once Qa is reduced to 500–800
mL/min, a range of blood flow which is too high to cause AR
[3]. Unlike AVG, AVF blood flow can be decreased to below pre-
scribed dialyzer blood flow and still maintain patency. Thus, the
measurement of AR can be a useful tool to detect AVF stenosis,
although there have been no RCTs performed to date to evaluate
this approach. The measurement of AR using saline dilution failed
to detect a significant number of patients with documented low
AVF blood flow and thus does not indicate any extra benefit to Qa
monitoring [14,44,45].

Pressure within AVGs and AVFs can be considered as a surrogate
of blood flow, but the relationship between pressure and flow dif-
fers between them (reviewed in reference 46). Pressure is measured
either at the venous drip chamber during dialysis (DVP) or with
the blood pump stopped (SVP). The standardized methods for
measuring both DVP and SVP are outlined in the latest National
Kidney Foundation Kidney Disease Outcomes Quality Initiative
(K/DOQI) guidelines [3]. Schwab et al. [47] first described an as-
sociation between raised DVP and the presence of AVG stenosis at
the venous anastomosis and subsequently developed a screening
and monitoring protocol [48]. Serial measurements should be per-
formed with the trend being more important than single values,
remembering that any lesions within the body of an AVG will not
be detected if proximal to the venous needle [45]. Given the prob-
lems associated with measuring venous drip chamber pressure;
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Besarab et al. suggested the measurement of intra-access pressure
[45,49]. While they demonstrated a reduction in the thrombosis
rate using historical controls [49], at present no RCT of either dy-
namic or intra-access pressure measurements in AVG or AVF has
been performed. An RCT of SVP monitoring versus clinical evi-
dence of access dysfunction in AVG [50] showed screening using
SVP with angioplasty did not prolong AVG survival, with a trend to
a poorer outcome in the SVP group (hazard ratio [HR], 1.75, 95%
confidence interval [CI], 0.80–3.83; P = 0.16). After adjustment
for gender, diabetes, PVD, and access location, the SVP group had
a significantly greater risk of access abandonment (HR, 2.91; 95%
CI, 1.17–7.20; P = 0.02) despite a significantly higher interven-
tion rate. While venous pressure monitoring is widely practiced,
the evidence that the detection and treatment of a significant steno-
sis in AVG prolongs graft survival is of poor quality and requires
further study. Since the presence of collaterals prevents the rise in
venous pressure consequent to a reduction in Qa due to a stenosis,
K/DOQI has not recommended DVP to detect significant stenoses
in AVF [3]. Furthermore, normalized venous segment pressures
do not correlate with the presence of significant AVF stenosis [45].

Pharmacological approaches to preventing AVF
and AVG failure: RCTs

The use of antiplatelet or anticoagulant agents or other drugs to
prevent AVF and AVG failure was first discussed in 1967 [51],

with a number of studies performed from the mid-1970s using
antiplatelet agents [52–55]. Subsequently, with the increased mor-
bidity associated with AVG thrombosis, a number of larger RCTs
have recently been performed [56–58]. In addition there are at least
two large multicenter studies under way, one with clopidogrel in
AVF [59] and one using dipyridamole plus aspirin in AVG [60].

Nine RCTs have been performed, with the majority of the stud-
ies using antiplatelet agents [52–56,61] (Table 42.3). One study
assessed low-dose warfarin [57] and one evaluated fish oil [58].
In addition, a Cochrane systematic review was published in 2003
[62] that included studies published up to October 2002.

All four RCTs for AVF have assessed the effect of aspirin or
ticlopidine on early AVF failure (at 1 month) [52,54,55,61]. One
of the study end points was AVF patency rather than its successful
use for dialysis. Two of the three smaller studies demonstrated a
significant reduction in thrombosis rates in the treatment group
[52,55]. However, a subsequent larger study, underpowered due
to slow recruitment and a lower-than-expected event rate, failed
to confirm this [61].

Four studies assessed thrombosis in AVG at different follow-up
times [56–58,63]. Sreedhara et al. [63] compared aspirin alone,
dipyridamole alone, and dipyridamole plus aspirin with placebo
in AVG. Thrombosis rates in the dipyridamole group were signifi-
cantly lower compared with placebo, while aspirin was associated
with a nonsignificant increased thrombosis rate. The combina-
tion of aspirin and dipyridamole gave a nonsignificant reduction
compared with placebo. The study comparing the combination of

Table 42.3 RCTs of pharmacotherapy for vascular access thrombosis.

Access No. of Outcome, Result
Study [reference] type patients Intervention Control Blinding ITT follow-up (treatment vs. placebo)

Andrassay 1974 [52] AVF 92 Aspirin, 500 mg Placebo Double NS Thrombosis, 1 mo OR 0.15 (0.03–0.73)a

Kobayashi 1980 [53] AVG/shunt 107 Ticlopidine, 200 mg bid Placebo Double NS Thrombosis, 3 mos ↓Thrombectomy***

Fiskerstrand 1985 [54] AVF 18 Ticlopidine 250 mg bid Placebo Double No Thrombosis, 1 mo OR 0.40 (0.05–3.42)a

Grontoft 1985 [55] AVF 36 Ticlopidine 250 mg bid Placebo Double Yes Thrombosis, 1 mo OR 0.13 (0.02–0.76)a

Dipyridamole 75 mg tds Placebo Double NS Thrombosis, 18 mos 21 vs. 42%*c,d

Sreedhara 1994[63] AVGb 84 Aspirin 325 od Placebo 80 vs. 42%c,e

Dipyridamole + Aspirin Placebo 25 vs. 42%c,f

Grontoft 1998 [61] AVF 261 Ticlopidine 250 mg bid Placebo Double Yes Thrombosis, 1 mo OR 0.60 (0.30–1.18)a

Schmitz 2002[58] AVG 24 Fish Oil 4000 mg Placebo Double Yes Thrombosis, 12 mos 24.4% vs. 85.1%***

Crowther 2002[57] AVG 107 Warfarin (INR 1.4–1.9) Placebo Double Yes Thrombosis, 24 mos HR1.76 (0.72–4.34)

Kaufman 2003g [56] AVG 200 Clopidogrel + Aspirin Placebo Double Yes Thrombosis, 7 mos HR 0.81 (0.47–1.40)

Abbreviations: ITT, intention-to-treat analysis; NS, not stated; bid, twice a day; tds, XX; od, once a day.
Symbols: ***, P < 0.05.
a Results taken from the systematic review by Da Silva et al. 2003 [62].
b New AVG only.
c Cumulative thrombosis rates at 18 months.
d RR, 0.35 (CI, 0.15–0.80).
e RR, 1.99 (CI, 0.88–4.48).
f RR for this comparison was not given in the paper.
g This study was stopped early during recruitment due to adverse effects (see text).
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aspirin and clopidogrel with placebo was stopped early due to a
twofold increase in the incidence of bleeding events in the treat-
ment group [56]. Overall there was no difference between the two
groups in terms of thrombosis rates (HR, 0.81; 95% CI, 0.47–1.40;
P = 0.41). Thus, at present the evidence that antiplatelet agents
prevent thrombosis in AVG is weak, and the combination of agents
may cause harm with increased bleeding risks.

The use of low-dose warfarin (international normalized ratio
[INR], 1.4–1.9) compared with placebo was addressed in a well-
designed study with blinding of both patients and physicians by us-
ing central warfarin monitoring and sham INR values [57]. Treat-
ment with warfarin did not reduce the thrombosis rate; rather,
there was a nonsignificant increase in thrombosis rate (HR, 1.76;
95% CI, 0.72–4.34; P = 0.21). In addition six major bleeding
events occurred in the warfarin group compared with none in the
placebo group (P = 0.03). Finally, Schmitz et al. [58] performed a
small RCT assessing fish oil (80% �-3 fatty acid ethyl esters) versus
a control oil (corn oil). Fish oil produced a significant reduction
in the thrombosis rate, 24.4 versus 85.1% in the control group at 1
year (P < 0.05). Given the small sample size, a confirmatory trial

with a larger sample size is needed to confirm not just the efficacy
but also the safety of this treatment before fish oil treatment can
be recommended.

Preventing cuffed CRB: RCTs

With the increasing use of cuffed CVC, the prevention of compli-
cations related to their use has become a major focus [64]. Com-
mencement of dialysis with a CVC is associated with a higher risk
of infectious and all-cause mortality [9], and different strategies to
prevent CRB have been the subject of a number of RCTs in the last
5 years. Here I will focus solely on RCTs primarily assessing inter-
ventions aimed at reducing cuffed (tunneled) CRB, given that they
are the predominant CVC used in chronic hemodialysis patients.

Such trials can be divided into two broad groups; those where
the intervention is administered at the exit site to reduce skin
bacteria and subsequent catheter colonization, and those where
antibiotic catheter lock solutions are instilled to limit the formation

Table 42.4 RCTs of prophylaxis of cuffed (tunneled) CRB in hemodialysis patients.

Prophylaxis group No. of Result
and study [reference] patients Intervention Control Blinding ITT Follow-upa (treatment vs. control)b

Silver-coated catheters
Trerotola 1998 [65] 92 Silver catheter Normal catheter No No 92 1.8 vs. 1.1

Lock solutions
Dogra 2002 [71] 108 Gentamicin/citrate Heparin Double Yes 40 0.3 vs. 4.2**
Pervez 2002 [72] 55 Gentamicin/citrate Heparin No NS NSd 0.62 vs. 2.11

Sterile Hub bag Heparin No NS 3.05 vs. 2.11

McIntyre 2004 [68] 50 Gentamicin/heparin Heparin No Yes 120 0.3 vs. 4.0*
Betjes 2004c [66] 76 Citrate/taurolidine Heparin No NS 0 vs. 2.1*
Bleyer 2005c [67] 60 Monocycline-EDTA Heparin Double Yes 78 8.3% vs. 0%e

Weijmer 2005c [70] 291 Trisodium citrate Heparin Double Yes NSf 1.1 vs. 4.1***
Saxena 2006 [69] 119 Cefotaxime/heparin Heparin Double Yes NSg 1.67 vs. 3.60**
Nori 2006 [73] 62 Minocycline-EDTA Heparin No Yes NSh 0.4 vs. 4*

Gentamicin/tricitrate Heparin No Yes 0 vs. 4**

Exit site ointment
Johnson 2002 [77] 50 Mupirocin No mupirocin No Yes NS 1.6 vs. 10.5**
Lok 2003 [76] 169 Polysporin Placebo Double Yes NSi 0.63 vs. 2.48***
Johnson 2005 [78]. 101 Honey Mupirocin No Yes 95 0.97 vs. 0.85

Abbreviations: EDTA, ethylenediaminetetraacetic acid; NS, not stated; ITT, intention-to-treat analysis.
a Median or mean catheter days
b Rates of CRB/1000 catheter days. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
c Study included both cuffed and uncuffed catheters.
d Total of 4805 catheter days analyzed.
e Rates not stated.
f Total of 16,547 catheter days analyzed.
g Total of 43,435 catheter days analyzed.
h Total of 6189 catheter days analyzed.
i Overall follow-up was 6 months.
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of a biofilm, which can act as a nidus for CRB. In addition, one
study compared silver-coated CVC to standard CVC and did not
demonstrate any benefit [65].

All eight studies of catheter lock solutions [66–73] demonstrated
a reduction in CRB; although the reduction was not statistically
significant in two studies [67,72]. Two other studies demonstrated
a significantly lower CRB-related mortality in the antibiotic lock
group [69,70]. There are, however, concerns regarding gentamicin-
induced ototoxicity [71], the use of high-dose citrate potentially
causing fatal arrhythmias [74], and the emergence of antibiotic
resistance [75]. Therefore, the optimal antibiotic lock solution has
yet to be determined [75].

Three studies have investigated the use of exit site ointment
on CRB; two compared an antibiotic ointment to placebo or no
ointment [76,77], and a third compared mupirocin with honey
[78] (Table 42.4). Both mupirocin [77] and polysorin ointment
[76] significantly reduced the incidence of CRB compared with
placebo or no treatment although in the mupirocin study the CRB
rate in the control group was unusually high. Johnson et al. then
compared honey with mupirocin [78], given the concerns regard-
ing the emergence of mupirocin resistance [79]. This novel study
did not demonstrate any difference in CRB rates between the two
interventions, but the study was small. The use of honey would
avoid the emergence of antibiotic resistance and is worth further
investigation. Whether antibiotic lock solutions are more effective
than exit site ointment is currently unknown; the rates of CRB seem
similar across the studies, but no RCT has compared them directly.

Conclusions

The establishment and maintenance of vascular access for
hemodialysis are major components in the treatment of end-stage
renal disease patients. An AVF is the first-choice vascular access
for hemodialysis, and attempts to increase the prevalence of AVF
have been a major focus of care [2–4]. In addition a large number
of recent RCTs have assessing different strategies aimed at main-
taining vascular access survival. Further large trials are needed to
assess possible cost and benefits of access surveillance and phar-
macological interventions to prevent access thrombosis, especially
in patients with AVF. Catheters will continue to have a role, and
further studies are needed to determine the most effective and safe
methods of preventing CRB.
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Introduction

Patients with end-stage renal dysfunction (chronic kidney disease
[CKD] stage 5) will need replacement of their failed kidney func-
tion to maintain homeostasis and remain alive.

This renal replacement therapy (RRT) has to comply with some
basic objectives: 1) prolong the survival of the patient as much as
possible; 2) improve the quality of life (QoL) of the patient as much
as possible; 3) be affordable for all patients and societies. There are
three major RRT modalities that can be offered to the patient with
CKD stage 5: peritoneal dialysis (PD), hemodialysis (HD), and
transplantation. Maximal conservative treatment should also be
considered, especially in the elderly or in severely disabled patients.

A recent Cochrane review [1] demonstrated the lack of strong
evidence to support preferences of one dialysis modality (PD vs.
HD) over the other. This review suggested that a randomized con-
trolled trial (RCT) should be performed on this topic. Until now,
only one RCT to compare outcomes between HD and PD patients
has been conducted [2], but it was terminated prematurely be-
cause of problems with patient recruitment, showing that such
a randomized trial is not feasible in clinical practice. In addition,
there is evidence indicating that a succession of modalities in a flow
chart model rather than a “conflictive” (one vs. the other) model
should be the preferred methodology to describe and analyze RRT
modalities and their outcomes [3]. Indeed, instead of consider-
ing HD and PD as competitive methods, it makes more sense to
consider them as synergetic methods, in view of the probabilities
of technique failure of both modalities [4]. This view holds true
for transplantation also, as a transplant kidney will not be imme-
diately available for everybody, thereby necessitating a period on
either PD or HD. Technique failure is also a common outcome of
transplantation, resulting in patients having to switch back to PD
or HD. This model of integrated care (Figure 43.1), in which pa-

tients are offered the three different modalities in a predefined way,
according to the needs of the moment, is therefore suggested as
the optimal model to maximize survival of patients with end-stage
renal disease (ESRD) [5].

Factors driving modality selection

It is clear that modality selection is driven by both medical and
nonmedical factors.

Nonmedical factors
Nonmedical factors are far more important in the decision making
process for RRT modality selection than previously thought [6–
8]. Some important nonmedical factors are the referral pattern
of the patient [9,10], the patient education process [11,12], the
reimbursement of the different modalities [13,14], and experience
of the treating team with PD [8,15].

All epidemiological studies have unequivocally demonstrated
that patients who have been referred to a nephrology center less
than 3 months before start of RRT are unlikely to start with PD [9].
Some studies indicate that merely “early” referral is not enough
to increase the likelihood of patients starting on PD but that a
structured education program about the different RRT modali-
ties is necessary [16–20]. This type of pre-ESRD education has a
beneficial impact on the overall outcome for the patient, both for
life expectancy and QoL. PD patients are more likely to be trans-
planted in the first year of RRT, which is probably also related to
their better preparation [20,21].

There is evidence that it is less costly to treat a patient on PD,
compared with HD, even when transfers from PD to HD have been
included [22]. HD has a greater labor and “hardware” cost, com-
pared to PD, whereas the biggest costs for PD are the disposable
materials [14]. PD also has some hidden economical advantages:
no need for patient transport, reduced erythropoetin requirement
[23], and fewer investigations, especially for biochemistry and ra-
diology. Given these data, as expected, PD is used more frequently
than HD in otherwise-comparable situations and countries with a

471

Evidence-Based Nephrology. Edited by D. A. Molony and J. C. Craig.

© 2009 Blackwell Publishing Ltd.  ISBN: 978-1-405-13975-5



BLBK043-Molony September 20, 2008 19:37

Part 7 Chronic Kidney Disease Stage 5: Peritoneal Dialysis

Time on Dialysis

Initiation of Dialysis

PD

Residual
Renal

Function

Peritoneal Dialysis

0

10

15

20

5

Transplant

Hemodialysis

C
re

at
in

in
e 

C
le

ar
an

ce
 (

m
l/m

in
)

Figure 43.1 Schematic representation of the integrated care
concept. Patients with a GFR below a certain threshold should
be timely informed about the different treatment options for
renal replacement therapy (PD, HD, and TX), taking into account
eventual medical contraindications. As a patient’s residual renal
function declines, renal replacement therapy is started at a level
where there is beginning to be uremic damage (e.g. decline of
nutritional parameters, incipient fluid overload, etc). Eventual
transfers between modalities are planned in function of
development of eventual side effects of these modalities.

public-based versus a private-based organization of ESRD health
care [24].

Medical factors
Patient survival
Modality choice should be based on relative survival. As transplan-
tation is not an option for many patients, most studies have tried

to compare HD and PD as opposite modalities (Table 43.1). There
are major differences in statistical and epidemiological approaches
in these studies, resulting in apparently conflicting results [25,26].
Some studies evaluated “modality survival,” the survival on one
single modality with patients being censored at their transfer to
another modality. Other studies have used an intention-to-treat
principle, where patients were assigned to the modality they started

Table 43.1 Overview of studies comparing outcomes on PD and HD since 1995.

Prevalent Modality Intention-to- No. of No. of Patient
Reference patients survival treat survival HD patients PD patients category

[90] No No Yes 767 274 All
[91] All
[47] No No Yes All
[92] All
[46] No Yes Yes All
[45] No Yes Yes 4568 2443 All
[85] All
[69] No Yes Yes 93,900 14,022 Congestive heart failure
[93] No Yes Yes 117,213 17,514 Large patients
[41] No Yes Yes 132 167 Single center
[5] No Yes Yes 223 194 Single center
[94] Yes Yes No All
[85] No Yes Yes 5190 647 Pretransplant
[86] No Yes Yes Pretransplant
[88] No Yes Yes 39 21 Failed transplant
[68] No Yes Yes Coronary heart disease
[32] No Yes Yes Pretransplant
[37] Yes Yes Yes 96 78 Elderly
[45] No Yes Yes 1271 598 All
[2] No Yes Yes 18 20 Prospective, randomized trial
[54] No Yes Yes 2772 1292 All
[95] No Yes Yes 411 411 All
[96] No Yes Yes 742 480 All
[27] No Yes Yes All
[79] No Yes Yes Elderly
[78] Yes Yes Yes Elderly
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RRT on, even if they transferred to another modality. Large dif-
ferences in outcome and interpretation might also arise with the
choice to select prevalent (patients already on RRT) or incident
(only patients starting newly on RRT) patients, or a mixture [27].
All these studies are confounded by differences in patient mix,
differences in experience with one of the two modalities, and dif-
ferences in technique survival of the two modalities. The difference
in technique survival is especially important, as most patients on
PD will be transferred to HD during the course of their treatment,
or they will be transplanted. Therefore, the question should not be
which single RRT modality should be used but which flow chart
or succession of RRT modalities will result in the most optimal
patient survival: the integrated care approach [5].

There are several theoretical arguments why PD should be a
good modality to start RRT: preservation of residual renal func-
tion [28,29], avoidance of blood-borne infections [30], better out-
come after transplantation [31–35], lower cost [22], and better
QoL [2,36,37]. However, with time there might be deterioration
of the peritoneal membrane [38] and of residual renal function
[39], making adequate PD more difficult and leading to technique
failure. In the landmark paper on integrated care, it had already
been reported that patients who were maintained on PD too long
had a worse survival than those transferred in a timely manner
onto HD. Other studies have found an increased mortality in the
year after transfer from PD to HD [40,41], a sign that these patients
have probably been maintained too long on PD. A timely transfer
should be encouraged in such circumstances. In contrast, other
patients can be maintained on PD for years, without any change
in peritoneal membrane function [42,43]. Differences in genetic
makeup [44] and comorbidities probably play an important role
in the rate of decline of the peritoneal membrane.

There is also compelling clinical and epidemiological evidence
that PD has advantages as the first RRT modality [45–47]. The
single randomized trial of PD and HD suggested that PD may
have improved survival compared with HD [2]. Evidence coming
from large registries and other observational studies also supports
the idea that survival is optimized by starting patients on PD and
transferring them to HD (Table 43.1).

Quality of life and socio-economical considerations
QoL is an important, but sometimes neglected, issue in RRT. De-
pression, detected by a simple question on the mood of the patient,
was the single best predictor of outcome on RRT [48]. Comparison
of QoL with different treatments is difficult, especially in a het-
erogeneous population like the ESRD population, where different
comorbid conditions might have a larger impact on the QoL than
the RRT modality per se. Generally, most studies show that QoL is
better in PD than in HD patients, certainly in the first year of treat-
ment [49]. Some authors found no difference in QoL between the
modalities after 1 year, but that may have occurred if lower QoL
domains were falsely attributed to comorbid conditions such as
anemia when they should have been more properly considered an
effect of the modality itself [50]. Several studies have pointed to a
higher employment rate in PD patients [51,52], but this might be

attributable to the differences in case mix. There appears to be a
beneficial effect of patient education programs [49] on QoL and
patient satisfaction, and some advocate that the higher QoL and
satisfaction in PD patients is attributable to this better education
rather than the modality. It is conceivable, but data are lacking,
that the sense of self-determinism felt by PD patients and having
their treatment under their control invokes positive feelings early,
but that the constant strain that this responsibility brings, and
the increasing complexity of the exchange schedule with declining
residual renal function, ultimately leads to burnout.

PD in special patient groups

Diabetics
The outcome for diabetic patients with ESRD is severely com-
promised by the presence of multiple comorbidities leading to in-
creased cardiovascular risk. Diabetic ESRD patients have mortality
rates twice that of nondiabetic patients. Comparisons of outcomes
of diabetic patients on HD versus PD are conflicting. In the USA,
the PD/HD death rate varies with age and gender [53]. For male
patients, there is no difference in outcome between PD and HD.
For patients younger than 50 years, there is a definite survival ad-
vantage with PD. For female patients older than 50 years, there is
an increased mortality risk on PD. In Europe and Canada, in con-
trast, outcomes of PD and HD patients with diabetes appear to be
comparable [47,54]. There is thus no clear reason to withhold PD
from diabetic patients, with the exception of older, female diabetic
patients.

Anuric patients
Because of the importance of residual renal function (RRF) on
survival of PD patients, the use of PD in anuric patients has been
discouraged [55]. However, RRF is also an important predictor of
outcome in HD patients. Due to the intermittent character of HD
treatment, the absence of RRF might be even more dangerous if
dietary restrictions are discarded, as suggested by higher mortality
in HD patients after a weekend [56,57]. Meanwhile, several large
studies have demonstrated that PD in anuric patients is feasible
[58,59] and leads to acceptable outcomes. However, to our knowl-
edge, no comparative trials of PD versus HD for anuric patients
are available.

It is uncertain whether adequacy standards are achievable in
anuric patients, especially those with a higher body mass [58].
Ademex and EAPOS confirm that small-solute clearance is not an
important predictor of outcome [58,60]. In EAPOS, ultrafiltration
of more than 750 mL/day and nutritional status were related to
survival [58]. Therefore, if patients do well clinically on PD and
maintain a good nutritional and volume status, there should be
no reason to transfer them to HD if they become anuric. Vigi-
lance for overhydration, uremic symptoms, and deterioration of
nutritional status should be high in these patients. Because of the
importance of maintaining volume status and minimizing glucose
load, icodextrin should be used in anuric patients [61,62].

473



BLBK043-Molony September 20, 2008 19:37

Part 7 Chronic Kidney Disease Stage 5: Peritoneal Dialysis

Cardiac patients
Given that uremia is a risk factor for cardiovascular disease [63],
there is no evidence that PD provokes more de novo heart disease
than HD [54]. The emergence of hypertension and left ventricular
hypertrophy in PD patients is related to their capacity to maintain
an optimal fluid status, i.e. to their residual renal function [64]
and their ultrafiltration capacity, although some recent studies
have found that the prevalence of left ventricular hypertrophy in
ESRD might be overestimated [65]. The use of icodextrin is a useful
tool to help maintain adequate ultrafiltration, especially in patients
with a more permeable membrane (fast transporters) [61,62], but
dietary sodium restriction should also be emphasized, in view of
its substantial impact on outcome [66,67].

In patients with preexisting coronary heart disease, it has been
suggested that there is a higher mortality on PD than HD [68].
In patients with preexisting congestive heart failure, a poorer out-
come was reported for PD than HD patients in one study [69],
although another study on the same study population found a
higher incidence of de novo heart failure in HD patients [70].
Both these studies were large but were retrospective and nonran-
domized. As recently reviewed, these studies have some particular
sources of bias which mean that the results cannot be generalized
[71]. In short, there was a large difference in experience with HD
and PD, with about 90% of patients being treated by HD. In ad-
dition, the exclusion of patients who died in the first 3 months of
treatment biased in favor of HD. Also, both studies only evaluated
US Renal Data System (USRDS) PD patients, who had no op-
portunity to be treated with icodextrin, which could have had an
impact on mortality, especially in the patients with congestive heart
failure.

In some single-center nonrandomized studies in patients with
congestive heart failure, PD has been shown to have a beneficial
effect on hospitalization, functional status, and QoL compared to
medical treatment alone [72–76]. There is not a higher incidence
of stroke between HD and PD patients when there is adjustment
for cardiovascular risk factors and blood pressure control [77].

Elderly
Globally, the ESRD population is growing exponentially, and a
majority of this increase is among elderly patients. PD has some
advantages in these frail patients, such as the continuous, more
stable nature of the treatment, in contrast with the fluctuating
effects of HD, and home-based care. In addition, the metabolism
and muscle mass of older patients is generally low, so that lower fill
volumes and/or reduced numbers of exchanges are often sufficient
to obtain efficient clearance. Outcome studies of PD in the elderly
report acceptable results, comparable with those obtained with HD
[17,78], although in the USA a higher mortality has been reported
on PD [79].

Some elderly patients are not capable of self-treatment, and so
PD may require intensive home-based nursing [80]. Others may
prefer the social contact of the dialysis unit and its nursing staff
and fellow patients and so opt for HD.

Large or heavy patients
Because of the caloric load inherent in glucose-based PD solu-
tions and the difficulty of achieving standard adequacy measures of
small-solute clearance in large or heavy patients, PD has been dis-
couraged in overweight and obese patients. A large observational
study [81] found that overweight patients were less likely to start
on PD, but if they did, their survival was superior to their smaller
counterparts. Abbott et al. [82] could not confirm a survival advan-
tage for heavier patients in their analysis, although there probably
was some overlap in the populations between the two studies. A
large Australian observational study [83] found an increased mor-
tality risk in overweight patients. All these studies are hampered by
the lack of a reliable definition of “overweight,” as body mass index
(BMI) does not discriminate between fat and muscle mass, which
have opposite effects on outcomes [84]. This is suggested because
of the observation that BMI is positively related to outcome in
African Americans (who had a higher muscle mass as the cause
of their higher body mass) and negatively related to outcome in
females (in whom body mass was mostly increased because of an
increase in body fat content). As a general rule, in large, muscular
patients where the BMI is mainly fat-free body mass, there is no
contraindication for PD. In patients with a high BMI and a high fat
mass, data are conflicting. In patients with a large abdominal girth,
the abdominal fat mass precludes the use of large intraperitoneal
volumes and the choice of PD should probably be discouraged
[84].

PD before transplantation and in failed
transplant patients
Failed kidney transplantation is one of the increasingly common
reasons to start RRT. Assuming the integrated care concept, the
impact of the pretransplant RRT modality on the longevity of
transplant and patient survival should be considered, as well as
whether PD is a suitable modality after transplantation. Here again,
available data are from registries and single-center case series, as
no RCTs are available.

It was previously thought that PD might have some detrimental
impact on transplant survival, but it is now clear that transplant
and patient survival after renal transplantation are at least equal
to [85,86] or even better [31,32,34] in patients transferring from
PD compared with HD. There is no reason why PD should not be
started in patients on the waiting list for kidney transplantation.

For the question of whether PD is a suitable therapy after failed
transplant, the evidence is even more scarce. From the Australian–
New Zealand Registry [87], it is apparent that the survival in new
patients starting on PD is comparable to those who start PD af-
ter a failed transplant. Some single-center studies [88,89] have
shown that survival of patients with failed kidney transplant might
be comparable on HD and PD. For the important question of
whether it is better to maintain immunosuppression, to preserve
RRF as long as possible, or to withdraw it, to avoid infections and
other complications, there is no evidence and a randomized trial is
warranted.
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In conclusion, there is no evidence that PD cannot be advocated
in specific patient groups, such as diabetic patients, anuric patients,
cardiovascularly compromised patients, patients with failed trans-
plants, or large patients. The evidence seems to indicate that the
quality of care and the experience of the center are more impor-
tant in the determination of outcome than the modality choice by
itself.
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Introduction

The ideal method for assessing the adequacy of peritoneal dialysis
(PD) has yet to be determined. Early studies attempting to quan-
tify dialysis dose in hemodialysis patients used urea as a putative
low-molecular-weight uremic toxin, eventually leading to the es-
tablishment of Kt/Vurea as a useful proxy for small solute clearance
[1,2]. This term, Kt/Vurea, factored in several important parame-
ters, including clearance of urea (K), time on dialysis (t), and the
urea distribution volume, or total body water (V). At approxi-
mately the same time as the studies on Kt/Vurea were emerging in
the hemodialysis literature, there was a relative paucity of data on
quantification of dose of PD, with only one group addressing ki-
netic modeling of peritoneal transport [3,4]. The data on Kt/Vurea

in hemodialysis were therefore extrapolated to PD, with the addi-
tion of creatinine clearance (CrCl) as an additional proxy. While
the current approach to PD adequacy hinges on these measures of
small solute clearance, little attention has been paid to clearance
of higher-molecular-weight uremic toxins, the so-called middle
molecules.

Investigations of the impact of PD dose have largely focused on
patient survival, but they have also looked at several other out-
comes, including technique survival, hospitalization, nutritional
status, and quality of life. In this chapter, we will focus on the
existing evidence with respect to the impact of peritoneal solute
clearance and residual renal function (RRF) on patient survival,
as well as evidence for the targets that are currently in use. We will
also discuss strategies to optimize peritoneal solute clearance and
preserve RRF, providing evidence when available.

Assessment of small solute clearance

Our understanding of the impact of small solute clearance on pa-
tient survival in PD has evolved over time. Early studies suggested

a beneficial effect of small solute clearance as assessed by Kt/Vurea

and CrCl on survival. The largest of these early studies was the
CANUSA study, which evaluated the association between ade-
quacy of PD and patient survival among 680 incident continuous
ambulatory peritoneal dialysis (CAPD) patients over 2 years [5].
In this study, total (renal and peritoneal) small solute clearance was
found to be an independent predictor of patient survival. Based
on a fitted model, there was a 5% decrement in expected patient
survival for every 0.1 decrease in total weekly Kt/Vurea for values
between 1.5 and 2.3 and a 7% decrement in expected survival for
every 5 L/week/1.73 m2 decrease in CrCl. The assumption was
that peritoneal and renal contributions to small solute clearance
were equal and therefore additive. Improved patient survival with
higher clearance was also noted in a 3-year prospective study of
68 CAPD patients reported by Maiorca et al. [6]. In that study,
a weekly total Kt/Vurea of >1.96 was an independent predictor
of better patient survival. In a retrospective study by Genestier et
al., 201 incident CAPD patients were divided into three groups
according to achieved Kt/Vurea, either <1.7, 1.7–2.2, or >2.2 [7].
After a mean of 2 years, a Kt/Vurea of <1.7 was independently pre-
dictive of a higher mortality, with a relative risk (RR) of 1.69. Four
additional studies, using univariate models, reported improved
survival with weekly Kt/Vurea values of at least 1.5, 1.89, 2.0, and
2.0 [8–11].

Based on these data, in 1997, the Kidney Disease Outcomes
Quality Initiative (K/DOQI) of the National Kidney Foundation
in the USA published guidelines for clearance targets [12]. The
guidelines suggested that for CAPD patients, the delivered PD dose
should be a total Kt/Vurea of at least 2.0 per week and a total CrCl of
at least 60 L/week/1.73 m2. Recognizing that this CrCl target was
difficult to achieve in patients with slow peritoneal transport status
in the absence of RRF, in 1999 the Canadian Society of Nephrology
suggested that two CrCl targets be provided, depending on the pa-
tient’s peritoneal membrane characteristics [13]. Specifically, the
CrCl target remained 60 L/week/1.73 m2in high and high-average
transporters but was lowered to 50 L/wk/1.73 m2 in low and low-
average transporters. This recommendation was later adopted in
the 2000 iteration of the K/DOQI guidelines [14]. In patients on
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automated PD (APD), although no data were available relating
delivered dose of dialysis to patient outcomes, the guidelines rec-
ommended slightly higher targets based on the more intermit-
tent nature of APD. For continuous cycling peritoneal dialysis
(CCPD), the predominant form of APD, the suggested delivered
dose was a total Kt/Vurea of at least 2.1 and a total CrCl of at least
63 L/week/1.73 m2. For nocturnal intermittent peritoneal dialysis
(NIPD), the suggested delivered PD dose was a total Kt/Vurea of
at least 2.2 and a total CrCl of at least 66 L/week/1.73 m2.

Since the initial studies on which the 1997 and 2000 K/DOQI
guidelines were based, several new and important studies have
led to the reevaluation of the impact of small solute clearance on
outcomes. In 2002, the ADEMEX trial was published [15], repre-
senting the largest randomized controlled study published in the
PD literature. Its purpose was to assess the effect of small solute
clearance on survival. In this study, 965 incident and prevalent
PD patients were randomized to a standard CAPD regimen of
2-L exchanges four times daily or a modified dialysis prescription
to achieve a peritoneal CrCl of >60 L/week/1.73 m2. In order to
achieve this, individual dwell volumes were increased, followed
by the addition of a fifth dwell if the target was not reached by 2
months. Patients were followed for a minimum of 2 years, with a
primary end point of death. The mean age of patients enrolled was
approximately 47 years, with an incidence of preexisting ischemic
heart disease that was low in both groups (<5%) and not different
between the two. Whereas the intervention group had significantly
higher peritoneal Kt/Vurea (2.13 vs. 1.62) and peritoneal CrCl (57
vs. 46 L/week/1.73 m2) than the control group, there was no dif-
ference in patient survival (69.3% vs. 68.3% at 2 years). The major
cause of death in both groups was ischemic heart disease. In the
control group, a higher death rate due to congestive heart fail-
ure and a combination of uremia, hyperkalemia, and acidosis was
reported. It should be noted that hyperkalemia and acidosis are
complications that rarely occur in PD patients, and it is especially
rare to be severe enough to cause death. Because a composite end
point of death due to uremia/hyperkalemia/acidosis was used, it is
possible that uremia accounted for the majority of the difference
between the groups. It is also reported that more patients in the
control group withdrew from the study because of uremia. Un-
fortunately, uremia was not specifically defined, and because the
study was not blinded, this may have introduced a significant bias.
Knowing which patients were receiving a lower dialysis dose may
have led physicians to attribute nonspecific symptoms or death in
the control group to uremia. With regard to the higher mortality
related to congestive heart failure in the control group, this is not
necessarily attributable to underdialysis. Rather, it can be explained
by a difference in ultrafiltration attributable to the use of an addi-
tional exchange in 22% of patients in the intervention group. In
fact, the intervention group had approximately 100 mL/day more
ultrafiltration on average than the control group. In contrast to
peritoneal clearance in this study, renal Kt/Vurea and renal CrCl
did emerge as predictors of improved outcome, with an RR of 0.89
per 10-L/week/1.73 m2 increase in CrCl and 0.94 per 0.1 increase
in Kt/Vurea.

A second randomized, controlled trial by Lo et al. confirmed the
lack of survival benefit with increased peritoneal clearance [16].
In this study, 320 incident CAPD patients were randomly assigned
to one of three groups: Kt/Vurea of 1.5–1.7, 1.7–2.0, or >2.0, and
followed over 2 years. Patients with an initial renal Kt/Vurea of
>1.0 were excluded. Renal Kt/Vurea in the study patients was not
significantly different between the groups, so that the difference in
Kt/Vurea was accounted for by differences in peritoneal clearance.
Overall 2-year patient survival was 84.9%. After adjustment for
age and diabetes, total Kt/Vurea did not affect survival in patients
with Kt/Vurea of >2.0 versus 1.7–2.0, although there was a trend
toward better survival in patients with Kt/Vurea of 1.7–2.0 versus
1.5–1.7 (P = 0.054).

Several observational studies have supported the findings from
these randomized trials. The largest study was by Diaz-Buxo et al.,
who retrospectively analyzed a cohort of 1603 prevalent PD pa-
tients for factors associated with a higher mortality over 1 year
[17]. Although RRF was strongly correlated with patient survival,
peritoneal clearance was not. Rocco et al. performed a prospec-
tive study in which a cohort of 873 prevalent PD patients fol-
lowed for 7 months [18]. Again, while the peritoneal clearance
achieved was not predictive of outcome, residual renal CrCl and
renal Kt/Vurea were associated with improved patient survival. A
subsequent reanalysis of the CANUSA data, focusing on the rel-
ative contributions of renal and peritoneal clearances, provided
further supportive data for the impact of RRF on survival [19].
For each 5-L/week/1.73 m2 increase in renal CrCl there was a 12%
decrease in the RR of death. Furthermore, each 250-mL incre-
ment in urine volume was associated with a 36% decrease in the
RR of death. Neither peritoneal CrCl nor peritoneal ultrafiltration
was associated with patient survival. Several other prospective [20–
22] and retrospective [23–25] studies have demonstrated a survival
benefit with increased renal clearance, with two exceptions [26,27].

Other studies have also demonstrated a lack of survival benefit
of increased peritoneal small solute clearance [26,28]. In a study by
Jager et al., peritoneal clearance was found to be an independent
predictor of outcome, but this was only significant when solute
removal was assessed by dialysate urea and creatinine appearance
and not when measured by Kt/Vurea or CrCl [29]. Unfortunately,
interpretation of dialysate urea and creatinine appearance can be
problematic, because they are proportional to protein intake and
muscle mass, respectively, and well-nourished patients would be
expected to have a more favorable outcome. Only three prospective
studies using Kt/Vurea and/or CrCl have shown a statistically sig-
nificant beneficial effect of peritoneal clearance on survival, and
these have all been in patients with little or no RRF [20,30,31].
The first study to show a positive effect of peritoneal clearance was
reported by Szeto et al. and involved 140 anuric CAPD patients
followed for 22 months [30]. In this group, there was a 6% decrease
in the RR of death with an increase in Kt/Vurea of 0.1 U/week and
a 12% decrease in the RR of death for each 5-L/week/1.73 m2

increase in peritoneal CrCl. The same investigators subsequently
evaluated 5-year follow-up of 270 incident and prevalent CAPD
patients with a median residual glomerular filtration rate of

479



BLBK043-Molony September 12, 2008 14:57

Part 7 Chronic Kidney Disease Stage 5: Peritoneal Dialysis

0.82 mL/min [20]. Whereas higher peritoneal Kt/Vurea was as-
sociated with improved survival generally, this was only the case
for prevalent CAPD patients, a group with minimal RRF. A more
recent study by Jansen et al. followed a cohort of 130 anuric CAPD
patients over 2 years [31]. In these patients, peritoneal Kt/Vurea and
CrCl were not associated with survival when analyzed as continu-
ous variables, but when the results were analyzed dichotomously,
a weekly Kt/Vurea of <1.5 and a weekly CrCl <40 L/1.73 m2 were
associated with an increased RR for death. Another study to ad-
dress the issue of solute clearance and survival in anuric patients
was published by Bhaskaran et al. [32]. In this retrospective co-
hort study of 122 CAPD and APD patients, after a median of 19.5
months of follow-up, there was a trend towards decreased mor-
tality in those with a peritoneal Kt/Vurea of ≥1.85, although the
results did not reach statistical significance (RR of death, 0.54;
P = 0.10). Patients in these studies were mostly or entirely depen-
dent on peritoneal clearance, suggesting that the beneficial effect
of higher peritoneal clearance might be more apparent in those
lacking RRF. Although the latter four studies suggest a possible
benefit of greater peritoneal small solute clearance in anuric pa-
tients, there are some data to suggest that this may not be the case.
In a prospective study involving a cohort of 177 anuric APD pa-
tients followed over 2 years, CrCl was not found to be a predictor
of patient survival [33]. Furthermore, in a subgroup analysis of the
ADEMEX trial, there was no difference in mortality when patients
were stratified for anuria [15]. The studies assessing the effect of
small solute clearance on patient survival are summarized in Table
44.1, while those studies specifically addressing clearance in anuric
patients are summarized in Table 44.2.

Overall, there is now evidence from two randomized trials and
several supporting observational studies that although total clear-
ance is important, improved patient survival is related to renal
clearance and not to peritoneal clearance. The basis for the survival
advantage associated with RRF is unclear, with several possible
contributors. First, the presence of residual urine output facilitates
volume management, which may have a favorable effect on blood
pressure control and subsequent left ventricular remodeling. Both
hypertension and left ventricular hypertrophy are associated with
loss of RRF [34,35] and are known to be independent predictors of
mortality in PD patients [36]. Secondly, RRF allows for clearance
not only of small solutes but also middle molecules [37–39]. The
latter are not as easily removed across the peritoneal membrane
due to the time dependence of their diffusion and the limited
permeability of the peritoneal membrane. Finally, patients with
preserved RRF may represent a population who are intrinsically
healthier, and thus more likely to survive.

Recommended targets and monitoring of
PD adequacy

Although increasing peritoneal clearance does not appear to pro-
vide benefit within the dose ranges studied, it is likely that there
is a minimum total clearance below which outcomes are affected

[7,8,16,31]. We therefore recommend a minimum total Kt/Vurea of
at least 1.7 per week in all PD patients. The most recent K/DOQI
guidelines and International Society of Peritoneal Dialysis guide-
lines have not included a peritoneal CrCl target [40,41], but the
European guidelines consider CrCl to provide added predictive
value and continue to recommend a CrCl target of at least 50
L/week/1.73m2[42]. It is important to point out that although
these minimum targets do not differentiate between renal and
peritoneal contributions, it is clear that renal and peritoneal clear-
ance are not simply additive, in that any small solute clearance
provided by residual renal function is accompanied by improved
clearance of middle molecules and better salt and water control.

Because of the limitations of our current techniques to assess
clearance, a patient’s clinical status must always be taken into ac-
count when trying to determine the adequacy of dialysis. The out-
come of interest in the studies discussed has principally been sur-
vival. There are no rigorous studies prospectively examining dose
of PD and health outcomes other than death. Therefore, the guide-
lines all suggest that the dose be increased as a trial in the patient
not doing well for reasons not explained by comorbidity, regardless
of their current prescription.

In order to ensure a minimum total delivered Kt/Vurea of at
least 1.7, solute clearances can be followed with the use of 24-
h collections of dialysate and urine. While data on frequency of
measurements are sparse, we would recommend the following
schedule. The first measurement of peritoneal and renal Kt/Vurea

should be performed approximately 1 month after initiation of PD.
Subsequent monitoring of peritoneal clearance is somewhat con-
troversial. Although the K/DOQI guidelines recommend check-
ing peritoneal clearance at least once every 4 months, the peri-
toneal Kt/Vurea is unlikely to change in patients with a stable PD
prescription. Therefore, an alternative approach would be to re-
measure peritoneal clearance only if changes are made to the PD
prescription or if there is deterioration in the patient’s clinical
status. In the event of an episode of peritonitis, peritoneal clear-
ance measurements should not be made until at least 1 month
after resolution of the peritonitis. If a patient has >100 mL/day
of residual urine output and achieving a total weekly Kt/Vurea of
at least 1.7 is dependent on the renal contribution, a 24-h urine
collection to assess renal Kt/Vurea and urine volume should be per-
formed at least every 2 months in order to avoid missing a decline
in RRF.

Strategies for optimizing peritoneal
solute clearance

The routine measurement of small solute clearance serves to screen
patients for evidence of underdialysis. If a patient is not meeting
the minimum recommended PD dose, the reason for this should
be determined. Before assuming that a given PD prescription is
inadequate, patient-related causes of failure, such as noncompli-
ance, lack of understanding, or sampling and collection errors,
should be sought. If none of these potential causes is found, several
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Table 44.1 Summary of studies assessing effects of small solute clearance on survival in PD patients.

Outcome (clearance)
No. of F/U

Study Study design patients (mos) Predictor Renal Peritoneal Total

Paniagua 2002 RCT 965 22 Kt/V ↑ 0.1 U/wk RR 0.94 (P = 0.005) RR 1 (P = NS)

Lo 2003 RCT 320 24 Kt/V ↑ 0.1 U/wk RR 0.94 (P = NS)

Lo 2001 Prospective cohort 937 24 rGFR ↑ 1 ml/min/1.73 m2 RR 0.87 (P = NS)
pCrCl ↑ 1 L/wk/1.73 m2 RR 0.99 (P = NS)

Rocco 2000 Prospective cohort 873 7 Kt/V ↑ 0.1 U/wk OR 0.88 (P = 0.003) OR 1.0 (P = NS) OR = 0.6 (P = 0.08)

Bargman 2001 Prospective cohort 601 24 rGFR ↑ 5 L/wk/1.73 m2 RR 0.88 (P < 0.05)
pCrCl ↑ 5 L/wk/1.73 m2 RR 1.0 (P = NS)

Termoshuizen 2003 Prospective cohort 413 36 rGFR ↑ 1 mL/min/1.73 m2 RR 0.88 (P = 0.04)
pCrCl ↑ 1 mL/min/1.73 m2 RR 0.91 (P = NS)

Szeto 2004 Prospective cohort 270 35 rGFR ↑ 1 mL/min/1.73 m2 RR 0.80 (P = 0.0001)
Kt/V ↑ 0.1 U/wk RR 0.94 (P = 0.03)

Szeto 2000 Prospective cohort 270 22 rGFR ↑ 1 mL/min/1.73 m2 RR 0.48 (P < 0.05)
Kt/V ↑ 0.1 U/wk RR 0.96 (P < 0.05)

Wang 2004 Prospective cohort 231 30 RRF vs. no RRF No RRF: ↑ mortality (P < 0.005)

Davies 1998 Prospective cohort 210 6 Kt/V RR 0.17 (P = 0.004)

Brown 2003 Prospective cohort 177 24 Time-averaged total CrCl RR 1.01 (P = NS)

Szeto 2001 Prospective cohort 140 22 Kt/V ↑ 0.1 U/wk RR 0.94 (P < 0.05)

Jansen 2005 Prospective cohort 130 24 Kt/V/wk < 1.5 RR 3.28 (P = 0.02)
CrCl < 40 L/wk/1.73 m2 RR 3.26 (P = 0.02)

Jager 1999 Prospective cohort 118 25 Kt/V ↑ 0.1 U/wk RR 0.96 (P = NS) RR 0.95 (P = NS) RR 0.93 (P = NS)
CrCl ↑ 5 L/wk/1.73 m2 RR 0.97 (P = NS) RR 0.96 (P = NS) RR 0.96 (P = NS)
Creatinine appearance RR 0.95 (P < 0.01) RR 0.93 (P < 0.01) RR 0.95 (P < 0.01)
(↑ 1 mmol/wk/1.73 m2)

Chung 2003 Prospective cohort 82 14 rGFR ↑ 1 mL/min/1.73 m2 RR 0.79 (P = NS)
Kt/V ↑ 0.1 U/wk RR 1.09 (P = NS)

Maiorca 1995 Prospective cohort 68 36 Kt/V/wk >1.96 vs. <1.96 P < 0.001

Perez 2000 Prospective cohort 44 13 Kt/V ↑ 0.1 U/wk RR 1.02 (P = NS)

Diaz-Buxo 1999 Retrospective 1603 12 CrCl ↑ 10 L/wk/1.73 m2 OR 0.88 (P < 0.001) OR=1.01 (P = NS) OR 0.89 (P = NS)

Rocco 2002 Retrospective 1219 12 Kt/V/wk 0.00–0.14 HR 2.13 (P < 0.01)
Kt/V/wk 0.15–0.40 HR 1.67 (P < 0.01)
Kt/V/wk 0.41–0.77 HR 1.35 (P = NS)

Park 2001 Retrospective 212 36–84 Kt/V/wk >2.1 vs. <2.1 P = NS

Genestier 1995 Retrospective 201 24 Kt/V/wk <1.7 vs. >1.7 RR 1.69 (P = 0.09)
CrCl <50 vs. >50L/wk RR 4.88 (P = 0.0005)

Ates 2001 Retrospective 125 31 rGFR ↑ 1 mL/min/1.73 m2 RR 0.53 (P < 0.05)

Bhaskaran 2000 Retrospective 122 27 pKt/V/wk >1.85 vs. <1.85 RR 0.54 (P = NS)

Chung 2003 Retrospective 117 20 RRF 1 mL/min RR 0.79 (P = 0.04)

Aslam 2000 Retrospective 90 12 Kt/V/wk >2 vs. <2 P = NS

Abbreviations: F/U, follow-up; RCT, randomized controlled trial; GFR, glomerular filtration rate; OR, odds ratio; HR, hazard ratio.

strategies can be employed to optimize a patient’s PD prescription
in order to improve peritoneal solute clearance. Common in-
terventions include increasing the individual dwell volumes, in-
creasing the frequency of daily exchanges, or increasing peritoneal

ultrafiltration [43,44]. Whereas the focus of these interventions is
often to increase peritoneal small solute clearance, the importance
of middle molecule clearance must also be considered, especially
in patients with little or no RRF.
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Table 44.2 Summary of studies assessing effects of small solute clearance on survival in anuric PD patients.

No. of F/U
Study Study design patients (mos) Predictor Outcome

Paniagua 2002 RCT (subgroup analysis) 527 22 Kt/V ↑ 0.1 U/wk P = NS

Szeto 2001 Prospective 140 22 Kt/V ↑ 0.1 U/wk RR 0.94 (P < 0.05)

Jansen 2005 Prospective 130 24 Kt/V/wk < 1.5 RR 3.28 (P = 0.02)
CrCl < 40 L/wk/1.73m2 RR 3.26 (P = 0.02)

Brown 2003 Prospective 177 24 Time-averaged total CrCl RR 1.01 (P = NS)

Bhaskaran 2000 Retrospective 122 27 pKt/V/wk >1.85 vs. <1.85 RR 0.54 (P = NS)

Abbreviations: F/U, follow-up; RCT, randomized controlled trial; NS, not significant.

Increasing dwell volumes is an effective means by which peri-
toneal small solute clearance can be increased in both CAPD and
APD patients [45]. The increase in Kt/Vurea and CrCl is due to both
an increased plasma-to-dialysate concentration gradient [46] and
an increased effective peritoneal surface area [47]. Whereas in-
creasing dwell volumes is often effective, this strategy leads to in-
creased intra-abdominal pressure, which may lead to back pain and
a higher risk of abdominal wall leaks and hernias [48], although
this has not been borne out in some studies [49,50]. The lower
intra-abdominal pressure in the supine position [51] may make
increasing dwell volumes easier during the overnight exchange in
CAPD patients or during the night exchanges in APD patients. An
additional concern is that increasing exchange volumes may limit
peritoneal ultrafiltration by increasing intra-abdominal pressure
[52], but the greater persistence of the osmotic gradient is likely
to offset this.

Another commonly used strategy is to increase the frequency
of exchanges. In patients on CAPD, this may require increasing
from three to four or from four to five exchanges daily. Potential
disadvantages include the burden an additional manual exchange
places on the patient and a decrease in middle molecule clearance
due to a greater proportion of time spent draining and filling with
less time for dialysate to dwell in the peritoneal cavity. In patients
on cycler-based therapy, we advise against the use of NIPD un-
less a large amount of RRF remains or other special mitigating
circumstances exist. An excellent method of increasing clearance
in patients on NIPD is to add a day dwell. Maximizing the time
spent with dialysate in the peritoneal cavity, especially with the use
of a long dwell, is an important strategy because this leads to im-
provement in clearance of both small and larger solutes. Although
increasing the frequency of night-time cycles can also augment
peritoneal small solute clearance by maximizing the concentra-
tion gradient between blood and dialysate [53], there are some
concerns with this strategy. First, if the cycles become too short,
especially with larger dwell volumes, solute clearance will dimin-
ish owing to the “lost time” during draining and filling [54]. In
addition, rapid cycling can lead to reduced net sodium removal
due to sodium sieving [55]. For these reasons, we do not recom-
mend routinely increasing frequency of cycles on APD to optimize
peritoneal clearance.

Increasing peritoneal ultrafiltration is another method of in-
creasing peritoneal clearance. Raising the gradient for diffusion
with the use of hypertonic glucose or icodextrin is the primary
means by which ultrafiltration can be increased [56,57], with the
additional fluid removal leading to increased clearance via convec-
tive transport. However, use of long-term hypertonic glucose as a
method to optimize peritoneal clearance is not generally recom-
mended given the potential deleterious effects on the peritoneal
membrane [58]. Icodextrin is a viable option for the long dwell
in patients in whom poor ultrafiltration is an issue [59], but it
is not generally recommended for the sole purpose of increasing
clearance.

Ultimately, the decision about which strategy should be used
to optimize peritoneal solute clearance will depend on the indi-
vidual patient. Factors to consider include peritoneal membrane
characteristics, the potential impact of increasing intra-abdominal
pressure, and the patient’s abilities and preferences. In general, at-
tention should be focused on maximizing the time with dialysate
in the peritoneal cavity.

Strategies for preserving RRF

Because of the impact of RRF on the outcome of patients on PD, its
preservation is of utmost importance. Strategies to preserve RRF
include use of medications that might slow the decline in RRF and
avoidance of agents known to have deleterious effects. Because of
the paucity of data, many of our current practices are extrapolated
from patients with chronic kidney disease.

The only renal protective strategy for which there is evidence in
PD patients involves use of agents that block the renin–angiotensin
system (Table 44.3). Although this strategy is known to be effective
in both hypertensive and normotensive patients with many forms
of chronic kidney disease, the data for patients on dialysis are not
as robust. Two randomized controlled studies have assessed the
effect of renin–angiotensin system blockade on RRF, one using
an angiotensin converting enzyme inhibitor (ACEi) and the other
using an angiotensin receptor blocker (ARB). Li et al. randomly
assigned 60 hypertensive PD patients to receive either ramipril at
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Table 44.3 Summary of studies assessing effects of ACEi and ARBs on RRF in PD patients.

Study No. of F/U
Study design patients (mos) Intervention Outcome Results

Li 2003 RCT 60 12 Ramipril vs. other GFR change −2.07 vs. −3.00 (P = 0.03)
antihypertensive (mL/min)

Suzuki 2004 RCT 34 24 Valsartan vs. other RRF change +1.1 vs. −3.1 (P < 0.01)
antihypertensive (mL/min)

Singhal 2000 Prospective 242 27 ACEi vs. no ACEi Slope of GFR change −0.14 vs. −0.16 (P = NS)

Johnson 2003 Prospective 146 21 ACEi vs. no ACEi Slope of RRF decline HR 0.81 (P = NS)

Moist 2000 Retrospective 1032 18 ACEi vs. no ACEi Urine volume >200 vs. OR 0.70 (P = 0.02)
<200 mL/day

Abbreviations: F/U, follow-up; RCT, randomized controlled trial; GFR, glomerular filtration rate; NS, not significant; HR, hazard ratio; OR, odds ratio.

5 mg daily or no treatment [60]. Over the 12 months of the study,
the mean RRF decline was approximately 1 mL/min less in the
patients treated with ramipril despite similar blood pressure con-
trol in both groups. Furthermore, at 12 months, fewer patients in
the ramipril group were anuric. A smaller study by Suzuki et al.
randomized 34 hypertensive CAPD patients to receive either val-
sartan or placebo and assessed the effect on RRF [61]. Similar to
the Li study, use of valsartan was associated with a slower decline
in RRF despite similar blood pressure control in the groups. A
large retrospective analysis of 1032 PD patients also demonstrated
favorable results, with use of an ACEi being associated with an
adjusted odds ratio of RRF decline of 0.70 [62]. These results are
in contrast to findings reported for two prospective cohort studies
that assessed risk factors for decline in RRF [63,64]. Both studies
found that the use of an ACEi was not an independent predictor
of the rate of decline in RRF. Based on the above data, we would
recommend the use of ACEis or ARBs in hypertensive patients and
consider their use even in normotensive patients to preserve RRF.

Aminoglycosides are frequently used to treat peritonitis in PD
patients because of their effectiveness as bactericidal agents and
the ease of intraperitoneal administration. They are, however, also
nephrotoxic. Several prospective cohort studies and one random-

ized controlled trial have assessed the effect of aminoglycosides
on RRF (Table 44.4). Shemin et al. assessed the rate of decline in
RRF in 72 PD patients followed for 4 years [65]. Patients who had
peritonitis episodes treated with intraperitoneal or intravenous
aminoglycosides had more rapid decline in renal creatinine clear-
ance and residual urine volume than either those who had never
had a peritonitis episode or those who had peritonitis treated with
other nonnephrotoxic antibiotics. In another study analyzing the
risk factors associated with a faster rate of decline, use of amino-
glycosides was found to be an independent predictor of a more
rapid loss of RRF [64]. In contrast to the findings in the above
studies, Baker et al., using a prospective cohort design with a his-
torical control, did not find an accelerated decline in RRF with
the use of aminoglycosides to treat peritonitis [66]. Most recently,
a prospective, randomized, controlled trial compared the use of
cefazolin and ceftazidime with cefazolin and netilmicin for the em-
piric treatment of peritonitis in 50 PD patients with RRF [67]. In
both groups there was a significant decline in RRF at 2 weeks that
returned to near baseline by 6 weeks, but there was no significant
difference in RRF between the groups. Although this represents the
only randomized study of aminoglycosides and RRF, the follow-up
period was short and some of the patients in the aminoglycoside

Table 44.4 Summary of studies assessing effects of aminoglycosides on RRF in PD patients.

No. of
Study Study design patients F/U Intervention Outcome Results

Lui, 2005 RCT 50 6 wks Netilmicin vs. ceftazidime GFR decline (mL/min) +0.09 vs. −0.10 (P = NS)
Urine output change (mL/day) −96 vs. −96 (P = NS)

Singhal, 2000 Prospective 242 27 mos Aminoglycoside Slope of GFR decline P = 0.0006
>5 days vs. none

Baker, 2003 Prospective 205 <6 mos Gentamicin vs. none GFR change (mL/min/mo) −0.08 vs. −0.017 (P = NS)
Urine output change (mL/day/mo) −8.8 vs. −34.7 (P = NS)

Shemin, 1999 Prospective 72 14 mos Aminoglycoside CrCl change (mL/min/mo) −0.66 vs. −0.21 (p<0.01)
>3 days vs. none Urine output change (mL/day/mo) −74 vs. −15 (P < 0.01)

Abbreviations: F/U, follow-up; RCT, randomized controlled trial; GFR, glomerular filtration rate; NS, not significant.
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Table 44.5 Overall evidence ratings and recommendations for small solute clearance target and renoprotective strategies.

Overall evidence rating Recommendationa

Intervention High Moderate Low Comment I II III Comment

Minimum total Kt/V >1.7 X 2 RCTs and several corroborating
prospective studies

X Recommend minimum Kt/V > 1.7

RAS blockade to preserve RRF Recommend ACEi or ARB in hy-
pertensive patients, consider use in
normotensive patients

Hypertensive patients X 2 RCTs, but small number of
patients

X

Normotensive patients X No RCTs, extrapolated from CKD
literature

X

Avoidance of aminoglycosides
to preserve RRF

X Conflicting data X Suggest avoidance based on other
effective alternatives

Abbreviations: RAS, renin–angiotensin system; RCT, randomized controlled trial.
a Recommendations based on quality of evidence. I, recommend; II, suggest; III, no recommendation possible.

group were exposed to only a few days of netilmicin. In summary,
although the data are conflicting, we would suggest avoidance of
aminoglycosides when possible in patients with RRF, given the
availability of equally efficacious alternatives in the treatment of
most cases of PD peritonitis.

Until recently, there were no data on the effect of radiocontrast
media on RRF in dialysis patients. Within the past year, two small,
prospective studies have addressed this issue [68,69]. Although one
of the studies demonstrated a temporary decline in RRF 6 days
after radiocontrast administration [68], neither study showed a
lasting decline in renal clearance. Nevertheless, given the small
numbers of patients in these dialysis studies and the clear data
in patients with chronic kidney disease, it would be prudent to
avoid using radiocontrast media if other acceptable alternatives
exist. If use of radiocontrast dye is required, volume contraction
should be avoided, and the smallest volume of the least toxic dye
should be used. Where there are conflicting data on the use of
N-acetylcysteine in chronic kidney disease [70] and there are no
data for dialysis patients, its use could be considered based on
the fact that it is relative safe and inexpensive. Despite the lack
of evidence in dialysis patients, we would also recommend avoid-
ance of nonsteroidal anti-inflammatory drugs or any other known
nephrotoxins in patients with RRF.

If there is a significant decline in RRF that cannot be explained,
consideration should always be given to the possibilities of volume
depletion or obstruction, as these are easily correctable causes of
loss of RRF.

Conclusions

Our understanding of the effect of PD adequacy on outcomes is
subject to the limitations of the existing literature. In the absence
of a gold standard for assessing adequacy, all studies to date have

focused on small solute clearance. This has led to a relative neglect
of the impact of middle molecule clearance on outcome. The data
presented in this chapter highlight the relative contributions of
renal and peritoneal clearance to PD adequacy, demonstrating that
maintenance of residual renal clearance is critically important to
patient survival. It is not yet clear if RRF is causally related to the
survival advantage as a result of improved volume management
and middle molecule clearance, or if it is merely an association,
with RRF serving a marker of a healthier population.

While the existing data suggest that peritoneal clearance does not
significantly impact patient survival, we cannot exclude the possi-
bility that the dose ranges used in the studies assessing the effect of
peritoneal clearance are too narrow to detect a difference. Further
exploration of this possibility depends on the development of tech-
niques that would allow achievement of much higher peritoneal
solute clearance. Furthermore, it is possible that patient selection
has had an impact on the results of some of the major studies
discussed above. It is well-known that dialysis patients with sev-
eral comorbidities tend to do poorly, so that increasing peritoneal
clearance in these patients may not impact favorably on outcome.
In contrast, the healthiest dialysis patients with few or no comor-
bidities are likely to do well over the relatively short duration of
follow-up included in most studies, regardless of changes in peri-
toneal clearance. Thus, inclusion of these two extremes of patient
groups could potentially dilute the impact of increasing clearance
in a population at moderate risk. Studies particularly targeting
this moderate risk population would therefore be informative.

Based on the available evidence, our recommendations (sum-
marized in Table 44.5) include the following. In the absence of a
better clearance marker, we recommend a minimum total Kt/Vurea

target of 1.7. Peritoneal and renal clearances should be followed
serially to ensure that this target is met, with equal attention paid to
the patient’s clinical status for signs and symptoms of underdialy-
sis. Efforts to improve peritoneal clearance must shift from a focus
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on small solute clearance to one that includes middle molecule
clearance. Furthermore, the true adequacy of PD as a form of renal
replacement therapy depends not only on successful clearance of
uremic toxins, but also on adequate volume management through
a combination of peritoneal ultrafiltration and residual urine vol-
ume. Finally, given the survival advantage that is associated with
renal clearance, every effort should be made to preserve RRF
with the avoidance of potential nephrotoxins, the use of agents
with potentially protective effects, and a search for reversible eti-
ologies when a decline in RRF is noted.
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45 Salt and Water Balance in Peritoneal Dialysis
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Shatin, Hong Kong, China

Influence of salt and water removal

It is now recognized that cardiovascular disease is the most signifi-
cant comorbidity among peritoneal dialysis (PD) patients [1], and
there is increasing evidence that suboptimal fluid management is
associated with cardiovascular risk and overall mortality [2].

PD patients are generally volume expanded when compared
with hemodialysis (HD) patients [3]. Recently, Konings et al. [4]
showed that extracellular fluid (ECF) volume significantly corre-
lated with diastolic blood pressure and left ventricular end dias-
tolic diameter in PD patients. In addition, continuous ambulatory
PD (CAPD) patients with suboptimal blood pressure control have
more expanded ECF volumes and a higher prevalence of left ven-
tricular hypertrophy compared with those with well-controlled
blood pressure [5]. Several studies in the 1990s showed that a
higher peritoneal solute transport was associated with improved
technique and patient survival [6–9]. In addition, observational
studies showed that a higher peritoneal salt and water removal
was associated with better patient survival [10,11]. For example,
in the European APD Outcome Study (EAPOS), anuric patients on
automated PD (APD) had worse survival if their baseline daily ul-
trafiltration (UF) was below 750 mL [11,12]. More recently, Chung
et al. [13] showed that low total fluid removal on PD is associated
with higher serum C-reactive protein levels, indicating systemic
inflammation, as well as markers of poor nutrition. It is, however,
possible that sodium and fluid removal in this study were simply
a marker for a healthier, better-nourished patient who eats and
drinks more [14].

Assessment and monitoring of salt and water
balance

Monitoring of weight, course of residual renal function, and
achieved UF with current dialysis prescription should be done

in all PD patients [15]. This approach will allow for early detec-
tion of and correction of problems. The volume status of patients
on PD should be used as a core indicator of dialysis adequacy [15].
Constant reevaluation, by physicians and nurses, of the patient’s
target weight in the light of blood pressure and other indicators of
fluid overload is required. Blood pressure should be normalized
by fluid removal alone, without antihypertensive drugs, until it is
proven that this strategy is not adequate. Routine performance of
peritoneal function tests, described in the next section, should also
be done, to identify patients with problems of peritoneal transport
in whom monitoring of fluid status is particularly critical [15].

Tests of peritoneal transport

A patient’s peritoneal membrane transport status should be evalu-
ated in order to find an appropriate PD modality and prescription.
Because both elimination of uremic toxins and UF account for ad-
equacy, a test method should reliably evaluate both small solute
and water permeability.

Peritoneal equilibration test
Numerous techniques for measuring peritoneal transport are
available, of which the most widely used is the peritoneal equili-
bration test (PET) [16]. The PET was the first method to quantify
individual peritoneal membrane characteristics, and it is highly re-
producible. The procedure is summarized in Table 45.1. Based on
population studies, patients are categorized as low, low-average,
high-average, or high transporters. A problem with conventional
PET is that it primarily measures small solute clearance and does
not directly evaluate causes of UF problems (see below). The pro-
cedural steps in the PET may actually overestimate peritoneal
membrane transport and underestimate the variation in peritoneal
transport that may occur under actual clinical conditions [17]. PET
alone does not give an assessment of dialysis adequacy.
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Table 45.1 PET procedurea.

1) After an overnight exchange of an 8- to12-h dwell, 2 L of a 2.5% glucose concentration solution is instilled and allowed to dwell for 4 h.
2) Several times during the dwell, the patient is requested to roll from side to side.
3) Dialysate urea, glucose, sodium, and creatinine are measured at 0, 2, and 4 h.
4) A blood sample is taken after 2 h.
5) The drain bag is measured to assess both drain and net UF volume.
6) Dialysate-to-plasma ratios (D/P) are calculated for creatinine, urea, and sodium at 0, 2, and 4 h.
7) The ratio of glucose at drain time to the dialysate glucose concentration at time zero (Dt/D0) is measured.

a Adapted from Twardowski et al. 1987 [15].

Other tests of peritoneal function
Fast PET
Because the PET is labor-intensive, the fast PET [18] provides a
simpler alternative by requiring only one dialysate sample. After
draining the overnight dwell, the patient starts an exchange at
home and arrives at the center in time for drainage of this 4-h dwell.
A blood sample is taken at the end of the exchange. The analysis
of the fast PET is identical to that for the standard PET, but only
two reliable measures of peritoneal membrane permeability are
determined, the dialysate-to-plasma ratio (D/P) for creatinine and
dialysate glucose, after 4 h. If these two measures give contradictory
results, it may be difficult to accurately interpret the test.

Short PET
The original PET was standardized for a long overnight exchange,
but recent data have shown that this is unnecessary. For clinical
purposes, the short PET [19] was introduced, accepting any dwell
time between 3 and 12 h for the prior exchange.

Peritoneal function test
The peritoneal function test (PFT) has been extensively used and
validated [20,21]. It measures the peritoneal mass transfer area
coefficient during routine exchanges instead of under the highly
controlled conditions required for the PET. This test also allows the
clinician to assess total delivered dose of dialysis as well as protein
and calorie nutrition. The PFT requires 24-h dialysate and urinary
collection, and a specific computerized kinetic modeling program
is used for calculations.

PD capacity program
The PD capacity (PDC) program is based on the three-pore model
[22,23] and describes the peritoneal membrane characteristics us-
ing three parameters:
1) The area parameter, which determines the diffusion of small
solutes
2) The final reabsorption rate of fluid when the glucose gradient
has dissipated
3) The large-pore fluid flux, which determines the loss of protein.

Patients are asked to perform five exchanges. Data are com-
bined with a computerized mathematical approach employing
the three-pore model to estimate the parameters of membrane
function.

Dialysis adequacy and transport test
The dailysis adequacy and transport test (DATT) was introduced
by Rocco et al. [24,25]. For this test, the patients are asked to
perform their exchanges as usual. Only a serum sample and a 10-
mL aliquot from a pooled, well-mixed 24-h dialysate are required,
and the 24-h D/P is calculated. DATT has only been validated for
patients on a fixed CAPD schedule of three or four 2-L exchanges
[26,27].

Accelerated peritoneal examination
The accelerated peritoneal examination (APEX) test has the same
regimen as the PET, but it summarizes, in a single number, the
peritoneal permeability for both glucose and urea [28] and repre-
sents the time at which glucose and urea equilibration curves cross.
Generally, the APEX may be shorter than a PET, because most pa-
tients exhibit a crossing of the curves before 2 h. The shorter the
APEX time, the higher the peritoneal permeability; the longer the
time, the lower the peritoneal permeability. The APEX time may
identify the optimum contact time between the functional peri-
toneal membrane surface area and the dialysate for the individual
patient. If UF is the major goal, short dwell times should be used.
If solute clearance is the major goal, longer dwell times should be
used.

Standard peritoneal permeability analysis
The standard peritoneal permeability analysis (SPA) uses in-
traperitoneally administered dextran 70 to study fluid kinetics
during a 4-h dwell [29]. The test was originally developed us-
ing the lowest glucose concentration. In the SPA, the mass trans-
fer area coefficient (MTAC) of small solutes, the proportion of
glucose absorbed, and the peritoneal clearances of serum protein
are calculated. The PET parameters can be calculated from the
SPA parameters. Conversely, the D/P creatinine and the Dt/D0
glucose values can be used with the drained volume to calcu-
late the MTAC of creatinine and the proportion of glucose ab-
sorbed. Using SPA, with the highest glucose concentration, pro-
vides more valid data on UF, because the larger drained volume
reduces measurement error and the sodium sieving phenomenon
associated with a hypertonic glucose solution provides an assess-
ment of aquaporin-mediated water transport. The magnitude of
the dip in D/P sodium is a rough estimate of the water channel
function.
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Timing and frequency of the test
Peritoneal transport characteristics change significantly within the
first month of PD, and so the results of the tests described above
need to be considered in the context of how long an individual
patient has been on PD. Peritoneal function tests performed dur-
ing the first month of PD should be interpreted as preliminary
and confirmed by an additional test 4 weeks later [30]. Like all
tests, peritoneal membrane function tests, both in terms of so-
lute clearance or UF, are subject to measurement error. Several
exchanges within 24 h can be used to reduce this error, as with
the PFT or PDC, as well as repeated testing over time. Because
most creatinine assays based on the Jaffé method are also sensi-
tive to glucose, dialysate creatinine concentrations are falsely high
and need to be corrected for high dialysate glucose concentra-
tions.

It is unclear how often peritoneal function should be as-
sessed. The National Kidney Foundation Dialysis Outcomes Qual-
ity Initiatives guidelines recommend a measurement every 4
months [31]. The recommendation, however, may not be prac-
tical, because the tests are time-consuming for both patients and
nurses.

Pediatric patients
A full discussion on peritoneal function tests in pediatric patients
is beyond the scope of this chapter. Differences in peritoneal trans-
port between children and adults have been postulated, but a recent
study from Bouts et al. [32] did not confirm this theory. In general,
all the tests described here are also applicable in children but, for
most pediatric nephrologists, the standard PET is probably the test
most commonly used.

Classification, diagnosis, and management of UF
failure

The International Society for Peritoneal Dialysis Ad Hoc Com-
mittee on Ultrafiltration Management in Peritoneal Dialysis has
published a comprehensive guideline in this area [15]. Patients
presenting with the clinical syndrome of inability to maintain tar-
get weight and an edema-free state need to be carefully evaluated
before being labeled “ultrafiltration failure” [15]. The clinical ap-
proach to PD patients with fluid overload and possible UF failure
is outlined in Figure 45.1.

In general, reversible causes, such as dietary noncompliance,
problems in the PD prescription, and mechanical problems,
should be considered and may account for a large proportion of
cases of fluid overload. Two groups of PD-related mechanical com-
plications warrant more detailed discussion:

Dialysate leaks
Dialysate leaks from the abdominal cavity decrease drain volumes
and net fluid removal. Net fluid removal from leaks into the ab-
dominal wall or pleural space is decreased because of reabsorption

from the interstitial spaces or sequestration in the pleural space.
Leaks into the interstitial space are commonly accompanied by
abdominal wall edema with or without genital edema. Leaks can
occur at any time but are often seen after being on PD for several
months. They usually occur at the catheter insertion site but can
occur at an abdominal wall hernia site or after abdominal surgery
[33–35]. Diagnosis is confirmed by using radiographic techniques
that include intraperitoneal infusion of a dialysis solution to which
contrast has been added, followed by computed tomography (the
so-called “CT peritoneogram”), or by the intraperitoneal infusion
of radioisotope with peritoneal scintigraphy [33,34,36–42]. Leaks
associated with hernias usually require surgical repair and a tem-
porary transfer to HD. Leaks occurring in the absence of a hernia
usually represent a tear in the parietal peritoneum. Small leaks may
respond to peritoneal rest with HD support or the use of inter-
mittent PD without the need for surgical repair. Recurrence may
require surgical repair [35].

clinical syndrome

initial evaluation for 
reversible causes

dietary
indiscretion

mechanical
problems

prescription
problem

deficient
education

complex
regimen

burn-out

leaks

obstruction

entrapment

malposition

dwell time

tonicity

evaluation of peritoneal membrane function

ultrafiltration response modified PET 4.25% 2L

drain volume 
< 2400 ml/4 hrs

drain volume 
> 2400 ml/4 hrs

re-evaluate
clinically

small solute 
profile

low transport
D/PCr < 0.5

high transport
D/PCr > 0.81

HA or LA
0.81 > D/PCr > 0.5

disruption of 
peritoneal space

1. inherent high
2. recent peritonitis
3. long-term PD

1. mechanical
2. enhanced reabsorption
3. aquaporin deficiency

if all negative

Figure 45.1 The clinical approach to PD patients with fluid overload and possible
UF failure. HA, high-average transporter; LA, low-average transporter; D/PCr,
dialysate-to-plasma creatinine ratio at 4 h. (Adapted from Mujais et al., Perit Dial
Int 2000 [15].)
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Catheter problems
Catheter-related problems contributing to poor drain volumes in-
clude obstruction, entrapment, or malposition. Constipation is a
also a common and readily reversible cause. Catheter obstruction,
either partial or complete, often results from fibrin plugs within
the catheter lumen but can be due to omentum obstructing the
catheter ports or to a kinked catheter. The diagnosis is usually by
exclusion, because radiographic evaluation is generally not help-
ful except in identifying kinked catheters. Treatment consists of
aggressive flushing of the catheter with a dialysate-filled syringe or
the use of fibrinolytic agents when fibrin-related occlusion is sus-
pected. If the intra-abdominal portion of the catheter is entrapped
in a compartment formed by adhesions, surgical lysis of the adhe-
sions can be considered if the adhesions are not too extensive. If the
adhesions are extensive, conversion to long-term HD is necessary.

Further evaluation of peritoneal function
If the initial workup does not identify a reversible cause, evalua-
tion of the peritoneal membrane function is needed (Figure 45.1).
Traditionally, peritoneal membrane function has been assessed by
the PET, but this test has been standardized to classify membrane
function [16] primarily in terms of small solute clearance and
not for problems with UF. A modification of the standard PET
introduced by Krediet et al. [43] offers a convenient alternative.
The procedure of the modified PET is summarized in Table 45.2.
Briefly, it consists of replacing the 2.5% dextrose solution of the
standard PET with a 4.25% dextrose solution, thereby satisfying
the criterion of maximal osmotic drive required for proper eval-
uation of UF capacity. A value of less than 400 mL net UF in a
4-h dwell correlates well with clinical behavior and avoids false-
positive results [15]. The peritoneal conditions that would result
in a drain volume of less than 2400 mL in 4 h can be separated by

examination of the small solute characteristics (i.e. D/P creatinine
ratio at 4 h).

Low drain volume and high transport
Patients with a low drain volume and D/P creatinine greater than
0.81 represent the largest group of patients with inadequate filtra-
tion due to peritoneal membrane problem. These patients fall into
three groups:
1) Patients with an inherent high small solute transport profile at
initiation of dialysis
2) Patients with current or recent peritonitis
3) Patients who develop a high transport profile in the course of
long-term PD.

These patients tend to have adequate low-molecular-weight so-
lute transport but have poor UF due to rapid absorption of glucose
and dissipation of the osmotic gradient.

Inherent high transport
Around 10% of patients starting PD display an inherent high trans-
port profile. Patients in this group have very efficient membranes
for small solute clearance but difficulty in UF, particularly in long
dwell cycles. These patients are at risk of high protein losses in the
peritoneum. High levels of technique failure and mortality have
been reported in this group [7,44,45]. These patients typically do
well on CAPD until residual renal volume decreases, at which time
it may become difficult to maintain euvolemia and blood pressure
control on standard CAPD. APD and icodextrin for the long dwell
are recommended therapeutic approaches.

Recent peritonitis
Fluid retention is common during episodes of peritonitis [46–
48]. During peritonitis, there is an increase in the D/P ratio for
creatinine, an increase in protein losses, and a decrease in net

Table 45.2 Modified PET procedure (4.25% dextrose)a.

1) On the evening prior to the test, the patient should perform a standard CAPD 8- to 12-h overnight dwell.
2) With the patient upright, drain the overnight dwell over 20 min and note the volume drained. Save the sample for creatinine and glucose measurements to allow for

determination of residual volume.
3) With the patient supine, infuse 2.0 L of 4.25% dialysis solution over 10 min. The patient should roll from side to side after each 400 mL of solution is infused.
4) Note the time the infusion is complete: this is the “zero hour’’ dwell time.
5) At 0-h, 1-h, and 2-h dwell times:� Drain 200 mL of effluent into bag� Mix bag by inverting 2–3 times� Using aseptic technique, draw a 10-mL sample from medication port� Reinfuse the 190 mL of effluent into the patient� Transfer the 10-mL sample to red-top tube and label appropriately
6) At 2-h dwell time, draw blood sample for creatinine, sodium, and glucose measurements
7) At 4-h dwell time:� With patient upright, drain exchange over 20 min� Mix bag by inverting 2–3 times� Using aseptic technique, draw a 10-mL sample from medication port� Measure and record volume drained� Transfer 10-mL sample to red-top tube and label appropriately
8) Send all effluent samples and one blood sample to laboratory for creatinine, sodium, and glucose measurements

a Adapted from Mujais et al. 2000 [14].
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UF—changes that are usually reversible. We have shown previously
that the change of D/P, followed up for over 2 years, had no sig-
nificant correlation with the total number of peritonitis episodes,
but after severe peritonitis, patients had a greater change of D/P
than patients who experienced no severe infection [49]. Previous
studies suggested that reduced UF during peritonitis can be satis-
factorily managed with the use of icodextrin [50].

High transport during long-term PD
The natural history of peritoneal membrane transport has been
debated [51–57]. The emerging picture is that some increase in
D/P creatinine does occur due to an increase in peritoneal mem-
brane functional surface area [52,59–62]. A history of recurrent
peritonitis and extensive use of hypertonic exchanges has been
observed in some, but not all, studies. In contrast to the situation
seen with peritonitis, the changes of solute transport in this group
tend to be permanent, but it is often easy to maintain total solute
clearance despite a tendency toward clinical volume overload.

In general, for patients with UF failure and a high transport
profile of small solute clearance, APD and icodextrin for the long
dwell are the recommended therapeutic approaches. Icodextrin
solutions have been shown to be superior to glucose-based so-
lutions in achieving net UF during long dwells in most patients,
particularly in high transporters [63–69]. Icodextrin has also been
shown to be effective during peritonitis [50]. In areas of the world
where icodextrin dialysis solutions are not available, shortening
dwell time is the preferred approach. In CAPD patients, this can
be achieved with the use of an automated nighttime exchange de-
vice, which will shorten dwell time and has the additional benefit
of improving small solute clearance with little impact on patient
lifestyle. In patients on APD, omitting the daytime exchange and
optimizing the nighttime regimen may be sufficient. If small so-
lute clearance is inadequate, a short daytime exchange with midday
drainage will improve solute clearance without compromising UF.
In a few patients, adjunctive, temporary, or permanent HD may
be required.

Low drain volume and low transport
The combination of low drain volume and low small solute trans-
port is rare and reflects a major disruption of the peritoneal mem-
brane or intraperitoneal fluid distribution [70]. It is usually due
to adhesions, and the functional consequences may be related to
fluid trapping in small spaces. Peritoneography may be helpful in
making the diagnosis by identifying sequestered spaces. Poor UF
in association with low transport is reported to occur in advanced
stages of sclerosing peritonitis [70,71], but a high transport rate
has also been described in the same setting [70–72]. Because this
condition results in both inadequate volume and solute removal,
transfer to HD is generally required unless patients have some de-
gree of residual renal function [73]. Patients with a low transport
rate, leaks, mechanical problems, or high lymphatic reabsorption
also present with low drain volume and low small solute transport.
These conditions need exclusion before low transport should be
determined to be the reason for UF failure.

Low drain volume and high-average or low-average
transport
In general, a low drain volume coupled with high-average or low-
average transport can result from four possible etiologies [15]:
1) Mechanical problems
2) Lymphatic reabsorption
3) Tissue reabsorption
4) Aquaporin deficiency.

Mechanical problems
The possibility of mechanical problems needs to be reconsidered,
particularly if the initial evaluation has not been thorough.

Lymphatic reabsorption and/or tissue reabsorption
These two conditions often coexist. Definitive proof of the con-
dition requires identification of high macromolecule clearance
from the peritoneal cavity [74,75]. Measurement of lymphatic
flow is uncommon in clinical practice due to the complexity of
the procedure. In the absence of such a test, the diagnosis is made
by exclusion of mechanical catheter problems, aquaporin defi-
ciency, and increased hydraulic conductance. Management en-
compasses all interventions that maximize UF, such as short dwell
time and high-tonicity dialysate [76]. Use of pharmacological re-
duction of lymphatic absorption [77], intraperitoneal adminis-
tration of phosphatidylcholine [78–80], and bethanechol chloride
(a parasympatho-mimetic drug) [81] have been reported in small
studies.

Aquaporin deficiency
Aquaporin deficiency is a rare condition, and only a small number
of definite cases have been reported [82]. Various indirect meth-
ods can be applied in clinical practice to estimate the magnitude
of aquaporin-mediated water transport. The so-called sieving of
Na+ is the simplest one [82–86]. Another simple way to assess
aquaporin-mediated transport is to calculate the difference in net
UF obtained after a 4-h dwell with 1.5% glucose and with 4.25%
glucose dialysate [15]. Patients with aquaporin deficiency continue
to have significant UF via nonaquaporin pathways, which can be
enhanced by the use of icodextrin in long dwells, allowing for sus-
tained fluid removal [66,69,87,88]. For glucose-based exchanges,
short dwells are also preferable as in patients with a high transport
profile.

Measures augmenting salt and water removal in
PD patients

Dietary intake
It is generally accepted that dietary restrictions are more liberal in
PD patients because of the continuous nature of the dialysis modal-
ity and the better preservation of residual diuresis. Tzamaloukas
et al. [89], however, found that lack of dietary sodium restric-
tion was a major independent risk factor for symptomatic fluid
retention. Education on salt restriction resulted in weight reduc-
tion, blood pressure reduction, and decreased cardiothoracic index
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(an indirect measure of left ventricular overload) [90]. Dietary
counseling to reduce salt and water intake is therefore important
[15] to maintain desired weight and reduce cardiovascular risk.

Hyperglycemia control
In diabetic patients, hyperglycemia can adversely affect the main-
tenance of an osmotic gradient across the peritoneal membrane
[15]. Control of hyperglycemia may increase UF without the need
to use hypertonic glucose solutions. Because glucose control is
mostly self-monitored and managed, patients should be educated
about the importance of glucose control for PD adequacy.

Increase urinary excretion
In patients with residual renal function, salt excretion can be in-
creased by diuretics, particularly loop diuretics. Van Olden et al.
[91] demonstrated that the effect varies with dose and degree of
residual renal function. A single dose of 2 g of frusemide resulted
in a median increase in urine volume of 400 mL and a mean extra
sodium removal of 54 mmol/L [91]. In this short-term study, di-
uretics did not affect the residual creatinine clearance, and there
were no alterations in peritoneal transport of solutes or water. The
long-term effect over 1 year of frusemide in PD was evaluated by
Medcalf et al. [92] using a dose of 250 mg/day versus placebo.
In the group receiving frusemide, diuresis and sodium excretion
were more preserved, but the rate of deterioration of residual re-
nal function was no different between the groups. Maintenance
of residual renal function is important in PD patients, as there
is a clear relation with survival. Nephrotoxic drugs and contrast
media should be avoided as much as possible. We have previ-
ously demonstrated the use of ramipril can slow the decline in
residual renal function [93], and this was later supported by a
study using an angiotensin receptor blocker [94]. The admin-
istration of biocompatible PD solution with low glucose degra-
dation product also showed a beneficial effect on residual renal
function [95].

Salt removal by PD
Considering UF to be equivalent to sodium removal is a danger-
ous paradigm [96]. During the initial period of a PD dwell, there
is a considerable sodium sieving, resulting in almost pure water
removal, without sodium. Short, hypertonic dwells, such as those

applied during APD, result in a removal of hypotonic water, leaving
the patient’s plasma hypertonic, and thirst results.

Data from an uncontrolled study suggested that sodium re-
moval during APD was lower than during CAPD [97]. However,
two open-label randomized controlled trials did not show a sig-
nificant difference in UF between APD and CAPD (Table 45.3)
[98,99].

When used as the osmotic agent, the glucose polymer icodextrin
facilitates the convective transport of sodium across the peritoneal
membrane. A number of studies have demonstrated better UF and
improvement in fluid status after the introduction of icodextrin
for the long dwell for both APD and CAPD (Table 45.4) [100–108].

It has been suggested that sodium removal could be improved by
enhancing the sodium gradient between plasma and dialysate with
a low sodium dialysate. Such a low sodium solution has, however,
a lower total osmolarity, necessitating a higher glucose concen-
tration to achieve enough osmotic capacity. The results of two
short-term studies were inconsistent (Table 45.5), probably due
to the difference in actual sodium concentration of the solutions
tested [109,110].

A number of intraperitoneal agents have also been tested (Table
45.6) [111–116]. Although many of these agents appeared to im-
prove peritoneal clearance of small solute or water, all published
trials were short term and small. The long-term efficacy and safety
of these agents remain to be proved.

Preservation of peritoneal membrane function
The acute (and possibly chronic) impact of peritonitis on mem-
brane function was discussed in the previous section. Minimiza-
tion of damage to the peritoneal membrane by implementation of
strategies to decrease the peritonitis rate should be universally ap-
plied, including the use of improved connectology systems [117].

The use of more biocompatible solutions may also influence
membrane preservation. A retrospective observational study that
compared incident PD patients treated with conventional PD so-
lution to those treated with the new pH neutral lactate buffer
solution, found a significant survival advantage with the new so-
lution [118]. Available controlled studies show that the effect of
biocompatible solution depends on the actual composition of the
product (Table 45.7) [119–124]. In general, amino acid-based PD
solution does not affect UF or sodium removal [119–121]. The

Table 45.3 Randomized controlled trials on the
effects of automated PD versus CAPD. Study No. of Treatment Duration

[reference] subjects Design group (mos) Effects

Bro et al. [98] 34 Open label APD 6 Peritoneal transport and UF not
described

Rodriguez et al. [99] 45 Open label TPD, CCPD 2 Better peritoneal clearance of
urea and creatinine; UF not
described

Abbreviations: TPD, tidal peritoneal dialysis; CCPD, continuous cyclic peritoneal dialysis.
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Table 45.4 Published trials on the effects of icodextrin PD solution on UF.

Study No. of Dialysis
[reference] subjects type Designa Treatment group Control group Duration Effects

Konings et al. [100] 40 CAPD Open label 7.5% icodextrin Standard glucose 4 mos Better UF, 1670 ± 1038 vs. 744 ± 767 mL

Posthuma et al. [101] 38 APD Open label 7.5% icodextrin Standard glucose 2 yrs Increasec UF by at least 261 mL

Davies et al. [102] 50 CAPD Multicenter
double blind

7.5% icodextrin 2.27% glucose 6 mos Improved UF by 258.6 mL (control group: worse
UF by −141.8 mL); also improved sodium
removal

Wolfson et al. [103] 175 CAPD Double blind 7.5% icodextrin 2.5% dextrose 52 wks Better UF, 587.2 vs. 346.2 mL

Plum et al. [104] 39 APD Multicenter
double blind

7.5% icodextrin 2.27% glucose 16 wks Better UF, 278 ± 43 vs. -138 ± 81 mL

Mistry et al. [105] 209 CAPD Open label 7.5% icodextrin 1.36% and
3.86% glucose

6 mos Better UF than 1.36% glucose at 8 h (527 ± 44
vs. 101 ± 48 mL); no difference from 3.86%
glucose

Finkelstein et al. [106] 92 APD Multicenter
double blind

7.5% icodextrin 4.25% dextrose 2 wks Improved UF 141.6 ± 75.4 to 540.2 ± 46.8 ml;
no change in UF in control group

Posthuman et al. [107] 23 APD Open label 7.5% icodextrin 4.25% dextrose 12 mos Better UF, 218 ± 57 vs. 36 ± 115 mL; result was
insignificant at 12 mos

Dallas et al. [108] 8 Both CAPD Randomized 7.5% icodextrin, 7.5% icodextrin 4 wks Improved UF, 750 (650–828) to 1000 (889–1100)
mLand APD 1.36% glucose

a All studies were parallel, randomized controlled trials, except the one by Dallas et al. [108], which was a crossover study.

Table 45.5 Published studies on the effects of low-sodium
PD solutiona.Study No. of Treatment Control

[reference] subjects group group Effect

Leypoldt et al. [109] 10 Na 105 mmol/L Na 132 mmol/L Low-sodium solution
had better sodium and
water removal

Amici et al. [110] 10 Na 126 mmol/L Na 132 mmol/L No difference in sodium
or water removal

a Both studies focused on acute effects and used a crossover design.

Table 45.6 Published trials on effects of intraperitoneal agents on peritoneal transport.

No. of
Study [reference] subjects Designa Agents Duration Effect

Sjoland et al. [111] 21 Double blind Tinzaparin 3 mos each Reduced D/P creatinine, increased UF volume

Moberly et al. [112] 13 Open label Hyaluronan Single exchange Marginal increase in UF volume, no change in
creatinine clearance

el-Sherif et al. [113] 21 Open label Minoxidil Single exchange Increase in UF volume

Hasbargen et al. [114] 7 Open label Neostigmine Single exchange No effect

Kalra et al. [115] 25 Double blind Sodium nitroprusside, chlorpromazine Single exchange Increased urea and creatinine clearance

Favazza et al. [116] 9 Open label Clonidine, enalapril, nifedipine 2 weeks each Increased creatinine and �2-microglobulin
clearance by enalapril and nifedipine

a All studies entailed a crossover design.
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Table 45.7 Published trials on the use of biocompatible PD solutions.

No. of
Study [reference] subjects Designa Treatment group Duration Effect(s)

van Biesen et al. [119] 10 Multicenter
RCT

0.6% amino acid, 1.4% glycerol 3 mos Improved PDE CA125 level; no difference in UF
or nutritional parameters

Li et al. [120] 60 RCT 1.1% amino acid 3 yrs Better NPNA, no difference in UF

Plum et al. [121] 10 Crossover 1% amino acid
Bicarbonate buffered

1 day No difference in UF

Schmitt et al. [122] 25# Crossover pH neutral, bicarbonate buffered 1 day No change in peritoneal surface area

Williams et al. [123] 86 Multicenter
crossover

pH neutral, lactate buffered, low GDP 12 wks each Improved PDE markers of peritoneal membrane
integrity and reduced circulating AGE, possibly
better residual renal function

Tranaeus [124] 106 RCT 25 mmol/L bicarbonate + 15 mmol/L
lactate

12 mos Better UF of about 150 mL/day

Abbreviations: RCT, randomized controlled trila; GDP, glucose degradation product; PDE, PD effluent; AGE, advanced glucation end product; NPNA, normalized protein nitrogen
appearance.
a All trials entailed an open-label design.
b Paediatric cases.

effects of neutral pH and/or bicarbonate-buffered solution have
been inconsistent [122–124].

Temporary cessation of PD (the so-called peritoneal rest) has
been used in a few patients with high small solute transport char-
acteristics with some success and may be a reasonable option to
consider if other approaches are unsuccessful [125–127]. Alter-
natively, reduction in exposure of the peritoneal membrane to
glucose may lead to some improvement in transport parameters
[128].
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Introduction

Over the past 25 years, peritoneal dialysis (PD) has become an
established and successful form of renal replacement therapy for
patients with stage 5 (end-stage) chronic kidney disease. Most
published cohort studies suggest that the medium-term survival
(up to 3–4 years) of patients treated with PD is at least compara-
ble [1,2], and possibly superior [3,4], to that of patients receiving
hemodialysis (HD). PD also potentially offers a number of other
important clinical advantages over HD, including better preser-
vation of residual renal function, reduced erythropoietic stimu-
latory agent and blood transfusion requirements, decreased risk
of blood-borne infections (such as hepatitis B and C), improved
quality of life, enhanced treatment satisfaction, preservation of vas-
cular access sites, and improved subsequent renal allograft func-
tion [5,6].

However, the major drawback of PD is its limited technique
survival. According to the Australian and New Zealand Dialysis
and Transplant (ANZDATA) Registry, the crude technique fail-
ure rate for PD is 21.7/100 patient-years and only 4% of patients
experience at least 5 years of continuous PD [7]. Even after censor-
ing for kidney transplantation, the median technique survival on
peritoneal dialysis is 2.5 years. Approximately half of all technique
failure episodes are due to either peritonitis (27%) or peritoneal
membrane failure culminating in inadequate small solute clear-
ance and/or impaired ultrafiltration (23%) [7]. A large body of
basic research in animal models and peritoneal cell culture sys-
tems has suggested that a major contributor to the high technique
failure rate is the bioincompatible nature of conventional PD fluid.
Such fluids may have a negative impact on host defense as well as
having a profibrotic effect on the peritoneal membrane [8–10].
Conventional PD fluids are considered “unphysiological,” based
on their acidic pH (5.0–5.8), high lactate concentrations (30–
40 mmol/L), high osmolality (320–520 mOsm/kg), high glucose

concentrations (31–236 mmol/L), and contamination by glucose
degradation products (GDP) generated during the heat steriliza-
tion process [11]. Such solutions reduce the viability and growth
of peritoneal mesothelial cells and fibroblasts in vitro, alter the
turnover of structural collagen, and modify the homeostatic bal-
ance of cytokines and growth factors [10,12,13]. The viability and
function of peritoneal phagocytic cells, such as macrophages, are
also impaired by standard peritoneal fluids [11,12]. Moreover,
experimental and clinical exposure of the peritoneal membrane
to conventional PD solutions causes significant histopathological
changes over time, including loss of the surface mesothelial cell
layer, thickening of the submesothelial compact zone, and the de-
velopment of a progressive vasculopathy [14,15]. Most of these
adverse effects of dialysate on the peritoneal membrane appear to
be accounted for by acidic pH and high concentrations of GDPs,
because they were largely avoided in in vivo studies by the use
of neutral-buffered, low-GDP fluids [10,11,16,17]. In addition to
their direct cytotoxicity and stimulation of inflammatory cytokine
production, GDPs promote the formation and deposition of ad-
vanced glycation end products (AGEs) in the peritoneal mem-
brane, which in turn correlates with peritoneal membrane fibrosis
and histopathology [18,19].

Recently, manufacturers of PD fluids have developed more
biocompatible solutions, consisting of neutral pH, low-GDP,
bicarbonate- or lactate-buffered solutions, in order to reduce
membrane damage associated with PD. These fluids have con-
sistently been shown in both in vitro and in vivo animal studies
to better preserve peritoneal membrane structure and function
compared with the less expensive, traditional fluids [10–12,20].
These fluids may also offer additional systemic benefits by reduc-
ing inflammation, lowering circulating AGE, and preserving resid-
ual renal function. However, whether these experimental benefits
translate into improved outcomes for patients on PD needs to be
demonstrated to justify the additional costs of the newer solutions.
In addition to these biocompatible solutions, manufacturers have
also developed “glucose alternative” solutions to improve PD as
a therapy. So far, the available evidence indicates that fluid sta-
tus, body composition, and diabetic control can be manipulated.
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Additional peritoneal membrane benefits may be realized as a re-
sult of avoidance of glucose and AGEs.

The aim of this chapter is to review the impact of the newer PD
solutions on clinical outcomes, based on the currently available
randomized controlled trials.

Neutral pH, lactate-buffered, low-GDP fluids

The development of multicompartment bag systems, in which
alkaline and acidic fluid compartments are kept separate, has per-
mitted the sterilization of glucose at very low pH with greatly
reduced GDP formation but the formation of neutral or near-

neutral pH final dialysis solutions following mixing of the com-
partments prior to instilling into the peritoneal cavity. A summary
of the randomized controlled clinical trials involving neutral pH,
lactate-buffered, low-GDP, multichambered PD fluids is provided
in Table 46.1.

Williams et al. [21] conducted a multicenter, open-label, ran-
domized crossover study of conventional, acidic, lactate-buffered
fluid (Stay-safe; Fresenius Medical Care, Bad Homburg, Ger-
many) with neutral pH, lactate-buffered, low-GDP fluid (Balance;
Fresenius Medical Care, Bad Homburg, Germany) in 86 prevalent
continuous ambulatory PD (CAPD) patients from 22 centers in 11
European countries. The participants underwent a 4-week run-in
phase on conventional fluid after which they were randomized in a

Table 46.1 Characteristics of the populations and interventions in the randomized trials of biocompatible solutions in PD.

Study ID [reference] Interventions No. of patients Follow-up

Neutral pH, lactate-buffered, low-GDP vs. acidic pH, lactate-buffered, high-GDP fluids
Williams [21] Balance vs. Stay-safe 86 CAPD 24 wks
Rippe [22] Gambrosol-Trio vs. Gamrosol 80 CAPD 2 yrs
Zeier [23] Gambrosol-Trio vs. Gamrosol 21 CAPD 16 wks

Neutral pH, bicarbonate (± lactate)-buffered, low-GDP vs. acidic pH, lactate-buffered, high-GDP fluids
Cooker [29] Physioneal (25 mmol/L bicarbonate/15 mmol/L lactate) vs. Dianeal 92 CAPD 6 mos
Jones [30] Physioneal (25 mmol/L bicarbonate/15 mmol/L lactate) vs. Dianeal 106 CAPD 6 mos
Fuesshoeller [31] Physioneal (25 mmol/L bicarbonate/15 mmol/L lactate) vs. Dianeal 14 APD 12 mos
Mactier [33] Bicarbonate/lactate (25/15 mmol/L) vs. bicarbonate (38 mmol/L) vs. Dianeal 18 CAPD 3 days
Tranaeus [35] Physioneal (25 mmol/L bicarbonate/15 mmol/L lactate) vs. Dianeal 106 CAPD 12 mos
Carrasco [36] Bicarbonate/lactate (25/15 mmol/L) vs. lactate (35 mmol/L) 31 CAPD 3 mos
Coles [39] Bicarbonate/lactate (25/15 mmol/L) vs. bicarbonate (38 mmol/L) vs. lactate (40 mmol/L) 59 CAPD 2 mos
Feriani [38] Bicavera (bicarbonate 34 mmol/L) vs. lactate (35 mmol/L) 123 CAPD 6 mos
Haas [32] Bicavera (bicarbonate 34 mmol/L) vs. lactate (35 mmol/L) 28 APD 24 wks

Icodextrin vs. glucose exchanges
Mistry [47] 7.5% Icodextrin vs. 1.36% or 3.86% glucose 209 CAPD 6 mos
Posthuma [48] 7.5% Icodextrin vs. variable glucose strengths 23 APD 6 mos
Plum [49] 7.5% Icodextrin vs. 2.27% glucose 39 APD 12 wks
Wolfson [50] 7.5% Icodextrin vs. 2.5% glucose 175 CAPD/APD 1 yr
Gokal [55] 7.5% Icodextrin vs. 1.36% or 3.86% glucose 23 CAPD 6 mos
Konings [58] 7.5% Icodextrin vs. 1.36% glucose 40 CAPD/APD 4 mos
Davies [59] 7.5% Icodextrin vs. 2.27% glucose 50 CAPD/APD 6 mos
Finkelstein [54] 7.5% Icodextrin vs. 4.25% dextrose 92 2 weeks
Selby [81] 7.5% Icodextrin vs. 1.36% glucose 8 2 days
Guo [62] 7.5% Icodextrin vs. 2.5% glucose 93 13 weeks
Posthuma [73] 7.5% Icodextrin vs. 2.5% glucose 38 CCPD 2 years
Ota [56] 7.5% Icodextrin vs. 1.36% glucose 18 CAPD 6 weeks

Amino acid dialysates versus glucose exchanges
Qamar [79] 1.1% amino acids vs. 1.36% glucose (1 exchange daily) 7 CAPD 3 months
Misra [76] 1.1% amino acids vs. 1.36% glucose (1 exchange daily) 18 CAPD 6 months
Jones .(77) 1.1% amino acids vs. glucose (1 exchange daily) 134 CAPD 3 months
Qamar [80] 1.1% amino acids vs. glucose (1 exchange daily) 7 CCPD 3 months
Li [75] 1.1% amino acids vs. glucose (1 exchange daily) 60 CAPD 3 years
Tjiong [78] 1.1% amino acids vs. variable (1.36–3.86%) glucose 8 APD 7 days
Van Biesen [82] 0.6% amino acids/1.4% glycerol vs. variable glucose (1 exchange daily) 10 CAPD 3 months

Glucose-sparing regimens
Le Poole [37] 1 x Nutrineal, 1 x Extraneal, 2 x Physioneal (NEPP) vs 4 x Dianeal 63 CAPD 30 weeks
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1:1 ratio to the control versus intervention groups. After 12 weeks
of monitoring in this first treatment phase, the groups switched
therapies and were observed for a further 12 weeks. The method of
allocation concealment was not explicitly stated. A total of 71 pa-
tients with complete measurements were included in the per pro-
tocol analysis (18% dropout rate). The primary outcome measure
was the concentration of CA125, a possible marker of mesothelial
cell mass and/or viability, in the dialysate effluent at 12 weeks and
was significantly higher in the low-GDP fluid group. This was ac-
companied by higher effluent levels of procollagen peptide, lower
levels of hyaluronan, and unchanged levels of vascular endothe-
lial growth factor and tumor necrosis factor-�. Patients exposed
to low-GDP fluids were also observed to have falls in circulat-
ing GDP (carboxymethyl-lysine and imidazoline) levels. Clinical
measurements demonstrated increases in renal urea and creati-
nine clearances, increases in Kt/V, increases in urine volumes, and
decreases in peritoneal ultrafiltration volumes (associated with an
increased dialysate/plasma creatinine ratio). Peritonitis incidence
was comparable in both groups, although the study was inade-
quately powered to detect a difference in this or other clinical end
points. The study was significantly limited by its short duration,
small sample size, use of surrogate markers, the possibility of co-
intervention bias in view of the open-label nature of the study,
and the potential for informative censoring as a result of the 18%
dropout rate over 24 weeks.

Similar findings were reported in an open-label, parallel de-
sign, randomized controlled trial of conventional, acidic, lactate-
buffered fluid (Gambrosol; Gambro, Lund, Sweden) with pH 6.5,
lactate-buffered, low-GDP fluid (Gambrosol-Trio; Gambro, Lund,
Sweden) in 80 CAPD patients followed for 2 years [22]. Although
only 13 patients completed the 2-year study (84% dropout), the
principal findings were that patients receiving low-GDP fluid treat-
ment exhibited significantly higher dialysate CA 125, procollagen-
1-C-terminal peptide, and procollagen-3-N-terminal peptide and
significantly lower concentrations of hyaluronon in the overnight
effluent. The new fluid did not significantly influence either the fre-
quency of peritonitis or peritoneal transport characteristics com-
pared with conventional fluid, but the study was not adequately
powered for these end points, and baseline data were limited.
Zeier et al. [23] also conducted a randomized crossover trial of
Gambrosol versus Gambrosol-Trio over two consecutive observa-
tion periods of 8 weeks each in 21 stable, prevalent CAPD pa-
tients. They reported a significant 3.5-fold increase in dialysate
effluent CA125 concentrations within 4 weeks of Gambrosol-Trio
exposure.

To date, there have been no randomized controlled trials of
neutral pH, lactate-buffered, low-GDP fluids versus conventional
fluids that have been adequately powered to assess “hard” or
patient-level clinical end points. A recent, large, retrospective,
observational cohort study in Korea described superior survival
in 611 patients treated with Balance compared with 551 patients
using standard Stay-safe solution (74% vs. 62% at 28 months;
P = 0.032) [24]. The hazard ratio for mortality was 0.75 (95%
confidence interval, 0.56–0.99) in the Balance group, after adjust-

ment for age, gender, and diabetes mellitus in a multivariate Cox
proportional hazards model analysis. A follow-up report of 1909
incident PD patients, in which prescription of low-GDP solutions
reached between 70 and 80% by the year 2003, also demonstrated
superior patient survival in patients treated with low-GDP fluids
[25]. The major limitations of this study were the lack of stratifi-
cation or statistical adjustment for cardiovascular disease, hyper-
tension, and socio-economic status and potential selection bias
with residual confounding. This is probable given that patients
treated with low-GDP solutions were significantly more likely to
be younger and treated at large PD centers than those patients
who received standard PD solutions. There may also have been
a center effect bias, given that 25 centers exclusively contributed
Balance patients, 25 exclusively contributed conventional fluid pa-
tients, and the remaining 33 contributed a mixture of Balance and
Staysafe patients. An open-label, multicenter, phase IV, random-
ized controlled trial of Gambrosol Trio (n = 43) versus Gambrosol
(n = 26) was recently presented (Diurest study) [26]. Although
not yet published, the investigators reported a significantly slower
rate of residual renal function decline in those treated with Gam-
brosol Trio. However, this study was potentially confounded by a
substantially higher glucose usage, higher initial weight loss, and
appreciable initial blood pressure drop in the control group, rais-
ing the possibility that factors other than the type of fluid used
(e.g. volume depletion) may have accounted for the differential
decline in renal function between the two study groups. In con-
trast, Fan et al. [27] recently presented an abstract reporting results
of a controlled trial of 120 incident PD patients randomized to re-
ceive Balance or conventional fluid (Stay-safe) for a mean follow-
up period of 11.3 months. No differences were observed between
the two groups in residual renal function, peritonitis, peritoneal
transport characteristics, or the primary composite end point of
time to death or transfer to HD. A large, multicenter, prospective,
randomized controlled trial of Balance versus Staysafe in 420 in-
cident PD patients followed for 2 years is currently underway in
Australia, New Zealand, and Singapore (balANZ trial) [28]. The
primary outcome measure will be rate of decline of residual renal
function (analysis of covariance), with secondary analysis of time
to anuria, patient survival, technique survival, peritoneal transport
characteristics, measures of dialysis adequacy, and ultrafiltration.
In the meantime, there is insufficient clinical evidence to draw
conclusions about the relative efficacy and safety of neutral pH,
lactate-buffered, low-GDP fluids compared with conventional PD
fluids.

Neutral pH, bicarbonate (± lactate)-buffered,
low-GDP fluids

As with the lactate-buffered, low-GDP solutions, many clinical
trials involving bicarbonate-buffered, reduced-GDP fluids have
been small, short term, and primarily focused on unvalidated
surrogate end points of dialysate effluent markers. Cooker et al.
[29] demonstrated significant reductions in dialysate effluent
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concentrations of interleukin-6 and vascular endothelial growth
factor within 3 months in 61 patients randomly allocated to neu-
tral pH, bicarbonate/lactate-buffered, reduced-GDP fluid (Phy-
sioneal; Baxter Healthcare) compared with 31 patients receiving
conventional PD fluid (Dianeal; Baxter Healthcare). Similar results
have also been described from other studies [30–32].

The most consistent clinical benefit demonstrated for
bicarbonate-buffered fluids is a reduction of inflow pain [31,33–
35]. Mactier et al. [33] conducted a double-blind, randomized,
crossover trial to determine the effects of bicarbonate (38 mM)-
containing and bicarbonate (25 mM)-lactate (15 mM)-containing
PD solutions on infusion pain in patients who experienced inflow
pain with conventional lactate (40 mM) solution. For all pain vari-
ables assessed, the bicarbonate-lactate solution was more effective
than the bicarbonate solution in alleviating pain. Similar findings
have been reported in open-label studies [31,34,35].

In some studies, bicarbonate/lactate-buffered solutions have
also been found to be associated with better control of metabolic
acidosis compared with lactate-buffered solutions [36,37]. Car-
rasco et al. [36] reported a significant increase in venous plasma
bicarbonate concentration by 3.1 mmol/L (95% confidence inter-
val, 1.6–4.8) from a baseline level of 23.0 mmol/L during treat-
ment with the bicarbonate-lactate solution. The number of aci-
dotic patients (venous plasma bicarbonate of <24 mmol/L) was
statistically significantly reduced at every treatment period visit
in the bicarbonate-lactate group (P < 0.05). Similarly, a prospec-
tive crossover study of 74 patients allocated to four daily exchanges
of standard PD solution (Dianeal) versus a glucose-sparing regi-
men (two exchanges Physioneal, one exchange Extraneal, and one
exchange Nutrineal) observed that the latter regimen was associ-
ated with significantly higher plasma bicarbonate levels [37]. In
contrast, three other randomized controlled trials did not find
any significant differences in acid–base status between patients
treated with bicarbonate-lactate solutions versus conventional flu-
ids [35,38,39].

Conflicting results have also been reported for peritoneal ultra-
filtration, with two studies (different fluids) observing increased
drainage volumes with bicarbonate-lactate solutions [35,40]
while other investigations found no alteration in ultrafiltration
[32,36–39].

None of the trials to date have had sufficient samples sizes or
follow-up times to evaluate the impact of bicarbonate/lactate-
buffered, low-GDP solutions on peritonitis rates, residual re-
nal function decline, technique survival, or patient survival. A
prospective registry analysis of PD patients treated with alterna-
tive PD solutions in 12 countries observed that bicarbonate/lactate
solutions were associated with decreased peritonitis duration and
rate compared with standard PD fluids [9]. However, these results
were likely to have been significantly influenced by selection bias.

The relative importance of the buffer (lactate versus bicar-
bonate) to peritoneal membrane biocompatibility has not yet
been addressed by randomized controlled trials. A prospective,
nonrandomized trial of 34 mmol/L bicarbonate-buffered ver-
sus 35 mmol/L lactate-buffered PD fluid in 36 patients over

12 months showed comparable peritoneal clearances and cor-
rection of metabolic acidosis between the two groups but bet-
ter preservation of residual renal function in the patients receiv-
ing bicarbonate-buffered fluid [41]. However, this trial may have
been confounded by selection bias since patients nonrandomly
allocated to the bicarbonate group were significantly more likely
to be female and have lower peritoneal ultrafiltration values at
baseline. There is currently a randomized controlled study un-
der way in which 60 pediatric PD patients will be randomly as-
signed to receive either lactate-containing Balance solution or the
bicarbonate-buffered Bicavera solution for a period of 10 months
to determine whether these fluids evoke any differences in preser-
vation of peritoneal transport characteristics [13].

Icodextrin

Icodextrin is a starch-derived, high-molecular-weight glucose
polymer that was first used as an osmotic alternative to glucose
for PD in the 1980s [42]. Since that time, there has been increasing
interest in the use of icodextrin-containing PD solutions because
of their demonstrated ability to induce sustained peritoneal ul-
trafiltration. Fluid removal is achieved by colloidal, rather than
crystalline, osmotic pressure and is most pronounced over pro-
longed (12–16 h) dwells [43]. There is also emerging evidence that
this iso-osmotic solution may be less damaging to the peritoneal
membrane than glucose-based dialysates (reviewed in references
44 to 46).

To date, there have been a number of open-label, randomized
controlled trials of the glucose polymer, which have demonstrated
that icodextrin is comparable to hypertonic (3.86%) glucose for
net peritoneal ultrafiltration and small solute clearance during
long (8–16 h) dwells (Table 46.1). The first of these investigations
was the Multicentre Investigation of Icodextrin in Ambulatory
Peritoneal Dialysis Study (MIDAS) [47]. In this multicenter trial,
209 stable patients from 11 centers (representing approximately
5% of the UK CAPD population) were randomly allocated
to receive an overnight exchange with either 7.5% icodextrin
(n = 106) or conventional (1.36 or 3.86%) glucose solutions. A
total of 138 patients completed the 6-month study (67 icodextrin,
71 control). An intention-to-treat analysis demonstrated that the
mean overnight peritoneal ultrafiltration achieved with icodextrin
was equivalent to that of 3.86% glucose at 8 h (510 ± 48 vs. 448 ±
60 mL; P = 0.44). Following a 12-h dwell, icodextrin tended to
promote a greater degree of fluid removal (552 ± 44 vs. 414 ± 78
mL), but the difference just failed to achieve statistical significance
(P = 0.06). There were no reported adverse clinical effects over
the period of the study. A second, smaller, single-center, random-
ized controlled trial in continuous cycling PD (CCPD) patients
compared the ultrafiltration potential of icodextrin (n = 23) with
that of variable glucose strengths (n = 19) during the daytime
dwell (14–15 h) [48]. Daytime ultrafiltration volumes were signif-
icantly higher in icodextrin-treated than glucose-treated patients
at 3 months (168 ± 57 vs. 42 ± 139 mL, respectively; P < 0.05), 6

503



BLBK043-Molony September 12, 2008 15:1

Part 7 Chronic Kidney Disease Stage 5: Peritoneal Dialysis

months (218 ± 57 vs. 36 ± 115 mL; P < 0.05), and 9 months (224
± 71 vs. −30 ± 87 mL; P < 0.05). Two other randomized con-
trolled trials demonstrated that icodextrin promoted significantly
higher ultrafiltration volumes than 2.5% glucose [49,50]. A sub-
sequent, short-duration, randomized, sequential study of 2.27%
glucose, 3.86% glucose, and 7.5% icodextrin during the long
daytime dwell (13.8–15.5 h) in 17 CCPD patients confirmed that
median ultrafiltration volumes were comparable between icodex-
trin and 3.86% glucose (260 vs. 100 mL; P not significant) but were
significantly greater than 2.27% glucose (−190 mL; P < 0.005)
[51]. Importantly, the difference in daytime ultrafiltration be-
tween icodextrin and 3.86% glucose was positively correlated with
the dialysate/plasma creatinine ratio, suggesting that icodextrin
may achieve superior fluid removal compared with glucose-based
dialysates in subjects with higher peritoneal membrane transport
characteristics. This finding was supported by several other trans-
port studies [52,53]. A recent randomized controlled trial demon-
strated that icodextrin was superior to 4.25% glucose for long
dwell fluid removal in high and high-average transporters [54].

Several randomized controlled trials have also demonstrated
that icodextrin offers an ultrafiltration advantage compared with
glucose-based dialysates in patients with enhanced membrane per-
meability due to acute peritonitis. In the MIDAS study [55], 23
patients in the glucose group and 22 patients in the icodextrin
group experienced CAPD-associated peritonitis. During these in-
fective episodes, mean overnight ultrafiltration volumes decreased
slightly from 218 ± 354 mL to 185 ± 218 mL in the glucose group
(P not significant) but significantly increased in the icodextrin
group, from 570 ± 146 mL to 723 ± 218 mL (P < 0.01). Simi-
lar findings have been reported by Ota et al. [56]. A randomized
study in CCPD patients [57] found that mean daytime and total
24-h ultrafiltration fell significantly during peritonitis episodes by
approximately 600 mL but were well-maintained in icodextrin-
treated patients. The mean differences in daytime and 24-h fluid
removal between the two groups exceeded 1000 mL.

Although augmented peritoneal fluid removal by icodextrin
should intuitively help to correct fluid overload in PD patients, this
outcome has been poorly studied. Konings et al. [58] randomly
allocated 40 PD patients to icodextrin or 1.36% glucose during the
long dwell. The use of icodextrin was associated with a significant
reduction in extracellular water and left ventricular mass. Davies
et al. [59] also reported significant improvements in fluid status
in high transporters treated with icodextrin compared with 2.27%
glucose. These findings, together with those of Finkelstein et al.
[54], support the recommendations of the ISPD Ad Hoc Com-
mittee on Ultrafiltration Management in Peritoneal Dialysis that
icodextrin be used for the long dwell in high transporter patients
with a net peritoneal ultrafiltration of less than 400 mL/4 h [60].

Clinical experience with icodextrin in children is extremely lim-
ited. The best available study is a sequential trial by de Boer and
colleagues [61] in which 11 children underwent peritoneal dwells
with 1.36% glucose, 7.5% icodextrin, or 3.86% glucose for 12 h.
The ultrafiltration achieved with icodextrin was comparable with
that of 3.86% glucose but significantly greater than with 1.36%

glucose. No significant adverse effects were observed over a sub-
sequent 6-week period of polyglucose administration.

Apart from the well-documented effects of icodextrin on peri-
toneal ultrafiltration, polyglucose solution has also been shown in
one randomized controlled trial to promote clinically important
improvements in quality of life scores within 13 weeks of treatment
commencement compared with glucose solutions [62]. Although
there are nonrandomized studies suggesting that polyglucose may
additionally prolong PD technique survival [63–65], there is no
high-level clinical evidence to support this.

Several in vitro and ex vivo studies have suggested that icodex-
trin may offer improved peritoneal membrane biocompatibility
compared with conventional glucose-based dialysates by virtue of
decreased glucose exposure, iso-osmolarity, and reduced carbonyl
stress [66,67]. Short-term clinical studies involving generally small
numbers of patients have demonstrated that dialytic small solute
clearances and peritoneal transport characteristics remain well-
preserved on icodextrin therapy for up to 24 months of follow-up
[47,48,68–72]. Moreover, a prospective, open-label, randomized
controlled trial of 38 CCPD patients in two centers showed that
dialysate effluent concentrations of a variety of peritoneal mem-
brane markers (CA125, interleukin-8, carboxy-terminal propep-
tide of type I procollagen, and amino-terminal propeptide of type
III procollagen) did not differ between glucose- and icodextrin-
treated patients over a 2-year period [73]. However, there have been
no longer-term clinical studies comparing the relative effects of
icodextrin and glucose on peritoneal membrane structure or func-
tion. Icodextrin use is associated with an increased incidence of
rash, mild hyponatremia, mild elevations of plasma alkaline phos-
phatase levels, and elevation of plasma oligosaccharide concen-
trations, leading to overestimation of blood sugar measurements
based on the glucose deshydrogenase pyrroloquinolenequinone
method [50,74].

Amino acid dialysates

Dialysates using amino acids as an alternative osmotic agent to
glucose may be more biocompatible by virtue of their more phys-
iological pH (6.7), relatively low osmolality (365 mOsm/kg), and
avoidance of glucose and GDPs. However, most available stud-
ies have not been of sufficient size or duration to demonstrate
any clinically important effects on peritonitis rates, peritoneal
transport characteristics, technique survival, or patient survival
(Table 46.1). The largest trial to date involved 60 malnourished
CAPD patients randomly allocated to replace one exchange daily
with amino acid dialysate (Nutrineal; Baxter Healthcare) or to con-
tinue with dextrose dialysate (Dianeal; Baxter Healthcare) over a
3-year follow-up period [75]. The composite nutritional indices,
daily ultrafiltration volumes, small solute clearances, and survival
rates did not differ significantly between the two groups.

Some studies have suggested that malnourished PD patients
may derive modest nutritional benefit from such solutions [76–
78]. However, other randomized controlled trials have failed to
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Table 46.2 Evidence ratings and recommendations for dialysate solutions in PD.

Overall evidence ratingb RecommendationcExisting
systematic Very

Intervention reviewsa High Moderate Low low Comment I II III Comment

Neutral pH,
lactate-buffered,
low-GDP vs. acidic
pH, lactate-buffered,
high-GDP fluids

None ? Few RCTs, small sample
size, short duration,
suboptimal
methodological quality,
surrogate outcomes of
questionable clinical
relevance

? Further trials with
patient-level outcomes
required

Neutral pH,
bicarbonate
(±lactate)-buffered,
low-GDP vs. acidic
pH, lactate-buffered,
high-GDP fluids

None ? Few RCTs, small sample
size, short duration,
suboptimal
methodological quality,
mostly surrogate
outcomes of
questionable clinical
relevance

? Neutral pH, bicarbonate
(±lactate)-buffered,
low-GDP fluids appear useful
for ameliorating infusion
pain; further trials required
to examine impact on other
patient-level outcomes
(peritonitis, peritoneal
transport characteristics,
technique survival, patient
survival)

Icodextrin vs.
glucose exchanges

None ? Moderate number of
RCTs, small to
moderate sample sizes,
suboptimal
methodological quality,
consistent findings

? Icodextrin promotes superior
fluid removal compared with
glucose exchanges, especially
in high and high-average
transporters; further trials
required to examine impact
on other patient-level
outcomes (peritonitis,
peritoneal transport
characteristics, technique
survival, patient survival)

Amino acid
dialysates vs.
glucose exchanges

None ? Few RCTs, small sample
size, short duration,
suboptimal
methodological quality,
surrogate outcomes of
questionable clinical
relevance, inconsistent
findings

? Further trials with
patient-level outcomes
required

Glucose-sparing
regimens vs, glucose
exchanges

None ? 1 RCT, suboptimal
methodological quality,
surrogate outcomes

? Further trials with
patient-level outcomes
required

a If no existing systematic review, overall evidence rating will start at moderate.
b Domains that are considered include study design, study quality, and consistency and directness of findings.
c Domains that are considered include trade-offs between benefits and harms, translation into clinical practice, uncertainty about baseline risk of population of interest, and
quality of evidence. I, recommend; II, suggest; III, no recommendation possible.
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demonstrate any significant nutritional benefit of amino acid
dialysates [75,79,80]. The ultrafiltration effect is comparable to
that achieved with 1.5% glucose.

Conclusions

The published studies of newer, “biocompatible” fluids have to
date been limited by small sample sizes, relatively short durations,
suboptimal methodologic quality, and a predominant focus on
surrogate markers of questionable clinical importance (such as
dialysate effluent concentrations of CA125) (Table 46.2). In spite
of these limitations, there is reasonable evidence to recommend the
use of neutral pH, bicarbonate-buffered or lactate-buffered, low-
GDP fluids in patients with clinically significant infusion pain, and
the use of icodextrin in the long dwell to enhance fluid removal
in PD patients, particularly in high and high-average transporters.
There is scant, conflicting evidence that amino acid dialysates may
confer modest benefits to surrogate nutritional markers in mal-
nourished PD patients. However, there is insufficient evidence to
date to permit conclusions to be drawn about the impact of any
of these biocompatible solutions relative to cheaper, conventional
PD fluids based on “hard,” clinical end points, such as peritoneal
transport characteristics, peritonitis rates, residual renal function
preservation, technique survival, or patient survival. Large, well-
designed, adequately powered, randomized controlled trials are
eagerly awaited.

References

1 Serkes KD, Blagg CR, Nolph KD, Vonesh EF, Shapiro F. Comparison

of patient and technique survival in continuous ambulatory peritoneal

dialysis (CAPD) and hemodialysis: a multicenter study. Perit Dial Int

1990; 10: 15–19.

2 Vonesh EF, Moran J. Mortality in end-stage renal disease: a reassessment

of differences between patients treated with hemodialysis and peritoneal

dialysis. J Am Soc Nephrol 1999; 10: 354–365.

3 Fenton SS, Schaubel DE, Desmeules M, Morrison HI, Mao Y, Copleston

P et al. Hemodialysis versus peritoneal dialysis: a comparison of adjusted

mortality rates. Am J Kidney Dis 1997; 30: 334–342.

4 Tanna MM, Vonesh EF, Korbet SM. Patient survival among incident

peritoneal dialysis and hemodialysis patients in an urban setting. Am J

Kidney Dis 2000; 36: 1175–1182.

5 Blake PG. Integrated end-stage renal disease care: the role of peritoneal

dialysis. Nephrol Dial Transplant 2001; 16(Suppl 5): 61–66.

6 Davies SJ, Van Biesen W, Nicholas J, Lameire N. Integrated care. Perit

Dial Int 2001; 21(Suppl 3): S269–S274.

7 Johnson DW, McDonald SP, Excell L, Livingston B, Shtangey V. Peri-

toneal dialysis. In: McDonald SP, Excell L, editors, ANZDATA Registry

Report 2005. Australia and New Zealand Dialysis and Transplant Reg-

istry, Adelaide, South Australie, 2006; 84–100.

8 Topley N. Membrane longevity in peritoneal dialysis: impact of infection

and bio-incompatible solutions. Adv Ren Replace Ther 1998; 5: 179–184.

9 Pecoits-Filho R, Stenvinkel P, Heimburger O, Lindholm B. Beyond the

membrane: the role of new PD solutions in enhancing global biocom-

patibility. Kidney Int Suppl 2003; 2003: S124–S132.

10 Witowski J, Jorres A. Effects of peritoneal dialysis solutions on the peri-

toneal membrane: clinical consequences. Perit Dial Int 2005; 25(Suppl

3): S31–S34.

11 Topley N. In vitro biocompatibility of bicarbonate-based peritoneal dial-

ysis solutions. Perit Dial Int 1997; 17: 42–47.

12 Schambye HT. Effect of different buffers on the biocompatibility of CAPD

solutions. Perit Dial Int 1996; 16(Suppl 1): S130–S136.

13 Nau B, Schmitt CP, Almeida M, Arbeiter K, Ardissino G, Bonzel KE et al.

BIOKID: randomized controlled trial comparing bicarbonate and lactate

buffer in biocompatible peritoneal dialysis solutions in children. BMC

Nephrol 2004; 5: 14.

14 Williams JD, Craig KJ, Topley N, Von Ruhland C, Fallon M, Newman

GR et al. Morphologic changes in the peritoneal membrane of patients

with renal disease. J Am Soc Nephrol 2002; 13: 470–479.

15 Dobbie JW, Anderson JD, Hind C. Long-term effects of peritoneal dial-

ysis on peritoneal morphology. Perit Dial Int 1994; 14(Suppl 3): S16–

S20.

16 Mortier S, Faict D, Schalkwijk CG, Lameire NH, De Vriese AS. Long-term

exposure to new peritoneal dialysis solutions: Effects on the peritoneal

membrane. Kidney Int 2004; 66: 1257–1265.

17 Mortier S, Faict D, Lameire NH, De Vriese AS. Benefits of switching

from a conventional to a low-GDP bicarbonate/lactate-buffered dialysis

solution in a rat model. Kidney Int 2005; 67: 1559–1565.

18 Nakayama M, Kawaguchi Y, Yamada K, Hasegawa T, Takazoe K, Katoh

N et al. Immunohistochemical detection of advanced glycosylation end-

products in the peritoneum and its possible pathophysiological role in

CAPD. Kidney Int 1997; 51: 182–186.

19 Honda K, Nitta K, Horita S, Yumura W, Nihei H, Nagai R et al. Accumu-

lation of advanced glycation end products in the peritoneal vasculature

of continuous ambulatory peritoneal dialysis patients with low ultra-

filtration. Nephrol Dial Transplant 1999; 14: 1541–1549.

20 Jorres A, Gahl GM, Topley N, Neubauer A, Ludat K, Muller C et al.

In-vitro biocompatibility of alternative CAPD fluids; comparison of

bicarbonate-buffered and glucose-polymer-based solutions. Nephrol

Dial Transplant 1994; 9: 785–790.

21 Williams JD, Topley N, Craig KJ, Mackenzie RK, Pischetsrieder M, Lage C

et al. The Euro-Balance Trial: the effect of a new biocompatible peritoneal

dialysis fluid (balance) on the peritoneal membrane. Kidney Int 2004; 66:

408–418.

22 Rippe B, Simonsen O, Heimburger O, Christensson A, Haraldsson B,

Stelin G et al. Long-term clinical effects of a peritoneal dialysis fluid with

less glucose degradation products. Kidney Int 2001; 59: 348–357.

23 Zeier M, Schwenger V, Deppisch R, Haug U, Weigel K, Bahner U et al.

Glucose degradation products in PD fluids: do they disappear from the

peritoneal cavity and enter the systemic circulation? Kidney Int 2003; 63:

298–305.

24 Lee HY, Park HC, Seo BJ, Do JY, Yun SR, Song HY et al. Superior patient

survival for continuous ambulatory peritoneal dialysis patients treated

with a peritoneal dialysis fluid with neutral pH and low glucose degra-

dation product concentration (Balance). Perit Dial Int 2005; 25: 248–

255.

25 Lee HY, Choi HY, Park HC, Seo BJ, Do JY, Yun SR et al. Changing pre-

scribing practice in CAPD patients in Korea: increased utilization of low

GDP solutions improves patient outcome. Nephrol Dial Transplant 2006;

21: 2893–2899.

26 Haag-Weber M, Haug U, Weislander A, Nabut J, Deppish R. Decline of

residual renal function in peritoneal dialysis patients depends on up-

take of carbonyl compounds from the peritoneal cavity: first data of a

prospective clinical trial. J Am Soc Nephrol 2003; 14: 476A.

506



BLBK043-Molony September 12, 2008 15:1

Chapter 46 Impact of PD Solutions on Outcomes

27 Fan SLS, Pile T, Punzalan S, Raftery M, Yaqoob MM. Prospective ran-

domised controlled trial of biocompatible PD solutions in incident PD

patients: interim analysis. J Am Soc Nephrol 2006; 17: 279A.

28 Brown F, Johnson DW. A randomized controlled trial to determine

whether treatment with at neutral pH, low glucose degradation product

dialysate (balance) prolongs residual renal function in peritoneal dialysis

patients. Perit Dial Int 2006; 26: 112–113.

29 Cooker LA, Luneburg P, Holmes CJ, Jones S, Topley N. Interleukin-6

levels decrease in effluent from patients dialyzed with bicarbonate/

lactate-based peritoneal dialysis solutions. Perit Dial Int 2001; 21(Suppl

3): S102–S107.

30 Jones S, Holmes CJ, Krediet RT, Mackenzie R, Faict D, Tranaeus A et al.

Bicarbonate/lactate-based peritoneal dialysis solution increases cancer

antigen 125 and decreases hyaluronic acid levels. Kidney Int 2001; 59:

1529–1538.

31 Fusshoeller A, Plail M, Grabensee B, Plum J. Biocompatibility pattern

of a bicarbonate/lactate-buffered peritoneal dialysis fluid in APD: a

prospective, randomized study. Nephrol Dial Transplant 2004; 19: 2101–

2106.

32 Haas S, Schmitt CP, Arbeiter K, Bonzel KE, Fischbach M, John U et al.

Improved acidosis correction and recovery of mesothelial cell mass

with neutral-pH bicarbonate dialysis solution among children under-

going automated peritoneal dialysis. J Am Soc Nephrol 2003; 14: 2632–

2638.

33 Mactier RA, Sprosen TS, Gokal R, Williams PF, Lindbergh M, Naik RB

et al. Bicarbonate and bicarbonate/lactate peritoneal dialysis solutions

for the treatment of infusion pain. Kidney Int 1998; 53: 1061–1067.

34 Rippe B, Simonsen O, Wieslander A, Landgren C. Clinical and physiolog-

ical effects of a new, less toxic and less acidic fluid for peritoneal dialysis.

Perit Dial Int 1997; 17: 27–34.

35 Tranaeus A. A long-term study of a bicarbonate/lactate-based peritoneal

dialysis solution: clinical benefits. The Bicarbonate/Lactate Study Group.

Perit Dial Int 2000; 20: 516–523.

36 Carrasco AM, Rubio MA, Sanchez Tommero JA, Fernandez GF, Gon-

zalez RM, del Peso GG et al. Acidosis correction with a new 25 mmol/l

bicarbonate/15 mmol/l lactate peritoneal dialysis solution. Perit Dial Int

2001; 21: 546–553.

37 le Poole CY, van Ittersum FJ, Weijmer MC, Valentijn RM, ter Wee PM.

Clinical effects of a peritoneal dialysis regimen low in glucose in new

peritoneal dialysis patients: a randomized crossover study. Adv Perit Dial

2004; 20: 170–176.

38 Feriani M, Kirchgessner J, La Greca G, Passlick-Deetjen J. Randomized

long-term evaluation of bicarbonate-buffered CAPD solution. Kidney

Int 1998; 54: 1731–1738.

39 Coles GA, O’Donoghue DJ, Pritchard N, Ogg CS, Jani FM, Gokal R

et al. A controlled trial of two bicarbonate-containing dialysis fluids for

CAPD: final report. Nephrol Dial Transplant 1998; 13: 3165–3171.

40 Simonsen O, Sterner G, Carlsson O, Wieslander A, Rippe B. Improvement

of peritoneal ultrafiltration with peritoneal dialysis solution buffered

with bicarbonate/lactate mixture. Perit Dial Int 2006; 26: 353–359.

41 Montenegro J, Saracho RM, Martinez IM, Munoz RI, Ocharan JJ, Val-

ladares E. Long-term clinical experience with pure bicarbonate peritoneal

dialysis solutions. Perit Dial Int 2006; 26: 89–94.

42 Rubin J, Klein E, Jones Q, Planch A, Bower J. Evaluation of a polymer

dialysate. Trans Am Soc Artif Intern Organs 1983; 29: 62–66.

43 Peers E, Gokal R. Icodextrin provides long dwell peritoneal dialysis and

maintenance of intraperitoneal volume. Artif Organs 1998; 22: 8–12.

44 Coles GA. Biocompatibility and new fluids. Perit Dial Int 1999; 19(Suppl

2): S267–S270.

45 Garcia-Lopez E, Lindholm B, Tranaeus A. Biocompatibility of new peri-

toneal dialysis solutions: clinical experience. Perit Dial Int 2000; 20(Suppl

5): S48–S56.

46 Chung SH, Stenvinkel P, Bergstrom J, Lindholm B. Biocompatibility of

new peritoneal dialysis solutions: what can we hope to achieve? Perit Dial

Int 2000; 20(Suppl 5): S57–S67.

47 Mistry CD, Gokal R, Peers E. A randomized multicenter clinical trial

comparing isosmolar icodextrin with hyperosmolar glucose solutions

in CAPD. MIDAS Study Group. Multicenter Investigation of Icodex-

trin in Ambulatory Peritoneal Dialysis. Kidney Int 1994; 46: 496–

503.

48 Posthuma N, ter Weel PM, Verbrugh HA, Oe PL, Peers E, Sayers J et al.

Icodextrin instead of glucose during the daytime dwell in CCPD in-

creases ultrafiltration and 24-h dialysate creatinine clearance. Nephrol

Dial Transplant 1997; 12: 550–553.

49 Plum J, Gentile S, Verger C, Brunkhorst R, Bahner U, Faller B et al. Efficacy

and safety of a 7.5% icodextrin peritoneal dialysis solution in patients

treated with automated peritoneal dialysis. Am J Kidney Dis 2002; 39:

862–871.

50 Wolfson M, Piraino B, Hamburger RJ, Morton AR. A randomized con-

trolled trial to evaluate the efficacy and safety of icodextrin in peritoneal

dialysis. Am J Kidney Dis 2002; 40: 1055–1065.

51 Woodrow G, Stables G, Oldroyd B, Gibson J, Turney JH, Brownjohn

AM. Comparison of icodextrin and glucose solutions for the daytime

dwell in automated peritoneal dialysis. Nephrol Dial Transplant 1999; 14:

1530–1535.

52 Ho-dac-Pannekeet MM, Schouten N, Langendijk MJ, Hiralall JK,

de Waart DR, Struijk DG et al. Peritoneal transport characteris-

tics with glucose polymer based dialysate. Kidney Int 1996; 50: 979–

986.

53 Wiggins KJ, Rumpsfeld M, Blizzard S, Johnson DW. Predictors of a

favourable response to icodextrin in peritoneal dialysis patients with

ultrafiltration failure. Nephrology (Carlton) 2005; 10: 33–36.

54 Finkelstein F, Healy H, Abu-Alfa A, Ahmad S, Brown F, Gehr T et al.

Superiority of icodextrin compared with 4.25% dextrose for peritoneal

ultrafiltration. J Am Soc Nephrol 2005; 16: 546–554.

55 Gokal R, Mistry CD, Peers EM. Peritonitis occurrence in a multicenter

study of icodextrin and glucose in CAPD. MIDAS Study Group. Multi-

center Investigation of Icodextrin in Ambulatory Dialysis. Perit Dial Int

1995; 15: 226–230.

56 Ota K, Akiba T, Nakao T, Nakayama M, Maeba T, Park MS et al. Peritoneal

ultrafiltration and serum icodextrin concentration during dialysis with

7.5% icodextrin solution in Japanese patients. Perit Dial Int 2003; 23:

356–361.

57 Posthuma N, ter Weel PM, Donker AJ, Peers EM, Oe PL, Verbrugh HA.

Icodextrin use in CCPD patients during peritonitis: ultrafiltration and

serum disaccharide concentrations. Nephrol Dial Transplant 1998; 13:

2341–2344.

58 Konings CJ, Kooman JP, Schonck M, Gladziwa U, Wirtz J, van den Wall

Bake AW et al. Effect of icodextrin on volume status, blood pressure and

echocardiographic parameters: a randomized study. Kidney Int 2003; 63:

1556–1563.

59 Davies SJ, Woodrow G, Donovan K, Plum J, Williams P, Johansson AC

et al. Icodextrin improves the fluid status of peritoneal dialysis patients:

results of a double-blind randomized controlled trial. J Am Soc Nephrol

2003; 14: 2338–2344.

60 Mujais S, Nolph K, Gokal R, Blake P, Burkart J, Coles G et al. Evalu-

ation and management of ultrafiltration problems in peritoneal dialy-

sis. International Society for Peritoneal Dialysis Ad Hoc Committee on

507



BLBK043-Molony September 12, 2008 15:1

Part 7 Chronic Kidney Disease Stage 5: Peritoneal Dialysis

Ultrafiltration Management in Peritoneal Dialysis. Perit Dial Int 2000;

20(Suppl 4): S5–S21.

61 de Boer AW, Schroder CH, van Vliet R, Willems JL, Monnens LA. Clin-

ical experience with icodextrin in children: ultrafiltration profiles and

metabolism. Pediatr Nephrol 2000; 15: 21–24.

62 Guo A, Wolfson M, Holt R. Early quality of life benefits of icodextrin in

peritoneal dialysis. Kidney Int Suppl 2002; 2002: S72–S79.

63 Johnson DW, Arndt M, O’Shea A, Watt R, Hamilton J, Vincent K. Icodex-

trin as salvage therapy for peritoneal dialysis patients with refractory fluid

overload. BMC Nephrol 2002; 2002: 2.

64 Wilkie ME, Plant MJ, Edwards L, Brown CB. Icodextrin 7.5% dialysate

solution (glucose polymer) in patients with ultrafiltration failure: exten-

sion of CAPD technique survival. Perit Dial Int 1997; 17: 84–87.

65 Peers EM, Scrimgeour AC, Haycox AR. Cost-containment in CAPD

patients with ultrafiltration failure. Clin Drug Invest 1995; 10: 53–58.

66 Dawnay AB, Millar DJ. Glycation and advanced glycation end-product

formation with icodextrin and dextrose. Perit Dial Int 1997; 17: 52–58.

67 de Fijter CW, Verbrugh HA, Oe LP, Heezius E, Donker AJ, Verhoef J

et al. Biocompatibility of a glucose-polymer-containing peritoneal dial-

ysis fluid. Am J Kidney Dis 1993; 21: 411–418.

68 Krediet RT, Douma CE, Ho dac Pannekeet MM, Imholz AL, Zemel D,

Zweers MM et al. Impact of different dialysis solutions on solute and

water transport. Perit Dial Int 1997; 17(Suppl 2): S17–S26.

69 Krediet RT, Ho-dac-Pannekeet MM, Imholz AL, Struijk DG. Icodextrin’s

effects on peritoneal transport. Perit Dial Int 1997; 17: 35–41.

70 Posthuma N, ter Wee P, Donker AJ, Dekker HA, Oe PL, Verbrugh HA.

Peritoneal defense using icodextrin or glucose for daytime dwell in CCPD

patients. Perit Dial Int 1999; 19: 334–342.

71 Woodrow G, Oldroyd B, Stables G, Gibson J, Turney JH, Brownjohn AM.

Effects of icodextrin in automated peritoneal dialysis on blood pressure

and bioelectrical impedance analysis. Nephrol Dial Transplant 2000; 15:

862–866.

72 Posthuma N, Verbrugh HA, Donker AJ, van Dorp W, Dekker HA, Peers

EM et al. Peritoneal kinetics and mesothelial markers in CCPD using

icodextrin for daytime dwell for two years. Perit Dial Int 2000; 20: 174–

180.

73 Posthuma N, ter Wee PM, Donker AJ, Oe PL, Peers EM, Verbrugh HA.

Assessment of the effectiveness, safety, and biocompatibility of icodextrin

in automated peritoneal dialysis. The Dextrin in APD in Amsterdam

(DIANA) Group. Perit Dial Int 2000; 20(Suppl 2): S106–S113.

74 Wens R, Taminne M, Devriendt J, Collart F, Broeders N, Mestrez F

et al. A previously undescribed side effect of icodextrin: overestimation

of glycemia by glucose analyzer. Perit Dial Int 1998; 18: 603–609.

75 Li FK, Chan LY, Woo JC, Ho SK, Lo WK, Lai KN et al. A 3-year, prospec-

tive, randomized, controlled study on amino acid dialysate in patients

on CAPD. Am J Kidney Dis 2003; 42: 173–183.

76 Misra M, Ashworth J, Reaveley DA, Muller B, Brown EA. Nutritional

effects of amino acid dialysate (Nutrineal) in CAPD patients. Adv Perit

Dial 1996; 12: 311–314.

77 Jones M, Hagen T, Boyle CA, Vonesh E, Hamburger R, Charytan C

et al. Treatment of malnutrition with 1.1% amino acid peritoneal dialysis

solution: results of a multicenter outpatient study. Am J Kidney Dis 1998;

32: 761–769.

78 Tjiong HL, van den Berg JW, Wattimena JL, Rietveld T, van Dijk LJ,

van der Wiel AM et al. Dialysate as food: combined amino acid and

glucose dialysate improves protein anabolism in renal failure patients

on automated peritoneal dialysis. J Am Soc Nephrol 2005; 16: 1486–

1493.

79 Qamar IU, Levin L, Balfe JW, Balfe JA, Secker D, Zlotkin S. Effects of

3-month amino acid dialysis compared to dextrose dialysis in children

on continuous ambulatory peritoneal dialysis. Perit Dial Int 1994; 14:

34–41.

80 Qamar IU, Secker D, Levin L, Balfe JA, Zlotkin S, Balfe JW. Effects of

amino acid dialysis compared to dextrose dialysis in children on contin-

uous cycling peritoneal dialysis. Perit Dial Int 1999; 19: 237–247.

81 Selby NM, Fonseca S, Hulme L, Fluck RJ, Taal MW, McIntyre CW.

Hypertonic glucose-based peritoneal dialysate is associated with higher

blood pressure and adverse haemodynamics as compared with icodex-

trin. Nephrol Dial Transplant 2005; 20: 1848–1853.

82 Van Biesen W, Boer W, De Greve B, Dequidt C, Vijt D, Faict D et al. A

randomized clinical trial with a 0.6% amino acid/1.4% glycerol peritoneal

dialysis solution. Perit Dial Int 2004; 24: 222–230.

508



BLBK043-Molony September 12, 2008 15:3

47 Prevention and Treatment of Peritoneal
Dialysis-Related Infections

Giovanni F. M. Strippoli,1 Kathryn J. Wiggins,2David W. Johnson,3 Sankar
Navaneethan,4 Giovanni Cancarini,5 & Jonathan C. Craig1

1NHMRC Centre for Clinical Research Excellence in renal medicine, Cochrane Renal Group, University of Sydney, School of
Public Health, Australia
2The University of Melbourne Department of Medicine at St. Vincent’s Hospital, Melbourne, Australia
3Department of Renal Medicine, University of Queensland at Princess Alexandra Hospital, Woolloongabba, Brisbane, Australia
4Department of Medicine, Unity Health System, Rochester, New York, USA
5Section and Division of Nephrology, Department of Experimental and Applied Medicine, University and Spedali Civili,
Brescia, Italy

Introduction

Peritoneal dialysis (PD) is an effective and widely used form of renal
replacement therapy and accounts for 15–50% of renal replace-
ment therapy for patients with end-stage renal disease (ESRD).
The longevity of PD and its broader uptake are reduced by the risk
of PD-related infections [1]. The overall incidence of peritonitis
is about one episode for every 19 patient months on PD [2], al-
though this figure ranges from 1 in every 9.1 to 1 in every 27.9
patient– months [3–5]. Peritonitis tends to be recurrent, with a
very high rate of relapse (approximately 0.5 episodes/patient/year)
[6]. Risk factors for developing peritonitis include advancing age
[7,8], some ethnic groups [9,10], comorbidities such as diabetes
and obesity [11], tropical climates [12,13], depression [14], nasal
carriage of Staphylococcus aureus [15,16], and presence of exit site
infections. Catheter design, implantation technique, and connec-
tion methodology also modulate the risk of peritonitis. It is unclear
whether PD modality (continuous ambulatory PD [CAPD] or au-
tomated PD [APD]) affects peritonitis rates [17,18].

PD-related infections may also require hospitalization [19] and
result in adverse effects from the required antibiotic treatment.
Peritonitis, particularly due to S. aureus, is a major cause of catheter
removal and subsequent technique failure in patients receiving
PD [20]. Peritonitis is also associated with an increased mortality
risk in some patient groups [21]. Longer-term consequences of
peritonitis include the development of ultrafiltration failure [22]
and an increased likelihood of developing encapsulating sclerosing
peritonitis [23,24].

The ultimate goal for PD-related infections is prevention. To
date, this has primarily focused on antimicrobial prophylaxis and
modifications of the PD catheter and connection system. Antimi-
crobial interventions include oral and topical antibiotics [25], top-
ical disinfectants, and prophylactic treatment of S. aureus nasal
carriage [26]. All of these strategies, particularly cleansing and dis-
infection of the exit site, are widely accepted, but practice patterns
are variable and trials results are conflicting [27–30]. Catheter-
related intervention strategies that have been studied include mod-
ifications of catheter design, implantation technique, connection
methodology, and PD modality [15,16].

When infection does occur, early and effective management is
important to reduce complications such as progression from exit
site infection to peritonitis and relapse of peritonitis. The main-
stay of management of peritonitis is antimicrobial therapy, al-
though adjunctive treatments such as fibrinolytic agents [31,32],
peritoneal lavage [33], and intraperitoneal immunoglobulin ad-
ministration [34] have been used. Peritonitis antibiotic regimens
vary in the class of antimicrobial agent(s) used, route of adminis-
tration, dosing frequency, and total duration of therapy. Center-
specific factors such as patterns of antimicrobial resistance and
regional isolation also play a role in making treatment decisions
[35].

In this chapter we review current evidence about the prevention
and treatment of PD-related infections.

Definitions

Definitions of exit site infections, tunnel infections, and peritoni-
tis have varied in clinical trials, particularly regarding the time
frame in which a second episode defines relapsed peritonitis rather
than a new episode. Definitions have become more uniform in re-
cent studies. Current guidelines on prevention and treatment of
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peritonitis [3,36] are based on similar definitions, which are sum-
marized below.

Exit site and tunnel infections
An exit site infection is present when there is purulent drainage
from the exit site. This may be accompanied by pericatheter
swelling, erythema, and tenderness. Erythema or serous discharge
alone may or may not represent infection. A positive culture from
a swab in the absence of clinical signs may represent bacterial
colonization but not infection. Tunnel infections in the absence
of concomitant exit site infection are rare. There may be signs
of inflammation (erythema, edema, and or tenderness) over the
subcutaneous tunnel, but some tunnel infections may be clinically
occult and require sonographic studies for detection.

Peritonitis
Peritonitis may be directly related to the PD procedure (PD-
associated peritonitis) or my be independent of the PD catheter and
related to intra-abdominal events, such as perforated viscera. Gen-
eral criteria for diagnosis are discussed more extensively in the cha-
pter, but definitions of different types of peritonitis are listed here:� Refractory peritonitis: persistence of clinical symptoms and
signs beyond day 4 or 5 of therapy� Relapsing peritonitis: an episode that occurs within 4 weeks of
completion of therapy of a prior episode with the same organism
or one sterile episode� Repeat peritonitis: an episode that occurs more than 4 weeks
after completion of therapy of a prior episode with the same or-
ganism� Recurrent peritonitis: an episode that occurs within 4 weeks
of completion of therapy for a prior episode but with a different
organism.

Diagnosis of peritonitis

Appearance of cloudy effluent suggests a diagnosis of peritonitis,
but confirmation is required and is defined by the presence of two
of three of the following findings:
1) Cloudy effluent fluid with leukocyte count over 100/mm3, with
more than 50% neutrophils
2) Abdominal pain
3) Positive culture or Gram stain of peritoneal effluent.

The patient suffering from peritonitis often satisfies all these
criteria. However, not all centers can perform a Gram stain, and
culture becomes positive many hours and sometimes days after
admission. Decision on treatment is therefore often based on the
two first criteria. Clinical history, occurrence of fever, increased
peripheral blood leukocyte count, and other typical symptoms of
infection may be suggestive of the diagnosis.

Cloudy effluent
The sign of cloudy effluent requires confirmation by a differen-
tial cell count from the peritoneal effluent; a finding of >50%

neutrophils is equally important as the total white blood cell count
of 100 cells/�l. Because an increase in white blood cell count can
be delayed in some cases, a cell count lower than 100/�l does not
rule out the diagnosis of peritonitis. A repeat count on the effluent
following an exchange often shows a cell count increase. Leuko-
cyte esterase reagent strips are used in many centers to enable the
patient to check the effluent at home, thereby reducing the time
to diagnosis and confirming an increased white blood cell count
as the cause of nonclear effluent. Sensitivity and specificity of the
leukocyte esterase test are comparable to those with visual assess-
ment and light microscopy.

A cloudy peritoneal effluent can also appear in conditions other
than infectious peritonitis. A mild hemoperitoneum, due to cap-
illary rupture, ovulation, or retrograde menstruation is not in-
frequent; the effluent has a characteristic red discoloration and
only a few white blood cells are seen on microscopy. Cloudy efflu-
ent with an increased number of eosinophils can simulate infec-
tious peritonitis. Peritoneal eosinophilia is arbitrarily defined as
an absoluteeosinophil count of >100/�l, or eosinophils >10%of
total effluent leukocytes if the eosinophil count is >40/�l. It is
considered to be due to an allergicreaction occurring after catheter
implantation or from dialysate additives,air introduced into the
peritoneal cavity, the PD catheter, plasticizers from the dialysis bag
or tubing, or even mechanicaltrauma from a fill volume that is too
large. Increased eosinophil counts have been reported with one
brand of vancomycin and with fungal and parasitic infections.

Chylous effluent, due to a breach of lymphatic vessels, has an
opaline appearance. This often increases after a meal and has a
higher number of lymphocytes and measurable amounts of triglyc-
erides. A cloudy effluent with an increased white blood cell count,
mimicking infectious peritonitis, can also occur during chemi-
cal peritonitis due to accidental introduction of disinfectants into
the peritoneal cavity; the differential diagnosis is based on clinical
history, negative culture, and rapid spontaneous improvement.
Peritoneal diffusion of malignancy can also cause cloudy efflu-
ent, but this is a rare event. Finally, a cloudy fluid often appears
in the first bag exchange after a period of empty abdomen (“dry
abdomen”) and is due to the accumulation of cells in the peritoneal
cavity. Clear effluent is typically observed when dialysis fluid is
constantly present and regularly exchanged in the peritoneal cav-
ity. Inappropriate suspicion of peritonitis in patients undergoing
intermittent PD or APD may occur, as the first exchange is often
cloudy in these patients. To obviate the risk, one should infuse 1 L
of peritoneal dialysis fluid and permit it to dwell for a minimum
of 1–2 h before draining and examining for turbidity and for cell
count; alternatively, a rapid flushing of the peritoneal cavity with
1–2 L of dialysis fluid can precede that maneuver.

Abdominal pain
The symptom of abdominal pain is not unique to infectious peri-
tonitis. In peritonitis, abdominal pain is typically generalized and
is often associated with rebound tenderness. The first site of pain
in PD-related infectious peritonitis is often the epigastric region,
which then spreads to the whole abdomen. The intensity of pain is
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very variable and may not correlate with the degree of cloudy ef-
fluent; some patients have a frank cloudy effluent with little pain,
and others complain of severe pain but have relatively clear ef-
fluent. Different causative microorganisms cause different pain
severities; streptococcal peritonitis, for example, is generally asso-
ciated with severe pain. Peritonitis occurring in PD patients may
also be secondary to primary disease in abdominal organs, and
other abdominal conditions may mimic the pain of peritonitis.
This differentiation is critical for therapy. Diverticulitis should be
suspected when pain is localized to the left iliac fossa. Appendicitis
should be ruled out when the first localized pain is in the right iliac
fossa, and pain in the right hypochondrium necessitates consider-
ation of cholecystitis.

Gram stain and culture
Gram stain is positive in up to 40% cases and is concordant with
culture results. Despite the substantial false-negative rate, because
it has a high specificity, when positive the Gram stain may pro-
vide early identification of the likely causative organism and so
can guide empiric therapy. A positive culture confirms the clinical
diagnosis of infectious peritonitis, often within 24–48 h after em-
piric therapy has commenced. Causative microorganisms include
gram-negative and gram-positive bacteria, fungi, yeasts, and typi-
cal and atypical mycobacteria. The possibility of a viral peritonitis
cannot be excluded, but literature on this topic is only anecdotal.
Culture is negative in 10–20% of cases of clinically diagnosed in-
fectious peritonitis. The low concentration of microorganisms in
the effluent accounts for negative culture results, but other causes
have been reported, including insufficient volume of the effluent
sample, concurrent use of antibiotics, inadequate culture tech-
nique, and failure to concentrate by centrifugation. Other causes
are endotoxins or contaminants of either the dialysis fluid or med-
ications introduced in the peritoneal cavity.

Other signs and symptoms may also be present in peritonitis,
including:
1) Pneumoperitoneum: appearance of a small amount of air in
the peritoneal cavity is easily diagnosed by chest X-ray, and very
small amounts can be detected by computed tomography. Pneu-
moperitoneum suggests bowel perforation but can also be due to
accidental introduction of air during an exchange.
2) Amylase concentration in peritoneal fluid amylase is less than
100 U/L in PD patients with primary infectious peritonitis and
higher during either pancreatitis or infections of other abdominal
organs.
3) When peritonitis is suspected, the physical examination should
include a careful inspection of the exit site and tunnel of the
catheter, because peritonitis could be secondary to the peritoneal
spread of bacteria from this site. Any drainage from the exit site
should be cultured, along with the effluent. If the exit site is cul-
ture positive for the same organism as the peritoneal effluent,
then it is very likely that the origin of peritonitis is the catheter.
4) Peripheral cell counts including a differential count. Infectious
peritonitis is generally associated with an increase in the white
blood cell count.

5) Fever and loss of appetite are also frequent. Chills, vomiting,
lack of bowel sounds, tachycardia, and hypotension occur in the
most severe cases. In some patients (e.g. the elderly or those on
immunosuppressive therapy), these signs may be less severe.

Available guidelines for prevention and
treatment of exit site and tunnel infection
and peritonitis

Prevention of exit site and tunnel infections
and peritonitis
The International Society for Peritoneal Dialysis (ISPD) [36], Aus-
tralian and New Zealand Society of Nephrology (Caring for Aus-
tralians with Renal Impairment [CARI]) [3], and the British Renal
Association (BRA) have issued guidelines regarding use of antimi-
crobial agents for peritonitis prevention. All three recommend use
of topical antibiotic agents to reduce the risk of S. aureus exit site
and tunnel infections. The BRA guidelines recommend mupirocin
applied to exit sites, whereas CARI and ISPD suggest both in-
tranasal and exit site mupirocin administration. The ISPD also
lists exit site gentamicin as a potential prophylactic agent. Further
strategies recommended by both CARI and ISPD are prophylactic
use of nystatin during antibiotic therapy to reduce the incidence
of fungal peritonitis and prophylactic antibiotic administration
at the time of catheter placement. CARI recommends use of a
first-generation cephalosporin for this purpose.

With regard to catheter-related interventions, there is consen-
sus among all three guidelines that no single type of catheter
is superior in reducing infection rates. ISPD guidelines state
that a downward-placed catheter may reduce infection rates. No
other recommendations regarding catheter placement have been
issued.

Treatment of exit site and tunnel infections
ISPD guidelines recommend prompt and aggressive treatment of
exit site infections, particularly those due to S. aureus and Pseu-
domonas aeruginosa, as these organisms frequently lead to peri-
tonitis. The guidelines state that treatment with oral antibiotics
is as effective as intraperitoneal therapy, with the exception of in-
fections due to multidrug-resistant S. aureus. CARI suggestions
for clinical care indicate that antibiotic therapy should match the
likely local pathogens but that no antibiotic regimen has proven
to be superior.

Treatment of peritonitis
ISPD and CARI guidelines both state that empirical therapy with
antibiotics that will cover both gram-negative and gram-positive
organisms should be initiated at the time a diagnosis of peritoni-
tis is suspected. Specific antibiotic agents are not recommended,
but the ISPD guidelines suggest that local patterns of causative
organisms and bacterial resistance should be taken into consider-
ation by each center. Following identification of a specific organ-
ism targeted therapy should commence. The suggested duration
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of therapy in the ISPD guidelines is 2 weeks in most cases but 3
weeks for severe infections, such as infection due to Staphylococcus
or Pseudomonas species.

In addition to antimicrobial agents, ISPD recommends catheter
removal for refractory and relapsing peritonitis and fungal peri-
tonitis. CARI makes no recommendation about timing of catheter
removal, due to lack of evidence, but does state that catheter re-
moval is superior to urokinase.

Available evidence for prevention and
treatment of exit site and tunnel infections and
peritonitis

Systematic reviews of randomized trials of interventions to prevent
and treat PD-related infections have been carried out. Specifically,
there is one Cochrane Review covering the area of antimicrobial
agents [37] and two covering catheter-related interventions to pre-
vent PD-related infection [38,39]; there is also a published protocol
of treatment for PD peritonitis [40], and preliminary results have
been presented in abstract form [41]. Since completion of these re-
views, one additional randomized controlled trial (RCT) has been
published [42]. The characteristics of populations and interven-
tions in the trials included in these Cochrane reviews (Tables 47.1
to 47.3) and their major findings (Tables 47.4 to 47.6) are provided
at the end of the chapter.

Antimicrobial agents for prevention of PD-associated
infections
Oral antibiotic prophylaxis has not been shown to prevent PD-
related infections (Figure 47.1). The two interventions that have
been shown to be effective in preventing PD-related infections are
administration of intranasal mupirocin to PD patients colonized
with S. aureus and preoperative intravenous antibiotic prophy-
laxis. In one trial, nasal mupirocin compared with placebo signifi-
cantly reduced the exit site and tunnel infection rate and S. aureus
nasal carriage, but no significant effect of mupirocin on peritonitis
rates was observed [37] (Figure 47.2). These findings support the
ISPD and CARI recommendations indicating that topical nasal
therapy should be used. The benefit of mupirocin was only ob-
served for the outcome measure of rates of exit site and tunnel
infections, and not for the proportion of patients with these in-
fections. This means that mupirocin may only reduce the risk of
exit site and tunnel infections in patients who are frequent re-
lapsers, or it is possible that these results simply demonstrate the
trials are more likely to find an effect when event rates occur more
commonly (episodes of infection rather than number of patients
with exit site and tunnel infections). The greatest concern regard-
ing routine use of topical mupirocin is the risk of emergence of
mupirocin-resistant bacteria, although this remains a theoretical
risk to date. The trial of nasal mupirocin, which has the longest
follow-up duration available to date, had a follow-up period of
only 18 months and was inadequate to assess the development of
resistance [43].

The recommendation by CARI and BRA to apply mupirocin
to the exit site is not supported by current evidence. There have
been no reported RCTs which have assessed the effectiveness of
application of mupirocin to the catheter exit site or to PD patients
other than those with nasal colonization by S. aureus. However,
this intervention is widely used and unlikely to cause harm.

Two other topical antimicrobial therapies are available in addi-
tion to mupirocin. Bernardini et al. prospectively compared topical
application of mupirocin and gentamicin to the exit site in a ran-
domized, controlled, blinded trial [42]. They found that topical
gentamicin was associated with a reduction in the rate of catheter
infections, time to first catheter infection, and catheter infections
due to Pseudomonas aeruginosa. All-cause and gram-negative peri-
tonitis rates were reduced in the gentamicin group when the results
were analyzed according to treatment received, but there were no
differences on intention to treat analysis (0.56/year with mupirocin
vs. 0.30/year for gentamicin; P = 0.08). There were no reports of
gentamicin ototoxicity. Although the results of this study appear
favorable, the median follow-up in this study was 8 months, and
long-term data on the development of gentamicin-resistant mi-
croorganisms will be important.

Medihoney has antimicrobial properties and may be asso-
ciated with a lower risk of facilitating the development of
multidrug-resistant microorganisms than antibiotics. Noninferi-
ority of Medihoney with topical mupirocin has been demonstrated
in the prevention of hemodialysis catheter-associated sepsis [44],
but there are no published trials of Medihoney use in PD.

The use of perioperative intravenous antibiotic prophylaxis
compared with no treatment has been shown to reduce the risk of
early (<1 month postinsertion) peritonitis considerably but not
the risk of exit site and tunnel infection [37] (Figure 47.3). There
was no significant difference in the risk of peritonitis more than 1
month after catheter insertion. Postoperative infection rates in the
control arms of each of the evaluated trials were high, ranging from
12–46%, and the applicability of these data to PD units with lower
infection rates following PD catheter insertion is unclear. Current
CARI guidelines suggest use of first-generation cephalosporins in
this setting, based on extrapolations from the results of preoper-
ative antibiotic trials in patients without ESRD [3], but the evi-
dence supporting the use of first-generation cephalosporins in PD
patients undergoing Tenckhoff catheter insertion is sparse. Four
RCTs of different preoperative antibiotic prophylaxis regimens
were identified in a systematic review [45–48]. These included par-
enteral gentamicin, vancomycin, cephazolin, and cefuroxime, with
only two evaluating a first-generation cephalosporin. One small
trial involving 27 PD patients found that cephazolin and gentam-
icin were ineffective compared with no treatment [45], and the
largest of the meta-analyses (221 patients) observed that cepha-
zolin was inferior to vancomycin with respect to preventing post-
operative catheter-associated infections (7% vs. 1%; P < 0.05)
[46]. The recommendation of a first-generation cephalosporin in
preference to vancomycin may be a reasonable compromise be-
cause of the risk of vancomycin-resistant Enterococcus spp. and S.
aureus. The ISPD guidelines address this issue by recommending
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Table 47.1 Characteristics of populations and interventions in randomized trials of antimicrobial agents for prevention of peritonitis in PD.a

% of patients that No. of Follow-up
Study ID were diabetic Interventions patients (mos)

Oral antibiotics vs. placebo/no treatment
Blowey 1994b NA Rifampin (20 mg/kg/day) in 2 doses for 5 days + bacitracin (nasal) 2

times/day × 7 days
15 1

Churchill 1988 NA Trimethoprim (160 mg/day)-sulfamethoxazole (800 mg/day) × 12 mos 105 12
Low 1980 NA Cefalexin 500 mg × 2/day 50 2–3
Sesso 1994c 23 Ofloxacin 200 mg/day × 5 days 22 7
Swartz 1991 34 Trimethoprim-sulfamethoxazole (“low dose”) or cephalexin (250 mg) or

clindamycin (300 mg)
59 12

Zimmerman 1991 41 Rifampin 300 mg × 2/day × 5 days, every 3 months 64 18

Nasal antibiotics vs. placebo/no treatment
Mupirocin SG 1996 20 Mupirocin (2%) nasal ointment b.i.d. × 5 days, every 1 month 267 18
Sesso 1994c 23 Sodium fusidate (2%) nasal ointment twice daily × 5 days 22 7

Oral antifungal agents vs. placebo/no treatment
Wai-Kei Lo 1996d 17 Nystatin 500,000 U × 4/day (whenever other antibiotics were administered) 397 24

Topical disinfectants vs. placebo/no treatment
Luzar 1990e 22 Povidone iodine (20 g/L) and nonocclusive dressing 2–3 times/week 127 9
Waite 1997 33 Povidone iodine (10%) ointment 3.5 g at every dressing change 117 14
Wilson 1997 NA Povidone iodine (2.5%) dry powder spray at every dressing change 149 10

Germicidal devices vs. placebo/no treatment
Nolph 1985 20 Ultraviolet germicidal chamber for bag outlet port 167 36

Vaccines vs. placebo/no treatment
Poole-Warren 1991 17 Staphypan Berna 124 12

Perioperative intravenous prophylaxis vs. placebo/no treatment
Bennett-Jones 1988 0 Gentamicin (i.v.) 1.5 mg/kg at time of catheter placement 27 1
Gadallah 2000c, f 23 Vancomycin (i.v.) 1000 mg 12 h before catheter placement 221 0.5
Lye 1992 40 Cefazolin (i.v.) 500 mg or gentamicin (i.v.) 80 mg 1 h before catheter

placement
50 3

Wikdahl 1997 34 Cefuroxime (i.v.) 1.5 g at time of catheter placement + 250 mg i.p. in first
dialysis bag

38 0.3

Nasal antibiotics vs. oral or nasal antibiotic
Bernardini 1996 34 Mupirocin (2%) nasal ointment, daily applications vs. rifampin (oral) 300 mg

× 2/day × 5 days, every 3 mos
82 25

Perez-Fontan 1992 16 Mupirocin (2%) nasal ointment t.i.d. × 7 days vs. neomycin sulfate (0.1%)
nasal ointment t.i.d. × 7 days

32 3

Perioperative intravenous prophylaxis
Lye 1992 60 Cefazolin (i.v.) 500 mg before catheter placement vs. gentamicin (i.v.) 80 mg

<60 min before catheter placement
50 2

Abbreviations: NA, not applicable or not available; b.i.d., twice a day; t.i.d., three times a day; i.v., intravenous; i.p., intraperitoneal.
a Results of either placebo or no-treatment controlled trials or head-to-head trials of different antimicrobial regimens. Trials are grouped in alphabetical order and by type of
intervention. Mean age ranged from 40–60 years for all trials with the exception of one pediatric trial.
b Pediatric trial.
c Trial with three arms.
d This trial focused on prophylaxis of Candida peritonitis in patients receiving treatment for bacterial peritonitis.
e The control group for this trial was soap and water.
f The control group for this trial was either no treatment or cefazolin (i.v.), 1000 mg, 3 h before catheter placement, or no treatment.
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Table 47.2 Characteristics of populations and interventions in RCTs of catheter-related interventions for prevention of peritonitis in PD.a

Study ID % of patients that No. of Follow-up
[refrerence] were diabetic Interventions patients (mos)

Surgical catheter insertion technique
Gadallah 1999[17] 36 Laparoscopy vs. standard laparotomy 148 36
Tsimoyiannis 2000 [18] NA Laparoscopy vs. standard laparotomy 50 21
Wright 1999 [19] NA Laparoscopy vs. standard laparotomy 50 24
Danielsson 2002 [20] 28 Subcutaneous buried vs. standard insertion 60 24
Moncrief-Popovich 1998 [21] NA Subcutaneous buried vs. standard insertion 113 NA
Park 1998 [22] 43 Subcutaneous buried vs. standard insertion 60 24
Ejlersen 1990 [23] NA Midline vs. lateral 37 3
Rubin 1990b [24] 24 Midline vs. lateral 83 NA

Straight vs. coiled catheter
Akyol 1990 [25] 12 Tenckhoff (straight) vs. Tenckhoff (curled) catheter 40 13
Dasgupta 2000 [26] NA Tenckhoff (straight) vs. Moncrief-Popovich (curled) catheter 41 NA
Eklund 1994 [27] 13 Single-cuff straight Tenckhoff vs. one bubble slanted flange single-cuff Swan

Neck (coiled) catheter
40 NA

Eklund 1995 [28] 16 Two-cuff straight Tenckhoff catheter vs. two-cuff Swan neck (coiled) catheter 40 NA
Lye 1996 [29] 35 Double cuffed Swan-neck (coiled) vs. double-cuffed Tenckhoff (straight) catheter 40 12
Nielsen 1995 [30] 18 Tenckhoff (straight) vs. permanently bent Swan neck (curled) catheter 72 6
Rubin 1990b [24] 24 Straight vs. coiled catheter 83 NA
Scott 1994c [31] NA Double cuffed Tenckhoff (straight) vs. Toronto Western (curled) vs. standard

coiled Oreopoulos
89 12

Y-set vs. conventional spike catheter or modified Y-set
Cheng 1994 [32] 15 O-set versus conventional spike vs. UVXDd 100 >12
Churchill 1989 [33] NA Y-set plus sodium hypochlorite vs. standard system 124 12
Dryden 1992 [34] 15 Y-set (Freeline solo) vs. standard system 80 3–36
Li 1996 [35] 20 Y-set (Ultraset) vs. conventional spike 40 12
Lindholm 1988 [36] 28 5F take-off system vs. conventional 58 9
Maiorca 1983 [37] NA Y-set plus sodium hypochlorite vs. standard system 62 18–24
Owen 1992 [38] NA O-set vs. standard 60 >12
Rottembourg 1987 [39] 22 Y-set (Y-set or O-set or 5F safe-lock) vs. conventional 55 33
Viglino 1989 [40] 1 Y-set vs. Travenol Advanced Bystem 60 13
Viglino 1993 [41] 20 Y-set vs. T-set 122 15

Y-set vs. double bag
Harris 1996 [42] 15 Y-set (standard) vs. double bag (Freeline solo) 66 18
Kiernan 1995 [43] 25 Ultra Y-set vs. Ultra Twin Bag 83 4.5
Li 1999 [44] 24 Y-set (Ultraset) vs. double bag (Ultrabag) system 120 16
Monteon 1998c [45] 50 Y-set vs. double bag vs. straight spike 147 12

Miscellaneous
De Fijter 1991 [46] NA Y-set CAPD vs. CCPD 56 18
Bro 1999 [47] 4 Y-set CAPD vs. APD (NIPD or CCPD) 34 6
Eklund 1997 [48] 26 Single cuff vs. double cuff Tenckhoff catheter 60 20
Li 2002 [49] 38 Ultrabag vs. Stay-safe 102 >12
Pommer 1998 [50] 20 Silver ring vs. none 195 4.5
Trooskin 1990 [51] NA Antibiotic treated catheter vs. none 86 NA
Turner 1992c [52] 20 Immobilizer device vs. tape vs. no immobilization 66 0.25–15

Abbreviations: NA, not available; CCPD, continuous cycling PD; NIPD, nocturnal intermittent PD.
a Trials were all in adult populations. Trials are grouped in alphabetical order and by type of intervention.
b Trial with four arms.
c Trial with three arms.
d Ultraviolet irradiation connection box machine.
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Table 47.3 Characteristics of populations and interventions in RCTs of interventions for treatment of peritonitis in PD.a

% of patients that No. of Follow-up
Study ID were diabetic Interventions patients (days)

Same antibiotic IV vs. IP
Bailie 1987 NA Vancomycin 1g IP LD then 25 mg/L IP qid vs. vancomycin 1 g IV LD then 25 mg/L IP qid;

14-day course
20 NA

Bennet-Jones 1990 NA Vancomycin 20 mg/L IP qid + tobramycin 4 mg/L IP qid vs. vancomyin 0.5–1 g IV days 1 &
6 + tobramycin 1 mg/kg IV LD then 20–60 mg IV according to levels; PO antibiotics at
day 4; 10-day course

75 14

Same antibiotic oral vs. IP
Boeschoten 1985 NA Cephradine 500 mg IP LD then 250 mg IP qid vs. cephradine 500 mg PO LD then 250 mg

PO qid; treatment until 1 week after dialysate cleared
39 14

Cheng 1993 NA Ciprofloxacin 200 mg IP LD then 25 mg/L IP qid vs. ciprofloxacin 750 mg PO bd; 10-day
course

48 28

Cheng 1997 NA Ofloxacin 100 mg/L IP LD then 25 mg/L IP qid vs. ofloxacin 400 mg PO LD then 300 mg PO
od; 10-day course

35 28

Different antibiotic oral vs. IP
Bennet-Jones 1987 NA Vancomycin 25 mg/L qid IP + gentamicin 8 mg/L qid IP 48 h then 4 mg/L qid vs.

ciprofloxacin 750 mg PO td for 24 h then 750 mg PO bd; 10-day course
48 28

Chan 1990 NA Cephalothin 250 mg/L IP qid + tobramycin 8 mg/L qid vs. ofloxacin 400 mg PO LD then
300 mg PO od ± rifampin 300 mg PO od; 10-day course

106 28

Cheng 1991 NA Vancomycin 500 mg IP LD then 30 mg/L IP qid + aztreonam 500 mg/L IP LD then 250
mg/L IP qid vs. ofloxacin 400 mg PO LD then 300 mg PO od; 10-day course

45 28

Cheng 1998 NA Vancomycin 1–2 g IP days 1 & 7 + netromycin 20 mg/L IP od vs. vancomycin 1–2 g IP days
1 & 7 + levofloxacin 300 mg PO od; 10-day course

100 28b

Gucek 1994 NA Cephazolin 100 mg IP LD then 250 mg IP qid + netilmycin 80–120 mg LD then 40 mg IP
daily vs. ofloxacin 300 mg PO LD then 200 mg PO od + netilmycin 80–120 mg LD then
40 mg IP daily; 10-day course

38 NA

Lye 1993 NA Gentamicin 80 mg IP LD then 15 mg/2 L IP qid + vancomycin 1 g IP day 1 vs. pefloxacin
400 mg PO bd + vancomycin 1 g IP day 1; 14-day course

60 14

Tapson 1990 NA Vancomycin 30 mg IP qid + netilmycin 30 mg IP to alternate exchanges vs. ciprofloxcain
500 mg PO qid; 10-day course

50 28

Continuous vs. intermittent IP antibiotics
Boyce 1988 NA Vancomycin 1 g IP LD then 30 mg/L qid vs. vancomycin 30 mg/kg days 1 and 8, treatment

until 5 days after dialysate cleared
51 28

Lye 1995 NA Gentamicin 10mg/ L IP qid + vancomycin 1g IP day 1 vs gentamicin 40 mg IP od +
vancomycin 1 g IP day 1; 14-day course

100 28

Schaeffer 1999 NA Vancomycin 15 mg/kg body wt LD then 30 mg/L qid + ceftazidime 250 mg/L LD then 125
mg/L qid vs. vancomycin 30 mg/kg IP days 1& 7 + ceftazidime 500 mg/L IP LD then 250
mg/L IP od ; OR Teicolpanin 7.5 mg/kg body wt LD then 20 mg/L qid + ceftazidime 250
mg/L LD then 125 mg/L qid vs. teicoplanin 15 mg/kg IP days 1 & 7 + ceftazidime 500
mg/L IP LD then 250 mg/L IP od; 10-day course (all treatment arms)

93 NA

Velasquez-Jones 1995 NA Vancomycin 500 mg/L IP LD then 15 mg/L IP qid vs. vancomycin 30 mg/kg IP days 1 & 7;
10-day course

21 28

Different antibiotic IP
Anwar 1995 NA Vancomycin 250 mg IP LD then 25 mg IP bd + netilmycin 30–50 mg IP LD then 20–25 mg

IP bd vs. imipenem 1 g IP bd; treatment until 5 days after dialysate cleared
56 NA

Bowley 1998 NA Vancomycin 50 mg IP qid for 48 h then 25 mg IP qid vs. teicoplanin 50 mg IP qid for 48 h
then 25 mg IP qid; 7-day course

12 5

De Fijter 2001 22 Cephradine 250 mg/L IP qid vs. ciprofloxacin 50 mg/L IP qid + rifampin 50 mg/L qid;
14-day course

98 14

Flanigan 1991 50 Vancomycin 25 mg/L IP vs. cephazolin 50 mg/L IP; 14-day course 263 14
Friedland 1990 28 Vancomycin 12.5 mg/L IP qid + gentamicin 4 mg/L bd vs. ciprofloxacin 20 mg/L IP qid;

10-day course
40 10

(continued)
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Table 47.3 (continued)

% of patients that No. of Follow-up
Study ID were diabetic Interventions patients (days)

Gucek 1997 NA Vancomycin 2 g IP every 5–7 days + ceftazidime 1 g IP LD then 250 mg IP qid vs.
cephazolin 500 mg IP LD then 250 mg qid + netilmicin 80–120 mg IP LD then 40 mg IP
od; 14- to 28-day course

52 NA

Jimenez 1996 NA Vancomycin IP + tobramycin IP vs. vancomycin IP + cefotaxime IP 47 NA
Khairullah 2002 NA Vancomycin 1 g/L IP day 1 & day 5 or 8 + gentamicin 40 mg IP od vs. cephazolin 1 g IP LD

then 125 mg/L qid + gentamicin 40 mg IP od; 14- to 21-day course
42 14–21

Lui 2005 NA Cefazolin 1 g IP od + netilmycin 0.6 mg/kg IP od vs. cefazolin 1 g IP od + ceftazidime 1 g
IP od; 14-day course

102 42

Leung 2005 39 Cefazolin 1 g IP LD then 250 mg IP qid + ceftazidime 1 g IP LD then 50 mg IP qid vs.
imipenem 500 mg IP LD then 100 mg IP qid,

102

Lupo 1997 NA Cephalothin 2 g IV then 500 mg IP bd + tobramycin 120 mg IM LD then 10 mg IP qid vs.
teicoplanin 400 mg IV LD then 40 mg IP qid + tobramycin 120 mg IM LD then 10 mg IP
qid; 21-day course

65 NA

Wale 1992 NA Teicoplanin 20 mg/L IP qid + aztreonam 250 mg/L IP qid vs. cefuroxime 125 mg/L IP qid;
minimum 10-day course (at least 5 days from when dialysate cleared)

60 > 10 + 5c

Were 1992 NA Vancomycin 50 mg IP bd + netilmicin 50 mg IP LD then 25 mg IP bd vs. cefuroxime 40
mg/L IP qid; treatment until 5 days after dialysate cleared

20 5c

Wong 2001 NA Vancomycin 1 g IP days 1 & 7 + netilmicin 80 mg IP LD then 40 mg IP od vs. cefepime 2 g
IP LD then 1 g IP daily; 10-day course

60 10

Antibiotic vs. nonantimicrobial procedure or nonantimicrobial procedure vs. placebo or other nonantimicrobial procedure
Coban 2004 NA Ampicillin-sulbactam 1 g IP tds + netilmycin 150 mg IP LD then 50 mg IP od vs. 320 mg

IgG IP qid + antibiotics
Eljersen 1991 NA Vancomycin IP + netilmicin IP vs. rapid peritoneal lavage for 24 h + IP antibiotics 36 30d

Gadallah 2000 NA Vancomycin-gentamicin vs. urokinase 5000 IU in 2.5 mL normal saline + antibiotics 80
Innes 1993 NA Placebo vs. urokinase 25
Tong 2005 28 Cephazolin-netilmycin IP + placebo (20 mL normal saline) vs. cephazolin-netilmycin IP +

urokinase 60,000 IU IP diluted in 20 mL of normal saline
88 28

Williams 1989 NA Catheter removal and replacement vs. urokinase 5000 IU in 2 mL 37 90–360

Abbreviations: NA, not available; IP, intraperitoneal; PO, per oral; IV, intravenous, IM, intramuscular; od, once a day; bd, twice a day; qid, four times a day; IgG, immunoglobulin
G; LD.
a Trials are grouped in alphabetical order and by type of interventions.
b Number of days from effluent clearing.
c Beyond total clearing of dialysate and a decrease in the dialysate white blood cell count <100/mm3.
d After cessation of antibiotic treatment.

that each program weigh the benefits of vancomycin with the risk
of emergence of resistant microorganisms.

Nystatin significantly reduced the risk of Candida spp. peritoni-
tis in PD patients. The applicability of this finding is limited, given
the relatively high occurrence rate reported in the control arm of
the one large trial identified (8.5% over 2 years) [49]. However, in
light of the high disease burden associated with fungal peritonitis
and absence of adverse effects of nystatin, implementation of this
practice, as recommended by the ISPD guidelines, appears to be
of net clinical benefit.

Topical antiseptic agents were recommended in the previous
version of the ISPD guidelines, but not in the current edition.
Variations of this practice, along with use of other antimicrobial
interventions, are not supported by any evidence, or else they have
not been the subject of clinical trials. A meta-analysis of three RCTs

of topical povidone–iodine or powder sprays showed no benefit
compared with nondisinfectant soap and water [37]. Moreover,
although side effects were generally inadequately reported, one
study observed that skin rashes occurred in 6% of patients fol-
lowing povidone–iodine application [50]. There is no evidence
to support regular topical exit site disinfection with antibacte-
rial soap or a medical antiseptic to keep the exit site clean and
to diminish resident bacteria. Trials of UV germicidal chambers
around the connection device [51] and anti-staphylococcal vaccine
[52] also showed no significant effects of the intervention. There
have been no controlled trials evaluating the effects of antibacterial
soap.

Overall, although a number of trials have assessed the benefits of
different antimicrobial interventions to prevent peritonitis in PD,
the majority of trials enrolled few patients over relatively short
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)RR (randomWeightRR (random)ControlTreatmentStudy
95% CI%95% CIn/Nn/Nor sub-category

Low 1980 (Cefalexin) 14.15 0.33 [0.07, 1.50] 

Sesso1994 (Ofloxacin) 19.85 1.04 [0.34, 3.19] 

Zimmerman 1991 (Rifampin) 29.44 0.47 [0.24, 0.93] 

Churchill 1998 (Cotrimoxazole) 36.55 1.31 [0.90, 1.92] 

Total (95% CI)

Test for heterogeneity: chi2 = 9.10, df = 3 (P = 0.03), l2 = 67.0%

                   122               113 100.00 0.76 [0.38, 1.53]
Total events: 47 (Treatment), 48 (Control)

Test for overall effect: Z = 0.76 (P = 0.45)

0.01

2/25

4/9

8/32

33/56

6/25

3/7

17/32

22/49

0.1 1 10 100

Favours treatment Favours control

Figure 47.1 Effects of oral antibiotics on number of patients who develop peritonitis (one or more episodes) on PD.

periods of follow-up, did not adequately assess harms, and did not
fulfill widely accepted quality standards for reporting. Almost all
trials evaluated in the systematic reviews failed to specify whether
randomization allocation was concealed, outcome assessors were
blinded, or data were analyzed on an intention-to-treat basis. These
issues, together with the small sample sizes of all but three tri-
als, reduce the strength of the conclusions that may be drawn
at present. The possibility of a type 2 statistical error for some
of the less frequently observed outcome measures (e.g. catheter

Mupirocin Study Gp 1996 (Mupirocin) 42/1390            64/1236 100.00 0.58 [0.40, 0.85]        

Total (95% CI) 1390               1236 100.00 0.58 [0.40, 0.85]
Total events: 42 (Treatment), 64 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.77 (P = 0.006)

0.1 0.2 0.5 1 2 5 10

Favours treatment Favours control

Peritonitis

Peritonitis rate

Exit-site/tunnel infection

Exit-site/tunnel infection rate

RR (random)WeightRR (random)ControlTreatmentStudy
95% CI%95% CIn/Nn/Nor sub-category

Sesso 1994 (Sodium fusidate) 1/9                   2/6 2.47 0.33 [0.04, 2.91]        
Mupirocin Study Gp 1996  (Mupirocin) 43/134             44/133 97.53 0.97 [0.69, 1.37]        

Total (95% CI) 143                139 100.00 0.94 [0.67, 1.33]
Total events: 44 (Treatment), 46 (Control)

Test for overall effect: Z = 0.33 (P = 0.74)

0.1 0.2 0.5 1 2 5 10

Mupirocin Study Gp 1996 (Mupirocin) 18/1390            19/1236 100.00 0.84 [0.44, 1.60]        

Total (95% CI) 1390               1236 100.00 0.84 [0.44, 1.60]
Total events: 18 (Treatment), 19 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.53 (P = 0.60)

0.1 0.2 0.5 1 2 5 10

Sesso 1994 (Sodium fusidate)         5/9                   4/6         26.93 0.83 [0.37, 1.88]        
Mupirocin Study Gp1996 (Mupirocin) 26/134             25/133 73.07 1.03 [0.63, 1.69]        

Total (95% CI) 143                139 100.00 0.97 [0.64, 1.49]
Total events: 31 (Treatment), 29 (Control)

Test for overall effect: Z = 0.12 (P = 0.90)

0.1 0.2 0.5 1 2 5 10

Test for heterogeneity: chi2 = 0.91, df = 1 (P = 0.34), l2 = 0%

Test for heterogeneity: chi2 = 0.21, df = 1 (P = 0.65), l2 = 0%

Figure 47.2 Effects of nasal antibiotics on number of patients who develop peritonitis (one or more episodes), the peritonitis rate, number of patients who develop exit site
or tunnel infection (one or more episodes), and the exit site or tunnel infection rate in PD.

loss) cannot be excluded; almost all analyses were consistent with
both clinically important benefits and harms from the interven-
tion, such was the imprecision of the estimates. The absence of
statistical significance in the overall risk estimates provided by
many trials means that we do not know whether the interven-
tion is effective or that an intervention is definitely ineffective.
Some studies, such as those involving prophylactic oral antibiotics,
date back to the 1980s, when peritonitis rates were much higher
than those observed more recently. Thus, the generalizability of
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Chapter 47 PD-Related Infections

RR (random)WeightRR (random)ControlTreatmentStudy
95% CI%95% CIn/Nn/Nor sub-category

Wikdahl 1997 (Cefuroxime) 0/18               4/20 8.24 0.12 [0.01, 2.13]        
Lye 1992 (Cefazolin.gentamicin) 2/25               1/25 12.14 2.00 [0.19, 20.67]       
Bennett Jones (Gentamicin) 1/13               6/13 16.73 0.17 [0.02, 1.20]        
Gadallah 2000 (Vancomycin/cefazolin)      7/148             10/73 62.89 0.35 [0.14, 0.87]        

Total (95% CI) 204                131 100.00 0.35 [0.15, 0.80]
Total events: 10 (Treatment), 21 (Control)

Test for overall effect: Z = 2.49 (P = 0.01)

0.01 0.1 1 10 100

Favours treatment Favours control

Early peritonitis 

(<1 month of catheter placement)
Test for heterogeneity: chi2 = 3.22, df = 3 (P = 0.36), l2 = 6.7%

Figure 47.3 Intravenous antibiotic prophylaxis versus placebo or not treatment: effects on early peritonitis.

these studies to contemporary practice is questionable, although
the likelihood that further trials will be carried out is low. Items
that need to be considered when making a recommendation or
suggestion about these interventions include the size and esti-
mate of the effect, the likelihood that, if further studies were to

be conducted, they would find different effects than those al-
ready published, and the trade-offs between potential benefits
and harms. Table 47.7, below, presents a grading of the available
evidence with relevant recommendations and suggestions for clin-
ical care.

Table 47.7 Evidence ratings and recommendations for catheter-related interventions to prevent peritonitis and exit site and tunnel infection in PD.

Overall evidence ratingb RecommendationcExisting
systematic

Intervention reviewsa High Moderate Low Comment Ia IIb IIIc Comment

Laparoscopy vs. laparotomy • • 3 RCTs, no heterogeneity, poor
methodological quality

• Moderate/imprecise effect size, low
evidence base, no excess harms
documented, higher likelihood of
acceptance by patients

Standard insertion (resting and
subcutaneous burying) vs.
resting but no subcutaneous
burying

• • 3 RCTs, high heterogeneity, poor
methodological quality

• Moderate/imprecise effect size, low
evidence base, no excess harms
documented

Midline insertion vs. lateral
insertion

• • 2 RCTs, no heterogeneity, poor
methodological quality

• Moderate/imprecise effect size, low
evidence base, no excess harms
documented

Straight catheter vs. coiled
catheter

• • 8 RCTs no heterogeneity, 4 RCTs
poor methodological quality

• Undetermined effect, moderate
evidence base, potential for
increased harm

Y-set system vs. standard spike • • 10 RCTs little heterogeneity, 5
RCTs poor methodological quality

• Large effect size, moderate evidence
base, no excess harms documented,
Y-set standard practice in several
countries

Double bag systems vs. Y-set • • 4 RCTs high heterogeneity, 2 RCTs
poor methodological quality

• Moderate/imprecise effect size,
moderate evidence base, no excess
harms documented, double-bag
standard practice in several
countries

a If no existing systematic review, overall evidence rating will start at moderate.
b Evidence rating based on number of trials, study design, study quality, and consistency of results.
c Recommendations based on efficacy, trade-offs between benefits and harms, quality of evidence, and availability of medication. I, recommend; II, suggest; III, no recommendation
possible.
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Li 1996 9/238             10/217       12.53 0.82 [0.34, 1.98]        
Cheng 1994 54/803             81/1583      87.47 1.31 [0.94, 1.83]        

Total (95% CI) 1041               1800 100.00 1.24 [0.91, 1.69]
Total events: 63 (Treatment), 91 (Control)

Test for overall effect: Z = 1.35 (P = 0.18)

0.1 0.2 0.5 1 2 5 10

Favours Y-set Favours standard spike

Maiorca 1983 0/32               2/30       1.41 0.19 [0.01, 3.76]        
Owen 1991 14/30              13/30      40.38 1.08 [0.62, 1.89]        
Churchill 1989 22/61              23/63      58.21 0.99 [0.62, 1.58]        

Total (95% CI) 123                123 100.00 1.00 [0.70, 1.43]
Total events: 36 (Treatment), 38 (Control)

Test for overall effect: Z = 0.00 (P = 1.00)

RR (random)WeightRR (random)ControlTreatmentStudy
95% CI%95% CIn/Nn/Nor sub-category

Li 1996 7/20              11/20        6.36 0.64 [0.31, 1.30]        
Rottembourg 1987 9/27              14/28        7.69 0.67 [0.35, 1.28]        
Maiorca 1983 10/32              17/30        8.91 0.55 [0.30, 1.01]        
Churchill 1989 15/61              30/63        12.18 0.52 [0.31, 0.86]        
Lindholm 1988 16/35              18/23        17.43 0.58 [0.38, 0.89]        
Owen 1991 14/30              27/30        19.02 0.52 [0.35, 0.77]        
Monteon 1998 35/57              20/29        28.41 0.89 [0.65, 1.23]        

Total (95% CI) 262                223 100.00 0.64 [0.53, 0.77]
Total events: 106 (Treatment), 137 (Control)

Test for overall effect: Z = 4.75 (P < 0.00001) Peritonitis

Peritonitis rate

Exit-site/tunnel infection

Exit-site/tunnel infection rate

Maiorca 1983 11/363             31/351       8.16 0.34 [0.18, 0.67]        
Li 1996 14/238             19/217       8.29 0.67 [0.35, 1.31]        
Rottembourg 1987 12/277             28/344       8.46 0.53 [0.28, 1.03]        
Lindholm 1988 13/284             28/225       8.97 0.37 [0.20, 0.69]        
Churchill 1989 21/452             47/467       13.00 0.46 [0.28, 0.76]        
Cheng 1994 26/802             64/1583     15.08 0.80 [0.51, 1.25]        
Owen 1991 28/375             88/431       17.35 0.37 [0.24, 0.55]        
Monteon 1998 57/671             55/337       20.70 0.52 [0.37, 0.74]        

Total (95% CI) 3462               3955 100.00 0.49 [0.40, 0.61]
Total events: 182 (Treatment), 360 (Control)

Test for overall effect: Z = 6.56 (P < 0.00001)

Figure 47.4 Y-set versus standard spike catheters: effects on peritonitis, peritonitis rate, and exit site or tunnel infection rate.

Catheter-related interventions for prevention of
peritonitis
The only catheter-related measure that has been shown to reduce
peritonitis rates in a systematic review is the use of disconnect
systems rather than conventional spike systems [39]. The use of
the Y-set compared to standard spike systems was associated with
a significantly lower risk of peritonitis and peritonitis rate, but
no differences in the risk and rates of exit site and tunnel infec-
tion, catheter removal or replacement, or all-cause mortality were
found (Figure 47.4). One trial of 60 patients also showed a signif-
icant increase in the risk of technique failure with the Y-set [53].
These results support the recommendations of the BRA and CARI
guidelines against the use of conventional spike connection sys-
tems. Although the ISPD and National Kidney Foundation Kidney

Disease Outcomes Quality Initiative (K/DOQI) clinical practice
guidelines make no specific recommendations about connection
methodology, spike and luer lock connect system usage has gen-
erally been declining in recent years. In the UK, the use of connect
PD systems decreased from 22% in 1998 to less than 1% in 2002
[54]. A similar experience has been reported in Australia and New
Zealand [55]. The double-bag systems are associated with a reduc-
tion in the risk of peritonitis compared to Y-set systems, although
statistical significance has not been attained (Figure 47.5).

Other catheter-related interventions that have been the subject
of RCTs and included in systematic reviews are surgical approaches
(laparoscopy vs. laparotomy, standard insertion and resting vs. im-
plantation and subcutaneous burying, and midline vs. lateral in-
sertion), type of PD catheter (straight vs. coiled, single vs. double

522



BLBK043-Molony September 12, 2008 15:3

Chapter 47 PD-Related Infections

Peritonitis rate

Exit-site/tunnel infection rate

Peritonitis

RR (random)WeightRR (random)ControlTreatmentStudy
95% CI%95% CIn/Nn/Nor sub-category

Harris 1996 5/33              12/30 21.12 0.38 [0.15, 0.95]        
Li 1999 21/60              19/51 37.99 0.94 [0.57, 1.54]        
Monteon 1998 18/61              35/57 40.89 0.48 [0.31, 0.75]        

Total (95% CI) 154                138 100.00 0.59 [0.35, 1.01]
Total events: 44 (Treatment), 66 (Control)

Test for overall effect: Z = 1.94 (P = 0.05)

Kiernan 1994 15/176              5/170 18.41 2.90 [1.08, 7.80]        
Harris 1996 7/326             23/322 21.43 0.30 [0.13, 0.69]        
Li 1999 28/937             25/734 27.97 0.88 [0.52, 1.49]        
Monteon 1998 81/983             57/671 32.19 0.97 [0.70, 1.34]        

Total (95% CI) 2422               1897 100.00 0.90 [0.49, 1.66]
Total events: 131 (Treatment), 110 (Control)

Test for overall effect: Z = 0.35 (P = 0.73)

Harris 1996 4/326              8/322 21.30 0.49 [0.15, 1.62]        
Kiernan 1994 14/176              6/170 28.33 2.25 [0.89, 5.73]        
Li 1999 54/937             46/734 50.37 0.92 [0.63, 1.35]        

Total (95% CI) 1439               1226 100.00 1.04 [0.52, 2.06]
Total events: 72 (Treatment), 60 (Control)

Test for overall effect: Z = 0.11 (P = 0.91)

0.1 0.2 0.5 1 2 5 10

Favours double-bag Favours Y-set

Figure 47.5 Double bag versus Y-systems: effects on peritonitis, peritonitis rate, and exit site or tunnel infection rate.

cuffed, antibiotic impregnated vs. standard catheters), use of silver
rings, immobilization devices, and use of the Ultrabag versus the
Stay-safe set. None of these has been shown to significantly affect
the rates of exit site and tunnel infections or peritonitis, but wide
point estimates around the comparison of laparoscopy vs. laparo-
tomy for insertion of PD catheters demonstrate a lack of statistical
power [39]. Further trials in these areas should be encouraged.

A meta-analysis of eight RCTs comparing straight versus coiled
catheters demonstrated a reduction in all-cause mortality associ-
ated with straight catheters. This result was largely unexplained,
particularly in view of the similar rates of peritonitis, exit site and
tunnel infections, and catheter removal or replacement observed
with the two catheter types. Causes of death were not reported to
clarify the reason for the result. Potential alternative explanations
include a type 1 statistical error (most likely) or inadequate ran-
domization, possibly due to suboptimal allocation concealment.
This result should be interpreted with caution and may warrant
further studies.

Several retrospective, observational studies have suggested that
APD is associated with a reduced risk of peritonitis compared
with CAPD and have speculated that this may reflect the reduced
number of connections (and therefore opportunities for intra-
luminal contamination) involved with APD. However, interpreta-
tion of these findings is potentially confounded by the possibility of
selection and recall biases. In the available Cochrane Review, only

two small, relatively short-duration RCTs of APD versus CAPD
were identified and no differences in PD outcomes were observed,
but the possibility of a type 2 statistical error could not be excluded
[56,57].

As with antimicrobial preventative interventions, there is a rel-
ative paucity of quality RCTs in this area, and trial methodology
has been generally poor. Many studies are small and often short
in duration, so that the possibility of a type 2 statistical error
for some of the less frequently observed outcome measures (e.g.
catheter loss) cannot not be excluded. Moreover, evidence of trial
heterogeneity was found in some analyses of peritonitis rates (such
as for laparoscopy vs. laparotomy and twin bag vs. Y-set), which
most likely reflected significant intertrial variability in duration
of follow-up. These issues reduce the strength of the conclusions
that may be drawn. However, the likelihood that further trials will
be carried out in this area is relatively low, so clinicians need to
make decisions based on these data alone. Table 47.8 presents a
grading of the available evidence with relevant recommendations
and suggestions.

Treatment of exit site and tunnel infections
Two trials comparing antibiotic regimens for treatment of exit site
and tunnel infections have been conducted. In one, intraperitoneal
vancomycin–oral rifampin were found to be equally effective as
intraperitoneal vancomycin–oral trimethoprim-sulfamethoxa-
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Table 47.8 Evidence ratings and recommendations for antimicrobial interventions to prevent peritonitis and exit site or tunnel infection in PD.

Overall evidence ratingb RecommendationcExisting
systematic

Intervention reviewsa High Moderate Low Comment Ia IIb IIIc Comment

Oral antibiotics vs. placebo/no
treatment

• • 6 RCTs high heterogeneity, 4 RCTs
poor methodological quality

• Moderate/imprecise effect size,
moderate evidence base, potential
for development of antibiotic
resistance, no other excess harm
documented

Nasal antibiotics (mupirocin)
vs. placebo

• • 3 RCTs no heterogeneity, 2 RCTs
poor methodological quality

• Large effect size, high evidence
base, potential for development of
antibiotic resistance, no other
excess harm documented

Oral antifungal agents
(nistatin) vs. placebo/no
treatment

• • 1 RCT, large sample size • Large effect size, high evidence
base, no excess harm documented

Topical disinfectants
(povidone-iodine) vs.
placebo/no treatment

• • 3 RCTs no heterogeneity, poor
methodological quality

• Moderate/imprecise effect size,
moderate evidence base, low
likelihood that intervention may
cause harms, topical disinfection
of catheter exit site represents
standard practice in many
countries

Germicidal devices for
connectology

• • 1 RCT, small sample size, poor
methodological quality

• Small/imprecise effect size,
moderate evidence base

Vaccines vs. placebo/no
treatment

• • 1 RCT, small sample size, poor
methodological quality

• Small/imprecise effect size,
moderate evidence, low biological
plausibility of effect

Perioperative i.v. antibiotics vs.
placebo

• • 5 RCTs low heterogeneity, 3 RCTs
poor methodological quality

• Large effect size, moderate
evidence, no excess harms
documented and unlikely to cause
harm

Nasal or topical mupirocin vs.
placebo

• • 1 RCT, small sample size, poor
methodological quality

• Small/imprecise effect size, low
evidence

Abbreviation: i.v., intravenous.
a If no existing systematic review, overall evidence rating will start at moderate.
b Evidence rating based on number of trials, study design, study quality, and consistency of results.
c Recommendations based on efficacy, trade-offs between benefits and harms, quality of evidence, and availability of medication. I, recommend; II, suggest; III, no recommendation
possible.

zole (cure rates of 86% vs. 89%, respectively) [58]. Concerns about
multidrug-resistant organisms limit widespread application of ei-
ther of these regimens. The second trial found intraperitoneal clin-
damycin to be superior to oral clindamycin; however, this trial was
conducted in the early 1990s, again limiting applicability to current
practice [59].

Treatment of peritonitis
A large number of antibiotic regimens used in the treatment of
peritonitis have been evaluated in RCTs. Only two antibiotic reg-
imens were found to be superior in a systematic review [41];

however, in both cases the applicability to current practice was
low. Meta-analysis of two trials comparing cephazolin and van-
comycin found the latter to be superior at reducing treatment
failure and relapse. This finding was strongly influenced by a large
number of patients in one trial in which a low dose of cepha-
zolin (25 mg/L) was used [60]. The other trial included in the
meta-analysis used a cephazolin dose of 125 mg/L, as is recom-
mended in the ISPD guidelines, and found the two agents to
be equivalent [61]. Further, when all glycopeptide-based regi-
mens were compared to first-generation cephalosporin-based reg-
imens, no difference was found (Figure 47.6). Intraperitoneal
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Study
or sub-category

01 Vancomycin-based regimen

02 Teicoplanin-based regimen

01 Vancomcin-based regimen

Lupo 1997

Flanigan 1991 
Khairullah 2002

Flanigan 1991 
Khairullah 2002

Flanigan 1991 
Khairullah 2002

Subtotal (95% Cl)

Subtotal (95% Cl)

Subtotal (95% Cl)

02 Teicoplanin-based regimen
Lupo 1997
Subtotal (95% Cl)

Total (95% Cl)

47/141
2/20

7/28
28

19/141
2/20

1/19

23/141
4/51

15/122
8/51

1/26

8/122
3/22

2/37
37

161 144

189 181

19

180

192 173

170

26

161 144

23/122
3/22

69.89
13.52
83.41

76.62
16.86
93.48

6.52
6.52

62.63
37.37

16.59
16.59

100.00

1.77 [1.14, 2.73] 
0.73 [0.14, 3.95] 
1.67 [1.10, 2.55]

4.63 [1.04, 20.58] 
4.63 [1.04, 20.58]

2.05 [0.93, 4.53] 
0.73 [0.14, 3.95] 
1.62 [0.69, 3.79]

1.37 [0.09, 20.52] 
1.37 [0.09, 20.52] 

1.33 [0.73, 2.43] 
0.50 [0.16, 1.56]

1.84 [0.95, 3.58]

Treatment failure

Relapse

Catheter removal

100.00 1.68 [0.84, 3.36]

100.00 0.92 [0.36, 2.33]

Cephalosporin
n/N

Glycopeptide
n/N

RR (random) 
95% CI

RR (random) 
95% CI

Weight 
%

Total events: 49 (Cephalosporin), 26 (Glycopeptide) 
Test for heterogeneity Chi2 = 0.98 df = 1 (P = 0.32), l2 = 0%
Test for overall effect Z = 2.39 (P = 0.02)

Total events: 21 (Cephalosporin), 11 (Glycopeptide) 
Test for heterogeneity Chi2 = 1.18 df = 1 (P = 0.28), l2 = 15.3%
Test for overall effect Z = 1.12 (P = 0.26)

Total events: 7 (Cephalosporin), 2 (Glycopeptide) 
Test for heterogeneity: not applicable
Test for overall effect Z = 2.01 (P = 0.04)

Total events: 1 (Cephalosporin), 1 (Glycopeptide) 
Test for heterogeneity: not applicable
Test for overall effect Z = 0.23 (P = 0.82)

Total events: 56 (Cephalosporin), 28 (Glycopeptide) 
Test for heterogeneity Chi2 = 2.64 df = 2 (P = 0.27), l2 = 24.3%
Test for overall effect Z = 1.80 (P = 0.07)

Total (95% Cl)
Total events: 22 (Cephalosporin), 12 (Glycopeptide) 
Test for heterogeneity Chi2 = 1.20 df = 2 (P = 0.55), l2 = 0%
Test for overall effect Z = 1.47 (P = 0.14)

Total (95% Cl)
Total events: 27 (Cephalosporin), 23 (Glycopeptide) 
Test for heterogeneity Chi2 = 2.22 df = 1 (P = 0.14), l2 = 54.9%
Test for overall effect Z = 0.17 (P = 0.86)

0.1 0.2

Favours treatment Favours control

0.5 1 2 5 10

Figure 47.6 Glycopeptide versus first-generation cephalosporin-based intraperitoneal antibiotic regimens: effects on treatment failure, relapse, and catheter removal.

ciprofloxacin–rifampin was found to be superior to intraperi-
toneal cephradine in one trial [35]. The usefulness of this find-
ing is limited by the use of monotherapy with a first-generation
cephalosporin in one treatment arm, without any broad gram-
negative cover, a practice which is now uncommon. Similarly, first-
line use of ciprofloxacin and rifampin is restricted in many centers
due to concern regarding the risk of emergence of multidrug-
resistant organisms. Details on other antibiotic regimens tested in
RCTs are reported in Table 47.6.

No currently available guidelines recommend specific antibi-
otic regimens, reflecting the paucity of available evidence; how-
ever, information regarding factors requiring consideration when
selecting antibiotics has been provided in the guidelines. ISPD
guidelines recommend that there should be center-specific se-
lection of an agent(s) according to local causative microorgan-
ism and resistance patterns [36]. The impact of local microbial

resistance on peritonitis outcomes was apparent in two trials com-
paring oral and intraperitoneal quinolone use. In both studies, re-
sponse rates were low for both treatment arms (41.7% and 55.6%
in the per oral group and 66.7% and 70.6% in the intraperitoneal
group, respectively) [62]. Microorganism resistance to quinolones
was the major cause of treatment failure, and previous exposure
to quinolones was a risk factor for infection with resistant mi-
croorganisms. Similarly, the emergence of vancomycin-resistant
enterococci is associated with use of broad-spectrum antibiotics
[63,64]. CARI suggests avoidance of aminoglycosides where pos-
sible to avoid ototoxicity and nephrotoxicity. Decline in residual
renal function with an aminoglycoside-based antibiotic regimens
was assessed in one trial of 102 patients with peritonitis [65]. In
this study there was no increased loss of residual renal function
with a netilmycin-based regimen compared to ceftazidime use for
gram-negative cover. Few trials evaluated ototoxicity, despite the
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Relapse

Study
or sub-category 

Oral
n/N

Intraperitoneal
n/N

RR (random) 
95% Cl 

RR (random) 
95% Cl 

Weight 
%

01 Aminoglycoside/ glycopeptide IP vs quinolone PO
Bennett-Jones 1990 12/22                                9/26 22.81 1.58 [0.82, 3.02]        
Tapson 1990         6/25                                7/25 10.98 0.86 [0.34, 2.19]        
Cheng 1991 5/22                                3/23 5.67 1.74 [0.47, 6.44]        

Lye 1993            8/30                                6/30 11.20 1.33 [0.53, 3.38]        

Cheng 1998 12/47                               14/53 21.99 0.97 [0.50, 1.88]        

Subtotal (95% CI) 146                                 157 72.66 1.22 [0.85, 1.75]

Total events: 43 (Oral), 39 (Intraperitoneal)

Test for overall effect: Z = 1.06 (P = 0.29)

02 Cephalosporin IP vs quinolone PO
Chan 1990 15/74                                 7/36 14.98 1.04 [0.47, 2.33]        

Gucek 1994 7/20                                 6/18 12.36 1.05 [0.43, 2.54]        

Subtotal (95% CI) 94                                    54 27.34 1.05 [0.58, 1.90]

Total events: 22 (Oral), 13 (Intraperitoneal)

Test for overall effect: Z = 0.15 (P = 0.88)

Total (95% CI) 240                                 211 100.00 1.17 [0.86, 1.59]

Total events: 65 (Oral), 52 (Intraperitoneal)

Test for overall effect: Z = 0.98 (P = 0.33)

Bennett-Jones 1990 8/22                                 4/26 32.42 2.36 [0.82, 6.80]        
Tapson 1990         4/25                                 7/25 30.21 0.57 [0.19, 1.71]        
Cheng 1991 2/22                                 2/23 10.51 1.05 [0.16, 6.79]        
Lye 1993            0/30                                 1/30 3.69 0.33 [0.01, 7.87]        

Cheng 1998 5/47                                 4/53 23.17 1.41 [0.40, 4.94]        

Total (95% CI) 146                                 157 100.00 1.17 [0.63, 2.14]

Total events: 19 (Oral), 18 (Intraperitoneal)

Test for overall effect: Z = 0.49 (P = 0.62)

Chan 1990 3/74                                 2/36 25.85 0.73 [0.13, 4.18]        

Lye 1993            7/30                                 5/30 74.15 1.40 [0.50, 3.92]        

Total (95% CI) 104                                 66 100.00 1.18 [0.49, 2.87]
Total events: 10 (Oral), 7 (Intraperitoneal)

Test for overall effect: Z = 0.37 (P = 0.71)

0.1 0.2 0.5 1 2 5 10

Favours treatment Favours control

Treatment failure

Catheter removal 

100.00 1.18 [0.49, 2.87]

Favours treatment Favours controlFavours treatment Favours control

Figure 47.7 Intraperitoneal versus oral antibiotics: effects on treatment failure, relapse, and catheter removal.

fact that this is a clinically relevant and frequently encountered
complication.

The optimal route of antibiotic administration has been ad-
dressed in trials comparing oral and intraperitoneal administra-
tion [62,66–72] and comparing intravenous and intraperitoneal
dosing [73]. One trial found intraperitoneal therapy to be superior
to a regimen where the initial antibiotics were given intravenously,
followed by oral antibiotics at day 4 if considered appropriate. This
finding may relate to achievement of higher intraperitoneal antibi-
otic concentrations with intraperitoneal versus systemic dosing
and early use of oral therapy; however, a meta-analysis of 10 trials
found that oral dosing was equivalent to intraperitoneal dosing
(Figure 47.7). This was demonstrated when the same drug was ad-
ministered intraperitoneally and orally [62,67,74] and when oral

quinolone monotherapy was compared to intraperitoneal combi-
nation therapy.

The ISPD guidelines recommend adjustment of some drug
doses in patients with residual renal function and high trans-
porters to compensate for increased urinary and peritoneal clear-
ance, respectively. RCTs performed to date have not compared
different dosing regimens or stratified patients according to resid-
ual renal function. Small pharmacokinetic studies found no differ-
ence in drug levels or clearances in patients stratified according to
glomerular filtration rate; however, there were very small patient
numbers [75,76]. Further evaluation in this area is required.

Intermittent dosing (daily or less frequent) was equivalent to
continuous dosing (with each exchange) in four trials [77–79]
(Figure 47.8). The applicability of results from trials of intermittent
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Relapse

Treatment failure

Gentamicin
Lye 1995            6/50                         9/50 43.32 0.67 [0.26, 1.73]        

0.53 [0.13, 2.11]        
Vancomycin
Boyce 1988   3/30                        4/21 20.50
Velasquez-Jones 1995   1/10                        1/11 5.69 1.10 [0.08, 15.36]       
Teicoplanin/ ceftazidime
Schaefer 1999   4/41                        2/40 14.70 1.95 [0.38, 10.06]       

Vancomycin/ ceftazidime

Schaefer 1999   2/45                        5/40 15.78 0.36 [0.07, 1.73]        

Total (95% CI) 176                         162 100.00 0.69 [0.37, 1.30]
T

Test for overall effect: Z = 1.14 (P = 0.25)

Gentamicin
Lye 1995            3/50                         3/50 6.66 1.00 [0.21, 4.72]        

Vancomycin
Boyce 1988 3/30                         4/21 8.31 0.53 [0.13, 2.11]        
Velasquez-Jones 1995 0/10                        0/11 Not estimable        

Teicoplanin/ ceftazidime
Schaefer 1999   14/37                      12/32 43.27 1.01 [0.55, 1.85]        
Vancomycin/ ceftazidime

Schaefer 1999   14/44                      13/39 41.76 0.95 [0.51, 1.77]        

Total (95% CI) 171                          153 100.00 0.93 [0.63, 1.39]
Total events: 34 (Intermittent), 32 (Continuous)

Test for overall effect: Z = 0.34 (P = 0.74)

0.1 0.2 0.5 1 2 5 10

Favours treatment Favours control

Total (95% CI)
Total events: 16 (Intermittent), 21 (Continuous)

Teicoplanin/ ceftazidime

Study or
sub-category

Intermittent
n/N

Continuous
n/N

RR (random)
95% Cl

RR (random)
95% Cl

Weight
%

Figure 47.8 Intermittent versus continuous intraperitoneal antibiotics: effects on treatment failure and relapse.

drug therapy in CAPD to APD is unclear. Drug half-lives are greater
and clearance is more rapid in cycler dwells compared to noncycler
dwells [80]. Pharmacokinetic studies of intraperitoneal antibiotic
dosing suggest that therapeutic drug levels are achieved during 6-h
dwells [75,76]; therefore, it is likely that a patient can remain on
APD as long as there is at least a 6-h daytime dwell during which
antibiotics can be administered.

Peritoneal lavage in conjunction with antibiotic treatment pro-
vided no additional benefit in one trial, and it appears to have
no routine place in peritonitis treatment [33]. Urokinase had no

advantages over placebo in improving response rates or reducing
relapse [32,81,82] and, when compared to early catheter removal,
urokinase was clearly inferior [83] (Figure 47.9). Overall, uroki-
nase appears to have no role in standard treatment regimens. One
study of intraperitoneal immunoglobulin administration in con-
junction with antibiotics found that the treatment group achieved
biochemical and clinical parameters of improvement sooner and
that the duration of antibiotic therapy was shorter [34]. How-
ever, the response rate was 100% in both groups with no re-
lapses during a 3-month follow-up period, suggesting that use

Innes 4/12                              11/13
Tong                17/44                            22/44

Subtotal (95% CI) 56                                  57 0.60 [0.32, 1.14]

Total (95% CI) 73                                77 0.90 [0.37, 2.22]

Test for overall effect: Z = 0.22 (P = 0.82)

Study
or sub-category

Urokinase
n/N

Control
n/N

RR (random)
95% Cl

RR (random)
95% Cl

Williams 12/17                              6/20 2.35 [1.13, 4.91]
Subtotal (95% CI)   17                                  20 2.35 [1.13, 4.91]
Test for overall effect: Z = 2.28 (P = 0.02)

0.39 [0.17, 0.91]
0.77 [0.48, 1.24]

Urokinase vs placebo

0.1 0.2 0.5 1 2 5 10

Favours treatment Favours control

Urokinase vs placebo

Urokinase vs catheter removal/ replacement

Treatment failure

Figure 47.9 Urokinase treatment versus catheter removal or replacement versus placebo: effects on treatment failure.
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Table 47.9 Evidence ratings and recommendations for interventions to treat PD-related infections.

Overall evidence ratingb RecommendationcExisting
systematic

Intervention reviewsa High Moderate Low Comment Ia IIb IIIc Comment

Intravenous vs. intraperitoneal
antibiotics

• • 2 RCTs, small sample size, 1 RCT
poor methodological quality

• Moderate effect size, low evidence
base, no harm demonstrated,
likely to be more acceptable to
patients, facilitates outpatient
management

Oral vs. intraperitoneal
antibiotics

• • 10 RCTs, low heterogeneity, 5
RCTs poor methodological quality

• Undetermined effect, large
evidence base, high risk of
resistant microorganisms with oral
antibiotic regimens used

High-dose vs. low-dose
antibiotics

• • Subset of 1 RCT, small sample size • Large effect size, low evidence
base, moderate likelihood of harm

Intermittent vs. continuous
intraperitoneal antibiotics

• • 4 RCTs, low heterogeneity, 2 RCTs
poor methodological quality

• Undetermined effect, moderate
evidence base, no harm
demonstrated, greater acceptance
by patients likely, applicability to
APD and antibiotics with different
pharmacokinetic properties
unclear

Regimen A vs. regimen B
intraperitoneal antibiotics

• • 14 RCTs, small sample sizes, 9
RCTs poor methodological quality

• Small, imprecise effect size, small
evidence base, low applicability to
current practice, no harm
demonstrated

Regimen A vs. regimen B oral
antibiotics

• • 1 RCT, small sample size, poor
methodological quality

• Undetermined effect, low evidence
base, no harm demonstrated

Peritoneal lavage vs. standard
therapy

• • 1 RCT, small sample size, poor
methodological quality

• Undetermined effect, low evidence
base, no harm demonstrated

Urokinase vs. placebo or
routine catheter removal/
replacement

• • 4 RCTs, high heterogeneity, 1 RCT
poor methodological quality

• Large effect size for catheter
removal or replacement, moderate
evidence base, no harm
demonstrated

Intraperitoneal
immunoglobulin vs. standard
therapy

• • 1 RCT, small sample size • Large effect size on laboratory
parameters but no effect on
clinical outcomes, no harm,
biologically plausible

a If no existing systematic review, overall evidence rating will start at moderate.
b Evidence rating based on number of trials, study design, study quality. and consistency of results.
c Recommendation based on efficacy, trade-offs between benefits and harms, quality of evidence, and availability of medication. I, recommend; II, suggest; III, no recommendation
possible.

of immunoglobulin does not change overall patient outcomes.
This, together with the expense and limited availability of im-
munoglobulin therapy, reduces the feasibility of this treatment as
part of routine therapy at the present time.

There have been no clinical trials evaluating the role of routine
early catheter removal in refractory peritonitis or of temporary
transfer of patients from APD to CAPD. In the latter case the

question of when to safely recommence APD has also not been
addressed.

Surgical peritonitis refers to cases in which peritonitis arises
from intra-abdominal pathology. This may manifest as polymi-
crobial peritonitis. Such cases are usually treated by laparotomy
and catheter removal at the same time as the underlying pathology
is addressed, followed by a course of broad-spectrum intravenous
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antibiotics. There have been no trials addressing the treatment of
this situation, and such trials are unlikely to be performed.

As with infection prevention trials, systematic reviews of peri-
tonitis treatment trials are limited by the suboptimal methodolog-
ical quality of many trials, in particular, inadequate randomization
and concealment methods were common. Definitions of peritoni-
tis, successful treatment, and relapse varied between trials, thereby
reducing their comparability. Similarly, antibiotic doses were not
consistent across studies. The follow-up period of most included
trials was 28 days or less, meaning that several long-term outcomes
of peritonitis treatment, such as technique failure and longer-term
mortality, were not evaluated. Studies tended to focus on choice
and route of antibiotic without consideration of other variables,
such as total duration of therapy or drug dose. To date, there
have been no RCTs of treatment for fungal peritonitis, a condi-
tion that is associated with almost 100% catheter loss and high
levels of mortality. Reported trials often predate the current era of
lower peritonitis rates, newer antibiotic therapies, and increased
awareness of multidrug-resistant organisms, thereby potentially
reducing the applicability of our meta-analyses or the individual
trials’ results. These aspects all need to be considered when making
a decision about recommending or suggesting adoption of these
interventions.

Conclusions

There is evidence from clinical trials to support a small number of
effective interventions in prevention and treatment of PD-related
infections and some evidence that other interventions, which are
in current use, are not likely to be studied further nor to cause sub-
stantial harm. The recommendations and suggestions for clinical
care that can be made based on currently available evidence are
summarized in Table 47.7 to 47.9, below. Eradication of nasal S.
aureus carriage with topical mupirocin reduces the risk of exit site
and tunnel infections (but not peritonitis), and intravenous antibi-
otic administration prior to PD catheter insertion prevents the risk
of early postoperative peritonitis. These strategies can be recom-
mended. Concomitant use of oral nystatin with antibiotic therapy
to reduce the occurrence of Candida peritonitis isrecommended.
Disconnect (twin bag and Y-set) systems are clearly superior to
conventional spike systems for the prevention of peritonitis and
should be recommended; however, there is no clear advantage of
twin bag over Y-set systems, different catheter designs, implanta-
tion techniques, or APD.

Treatment of peritonitis should consist of antimicrobial therapy,
but most antibiotic regimens for empiric treatment are similar
in efficacy, so no specific regimen can be recommended. Avail-
able evidence shows intraperitoneal administration of antibiotics
to be superior to intravenous administration, the intraperitoneal
route is more likely to be acceptable to patients, and this mode of
administration is therefore recommended. Oral quinolones and
intraperitoneal regimens have equal levels of efficacy, but due
to a general increase in community levels of quinolone-resistant

microorganisms, this therapy is not recommended. Intermittent
therapy appears to be equivalent to continuous therapy; however,
further trials involving patients on APD are required, and thus this
therapy can be suggested but not recommended. In relapsing or
resistant peritonitis, catheter removal, and not urokinase, is rec-
ommended. There are insufficient trial data to make recommen-
dations about peritoneal lavage, intraperitoneal immunoglobulin,
or different dosing regimens.

There remains a need in this area for well-designed, random-
ized controlled studies. The design of such studies should focus on
adequate allocation concealment and blinding of outcome asses-
sors. In many cases, blinding of participants and investigators is
difficult due to overt differences in interventions; however, when
possible this should occur. Blinded measurements of outcomes are
always possible. Preventative strategies that would be particularly
worth investigating are trials of laparoscopy versus laparotomy for
catheter insertion, exploring effects on early peritonitis (less than
1 month from catheter insertion), and of straight versus coiled
catheters. Current data for both of these have suggested possible
differences that require substantiation. Trials in these areas should
be adequately powered to detect relevant outcomes. Studies of
topical Medihoney application to reduce infection rates would be
valuable, as this is a readily available treatment that is likely to
be associated with minimal harm. Further studies of peritonitis
treatment should be designed with follow-up periods sufficient
to allow evaluation of outcomes, such as ultrafiltration failure,
technique failure, and all-cause mortality. Specific interventions
to be addressed include duration of antibiotic therapy and in-
traperitoneal courses versus combined intraperitoneal–per oral
courses. Stratification of patients into CAPD and APD would be
beneficial given the increasing number of patients on the latter
therapy.

References

1 Heaf J. Underutilization of peritoneal dialysis. JAMA 2004; 291(6): 740–

742.

2 Kavanagh D, Prescott GJ, Mactier RA. Peritoneal dialysis-associated peri-

tonitis in Scotland (1999-2002). Nephrol Dial Transplant 2004; 19(10):

2584–2591.

3 CARI Guidelines (Caring for Australians with Renal Impairment).

Nephrology (Carlton) 2005; 9(Suppl 3): S1–S106.

4 Grunberg J, Verocay MC, Rebori A, Ramela V, Amaral C, Hekimian G et

al. Twenty years’ pediatric chronic peritoneal dialysis in Uruguay: patient

and technique survival. Pediatr Nephrol 2005; 20(9): 1315–1319.

5 Katz IJ, Sofianou L, Hopley M. An African community-based chronic am-

bulatory peritoneal dialysis programme. Nephrol Dial Transplant 2001;

16(12): 2395–2400.

6 Vas S, Oreopoulos DG. Infections in patients undergoing peritoneal dial-

ysis. Infect Dis Clin North Am 2001; 15(3): 743–774.

7 Oxton LL, Zimmerman SW, Roecker EB, Wakeen M. Risk factors for

peritoneal dialysis-related infections. Perit Dial Int 1994; 14(2): 137–

144.

8 Salusky I, Holloway M. Selection of peritoneal dialysis for pediatric pa-

tients. Perit Dial Int 1994; 17(3): S35–S37.

529



BLBK043-Molony September 12, 2008 15:3

Part 7 Chronic Kidney Disease Stage 5: Peritoneal Dialysis

9 Juergensen PH, Gorban-Brennan N, Troidle L, Finkelstein FO. Racial

differences and peritonitis in an urban peritoneal dialysis center. Adv

Perit Dial 2002; 18: 117–118.

10 Lim WH, Johnson DW, McDonald SP. Higher rate and earlier peritonitis

in Aboriginal patients compared to non-Aboriginal patients with end-

stage renal failure maintained on peritoneal dialysis in Australia: analysis

of ANZDATA. Nephrology (Carlton) 2005; 10(2): 192–197.

11 McDonald SP, Collins JF, Rumpsfeld M, Johnson DW. Obesity is a risk

factor for peritonitis in the Australian and New Zealand peritoneal dial-

ysis patient populations. Perit Dial Int 2004; 24(4): 340–346.

12 Alves FR, Dantas RC, Lugon JR. Higher incidence of catheter-related

infections in a tropical climate. Adv Perit Dial 1993; 9: 244–247.

13 Szeto CC, Chow KM, Wong TY, Leung CB, Li PK. Influence of climate

on the incidence of peritoneal dialysis-related peritonitis. Perit Dial Int

2003; 23(6): 580–586.

14 Troidle L, Watnick S, Wuerth DB, Gorban-Brennan N, Kliger AS, Finkel-

stein FO. Depression and its association with peritonitis in long-term

peritoneal dialysis patients. Am J Kidney Dis 2003; 42(2): 350–354.

15 Golper TA, Brier ME, Bunke M, Schreiber MJ, Bartlett DK, Hamilton

RW et al. Risk factors for peritonitis in long-term peritoneal dialysis:

the Network 9 peritonitis and catheter survival studies. Academic Sub-

committee of the Steering Committee of the Network 9 Peritonitis and

Catheter Survival Studies. Am J Kidney Dis 1996; 28(3): 428–436.

16 Schaefer F. Management of peritonitis in children receiving chronic peri-

toneal dialysis. Paediatr Drugs 2003; 5(5): 315–325.

17 Huang JW, Hung KY, Yen CJ, Wu KD, Tsai TJ. Comparison of infec-

tious complications in peritoneal dialysis patients using either a twin-bag

system or automated peritoneal dialysis. Nephrol Dial Transplant 2001;

16(3): 604–607.

18 Oo TN, Roberts TL, Collins AJ. A comparison of peritonitis rates from

the United States Renal Data System database: CAPD versus continuous

cycling peritoneal dialysis patients. Am J Kidney Dis 2005; 45(2): 372–380.

19 Churchill DN, Thorpe KE, Vonesh EF, Keshaviah PR. Lower probability of

patient survival with continuous peritoneal dialysis in the United States

compared with Canada. Canada-USA (CANUSA) Peritoneal Dialysis

Study Group. J Am Soc Nephrol 1997; 8(6): 965–971.

20 Piraino B. Staphylococcus aureus infections in dialysis patients: focus on

prevention. ASAIO J 2000; 46(6): S13–S17.

21 Fried LF, Bernardini J, Johnston JR, Piraino B. Peritonitis influences

mortality in peritoneal dialysis patients. J Am Soc Nephrol 1996; 7(10):

2176–2182.

22 Davies SJ, Bryan J, Phillips L, Russell GI. Longitudinal changes in peri-

toneal kinetics: the effects of peritoneal dialysis and peritonitis. Nephrol

Dial Transplant 1996; 11(3): 498–506.

23 Kawanishi H, Watanabe H, Moriishi M, Tsuchiya S. Successful surgical

management of encapsulating peritoneal sclerosis. Perit Dial Int 2005;

25(Suppl 4): S39–S47.

24 Rigby RJ, Hawley CM. Sclerosing peritonitis: the experience in Australia.

Nephrol Dial Transplant 1998; 13(1): 154–159.

25 Thodis E, Passadakis P, Panagoutsos S, Bacharaki D, Euthimiadou A,

Vargemezis V. The effectiveness of mupirocin preventing Staphylococcus

aureus in catheter-related infections in peritoneal dialysis. Adv Perit Dial

2000; 16: 257–261.

26 Piraino B. ADEMEX: how should it change our practice? Adequacy of

Peritoneal Dialysis in Mexico. Perit Dial Int 2002; 22(5): 552–554.

27 Burkart JM. Recommendations for clinical practice and research needs

directed at reducing morbidity and mortality in peritoneal dialysis. Perit

Dial Int 1997; 17(Suppl 3): S6–S8.

28 Luzar MA, Brown CB, Balf D, Hill L, Issad B, Monnier B et al. Exit-site

care and exit-site infection in continuous ambulatory peritoneal dialysis

(CAPD): results of a randomized multicenter trial. Perit Dial Int 1990;

10(1): 25–29.

29 Peacock SJ, Mandal S, Bowler IC. Preventing Staphylococcus aureus in-

fection in the renal unit. QJM 2002; 95(6): 405–410.

30 Piraino B. Infectious complications of peritoneal dialysis. Perit Dial Int

1997; 17(Suppl 3): S15–S18.

31 Pickering SJ, Fleming SJ, Bowley JA, Sissons P, Oppenheim BA, Burnie J

et al. Urokinase: a treatment for relapsing peritonitis due to coagulase-

negative staphylococci. Nephrol Dial Transplant 1989; 4(1): 62–65.

32 Innes A, Burden RP, Finch RG, Morgan AG. Treatment of resistant peri-

tonitis in continuous ambulatory peritoneal dialysis with intraperitoneal

urokinase: a double-blind clinical trial. Nephrol Dial Transplant 1994;

9(7): 797–799.

33 Ejlersen E, Brandi L, Lokkegaard H, Ladefoged J, Kopp R, Haarh P. Is

initial (24 hours) lavage necessary in treatment of CAPD peritonitis?

Perit Dial Int 1991; 11(1): 38–42.

34 Coban E, Ozdogan M, Tuncer M, Bozcuk H, Ersoy F. The value of low-

dose intraperitoneal immunoglobulin administration in the treatment

of peritoneal dialysis-related peritonitis. J Nephrol 2004; 17(3): 427–

430.

35 Kan GW, Thomas MA, Heath CH. A 12-month review of peritoneal

dialysis-related peritonitis in Western Australia: is empiric vancomycin

still indicated for some patients? Perit Dial Int 2003; 23(5): 465–468.

36 Piraino B, Bailie GR, Bernardini J, Boeschoten E, Gupta A, Holmes C et

al. Peritoneal dialysis-related infections recommendations: 2005 update.

Perit Dial Int 2005; 25(2): 107–131.

37 Strippoli GF, Tong A, Johnson D, Schena FP, Craig JC. Antimicrobial

agents to prevent peritonitis in peritoneal dialysis: a systematic review of

randomized controlled trials. Am J Kidney Dis 2004; 44(4): 591–603.

38 Daly CD, Campbell MK, MacLeod AM, Cody DJ, Vale LD, Grant AM et

al. Do the Y-set and double-bag systems reduce the incidence of CAPD

peritonitis? A systematic review of randomized controlled trials. Nephrol

Dial Transplant 2001; 16(2): 341–347.

39 Strippoli GF, Tong A, Johnson D, Schena FP, Craig JC. Catheter-related

interventions to prevent peritonitis in peritoneal dialysis: a systematic

review of randomized, controlled trials. J Am Soc Nephrol 2004; 15(10):

2735–2746.

40 Wiggins K, Craig J, Johnson D, Strippoli G. Treatment for Peritoneal

Dialysis-Associated Peritonitis. John Wiley & Sons, Ltd., New York,

2005.

41 Wiggins K, Johnson D, Craig J, Strippoli G. A systematic review of trials

of peritoneal dialysis-associated treatment (abstract). Annual Scientific

Meeting of American Society of Nephrology. Philadelphia, 2005.

42 Bernardini J, Bender F, Florio T, Sloand J, Palmmontalbano L, Fried L

et al. Randomized, double-blind trial of antibiotic exit site cream for

prevention of exit site infection in peritoneal dialysis patients. J Am Soc

Nephrol 2005; 16(2): 539–545.

43 Davey P, Craig AM, Hau C, Malek M. Cost-effectiveness of prophylac-

tic nasal mupirocin in patients undergoing peritoneal dialysis based on

a randomized, placebo-controlled trial. J Antimicrob Chemother 1999;

43(1): 105–112.

44 Johnson DW, van Eps C, Mudge DW, Wiggins KJ, Armstrong K, Hawley

CM et al. Randomized, controlled trial of topical exit-site application

of honey (Medihoney) versus mupirocin for the prevention of catheter-

associated infections in hemodialysis patients. J Am Soc Nephrol 2005;

16(5): 1456–1462.

530



BLBK043-Molony September 12, 2008 15:3

Chapter 47 PD-Related Infections

45 Bennet-Jones D, Martin J, Barratt A, Duffy T, Naish P, Aber G. Pro-

phylactic gentamicin in the prevention of early exit-site infections and

peritonitis in CAPD. Adv Perit Dial 1998; 4: 147–150.

46 Gadallah MF, Ramdeen G, Torres C, Mignone J, Patel D, Mitchell L

et al. Preoperative vancomycin prophylaxis for newly placed peritoneal

dialysis catheters prevents postoperative peritonitis. Adv Perit Dial 2000;

16: 199–203.

47 Lye WC, Lee EJ, Tan CC. Prophylactic antibiotics in the insertion of

Tenckhoff catheters. Scand J Urol Nephrol 1992; 26(2): 177–180.

48 Wikdahl AM, Engman U, Stegmayr BG, Sorenssen JG. One-dose cefurox-

ime i.v. and i.p. reduces microbial growth in PD patients after catheter

insertion. Nephrol Dial Transplant 1997; 12(1): 157–160.

49 Lo WK, Chan CY, Cheng SW, Poon JF, Chan DT, Cheng IK. A prospec-

tive randomized control study of oral nystatin prophylaxis for Candida

peritonitis complicating continuous ambulatory peritoneal dialysis. Am

J Kidney Dis 1996; 28(4): 549–552.

50 Wilson AP, Lewis C, O’Sullivan H, Shetty N, Neild GH, Mansell M.

The use of povidone iodine in exit site care for patients undergoing

continuous peritoneal dialysis (CAPD). J Hosp Infect 1997; 35(4): 287–

293.

51 Nolph K, Prowant B, Serkes K, et al. A randomized multicenter clinical

trial to evaluate the effects of an ultraviolet germicidal system on peri-

tonitis rate in continuous ambulatory peritoneal dialysis. Perit Dial Bull

1985; 1: 19–24.

52 Poole-Warren LA, Hallett MD, Hone PW, Burden SH, Farrell PC. Vacci-

nation for prevention of CAPD associated staphylococcal infection: re-

sults of a prospective multicentre clinical trial. Clin Nephrol 1991; 35(5):

198–206.

53 Owen JE, Walker RG, Lemon J, Brett L, Mitrou D, Becker GJ. Random-

ized study of peritonitis with conventional versus O-set techniques in

continuous ambulatory peritoneal dialysis. Perit Dial Int 1992; 12(2):

216–220.

54 Ansell D, Feest T. UK Renal Registry Report 1998. Bristol, United King-

dom, 1998.

55 Johnson D. Peritoneal dialysis. In: McDonald S, Russ G, editors, ANZ-

DATA Registry Report 2003. Adelaide, 1998; 39–54.

56 Bro S, Bjorner JB, Tofte-Jensen P, Klem S, Almtoft B, Danielsen H et al. A

prospective, randomized multicenter study comparing APD and CAPD

treatment. Perit Dial Int 1999; 19(6): 526–533.

57 De Fijter C, Oe P, Nauta JJ, van der Meulen J, ter Wee PM, Snoek FJ et

al. A prospective randomised trial comparing the peritonitis incidence

of CAPD and Y-connector (CAPD-Y) with continuous cyclic peritoneal

dialysis (CCPD). Adv Perit Dial 1991; 7: 186–189.

58 Flanigan MJ, Hochstetler LA, Langholdt D, Lim VS. Continuous ambu-

latory peritoneal dialysis catheter infections: diagnosis and management.

Perit Dial Int 1994; 14(3): 248–254.

59 Plum J, Artik S, Busch T, Sahin K, Grabensee B. Oral versus intraperi-

toneal application of clindamycin in tunnel infections: a prospective,

randomised study in CAPD patients. Perit Dial Int 1997; 17: 486–492.

60 Flanigan MJ, Lim VS. Initial treatment of dialysis associated peritonitis: a

controlled trial of vancomycin versus cefazolin. Perit Dial Int 1991; 11(1):

31–37.

61 Khairullah Q, Provenzano R, Tayeb J, Ahmad A, Balakrishnan R, Mor-

rison L. Comparison of vancomycin versus cefazolin as initial therapy

for peritonitis in peritoneal dialysis patients. Perit Dial Int 2002; 22(3):

339–344.

62 Cheng IK, Chan CY, Wong WT, Cheng SW, Ritchie CW, Cheung WC et

al. A randomized prospective comparison of oral versus intraperitoneal

ciprofloxacin as the primary treatment of peritonitis complicating con-

tinuous ambulatory peritoneal dialysis. Perit Dial Int 1993; 13(Suppl 2):

S351–S354.

63 Carmeli Y, Eliopoulos GM, Samore MH. Antecedent treatment with dif-

ferent antibiotic agents as a risk factor for vancomycin-resistant Entero-

coccus. Emerg Infect Dis 2002; 8(8): 802–807.

64 Oprea SF, Zaidi N, Donabedian SM, Balasubramaniam M, Hershberger E,

Zervos MJ. Molecular and clinical epidemiology of vancomycin-resistant

Enterococcus faecalis. J Antimicrob Chemother 2004; 53(4): 626–630.

65 Lui SL, Cheng SW, Ng F, Ng SY, Wan KM, Yip T et al. Cefazolin plus

netilmicin versus cefazolin plus ceftazidime for treating CAPD peritoni-

tis: effect on residual renal function. Kidney Int 2005; 68(5): 2375–2380.

66 Bennett-Jones DN, Russell GI, Barrett A. A comparison between oral

ciprofloxacin and intra-peritoneal vancomycin and gentamicin in the

treatment of CAPD peritonitis. J Antimicrob Chemother 1990; 26(Suppl

F): 73–76.

67 Boeschoten EW, Rietra PJ, Krediet RT, Visser MJ, Arisz L. CAPD peritoni-

tis: a prospective randomized trial of oral versus intraperitoneal treat-

ment with cephradine. J Antimicrob Chemother 1985; 16(6): 789–797.

68 Chan MK, Cheng IK, Ng WS. A randomized prospective trial of three

different regimens of treatment of peritonitis in patients on continuous

ambulatory peritoneal dialysis. Am J Kidney Dis 1990; 15(2): 155–159.

69 Cheng IK, Chan CY, Wong WT. A randomised prospective comparison

of oral ofloxacin and intraperitoneal vancomycin plus aztreonam in the

treatment of bacterial peritonitis complicating continuous ambulatory

peritoneal dialysis (CAPD). Perit Dial Int 1991; 11(1): 27–30.

70 Gucek A, Bren AF, Lindic J, Hergouth V, Mlinsek D. Is monotherapy with

cefazolin or ofloxacin an adequate treatment for peritonitis in CAPD

patients? Adv Perit Dial 1994; 10: 144–146.

71 Lye WC, Lee EJ, van der Straaten J. Intraperitoneal vancomycin/oral pe-

floxacin versus intraperitoneal vancomycin/gentamicin in the treatment

of continuous ambulatory peritoneal dialysis peritonitis. Perit Dial Int

1993; 13(Suppl 2): S348–S350.

72 Tapson JS, Orr KE, George JC, Stansfield E, Bint AJ, Ward MK. A com-

parison between oral ciprofloxacin and intraperitoneal vancomycin and

netilmicin in CAPD peritonitis. J Antimicrob Chemother 1990; 26(Suppl

F): 63–71.

73 Bailie GR, Morton R, Ganguli L, Keaney M, Waldek S. Intravenous or

intraperitoneal vancomycin for the treatment of continuous ambulatory

peritoneal dialysis associated gram-positive peritonitis? Nephron 1987;

46(3): 316–318.

74 Cheng I, Lui S, Fang G, Chau P, Cheng S, Chiu F et al. A randomised

prospective comparison of oral versus intraperitoneal ofloxacin as the

primary treatment of CAPD peritonitis. Nephrology 1997; 3: 431–435.

75 Grabe DW, Bailie GR, Eisele G, Frye RF. Pharmacokinetics of intermittent

intraperitoneal ceftazidime. Am J Kidney Dis 1999; 33(1): 111–117.

76 Manley HJ, Bailie GR, Asher RD, Eisele G, Frye RF. Pharmacokinetics

of intermittent intraperitoneal cefazolin in continuous ambulatory peri-

toneal dialysis patients. Perit Dial Int 1999; 19(1): 65–70.

77 Boyce NW, Wood C, Thomson NM, Kerr P, Atkins RC. Intraperitoneal

(IP) vancomycin therapy for CAPD peritonitis: a prospective, random-

ized comparison of intermittent v continuous therapy. Am J Kidney Dis

1988; 12(4): 304–306.

78 Lye WC, Wong PL, van der Straaten JC, Leong SO, Lee EJ. A prospective

randomized comparison of single versus multidose gentamicin in the

treatment of CAPD peritonitis. Adv Perit Dial 1995; 11: 179–181.

79 Schaefer F, Klaus G, Muller-Wiefel DE, Mehls O. Intermittent versus con-

tinuous intraperitoneal glycopeptide/ceftazidime treatment in children

531



BLBK043-Molony September 12, 2008 15:3

Part 7 Chronic Kidney Disease Stage 5: Peritoneal Dialysis

with peritoneal dialysis-associated peritonitis. The Mid-European Pedi-

atric Peritoneal Dialysis Study Group (MEPPS). J Am Soc Nephrol 1999;

10(1): 136–145.

80 Manley HJ, Bailie GR. Treatment of peritonitis in APD: pharmacokinetic

principles. Semin Dial 2002; 15(6): 418–421.

81 Gadallah MF, Tamayo A, Sandborn M, Ramdeen G, Moles K. Role of

intraperitoneal urokinase in acute peritonitis and prevention of catheter

loss in peritoneal dialysis patients. Adv Perit Dial 2000; 16: 233–236.

82 Tong MK, Leung KT, Siu YP, Lee KF, Lee HK, Yung CY et al. Use of

intraperitoneal urokinase for resistant bacterial peritonitis in continuous

ambulatory peritoneal dialysis. J Nephrol 2005; 18(2): 204–208.

83 Williams AJ, Boletis I, Johnson BF, Raftery AT, Cohen GL, Moorhead

PJ et al. Tenckhoff catheter replacement or intraperitoneal urokinase:

a randomised trial in the management of recurrent continuous ambu-

latory peritoneal dialysis (CAPD) peritonitis. Perit Dial Int 1989; 9(1):

65–67.

532



BLBK043-Molony September 20, 2008 20:5

8 Transplantation

Evidence-Based Nephrology. Edited by D. A. Molony and J. C. Craig.

© 2009 Blackwell Publishing Ltd.  ISBN: 978-1-405-13975-5



BLBK043-Molony September 20, 2008 20:5

48 Evaluation and Selection of the Kidney
Transplant Candidate

Bryce Kiberd
Dalhouise University, Halifax, Nova Scotia, Canada

Introduction

Kidney transplantation improves quality of life and length of life
and costs less than dialysis (Table 48.1) [1–4]. However, com-
paring outcomes for transplanted patients to the general dialysis
or wait-listed population is not ideal, because there are survival
and selection biases [5–7]. Less than half of patients on dialysis
are considered for transplantation; <3% of dialysis patients more
than 70 years old are on the transplant waiting list [6], and most
older patients who are on the list will either die or be removed
from the list before receiving a transplant [8]. The process of se-
lection is an essential but problematic activity. Most guidelines
have focused on evaluation, leaving patient selection to a center’s
discretion [9–13].

Organ allocation policies recognize the need to find a balance
between conflicting goals [11–14]. Goals of selection include the
following: 1) maximize patient and graft survival, 2) minimize
disparities in waiting time, 3) minimize deaths while waiting, and
4) maximize opportunity. Achieving equality may reduce utility.
Attempts to minimize deaths on the list by performing transplants
in the elderly will limit the ability to maximize survival by trans-
planting in younger patients. These competing goals are the root of
the difficulty in defining selection criteria. One compromise is to
limit transplantation to patients with reasonable life expectancies
who are likely to live beyond current waiting times [12].

Cardiovascular disease

Recommendations
All patients should undergo cardiac evaluation by history, phys-
ical, electrocardiogram, and chest radiograph. Further testing
should be based on the initial assessment. Contraindications to

transplantation include progressive angina, recent myocardial in-
farction (<6 months), and diffuse coronary artery or valve disease
that is not correctable.

Evidence
Because cardiac disease is prevalent and the major cause of excess
mortality, evaluating the extent of the disease and implementing
preventive strategies is reasonable [15]. Congestive heart failure
and ischemic heart disease occur in 27% and 29% of incident
dialysis patients, respectively, and both are associated with reduced
likelihood of transplantation [16].

Potential transplant recipients with cardiac symptoms or active
disease deserve further evaluation, as in the general population
[17]. Many uremic patients are sedentary or have symptoms that
are ascribed to anemia or poor general health. Screening the high-
risk asymptomatic recipient may be useful. Because the transplant
procedure meets the criteria for high risk, as it involves vascular
surgery and fluid shifts, and most patients have at least interme-
diate clinical risk factors (diabetes mellitus, renal impairment, is-
chemic heart disease), further evaluation is within accepted guide-
lines [18]. There are data supporting routine evaluation in asymp-
tomatic potential kidney transplant patients. A relatively old study
in a small group of high-risk diabetic uremic patients showed that
there were a greater number of cardiac end points in the medical
treatment arm (calcium channel blockers and aspirin) than in the
intervention arm (angioplasty or bypass surgery) [19]. The extent
of routine revascularization in asymptomatic pretransplant pa-
tients undergoing preparation for listing has not been quantified
well in the nondiabetic population or in a larger diabetic popula-
tion. A major reason for uncertainty is that a large trial (n = 510)
in nontransplant patients found preoperative invasive treatment
did not improve survival after noncardiovascular surgery [20].

Patients older than 45 years or with diabetes mellitus, prior car-
diac history, or other multiple risk factors may benefit from non-
invasive testing. In a meta-analysis, noninvasive tests did predict
later cardiac events and death with reasonable accuracy [21]. There
is no consensus on what is the best noninvasive test. A number of
studies have examined the accuracy of tests to detect coronary
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Table 48.1 Survival advantages of kidney transplantation.
gained with kidney transplantation (vs. dialysis)a

Age at transplantation

(yrs) USRDS 2004 [3] Gill et al [2]b Wolfe et al. [1]b

0–14 29.5 17.2 (0–19 yrs old) 13.0 (0–19 yrs old)
15–19 22.1

20–24 21.0 14.8 (20–39 yrs old) 17.0 (20–39 yrs old)
25–29 19.4
30–34 17.6
35–39 14.7

40–44 13.8 9.4 (40–59 yrs old) 11.0 (40–59 yrs old)
45–49 12.1
50–54 10.5
55–59 9.0

60–64 7.5 6.2 4.0 (60–74 yrs old)
65–69 6.3 5.3

70–74 5.2 3.7 (70–79 yrs old)
75–79 4.7

a Methods for calculating survival advantages differed for each study.
b For the Gill et al. and Wolfe et al. studies, some wider age ranges were evaluated than in the USRDS
study.

artery disease (Table 48.2) [11, 21–30]. Because of the high pretest
likelihood, some have argued cardiac catheterization is the best
approach [31]. Routine cardiac catheterization in high-risk pa-
tients is performed in only a minority of US centers [32]. Given
that the availability of tests varies among centers and that not
all tests are appropriate for any one patient, the local cardiolo-
gist should guide test selection. Patients with advanced disease,
low functional capacity, or who do not have circumscribed ar-
terial lesions that are amenable to treatment are likely do poorly
with, or without, a transplant. Multivessel disease was an exclusion
criterion in 88% of centers in a recent European survey [33]. Pre-
operative invasive therapy is likely to be of limited value in patients

with asymptomatic single- or double-vessel disease that is not a
proximal left anterior descending lesion and not associated with
impaired ventricular function. Discussions of further indications
for corrective surgery and the evidence in asymptomatic patients
are beyond the scope of this article.

Guidelines recommend periodic reevaluation [34,35], but car-
diac evaluation in asymptomatic patients after listing is not
routinely practiced and subsequent invasive therapy is unlikely.
Kasiske reported intervention (angioplasty or bypass surgery) in
only 9% of patients screened, with similar rates in the rescreened
[36]. In a preliminary medical decision analysis, rescreening di-
abetic patients would be cost-effective if screening identified a

Table 48.2 Noninvasive screening for coronary artery disease.

Study Criterion Sensitivity
[reference] Population n Test (% extent of stenosis) (%)

Reis [24] Pretransplant 97 DSE >75 92
Vandanberg [22] Diabetes mellitus, pretransplant 41 Pharmacologic thallium >75 62
Vandanberg [22] Diabetes mellitus, pretransplant 35 Exercise thallium >75 50
Herzog [23] Pretransplant 50 DSE >75 75
De Lima [30] Pretransplant 89 DSE >70 44
De Lima [30] Pretransplant 102 Pharmacologic SPECT >70 64
West [28] Pretransplant 33 DSE >70 92
Boudreau [25] Diabetes mellitus, pretransplant 80 Pharmacologic thallium >70 86
Marwick [26] Pretransplant 45 Pharmacologic thallium >70 75
Worthley [27] Pretransplant 50 Tachycardiac Stress >70 87

Abbreviations: DSE, dobutamine stress echocardiogram; SPECT, single photon emission computed tomography.
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significant proportion with covert disease who subsequently re-
ceived invasive therapy that allowed them to remain listed and
where covert disease was associated with higher mortality rates
[37]. What studies do not report is the extent to which evaluation
results in appropriate delisting decisions.

There is a trend away from preoperative surgery and toward
the use of medical interventions to prevent cardiovascular disease
[38,39], although use of medications, even in high-risk wait list
patients, is low [40]. Although a recent randomized controlled trial
failed to show the benefits of statin therapy in diabetic hemodialysis
patients [41], many study subjects were unlikely to be transplant
candidates, and another randomized control trial demonstrated
the benefit of statins posttransplantation in this subgroup in a post
hoc analysis [41,42]. Without evidence of harm, it seems reason-
able to consider greater use of cardiovascular disease risk-reducing
medications in patients waiting for kidney transplantation.

Patients with symptomatic cardiac valve heart disease should
be treated as these patients are in the general population. Patients
denied appropriate surgical correction because of reduced life ex-
pectancy or excessive risk should not be considered for kidney
transplantation (unless done in conjunction with cardiac trans-
plantation). Isolated uremic cardiomyopathy is not an absolute
contraindication to transplantation [43,44].

Cerebral vascular disease

Recommendation
Ancillary testing for cerebral vascular disease may be required
based on history. A stroke or transient ischemic attack (TIA) within
3 months is an absolute contraindication to transplantation.

Evidence
Stroke mortality is the third (8%) most common cause of death
posttransplantation [45,46]. Mortality after a stroke is 50% at 3
months [46].

Patients with a stroke or TIA should be treated with control of
blood pressure, antithrombotic therapy for atrial fibrillation, and
antiplatelet therapy [47]. Statins may also lower the incidence of
stroke [48]. The optimal waiting time to allow recovery from in-
jury is unknown, but waiting 2–3 months [49], the period in which
there is the highest risk of recurrence is recommended. The short-
term stroke risk is 11% after a TIA, and so a patient with a TIA
should be considered at the same risk as a patient with a completed
stroke [50]. Guidelines for patients with symptomatic or asymp-
tomatic carotid disease who might benefit from endarterectomy
are available elsewhere [51].

Screening for cerebral aneurysms in autosomal dominant poly-
cystic kidney disease is controversial because it is uncertain
whether screening and treatment confers net clinical benefit com-
pared with treatment of only symptomatic patients [52]. The
prevalence of aneurysms is likely to be higher in patients with a
family history of stroke [53]. Younger patients with asymptomatic
aneurysms of >10 mm should be considered for intervention [54].

Peripheral vascular disease

Recommendations
Ancillary testing for peripheral vascular disease should be based on
history or physical findings. Large uncorrected aortic aneurysm,
severe occlusive iliac disease, active gangrene, or recent atheroem-
bolic events are contraindications to listing.

Evidence
Peripheral vascular disease is present in about 15% of incident
dialysis patients and is associated with increased mortality (hazard
ratio, 2.4) [55]. The prevalence of peripheral vascular disease at
the time of transplantation is about 5–6% and is also associated
with reduced survival [2,56].

Recent practice guidelines recommend screening for abdomi-
nal aneurysms in men between 65 and 75 years of age who have
smoked, with uncertainty about similarly aged men who have
never smoked [57]. Large abdominal aneurysms of 5–5.9 cm have
rupture rates ranging from 4 to 14%/year and those of >6.0 cm
have rupture rates of greater than 20%/year with high subsequent
mortality [58]. Patients who are not considered candidates for re-
pair because of high comorbidity are not likely to be transplant
candidates. Patients with severe vascular disease in the iliac arterial
system should be identified in order to prevent inadequate flow to
the newly transplanted kidney.

Pulmonary disease

Recommendations
All patients should undergo a history, physical, and chest radio-
graph. Ancillary testing may be required in symptomatic patients
or those with an abnormal chest radiograph. Advanced irreversible
pulmonary disease or frequent lower tract infections are con-
traindications to transplantation.

Evidence
Uncontrolled asthma, severe chronic obstructive pulmonary dis-
ease and/or pulmonary fibrosis or restrictive disease with a low
forced expiratory volume in 1 s (FEV1) of <25% of predicted
value, low PO2 (<60 mmHg) on room air, or with exercise de-
saturation (SaO2) of <90% were acknowledged by consensus to
be absolute contraindications [10]. Patients with less respiratory
compromise but likely to progress and those with frequent infec-
tions (>4 lower respiratory infections in the last year) were also
felt to be noncandidates. Patients with these disorders, typically
with a best FEV1 of <40% of normal, have high mortality rates,
with 50% survival at about 6 years. Patients with a FEV1 of <25%
of predicted have an even lower survival [59], and patients requir-
ing home oxygen therapy have a 5-year survival as low as 30%
[60]. The incidence and case fatality rate of pneumonia have de-
creased over time [61], but patients with frequent infections prior
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Table 48.3 Possible cancer screening strategies for the potential
kidney recipient.Age (yrs)

Target organ Test Test frequency at screening

Bladder Cytoscopy Not routine >50 and high risk
Breast Mammography Every 1–2 yrs >40

Colorectala FOBT Annually (FOBT) >50
Sigmoidoscopy Every 5 yrs
Colonoscopy Every 10 yrs

Kaposi sarcoma Physical Once All
HHV-8 High risk

Leukemia CBC Every year All
Liver Ultrasound or CT Once High risk, annually
Lung CXR Once All

Lymphoma Physical Every year All
EBV status

Melanoma Physical Once ALL
Myeloma Immunoelectropheresis Once >50

Prostate Digital rectal Every year >50
Prostate-specific antigen

Kidney Ultrasound or CT Once >50
Skin Physical Once All
Testicular Physical Once All men

Uterine cervix PAP smear 1–3 yrs >20 or sexually active
Pelvic exam

Source: Kasiske et al. 2001 [11].
Abbreviations: FOBT, fecal occult blood test; HHV-8, human herpesvirus 8; CBC, complete blood cell
count; CT, computerized tomography; CXR, chest X-ray.
a Abnormalities detected by screening require additional tests.

to transplantation, in the absence of immunosuppression therapy,
should be considered high risk.

Cancer

Recommendations
Selected patients should undergo cancer screening prior to trans-
plantation. Patients with a past history of cancer will need further
testing and an observation period for recurrence, and the advice
of an oncologist prior to transplantation should be considered.
Patients with advanced-stage cancers are not candidates for trans-
plantation.

Evidence
Cancer is more common in end-stage renal disease patients than
the general population [62]. Some cancers have mortality rates that
exceed the dialysis mortality rate [63]. Transplanting patients with
a high risk of cancer-associated mortality is not likely to improve
outcomes.

The US Preventive Services Task Force has provided recom-
mendations for screening specific cancers in men and woman
in the general population [57]. Overall, colorectal, cervical, and
breast cancer screening have the highest evidence. Other strategies,
such as prostate cancer screening, are inconclusive although widely
practiced. It is possible that detecting cancers through screening
may do more harm to patients who might otherwise receive a
transplant promptly. Table 48.3 gives a list of potential screening
strategies. The evidence for referral to screening in the general
population is different for screening to determine transplant eli-
gibility. Avoiding transplantation in a cancer patient with limited
life expectancy concerns more the prudent use of a scarce resource
than a strategy to improve life expectancy.

In general, about 50% of cancers recur within <2 years, 33% be-
tween 2 and 5 years, and about 15% more than 5 years after the first
cancer [11]. Published cancer recurrence rates are inaccurate due
to selection bias. Data from the Israel Penn International Tumor
Transplant Registry do not have a reliable denominator to accu-
rately calculate rates [64]. Table 48.4 gives a list of the cancers and
recommended waiting times, taking into account the evidence.
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Table 48.4 Recommended transplantation wait times for specific cancers.

Cancer site or type Wait time (yrs)

Breast >5 (>2 for early disease)
Bladder >2
Colorectal >5 (>2 for Dukes stage A or B1)
Kaposi sarcoma >2
Leukemia >2 (limited data to make recommendation)
Liver Unable to give recommendation
Lung >2
Lymphoma >2
Melanoma >5 (>2 melanoma in situ)
Myeloma Unable to give recommendation
Prostate >2 (localized disease possibly shorter wait)
Renal/Wilm’s tumor >2 (>5 for large cancers; no wait for incidental of <5 cm)
Skin (non-melanoma) 0–2 (no wait for basal cell)
Testicular >2
Thyroid >2
Uterine or cervix >2

Sources: Kasiske et al. 2001 [11] and European Best Practices Guidelines 2000 [13].

Published guidelines give more details on individual cancers
[11–13].

Infections

Recommendations
Ideally, patients should be free of all active infections at the time
of transplantation. Patients should be tested for immunity to
varicella-zoster virus, Epstein-Barr virus (EBV), cytomegalovirus
(CMV), and HIV. HIV-infected patients may be considered for
kidney transplantation if they meet certain criteria.

Evidence
All guidelines recommend that patients be free of active infec-
tion. Infection is the second most common cause of death (21%)
within the first year after transplantation [65]. Given that the early
transplant period is the time of intense immunosuppression, the
recommendations are reasonable and are unlikely to be tested in
a clinical trial.

The prevalence of treatable occult dental disease, detected with
routine screening by panoramic radiographs, and the conse-
quences avoided compared with treating symptomatic patients
have not been systematically evaluated. It is reasonable to refer
patients with symptoms or obvious disease. In a European survey,
61% of centers referred all patients for dental consultation [33].

Mycobacterial infections may be more common in the end-
stage renal disease population than in the general population [66].
Patients on dialysis may be anergic, and testing may underestimate
true exposure. Administering two-step tuberculin skin testing may
improve detection [67]. The risks and benefits of pretransplant

prophylaxis, early posttransplant prophylaxis, or watchful waiting
are all acceptable but may depend on other risk factors [66].

Patients seronegative for varicella-zoster virus should be consid-
ered for vaccination pretransplantation, because this infection can
be fatal in a transplant recipient [68]. Although donor–recipient
CMV matching is not routinely performed, knowledge of donor
and recipient status predicts posttransplant CMV infection. CMV
disease is a potentially fatal infection, and chemoprophylaxis is
very effective [69]. Evidence for screening for EBV is not as effec-
tive. Seroprevalence of EBV is high in adults, and donor–recipient
matching is not performed. Naı̈ve recipients are at greater risk
for infection and posttransplant lymphoproliferative disease [70].
Surveillance strategies for EBV are under evaluation.

Patients with HIV have received solid organ transplants with
success, and outcomes appear to be equivalent to the general trans-
plant population, but HIV-infected patients who have received
transplants are a selected group. Prospective studies are under-
way to better define which HIV-infected patients should be trans-
planted. Excellent results have been demonstrated in patients with
undetectable plasma HIV viral loads for 3 months, a CD4+ T-cell
count of more than 200 cells/�L for 6 months, and no history of
opportunistic infection or neoplasm [71].

Liver disease

Recommendations
Patients should be screened for liver disease. Patients with overt
liver disease or positive for hepatitis B or C virus should be re-
ferred to a hepatologist for assessment of the extent of disease, a
discussion of prognosis, ongoing monitoring, and candidacy for
specific treatment.

Evidence
The prevalence of hepatitis C-positive kidney transplant recipients
in the USA is 6.8% [72], and the prevalence of hepatitis B surface
antigen in the US dialysis population is <1% [73]. Liver failure is
a significant cause of morbidity and mortality in hepatitis B and C
patients. In a pooled analysis, hepatitis C antibody was a significant
risk factor for death and graft failure (relative risk [RR], 1.8 and 1.6,
respectively) [74], but in a recent UNOS registry analysis, hepatitis
C patients had an increase in adjusted mortality of only 1.2 (P =
0.04) [75]. Patients that were hepatitis C positive had many char-
acteristics associated with inferior survival, including higher rates
of regrafts, cadaver donors, and longer duration of dialysis. Differ-
ences in patient selection for transplantation and treatment will
more than likely change the natural history of these infections [76].

Because biochemical tests may not reflect the extent of disease, a
liver biopsy is recommended in those without portal hypertension
[77]. The biopsy results may direct therapy. Hepatitis C patients
with chronic hepatitis can be considered for a course of pegy-
lated interferon [78]. Hepatitis B patients with active viral replica-
tion can be considered for a course of lamivudine [79]. All of the
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antiviral studies are small and lack hard end points. It is not clear
whether patients with compensated cirrhosis are candidates for
kidney-alone transplantation. At issue is whether kidney trans-
plantation confers a survival advantage over the risk of progressive
liver disease. Patients with decompensated disease can be consid-
ered for combined kidney–liver transplantation.

Gastrointestinal disease

Recommendations
Patients with a recent history or symptoms of gastrointestinal
bleeding, peptic ulcer disease, biliary disease, or diverticulitis
should be investigated and treated pretransplant. Patients with-
out symptoms should not be screened.

Evidence
In a European survey, active peptic ulcer disease was a criterion for
exclusion from transplantation in 57% of centers [33]. The inci-
dence of early posttransplant gastroduodenal disease with prophy-
laxis is low, at about 3% [80]. Helicobacter pylori screening has not
been recommended, since the association with adverse outcomes
is weak.

The prevalence of asymptomatic cholelithiasis in the transplant
population ranges between 5 and 10% [81]. Although the cumu-
lative risk of symptomatic disease, morbidity, and mortality in the
asymptomatic transplant candidate is unclear, there is no evidence
that patients need to be screened or require surgery.

Complications of diverticular disease, such as perforation and
obstruction, have high mortality rates but occur infrequently [82].
Asymptomatic disease is common, and guidelines do not recom-
mend routine screening, but they do recommend surgical correc-
tion in immunocompromised patients even after a single episode
of diverticulitis [83,84].

Systemic disease

Recommendations
Most systemic diseases should be quiescent prior to transplanta-
tion. Selected patients with primary hyperoxaluria can be consid-
ered for transplantation.

Evidence
All systemic diseases can recur. The major issues are measuring
disease activity and the optimal timing of transplantation. Balanc-
ing the benefits of transplantation, the harms of ongoing dialysis,
and risks of recurrence are difficult, especially in a recipient with
a potential live donor.

Patients with primary hyperoxaluria have a poor prognosis, and
many centers avoid transplantation in such patients [33]. A com-
bined liver–kidney transplant potentially provides sufficient en-
zyme to correct disease and prevent recurrence [85], but studies
have not shown a clear benefit for a combined procedure versus

kidney transplantation alone, which may reflect selection biases.
Patients with large systemic oxalate burdens are at high risk of early
graft loss and may do poorly with either of these options. Patients
with a preemptive kidney transplant, or who are transplanted soon
after dialysis is initiated, do well without a liver transplant.

Anti-glomerular basement membrane (anti-GBM) disease re-
curs in <10% of patients and has been associated with circulating
antibodies at the time of transplantation [13,86]. Several guidelines
recommend waiting until anti-GBM antibodies are undetectable
and patients are off therapy for at least 6 months [11–13]. It is not
likely that prospective information on the negative and positive
predictive values of antibody levels for disease recurrence will be
available.

Systemic lupus erythematosus recurs in <10% of transplant
patients but may be higher if histopathological criteria are used,
although graft loss is uncommon and outcomes are comparable
to those in the general transplant population [87,88]. Practice
guidelines recommend waiting until the disease is clinically and
immunologically quiescent [11–13]. The evidence requiring a long
delay prior to transplantation is limited and anecdotal.

ANCA-positive vasculitis patients have modest (up to 20%) re-
currence rates posttransplantation [89]. Graft loss due to recurrent
disease occurs in <10% and may occur late posttransplantation.
ANCA levels do not predict disease recurrence posttransplanta-
tion. Most of the available data are from cases series, with little
information from large registry analyses. Many practice guide-
lines recommend a period of observation off cytotoxic therapy.
The length of wait has not been clearly established, and the time
on dialysis does not impact disease recurrence [89].

Hemolytic uremic syndrome (HUS) recurrence rates may be
high and overall survival reduced [90]. Risk of recurrence with
epidemic HUS (toxigenic Escherichia coli) is uncommon. Nonepi-
demic HUS is associated with higher recurrence rates (>20%)
[91]. Other proposed risk factors, including living donor, use of
calcineurin inhibitors, older age, and shorter interval between on-
set and transplantation, have not been consistently reported. Up
to 40% of familial cases and 20% of sporadic cases are linked to
mutations in the factor H gene [92], but genetic screening is not
readily available and is of uncertain value for predicting recur-
rence. The utility of repeated transplantation in this group needs
to be demonstrated, as recurrence with graft loss is high [93].

Recurrent disease

Recommendations
Patients that lose their first transplant from recurrent focal seg-
mental glomerulosclerosis and patients with Alport syndrome los-
ing a transplant from de novo anti-GBM disease are at high risk of
recurrence that may preclude retransplantation.

Evidence
No cause of primary kidney disease precludes kidney transplan-
tation absolutely, and in most conditions a second transplant is
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reasonable. However, focal segmental glomerulosclerosis has rel-
atively high recurrence rates (20–50%) with subsequent graft loss
[94]. The rate of progression of the primary disease, duration of
pretransplant dialysis, and younger age may be risk factors, but
their clinical predictive accuracy has not been quantified and is
not likely to be used to deny kidney transplantation. Measuring
recipient disease activity by permeability bioassay is not useful
[95]. There are insufficient data to support pre- or posttransplant
plasmapheresis prophylaxis [96]. Waiting until the patient is anuric
or free of nephrotic-range proteinuria or proceeding by perform-
ing bilateral nephrectomy has also not been tested. The use of
genetic testing is also currently unproven [97]. Retransplantation
may be precluded in patients with early recurrence and a rapid rate
of graft loss, because the disease may have a high rate of recurrence
in subsequent transplants.

Alport syndrome is a hereditary deficiency of basement mem-
brane collagen, and recurrence of disease is neither expected
nor found. However, the disease is associated with an aggres-
sive posttransplant anti-GBM disease in approximately 5% of pa-
tients which almost always results in graft loss [98]. Recurrence
is high and may preclude a second attempt despite aggressive
treatment.

Urological issues

Recommendations
A dysfunctional bladder or urinary diversion is not a contraindi-
cation to transplantation.

Evidence
Patients with known bladder problems or symptoms should be re-
ferred for urologic evaluation. Pretransplant correction of reflux
reduces posttransplant urinary tract infections in children, but
urinary tract infection is uncommon and so the clinical benefit
of this intervention is uncertain [99]. All patients should have an
adequate urinary reservoir to permit storage at a low pressure and
a patent passageway with a reliable method of achieving complete
evacuation [100]. There are a number of different urinary diver-
sion procedures, but all have significant risk of recurrent infection
[101]. Bladder augmentation has also been used in contracted and
neuropathic bladders. Successful management with intermittent
self-catheterization is an option. Newer modalities to treat hyper-
reflexive bladders are being investigated [102]. Overall patient and
graft survival do not appear to be adversely affected, and therefore
corrected urinary problems should not limit eligibility [103,104].

Obesity

Recommendations
Obesity is not an absolute contraindication to transplantation.

Evidence
Although obesity is associated with some adverse outcomes, re-
porting has been inconsistent [11,105–107]. Patients with very
high body mass indices (>36 kg/m2) are at higher risk of death
(RR, 1.34) and graft loss (RR, 1.39) [105]. Not all surgeons are
willing to transplant the very obese, and this may be a limiting fac-
tor. There is no evidence that weight loss prior to surgery improves
outcomes.

Compliance and adherence

Recommendations
Patients must understand the risks and benefits of transplantation
and demonstrate adherence to therapy.

Evidence
Noncompliance is the second (28%) most common medical rea-
son for patient exclusion [108] and was a definite exclusion in 61%
of European centers surveyed [33]. In a US survey, 83% of clin-
icians assess compliance based on dialysis attendance [32]. Most
centers have a policy on drug abuse. The period of abstinence re-
quired before eligibility varies considerably. Smoking, although
discouraged, has not limited eligibility in most centers. Unfor-
tunately, measuring and predicting noncompliance and sustained
drug abstinence with accuracy is difficult, leaving centers to decide
by local consensus.
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49 Evaluation and Selection of the
Living Kidney Donor

Connie L. Davis
Division of Nephrology, Department of Medicine, University of Washington School of Medicine, Seattle, USA

Introduction

Transplantation with a living kidney donor is the treatment of
choice for end-stage renal disease (ESRD). Although the focus is
often on the recipient regaining health, an equally important goal
is making sure that the living donor will be able to maintain their
own health after donation. Medical evaluation of the donor is
aimed to detect medical abnormalities that would put them at risk
for donor surgery or to develop ESRD. The evaluation also should
exclude diseases (infection, malignancy) that may be transmitted
to the recipient. Finally, the evaluation attempts to identify con-
ditions where the removal of one kidney could increase the risk
of disease progression or limit the delivery of optimal care. There
have been no randomized controlled trials in the living donor
population; all data are from single-center, retrospective, or more
recently, prospective cohort trials. Few studies have included con-
trol groups, and those that did usually recruited control subjects
from the general population, which may not be the most appropri-
ate for comparison, as living donors should represent the healthiest
members of society.

The overall evaluation process

Evaluation of the living donor starts with education about the
donation process and a screening history by the living donor co-
ordinator. Often the prospective donor will be asked to supply
a copy of their most recent history and physical and laboratory
examinations to the transplant center. Early in the evaluation pro-
cess, the donor’s blood type is ascertained to determine compat-
ibility with the recipient. If this information, plus the screening
interview, do not exclude donation, then the prospective donor
undergoes a complete history and physical examination, labora-
tory testing, cross-matching, and finally renal imaging [1,2]. The

donor evaluation is completed with visits to the transplant social
worker, psychologist, or psychiatrist (Table 49.1).

Medical evaluation of the living donor has been standardized
based on two large conferences with broad representation from the
transplant community [3]. However, some testing issues (e.g. type
of urinary protein measurement, method of glomerular filtration
rate [GFR] determination, anatomic testing method) remain to be
established (http://www.bts.org.uk/) [3].

Immediate surgical risk: assessment of
cardiopulmonary and coagulation systems

Cardiopulmonary disease
Cardiac evaluations include medical history, physical examination,
electrocardiogram, and chest X-ray [4,5]. If these suggest ischemia,
then a stress test (exercise or pharmacologic) should be performed.
An individual with myocardial dysfunction should not donate, as
kidney dysfunction is a common accompaniment to heart failure
[6–8]. Coronary lesions requiring intervention should be treated
and stable prior to donation. Careful assessment for renovascular
disease is needed in those with coronary artery disease [9,10].

Valvular integrity is ascertained by questioning about past
rheumatic fever, use of fenfluramine or phentermine, prosthetic
valve placement, dyspnea, and cough. The possibility of valvular
abnormalities should be particularly considered in family mem-
bers of those with autosomal-dominant polycystic kidney disease
[11,12]. Absolute contraindications to donation are symptomatic
valvular disease, severe valvular disease even if asymptomatic, and
valvular disease with abnormal cardiac function and/or ischemia
[13]. Relative contraindications are the presence of a prosthetic
valve and moderate regurgitant valvular disease with otherwise-
normal echocardiographic findings.

Postoperative pulmonary complications are as prevalent as car-
diac complications and contribute similarly to morbidity, mortal-
ity, and length of stay after noncardiac surgery. The probability
of pulmonary disease should be determined through a history
(cough, smoking, dyspnea), physical examination, and a chest
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Table 49.1 Donor evaluation.

History: Look for/ask about
Hypertension
Diabetes
General state – weight loss/gain, strength, sweats
Findings from prior medical evaluations
NSAIDs/medications
Family history

Diabetes
Cardiovascular disease
Autoimmune diseases
Kidney disease
Cancer
Thromboembolic disease
Degenerative neurological diseases

Their birth weight
Obstetric history
Smoking, drug, or alcohol use
Infections

Prior jaundice
Blood product administration
Travel abroad
Malaria
Exposure to tuberculosis
Intravenous drug use
Sexual history

Nephrolithiasis
Travel abroad
Thromboembolic disease
Vascular – exercise tolerance, claudication, chest pain
Vocation/avocation
Willingness to donate

Physical exam: evaluate/look for
Blood pressure
Weight/height
Arthritis
Autoimmunity
Cancer:

Prostate
Breast
Colorectal
Lymph nodes

Cardiovascular disease

Laboratory
Urinalysis
Electrolytes, liver panel
Fasting blood glucose, lipid profile
CBC with platelets, coagulation screen
24-h urine, creatinine clearance, protein excretion or GFR (iothalamate clearance)
and protein determination (or protein/creatinine ratio and urine albumin
determination)

Antiviral screening: HCV, HBV, HIV, EBV, CMV, HSV
PPD (controversial in nonendemic areas), RPR
EKG, chest X-ray
PAP, prostate exam
Age/family history determined

ETT, ECHO
Colonoscopy, ultrasound
Mammogram/PSA

Anatomic evaluation per local expertise
CT angiogram
Multislice CT (96% accuracy compared to operative findings)
MRI angiogram
Standard arteriogram
Digital subtraction angiography

radiograph [14]. If indicated by history and examination, pul-
monary function testing, echocardiogram, and/or sleep studies
should be performed [15]. In all cases, donors should be en-
couraged to cease smoking for at least 4–8 weeks before surgery
to minimize the risk for pneumonia and wound complications
[16,17]. Pulmonary contraindications to donation include cystic
fibrosis, sarcoidosis, interstitial lung disease with fixed pulmonary
hypertension and persistent hypoxemia, primary and secondary
pulmonary hypertension, severe sleep apnea, severe chronic ob-
structive pulmonary disease, asthma complicated with status asth-
maticus, and �1-antitrypsin deficiency. Relative contraindications
to donation are mild sleep apnea without a history of pulmonary
hypertension, chronic hypoxia, or arrhythmias on bilevel or con-
tinuous positive airway pressure therapy [15,18].

Coagulation abnormalities
A history of venous thromboembolism should be ascertained.
Only if present should a comprehensive coagulation profile be
done, as these tests are expensive and are unlikely to change man-
agement [19–21]. Oral contraceptives and hormone replacement
therapy are commonly used in the general population and may
increase the risk for postoperative venous thrombosis [22,23]. In
general it is advised that hormone replacement be withheld for at
least 1 month prior to an elective surgery, although not all current
data or reviews support this practice [22–27].

Mortality

Postoperative
Only recently has the United Network for Organ Sharing (UNOS)
begun collecting information about short-term donor outcomes
(Table 49.2). The mortality rate for living donor nephrectomy
using a laparoscopic technique is 0.03% from surveys and single-
center sources. Data from UNOS and the Social Security Death
Master File on donors from October 1999 to October 2004 reveal
a 0.04% 30-day mortality and a 0.09% 1-year mortality for kid-
ney donors (Organ Procurement and Transplantation Network
[OPTN] data as of April 2005). Several deaths have been due to
failure of the clips placed on the remnant donor renal artery, result-
ing in massive hemorrhage, rather than an impaired cardiovascular
state of the donor [28].

Long term
The underlying premise of living kidney donation is that the re-
moval of one kidney does not impair survival or long-term kidney
function in the donor. Reports of relatively homogenous northern
European populations after nephrectomy by Narkun-Burgess (for
trauma), Fehrman-Ekholm (for kidney donation), and Najarian
(for kidney donation) suggest that live kidney donation is safe (Fig-
ure 49.1) [29–33]. A meta-analysis of outcomes in 3124 subjects
with reduced kidney mass mostly due to kidney donation (60.5%)
showed a 17.1 mL/min average decrease in GFR after nephrec-
tomy but no progressive decline in renal function with time [34].
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Table 49.2 Operative mortality in living kidney
donors. Study author

[reference] Data source No. of donors % Mortality

Kok 2006 [173] Trial of randomized open vs.
laparoscopic donation in two
Norwegian programs

100 0

UNOS/OPTN 2005 [183] UNOS/OPTN database, USA,
10/99–10/04

30,716 0.04 (at 30 days)

UNOS/OPTN 2005 [183] UNOS/OPTN database, USA,
10/99–10/04

30,716 0.09 (at 1 yr)

Pietrabissa 2004 [175] Survey of Italian programs 401 0

Matas 2003 [174] Survey of US programs 10,828 0.02

Hartmann 2003 [54] Single program plus Norwegian
Registry
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Figure 49.1 Survival of Swedish kidney donors compared to general Swedish
population. The donors demonstrated superior survival [30].

However, the profile of donors has changed over time to include
those with isolated medical abnormalities, such as essential hy-
pertension, an increased body mass index (BMI), isolated hema-
turia, dyslipidemia, and stone disease. Follow-up has not been long
enough to be confident that these various comorbid conditions
will not adversely influence survival (Table 49.3). Furthermore,
the UNOS/OPTN data combined with those of the Social Security
Death Master File for those donating between October 1999 and

October 2004 reveals a 0.18% donor mortality rate (www.optn.org;
OPTN data as of April 2005). Although cause of death is generally
listed as unknown, one category of death is concerning: death due
to accident, homicide, or suicide (OPTN/UNOS data as of April
2005). In particular, younger donors seem to be at increased risk
for this outcome and need to be carefully evaluated psychologically
for the risk of self-destructive behavior following donation [35,36]
(National Center for Health Statistics 2003; www.cdc.gov/nchs/
datawh/statab/unpubd/mortabs/gmwk210 10.htm).

Renal evaluation

GFR
Establishing baseline renal function is critical. Although
serum/plasma creatinine, 24-h creatinine clearance and calcu-
lated clearances based upon the plasma creatinine have been used
to determine GFR, they are not accurate enough for the pur-
poses of living donation (http://www.bts.org.uk/) [37–39]. Sim-
ilarly, although changes in cystatin C levels may be more pre-
dictive of changes in renal function than the serum creatinine,
cystatin C is also not sufficiently accurate for estimating renal
function in people with normal GFR [40–42]. Measuring the clear-
ance of compounds such as 51Cr-EDTA, [125I]iothalamate, and

Table 49.3 Long-term donor mortality.
No. with death caused by:

Study author [reference] No. died/total donors Cardiovascular Cancer Liver disease

Gossmann 2005 [57] 7/152 2 5
Rizvi 2005 [64] 5/133 3 1 1
Ramcharan 2002 [147] 84/464 NA NA NA
Najarian 1992 [33] 15/78 7 6 NA
Williams 1986 [65] 4/50 NA 2 1

Abbreviations: NA, not available.
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Figure 49.2 GFR in living kidney donors normalized for body surface area,
shown by age (both men and women are included) [37].

99mTc-diethylenetriaminepenta-acetic acid (DTPA), or nonradi-
olabeled iohexol or iothalamate provides more accurate measure-
ments of GFR [43–46]. Whatever measurement is used, the GFR
must be interpreted in the context of age, gender, and body size
and corrected for body surface area.

The threshold of normal kidney function has seemingly de-
clined with time. Inulin clearance studies in 1950 reported the
normal GFR was 130 mL/min/1.73 m2 for young men and 120
mL/min/1.73 m2 for young women [47,48]. An age-related de-
cline in renal function of 10 mL/min/1.73 m2 was noted after age
40, such that the GFR at age 80 was half that at age 40. More current
studies have been performed using 125I-labeled or cold iothalamate
[37,47,49]. Gonwa et al. reported a slightly lower GFR of 102 ±
15 mL/min/1.73 m2 for men and 114 ± 17 mL/min/1.73 m2 for
women age 21–30 years old, compared to data from earlier studies
[49]. The GFR for men and women ages 51–60 was 84 ± 13 and 79
± 15 mL/min/1.73 m2, respectively. Rule et al. recently reported
on the GFR of 365 potential kidney donors and found similar re-
sults to Gonwa’s study (Figure 49.2) [37]. In general, living donors
should be required to have a GFR that is average for their age (Ta-
ble 49.4). Furthermore, because GFR declines with age, a donor’s
projected GFR at age 80 should be ≥40–50 mL/min/1.73 m2 [50].
Most centers have chosen a GFR of 80 mL/min/1.73 m2 to be the
lower limit for donation [1-3] (see http://www.bts.org.uk/.).

Following donation, the average renal function has been shown
to decrease by 27% compared to the predonation value (Table 49.5)
[51]. The limitations of these studies include being single-center
data, loss to follow-up (only about 50–60% of the original cohort),
and that the ethnicity of those studied was almost uniformly white
individuals. Furthermore, few studies report on the development
of ESRD in prior living donors and again, usually only from white
populations (Table 49.6). The concern is that ESRD may develop
more frequently in those of other than northern European her-
itage. Additionally, donor characteristics are changing from what
they were several decades ago. For instance, the average weight
of the living donor has increased, concurrently with that of the
general population [52]. Further study is needed in order to deter-
mine the true incidence and risks for renal function decline with a

Table 49.4 Age-associated GFR in living donor candidates.

Normalized GFR (mL/min/1.73 m2) in healthy
donors, by percentile

Age (yrs) 2.5th 5th Mean 95th

20 87 91 111 136
25 84 88 109 133
30 81 85 107 131
35 79 83 104 128
40 77 81 102 126
45 74 78 99 123
50 72 76 97 121
55 70 73 94 119
60 67 71 92 116
65 65 69 89 113
70 62 66 87 111
75 60 64 84 109

Source: Rule et al. 2004 [37].

preeminent focus on hyperfiltration and components of metabolic
syndrome [53].

ESRD
Hartmann et al. reported that 7 of 1800 (0.4%) living donors devel-
oped ESRD [54] (Tables 49.6 and 49.7). More recent published data
suggest that between 0.2–0.4% of donors of Northern European
descent have developed ESRD (32). Ojo and Davis performed a
preliminary evaluation of the Scientific Registry of Transplant Re-
cipients (SRTR) and Centers for Medicare and Medicaid Services
ESRD databases (OPTN/SRTR as of March 2005). The maximum
incidence of ESRD was estimated to be 0.10% in white donors and
0.52% in black donors. The most recent data from UNOS/OPTN
reports 121 living donors listed for kidney transplant: 35.5% fe-
male, 64.5% male (compared to 42% of all donors), 43% white,
42.1% black (compared to 13% of all donors), and 10% Hispanic
(based upon OPTN data as of May 2006). Age at donation was
between 18 and 34 years in 66.3%, 35–49 years in 27.6%, and
50–64 years in 6.1%. Duration between listing for transplant and
donation and the age at donation varied (Table 49.7). The cause
of ESRD was glomerular disease in 24.8%, diabetes in 10.7%, hy-
pertension in 19%, vascular disease in 6.6%, tubular/interstitial
disease in 5.8%, other in 5.8%, transplant failure in 5.8%, neo-
plasm in 4.1%, not reported in 0.8%, and unknown in 17.4%.
When evaluating only those donating since 1994 and who had
been placed on the kidney transplant wait list since 1996, the rate
of ESRD over 12 years appears to be 0.02%. Again, 45% of donors
who developed ESRD were black. In summary, most donors who
developed ESRD were young at donation, more often black, and
male. The length between donation and kidney failure is usually
over 15 years, and conditions associated with metabolic syndrome
appear to provide significant risk.

Ahmed et al. reported on 34 African American donors and com-
pared the results to those of 23 Caucasian donors [55]. Although
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Table 49.5 Kidney function after donation.

Mean duration Completeness Creatinine clearance,
Study author
[reference]

(yrs) of follow-up
(range)

of follow-up (%
of donors) (n) Study method

mL/min (avg ± SD)
At donation At follow-up

Ramcharan 2002 [147] 20–37 14 Natural history NA NA; serum creatinine 1.2
± 0.04 mg/dL

Goldfarb 2001 [176] 25 (20–32) 39 (180) Natural history NA 72% of predonation value

Fehrman-Ekholm 2001 [31] 12 ± 8 87 Natural history/
population control

Gossman 2005 [57] 11 ± 7 (1–28) 93 (152) Natural history 119 ± 30 99 ± 30

Rizvi 2005 [64] 3 ± 3.2 (0.5–18) 56.5 (734) Natural history 101 ± 28 87 ± 20

Gracida 2002 [177] 6.7 ± 2.7 (0.6–9.5) 100 (628) Natural history 116 ± 39.5 77.9 ±17.6

Haberal 1998 [178] 10.2 (0.8–22) 12.2 Randomly selected
donors

108.4 96.8

Toronyi 1998 [179] 8.9 38 Natural history NA 98a

Najarian 1992 [33] 23.7 (21–29) 42 Cohort compared to
siblings

103 ± 4 82 ± 2

Liounis 1988 [180]
Women
Men

1–11 90 Natural history
94
103

80
98

ODonnell 1986 [181] 5.8 (3–18) 36 (33) Case–control 107.9 ± 15.5 99.6 ± 22.3

Williams 1986 [65] 12.6 (10–18) 68 Cohort compared to
siblings

101 ± 5 78 ± 6

Vincenti 1983 [58] 15.8 ± 0.3
(14.5–18.5)

31 (20) Natural history 103 ± 4 80 ± 4

Abbreviation: NA, not available.
a By Tc-99mMAG-3 scintigraphy.

Table 49.6 Development of ESRD in living donors.

Study author
[reference]

Follow-up
(% of donors)

No. with
ESRD/total no.
at risk (%)

ESRD (%) by
race Caucasian

African
American

UNOS/OPTN 2005 [183] UNOS/OPTNa 104/68,623 (0.15) 0.1 0.52

Ellison 2002 [79] Donated after 1988
listed for transplant

20/48,278 (0.04) NR NR

Hartmann 2003 [54] 100 7/1800 (0.38) NR NR

Gossman 2005 [57] 93 0/157 (0) NR NR

Rizvi 2005 [64] 56.5 1/734 (0.14) NR NR

Ramcharan 2002 [147] 60 5/464 (1.1) NR NR

Fehrman-Ekholm 2001 [31] 87 2/401 (0.49) NR NR

Goldfarb 2001 [176] 39 2/180 (1.1) NR NR

Williams 1986 [65] 89 0/50 (0) NR NR

Abbreviation: NR, not reported.
a Data are from the USRDS and UNOS/OPTN as of April 2005 for donors on dialysis or on the transplant waiting
list.
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Table 49.7 ESRD among kidney donors.

No. of donors (%) in age group who developed ESRD by the indicated time postdonation (yrs)
Total no. of patients

Age at donation Not reported 0–5 6–10 11–15 16–25 ≥26 in age group

Not reported 23 (100) 23
18–34 6 (9.2) 9 (13.8) 10 (15.4) 26 (40) 14 (21.5) 65
35–49 4 (14.8) 2 (7.4) 2 (7.4) 15 (55.6) 4 (14.8) 27
50–64 3 (50) 3 (50) 6

Total 23 (19) 10 (8.3) 14 (11.6) 15 (12.4) 41 (33.9) 18 (14.9) 121

Source: Based upon OPTN data, as of May 2006.

the serum creatinine was not different at donation between black
and white donors, the number of donors with a serum creatinine
that increased over 50% was higher in African American donors.
Given that the risk of ESRD after donation appears higher than
previously recognized (even if the absolute numbers are small),
renal evaluation, especially of African American donors, needs to
be undertaken with special care.

Proteinuria screening
Urine protein (�2-microglobulin, immunoglobulin G [IgG]) and
albumin excretion after nephrectomy was studied by Strandgaard
et al. [56,57]. The fractional clearances of �2-microglobulin, IgG,
and albumin increased markedly immediately after nephrectomy
and peaked within 3 days. By 2 weeks the excretion of albumin and
IgG was normal, but that of �2-microglobulin remained increased.
In the long term, although a significant number of living donors

Table 49.8 Proteinuria in living donors.

% of donors with proteinuria (>150 mg/day)

Study author [reference] Follow-up (yrs)

Completeness
of follow-up
(% of donors) Predonation Postdonationa

% with excessive
proteinuria

Ramcharan 2002 [147] 20–37 14.6 0 10 (dipstick)

Goldfarb 2001 [176] 25 39 0 19 7 (>0.8 g/day)

Fehrman-Ekholm 2001 [31] 12 ± 8 87 0 10

Gossmann 2005 [57] 11 ± 7 93 0 56

Rizvi 2005 [64] 3 ± 3.2 56.5 0 24.3

Haberal 1998 [178] 10.2 12.2 0 4 (>100 mg/day) 1 (>0.7 g/day)

Borchhardt 1996 [77] 6.4 ± 2 19 4.5 14

Najarian 1992 [33] >20 39 23 7.6 (>300 mg/day)

Liounis 1988 [] 1–11 90 2.4 7.3 0

O’Donnell 1986 [181] 5.8 36 0 6 0

Williams 1986 [65] 12.6 68 0 50 (for <30 yrs old at donation);
25 (for >30 yrs at donation)

No nephritic-range
proteinuria

Vincenti 1983 [58] 15.8 ± 0.3 31 0 141 ± 20 10 (>200 mg/day)

a When postdonation proteinuria was based on a measure other than the 150 mg/day cutoff, the method is indicated in parentheses.

excreted more than 150 mg/day of total protein, most of the protein
was not albumin (Table 49.8) [57,58].

Urine protein excretion is associated with the development of
ESRD and cardiovascular disease [59–63]. Even minimal albumin-
uria is associated with vascular disease development [61,62]. Inter-
estingly, proteinuria in living donor studies has not generally been
associated with decreased renal function, hypertension, or obesity
[51,57,58,64,65]. However, studies have not been long enough in
duration, nor large enough, to confidently exclude such associ-
ations. Additionally, the relationship between microalbuminuria
and cardiovascular morbidity and mortality has not been investi-
gated in donors (Table 49.9) [57]. Until these studies are completed
it is prudent to measure both total protein and albumin excretion
in living donors.

Urine collection should be timed to provide an accurate rep-
resentation of albumin excretion. Urinary albumin excretion is
higher during the day and with exercise, acute febrile illnesses,
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Table 49.9 Albuminuria in living donors.
% of donors with albuminuria

Study author
[reference]

Duration of
follow-up (yrs)

Completeness
of follow-up
(% of donors) Predonation Postdonation

Gossmann 2005 [57] 11 ± 7 93 NA 10
Schostak 2004 [182] 7 52 23
Goldfarb 2001 [176] 25 39 NA 36
Borchhardt 1996 [77] 6.4 ± 2 19 NA 22
Najarian 1992 [33] 23.7 39 NA 6
Vincenti 1983 [58] 15.8 ± 0.3 31 NA 5

Abbreviation: NA, not applicable.

excessive water consumption, and menstruation [66]. At least two
first-morning specimens collected on different days, free of these
confounders, should be obtained for protein and albumin creati-
nine ratios [67].

Routine donor kidney biopsy
Donor kidney biopsies have rarely been performed or correlated
with donor outcome. Goecke et al. reported on donors who were
biopsied at donation and clinically evaluated more than 10 years
after nephrectomy [68]. Biopsies from 29 donors showed normal
pathology in 13, chronic ischemic glomerular changes in 9, thick
glomerular basement membrane in 2, thin glomerular basement
membrane in 1, and IgA nephropathy in 4. Urinary sediment was
abnormal at follow-up in 11 donors (9 with microhematuria).
There was no association between the biopsy results and subse-
quent creatinine clearance or proteinuria. These results suggest
that kidney biopsy at donation is not beneficial from the donor’s
perspective.

Hypertension
Hypertension is associated with microalbuminuria, kidney failure,
and cardiovascular disease [69–71]. This relationship is particu-
larly pronounced in those with mild kidney dysfunction (GFR
<60 mL/min), a level of kidney dysfunction seen in some living
donors in the years following surgery [72]. Although controversy
surrounds the direct causal relationship between hypertension and
kidney disease, the link is strong enough to consider hypertension
as a risk for living kidney donors.

The Third National Health and Nutrition Examination Sur-
vey (NHANES III) evaluated the association between blood pres-
sure and albuminuria in 9462 people without hypertension (BP of
>140/90 mmHg) or diabetes. In this study those with high-normal
blood pressure (130–139/85–89 mmHg) had a significantly in-
creased odds of microalbuminuria compared to those with opti-
mal blood pressure (<120/80; odds ratio, 2.13; 95% confidence
interval [CI], 1.51–3.01) [73]. African Americans had the highest
risk for microalbuminuria (OR, 1.30; CI, 1.04–1.64) compared to
Mexican Americans and non-Hispanic whites. This finding was
also illustrated in a longitudinal 15-year study of young (age 18–
30 years at onset) adult blacks and whites where increases in blood

pressure within the normal range were associated with albumin-
uria many years later, especially in Blacks [74].

Blood pressure at the time of living donation has usually been
normal, defined as ≤140/90 mmHg without antihypertensive
treatment, rising to 10–40% postdonation (Table 49.10). How-
ever, even normotensive donors after nephrectomy may have de-
creased nocturnal blood pressure decline [75,76], secondary to a
decline in renal function following surgery. Comparing the rates
of hypertension in living donors to that of their nondonor siblings
revealed similar degrees of hypertension [33]. Likewise, the preva-
lence of hypertension in living donors has been reported to be less
than, the same as, or slightly increased compared to the general
age-matched population [33,51,77].

A recent meta-analysis of all studies of more than 10 living
donors in whom blood pressure was assessed at least 1 year after
donation was recently reported [78]. Donors were compared with
control groups of similar age, gender, and ethnicity. Although the
authors reported significant limitations of the analysis, the con-
clusion of the study was that kidney donors may have a 5-mmHg
increase in blood pressure within 5–10 years after donation over
that anticipated with normal aging, consistent with the findings
of an earlier meta-analysis by Kasiske et al. [51]. Finally, Saxen
et al. compared blood pressure change in normotensive individ-
uals who underwent unilateral nephrectomy for kidney donation
(n = 25) or removal of renal cell carcinoma (n = 7) to binephric
healthy controls [53]. Young kidney donors (average age, 35 years,
range, 21–48) demonstrated a 7-mmHg increase in mean arterial
pressure compared to the binephric control group. Older subjects
(>55 years old) did not have increased blood pressure compared
to control subjects over 55 years old.

Although there is no proven association between a predonation
blood pressure and the development of ESRD, many of the donors
who have reached ESRD have been reported to do so because of
hypertension [79]. Furthermore, the prevalence of hypertension
is increasing. The NHANES study found that hypertension was
identified in 7.8% of individuals 18–39 years old, 30.6% of those
40–59 years old, and 64.5% of those ≥60 years old [80]. Thus,
the evaluation for hypertension remains important, although the
degree of risk for donors with hypertension and no abnormal urine
microscopy, albuminuria, or decreased renal function has not been
established [81].
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Table 49.10 Development of hypertension after living kidney donation.

Avg BP (mmHg)
Completeness of Duration of follow-up % of donors

Study autor [reference] follow-up (% of donors) (yrs), avg ± SD Predonation Postdonation hypertensive

Ramcharan 2002 [147] 12 20–37 NA NA 36
Fehrman-Ekholm 2001 [31] 87 12 ± 8 NA NA 38
Goldfarb 2001 [176] 36 25 123 ± 12/79 ± 7 136 ± 19/79 ± 9 48
Gossmann 2005 [57] 93 11 ± 7 125 ± 15/79 ± 11 134 ± 19/ 81 ± 9 30
Rizvi 2005 [64] 56.5 3 ± 3.2 126 ± 13/79 ± 9 123 ± 15/81 ± 10 10
Sansalone 2006 [148] 100 7.9 NA NA 8.7
Schostak 2004 [182] 52 7 NA NA 36
Najarian 1992 [33] 46 23.7 118 ± 2/76 ± 1 134 ± 2/80 ± 1 32
Haberal 1998 [178] 12.2 10.2 131.7 ± 21.2a 139.6 ± 20.9a 8.8
Toronyi 1998 [179] 38 8.9 NA NA 17
O’Donnell 1986 [181] 36 5.8 80.4 ± 11.7b 83.1 ±7.3b 12
Borchhardt 1996 [77] 19 6.4 ± 2 NA NA 23
Williams 1986 [65] 68 12.6 NA NA 47
Vincenti 1983 [58] 31 15.8 ± 0.3 124 ± 3/78 ± 2 122 ± 4/77 ± 2 15

Abbreviations: BP, blood pressure; NA, not available.
a Systolic blood pressure.
b Diastolic pressure.

At the Mayo Clinic, hypertensive donors were not found to
have increased short-term morbidity [76], but these donors were
all over age 50, Caucasian, had controlled blood pressure with
an angiotensin converting enzyme inhibitor and hydrochlorathi-
azide, a normal GFR (by iothalamate clearance) for age, and no
microalbuminuria at donation [76,82]. A study from India like-
wise found no short-term morbidity in 18 hypertensive donors,
with a median follow-up of 30 months, except the need to increase
antihypertensive treatment in two of the donors [83]. These and
other studies of hypertensive donors also need to investigate the
long-term implication of a blood pressure pattern that does not
dip at night [84,85]. When living donors with hypertension are
accepted, the estimated increase in transplantation is only about
2% [86].

The living donor evaluation should include blood pressure mea-
surements by experienced health care providers on three separate
occasions; verification of elevated levels should be undertaken
with ambulatory blood pressure monitoring, as about 10–20%
may be found to have normal blood pressure [1,76,87,88]. If el-
evated blood pressures are detected and the prospective donor is
still under consideration, then in addition to the standard donor
evaluation, an ECHO and ophthalmologic evaluation should be
performed to look for secondary consequences of hypertension.

Hematuria
Isolated hematuria in a prospective donor necessitates considera-
tion of thin glomerular basement membrane disease (TBMD) and
glomerulonephritis (especially IgA nephropathy) as well as urinary
tract infection, malignancy, renal cystic disease and nephrolithiasis
[89,90]. Microscopic hematuria is a relatively common problem,

as demonstrated in a mass screening study in Japan, where 4% of
adult men and 10% of adult women had microscopic hematuria
[91]. Persistent microscopic hematuria was seen in approximately
20–40% of these individuals, with an overall risk of malignancy of
approximately 4.8%, which increased with age and was more com-
mon in men [89,90]. TBMD accounts for approximately one-third
of the hematuria in those without malignancy or other structural
abnormality [92–94]. TBMD has been found in up to 5–9% of
unselected (deceased) donor kidney transplant biopsies [95,96].
IgA nephropathy also accounts for approximately one-third of
glomerular-derived microscopic hematuria [92–94]. Suzuki et al.
found latent mesangial IgA deposition in 16% (82/510) of living
donor allografts biopsied at implantation; one had proteinuria
[97]. Hematuria was more pronounced in those with IgA deposi-
tion but not detected in all. Koushik et al. reported the evaluation
of 14 kidney donors with persistent hematuria (>1/hpf) [98]. This
represented 2.7% (14/512) of their prospective donors. Ten under-
went biopsy. Two biopsies were normal, one had IgA nephropa-
thy, four had TBMD, one had glomerulosclerosis, one had non-
homogenous basement membrane abnormalities, and one had
TBMD with early hypertensive changes. Two donor candidates
had normal biopsies, and two with TBMD donated.

The real question in those with hematuria is, what is the long-
term risk for kidney failure? How often do IgA deposition and
TBMD indicate a risk for progressive renal disease? Unfortunately,
Suzuki et al. did not have outcome data on the living donors with
IgA deposition, some of whom had diffuse proliferative lesions
(personal communication). Koushik et al. have 15-month follow-
up on the two donors with TBMD; at the last report, these donors
had not developed hypertension, proteinuria, or azotemia [98].
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Isolated hematuria, however, is not necessarily benign.
Nieuwhof et al. reported on a subset of subjects with greater
than 6 months of microscopic hematuria but without extrarenal
symptoms or anatomic abnormalities [92–94]. IgA deposition was
found in 27, TBMD in 19, and 24 had normal histology. All were
normotensive with normal renal function. Over a median of 12
years of follow-up (range, 9–15 years), the incidence of hyperten-
sion in those with TBMD exceeded that of healthy controls (35% vs.
8%). Renal function (inulin clearance) at follow-up was reduced
in three of seven normotensive subjects with TBMD. Others have
reported the development of ESRD in individuals with isolated
TBMD including a kidney donor [99–103].

IgA deposition in the same study was associated, after a median
follow-up of 11 years, with a higher rate of hypertension compared
to controls [92,94]. Two of 27 went into histologic remission, and
12 showed disease progression, of whom 3 developed renal failure.
Initial proteinuria over 1 g/day was associated with a high activity
score and progression. IgA deposition may occur with TBMD,
but without hearing or ocular alterations, and has an increasingly
evident familial predisposition [104–106].

The investigation of hematuria in prospective donors includes
urine culture, repeated urinalyses, urine protein and albumin mea-
surement, and anatomical studies to determine the presence of
cysts, nephrolithiasis, tumor, or vascular lesions. If the studies con-
tinue to reveal only hematuria, and if the donor accepts the risk and
still wishes to proceed with donation, then a renal biopsy is indi-
cated. If IgA nephropathy (proliferation, mesangial expansion) is
discovered, the individual should forgo donation. However, the
implications of isolated mesangial IgA without other manifes-
tations of nephropathy are not known and this requires further
study. Donation should be decided upon in the context of family
history, absolute renal function, the presence of interstitial dis-
ease, and age. If TBMD is discovered, then it could be argued that
only those over age 50 should donate, as they should have already
manifested the risk for progressive kidney failure. Such donors,
however, should have normal GFR for age, no albuminuria, and
have a predictable family history of disease progression. Further
research is needed before fully informed decisions can be made
about accepting donors with TBMD [107,108].

Polycystic kidney disease
Testing prospective donors at risk for polycystic kidney disease
(PCKD) must be 100% accurate. Ultrasound is 100% reliable for
ruling out PCKD in individuals at risk who are age 30 or older, but
the sensitivity is less in those under 30 years [109]. The resolution
of computed tomography (CT) and magnetic resonance imag-
ing (MRI) for small cystic structures is better than for ultrasound
[110,111]. On average, ultrasound can detect cysts of 1.0 cm, CT
with intravenous contrast can detect cysts of 0.5 cm, and heavily
T2-weighted MRI can detect cysts of 0.3 cm in diameter. There-
fore, wherever possible, linkage analysis should be performed in
prospective donors at risk who are under age 30, but if genetic
testing is not a possibility, CT and/or MRI may provide better
sensitivity than ultrasound [112,113]. In the near future, more

specific gene tests for the diagnosis of PCKD will be available
[114–118].

Nephrolithiasis
Nephrolithiasis is a relative contraindication for live kidney dona-
tion with urinary tract obstruction in a single kidney [1,2]. Those
with a history of bilateral stones or stones demonstrating high
rates of recurrence (cystine or struvite stones) should not donate
[119]. Additionally, those with systemic disorders leading to high
rates of recurrence, such as primary or enteric hyperoxaluria, dis-
tal renal tubular acidosis, sarcoidosis, inflammatory bowel disease,
or other conditions causing nephrocalcinosis, etc., should not do-
nate. However, an asymptomatic potential donor with a current
single stone may be suitable if the donor does not have a high risk
of recurrence, the current stone is less than 1.5 cm in size, and
it is potentially removable during transplant [120]. One report
of 10 such donors showed no recurrent stone formation over an
average of 36.4 months of follow-up [121]. The evaluation of an
asymptomatic donor with a single prior episode of nephrolithiasis
should include measurement of serum calcium, creatinine, albu-
min, and parathyroid hormone, spot urine for cystine, a urinalysis
and urine culture, a helical CT, stone analysis if possible, and a
24-h sample urine for oxalate and creatinine.

Other testing

Psychological evaluation
There has not been any standardization of the predonation psy-
chological evaluation. Usually, the evaluation is completed by the
transplant program social worker, but ideally, programs should
also have a psychologist. All prospective donors should be queried
about their concerns regarding coercion, transplant success, re-
cipient survival, their reasons for donation [122,123], and their
expectations of the donor experience. More detailed psycholog-
ical evaluation is required for people inquiring about altruistic
donation, because of high rates of depression and other psychi-
atric illness [124–126]. Because UNOS data show an increase in
suicide and accidental death in young donors compared to the
general population, young donor candidates should be evaluated
for suicidal ideation and excessive risk-taking behaviors (UNOS
data as of April 2005; National Center for Health Statistics).

Anatomic evaluation
The angiogram has been supplanted by the CT angiogram or mag-
netic resonance angiogram [127]. The overall accuracy of multirow
detector CT angiogram to detect renal arterial anatomy compared
to surgical findings is between 93 and 100% depending upon the
number of channels used [128–130]. The overall accuracy of the
magnetic resonance angiogram compared to angiography or surgi-
cally determined anatomy is 80–100% [131–133]. Venous anatomy
has been confirmed to correlate with surgical findings in 95–100%
with either technique ([129,130,132].
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Other issues

Obesity
Obesity is associated with diabetes, cardiovascular disease, hyper-
filtration, hypertension, nephrolithiasis, renal cell cancer, protein-
uria, and chronic kidney disease [134–139]. Obese donors have a
larger glomerular planar surface area, which correlates with donor
weight and microalbumin excretion [140]. Obese donors also have
more tubular dilatation and a trend toward more arterial hyali-
nosis. Further evidence for the association between obesity and
kidney failure is demonstrated by the decrease in glomerular hy-
perfiltration, excessive renal plasma flow, and albuminuria with
weight reduction [141].

Praga et al. described 73 subjects from Spain who underwent
unilateral nephrectomy without known disease in the contralateral
kidney [142]. Those with a BMI over 30 kg/m2 at the time of surgery
were found to develop proteinuria and kidney failure 10–20 years
later. The average BMI in the obese group at nephrectomy was 31.6
kg/m2, compared to 24.3kg/m2 in the nonobese group.

Of concern for the health of future kidney donors is that albu-
minuria has been demonstrated in up to 5.8% of obese teenagers
(BMI, >35 kg/m2), especially in association with hyperinsuline-
mia, impaired glucose tolerance, and hypertension [143,144]. Fu-
ture donors may have a longer exposure to the metabolic syndrome
than donors from previous eras and so may develop more renal
and cardiovascular disease, nephrolithiasis, and cancer. Careful
instruction about possible future health risks needs to be given
to donors who are obese (or smoke). Education on healthier life
choices and weight reduction programs should also be included
in the plan for donation. In the future, selection of the donor
may be aided by noting the distribution of fat in an obese donor
candidate, because visceral adiposity is associated with harm-
ful cytokine levels which may contribute to future renal disease
[145].

Even with the apparent risks of obesity, many programs are ac-
cepting obese living donors. Heimbach et al. has prospectively
evaluated obese donors over 12 months [52]. To date, the ac-
cepted obese donor has been found to have a higher baseline blood
pressure, glucose level, and lipid levels than nonobese donors, al-
though the levels are still within the high-normal range. So far,
the obese donors have not had lower GFRs (by iothalamate clear-
ance) or higher protein excretion rates compared to the normal
BMI donors. The Swiss donor registry has likewise not yet noted
a change in albuminuria in obese donors over 5 years from dona-
tion, although one donor has developed diabetes, hypertension,
proteinuria, and kidney failure [146].

The risk of diabetes must be carefully considered in obese
donors. Rizvi et al. reported the development of diabetes in 3.6%
of 734 donors followed for 3 years on average (maximum follow-
up, 18 years) [64]. Obesity was associated with the development of
diabetes and hypertension. Ramcharan and Matas reported that
7.6% (19/250) of donors responding to their survey had devel-
oped diabetes over 20–37 years after donation [147]. Sansalone

et al. noted 1.2% of 162 donors developed type 2 diabetes within
4.5–11 years of donation [148].

Obesity increases the future risk of diabetes substantially. Even
without overt obesity, those with a family history of diabetes or
other associated risk factors should be concerned about their risk
of developing the disease. As diabetes is a contraindication to live
kidney donation, all prospective donors should be evaluated with
a fasting blood sugar, and a 75-g 2-h oral glucose tolerance test
should be performed if they have a fasting glucose between 5.55–
6.66 mmol/L, a first-degree relative with diabetes, a history of
gestational diabetes or delivery of babies over 4 Kgs, a blood pres-
sure over 149/90, fasting triglyceride levels of 2.8 mmol/L, a BMI
over 30 kg/m2, a high-density lipoprotein level of 0.9 mmol/L,
are less than 40 years old, or have a second-degree relative with
diabetes.

Age
Age is associated with declines in GFR and increases in proteinuria
and blood pressure. Older donors have been defined variably as
those over the age of 50–60 years. No matter the age threshold, older
donors have a lower GFR and higher blood pressure compared to
younger donors [76,149,150]. However, as have all donors, they
have been selected for a lack of proteinuria.

The rate of acceptance of older donors varies worldwide. In
the USA, the number of living kidney donors over age 65 has
been between 41 and 64/year since 1997 [83,151–153]. There has,
however, been a steady increase in US donors between the ages of
50 and 64 (based upon OPTN data as of August 25, 2006).

Surgical complications, including death, have been rare in el-
derly living donors, with either open or laparoscopic procedures
[151–157]. Following donation, the serum creatinine may be
somewhat higher and GFR lower for older versus younger donors
[152,157,158]. However, the single-kidney GFR in older donors
increases by the same proportion (10–40%) as in younger donors
[53,83,150,154,155,159]. Furthermore, no deterioration in renal
function of elderly donors has been found for up to 7 years follow-
up [155,156]. To date, based upon limited numbers and duration
of follow-up, there has not been an increased risk of ESRD or
cardiovascular mortality in older donors. In one report, 1 of 112
elderly donors died of pneumonia, 1 of a motor vehicle accident,
and 1 of suicide [155]. In another report, 2 of 26 donors developed
coronary artery disease 3 and 5 years after donation but were still
alive [156]. How this compares to what they would have experi-
enced without donation is unknown.

Renal vascular disease
Renovascular disease has been found in up to 10% of those under-
going donor evaluation [160]. Fibromuscular dysplasia (FMD) is
found in about 2–4% of prospective donors [160–162]. In a study
of 1862 renal angiograms performed in potential living donors, 71
demonstrated FMD [161]. The average age of the donor candidates
with FMD was 50.8 years, and 75% were women. Thirty candidates
who did not undergo nephrectomy were followed over a mean of
7.5 years, and 8 (26.6%) developed hypertension. Nineteen who
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donated were followed for a mean of 4.4 years and 5 (26.3%) de-
veloped hypertension. This compared to 3 of 49 (6.1%) control
subjects selected from the group of healthy age- and sex-matched
controls without FMD who developed hypertension over 7.1 years
of follow-up. Indudhara et al. followed 19 living donors who had
FMD [163]. A total of 37 individuals with FMD had been consid-
ered for donation but 18 were rejected due to disease severity or the
availability of another donor. Donors were older than those who
did not donate (50.5 vs. 44.7 years) and had less severe disease;
only one had bilateral disease. At a median follow-up of 4.5 years
(range, 2 months–12 years), none of the donors had hypertension
or increased serum creatinine levels. Of the 18 patients not under-
going nephrectomy, 11 were contacted and none had developed
hypertension, proteinuria, or an abnormal serum creatinine. This
study concluded that an evaluation for bilateral and distal branch
disease should be performed prior to donor nephrectomy in an
individual with FMD, and donors with severe and diffuse disease
should not be selected for donation. The age of the prospective
donor should also be considered, with the outcome in donors over
age 50 more predictable and benign than in younger donors. Simi-
lar conclusions were drawn by authors of a paper reporting on three
donors with FMD, none of whom developed hypertension within
21–115 months of follow-up [164]. However, given these sparse
data, a donor with FMD may still progress and so require blood
pressure monitoring and vascular imaging postnephrectomy. Re-
cently, there was a report of a 41-year-old female donor who had
such mild disease that it was not detected by spiral CT predona-
tion, but within 1 year of nephrectomy she developed severe renal
artery stenosis complicated by accelerated hypertension [165].

Atherosclerotic renal vascular disease should be considered
a relative contraindication for living donation [166]. If renal
atherosclerosis is present, the donor should be normotensive, have
normal renal function, and have only unilateral disease [164,167].
Careful evaluation for coronary disease should be undertaken,
given the significant correlation of renal atherosclerosis with coro-
nary artery disease [10,168]. Likewise, investigations to determine
the presence of peripheral vascular disease should be undertaken
[169]. Donors with renal atherosclerosis should have regularly
scheduled visits to assess blood pressure and vascular integrity
following donation.

Malignancy and infection
A prior history of the following malignancies usually excludes
live kidney donation: melanoma, testicular cancer, renal cell car-
cinoma, choriocarcinoma, hematological malignancy, bronchial
cancer, breast cancer, or monoclonal gammopathy [3]. A prior his-
tory of malignancy may only be acceptable for donation if prior
treatment of the malignancy does not decrease renal reserve or
place the donor at increased risk for ESRD, does not increase the
operative risk of nephrectomy, and if the specific cancer is cur-
able and transmission of the cancer can reasonably be excluded.
Consultation with an oncologist may be required.

An individual with an active infection that requires nephrotoxic
treatments or which may be complicated by renal disease should

not be a living donor. Some of these infections include HIV, hepati-
tis C, hepatitis B, recurrent urinary tract infections, endocarditis,
and malaria [3]. Tuberculosis can cause renal dysfunction through
obstruction. Transmission of the infection may also be fatal to the
recipient. It is uncertain whether donors should be screened for
tuberculosis using a tuberculin skin test. Recently, a paper from
Mexico reported that if the potential living donor (n = 217) had a
negative chest X-ray, urinalysis, and excretory urography, isoniazid
treatment of the donor did not change the risk of transmission of
tuberculosis or change the donor’s rate of developing active tuber-
culosis [170]. This study should be validated by studies in other
countries, but it does raise the question about the need for routine
tuberculosis skin testing for living kidney donors.

Consent

During the medical evaluation there is an ongoing dialogue be-
tween the prospective donor and transplant team to ensure con-
tinued comfort with the decision to donate. Conversations are
held to determine whether the donor understands the social and
health implications of donation and whether there is evidence of
coercion. This dialogue is the foundation of informed consent.
The components of informed consent discussed with the donor
include the impact of donation on their social and financial well-
being, the short-term morbidity and mortality directly related to
the surgery, the future risk of renal insufficiency and failure, the
risk of de novo medical problems on kidney and overall health
(i.e. hypertension, diabetes), and the risk of allograft failure in the
recipient due to rejection, technical problems, recurrent disease,
and/or comorbid medical problems [171,172].
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Introduction

Graft and patient survival after kidney transplantation have tradi-
tionally been the outcomes reported. Detailed data from the USA
are available in annual reports of the United Network for Organ
Sharing [1] and the United States Renal Data System (USRDS)
[2]. European data are available from the European Renal Associ-
ation/European Dialysis and Transplant Association [3]. Recently,
USRDS also listed incidence rates for cardiovascular disease after
kidney transplantation. Two key outcomes form the assumption
underlying kidney transplantation. Namely, kidney transplanta-
tion is associated with improved survival and quality of life com-
pared to dialysis. Until recently, a survival advantage of kidney
transplantation had not been widely accepted, and kidney trans-
plantation was advocated primarily for improved quality of life.
The first part of this chapter will review studies that have compared
mortality between kidney transplantation and dialysis in general
and among specific subgroups of patients. This survival advan-
tage appears to be due to the reduced incidence of cardiovascular
disease. In contrast, the incidence rates of infections and malignan-
cies are not reduced and may even be higher after transplantation
compared to dialysis.

Although short-term patient and graft survival rates have im-
proved significantly in recent years, no comparable improvement
in long-term survival rates has occurred, suggesting allograft re-
jection is not a valid useful surrogate outcome in clinical trials,
and this highlights the importance of emerging infections, such as
BK virus.

The importance of individual predictors of transplant outcomes
has also changed over time. The importance of HLA matching has
declined, and it is now recognized that HLA matching has differ-
ent implications for black and white organ recipients. Some recent
reports advocate deemphasizing HLA matching as a way to reduce

racial disparities in organ allocation [4]. Given the increasing mis-
match between donor supply and demand, organs from older and
higher-risk donors (extended criteria donors [ECD]) are being of-
fered more frequently, particularly to older recipients, resulting in
survival benefits to the recipient.

In contrast to the dialysis population, no large randomized tri-
als comparing different interventions or the “dose” of therapy
(as measured primarily by donor/recipient nephron mass) have
been performed for kidney transplantation. Because almost all
outcome data are observational, many of the selection criteria rec-
ommended for randomized clinical trials do not apply. Once a par-
ticular finding has been reported in registry data, follow-up reports
are generally lacking. Therefore, identifying and pooling studies,
a common practice among randomized clinical trials, does not
apply as much to these observational studies. Additionally, some
of the statistical methods commonly used in the studies, especially
survival analysis and its many variations, may not be as familiar to
clinicians and other health care providers as are the methods used
in randomized clinical trials.

Definitions

To assess the major outcomes associated with kidney transplanta-
tion, the following questions were examined:� Is kidney transplantation associated with reduced mortality
compared to its alternative therapies, that is, hemodialysis and
peritoneal dialysis?� In what specific subgroups has a survival advantage of kidney
transplantation over dialysis been shown?� Are long-term outcomes associated with kidney transplantation
improving?� How reliable are surrogate outcomes for graft loss, such as allo-
graft rejection or posttransplant serum creatinine levels?� Have the predictive values of certain factors for graft loss, such as
HLA matching or duration of dialysis prior to transplant, changed
over time?
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The quality checklist for observational trials is quite different
and more extensive than for randomized controlled trials [5] and
has not been used extensively in previous reviews.

Survival benefit of kidney transplantation
Three studies have compared adjusted mortality after kidney trans-
plantation compared to remaining on the kidney transplant wait-
ing list, that is, patients presumed to be of comparable health sta-
tus. In the first and largest study, Wolfe et al. [6] estimated that the
projected life remaining was 10 years for those on dialysis and 20
years for those who received kidney transplants, with a reduction
in mortality of 68% for kidney transplant recipients compared to
dialysis. This risk varied by time after transplant; early after trans-
plant, mortality risk was actually increased (due to perioperative
mortality, especially from cardiovascular disease and infections).
Thereafter, mortality slowly declined; at 106 days incident risk was
equal, and by 244 days cumulative survival was equal. The greatest
relative improvement in survival was for patients with diabetes as
a cause of end-stage kidney disease.

Studies in other countries (Canada [7] and Scotland [8]) have
shown similar results, including the increased early risk of mortal-
ity after transplant and gradual lowering of mortality. The study
from Scotland adjusted for comorbidities more completely.

Other studies showed a relative survival benefit of kidney trans-
plantation for every subgroup identified, including patients with
hepatitis C [9] or who were obese [10,11]. Still other studies
showed that patients with presumed diabetes had improved sur-
vival with simultaneous kidney and pancreas transplant, compared
to cadaveric kidney transplant alone; survival with a solitary liv-
ing donor kidney was comparable to that of receiving a kidney
and pancreas transplant [12]. Use of ECD kidneys, primarily from
older donors and donors with certain high-risk characteristics de-
fined as those associated with a relative risk of graft loss of ≥1.7
compared to “standard” kidneys, was also associated with im-
proved mortality for elderly recipients [13]. A more recent study
confirmed this finding and identified those subgroups most likely
to benefit from ECD kidneys, namely, those with prolonged ex-
pected waiting times on dialysis, those with diabetes, and those
over 40 years old [14].

Is long-term kidney allograft survival improving?
Short-term graft survival after kidney transplantation has in-
creased progressively from 1988 to 1996 [15], but from 1995 to
2000 there was not a comparable increase in graft survival beyond
2 years [16] (Figure 50.1). The same authors compared actual
Kaplan-Meier renal allograft half-lives to the projected half-lives
from the same year and documented substantial disparities be-
tween projected and actual allograft half-lives [17]. Two other stud-
ies assessed change in serum creatinine and estimated glomerular
filtration rate (eGFR) and concluded that the rate of decline in
allograft function after transplantation has improved [18,19]. A
different study demonstrated the relatively poor predictive value of
serum creatinine in predicting allograft loss after transplantation
[20]. Another study from the same group showed that, recently,
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Figure 50.1 Projected Half-Lives (white bars) of deceased donors kidney
transplants (including re-transplants) vs. actual Half-Lives (dark bars).

rates of death attributed to cardiovascular disease and infection
have decreased among wait-listed dialysis and transplant patients,
whereas rates of death attributed to malignancy have not [21].
Thus, available observational data suggest that long-term kidney
allograft and patient survival rates are improving.

Are traditional predictors of transplant outcomes
becoming less reliable?
The results of national sharing of fully HLA-matched kidneys were
reported in 2000 [22]. The UNOS allocation program has changed
over time from an initial “six-antigen match” to any donor who had
no HLA-A, -B, or -DR antigens that were not also detected in the
recipient (referred to as no mismatches). That is, the recipient was
matched for these HLA antigens, but may still have had antigens
that were not present in the donor. Ten-year graft survival was
52% for HLA-matched kidneys versus 37% for non-HLA-matched
kidneys (including any degree of HLA mismatch). The authors
found that, apart from zero-mismatch kidneys, HLA matching
had diminishing importance over time.

Another report did not show improved graft survival in trans-
ported organs that were fully HLA matched, but rather a signifi-
cantly higher risk of graft failure in these organs compared with
locally transplanted kidneys [23]. Yet another study showed that
over four successive years (1994–1998), HLA had progressively less
significant association with graft survival after kidney transplant
than nonimmunologic factors [24].

If it is true that HLA matching now has little effect on outcomes,
then removing HLA-B matching as a priority for the allocation of
cadaveric kidneys could reduce existing racial imbalances by in-
creasing the number of transplants in non-white patients, with
only a small increase in the rate of graft loss [25]. Recipient race,
especially being black, has been an independent predictor of in-
creased risk of graft loss in US [26], but not European, transplant
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Figure 50.2 The three general pathways to allograft deterioration: allograft
rejection (acute and chronic), infection (with BK/polyomavirus specifically affecting
the allograft), and calcineurin inhibitor toxicity. (From Rush 2006 [29], reproduced
with permission.)

populations [27]. Whether recipient race is truly an independent
risk factor for graft outcomes or this observation is confounded by
socio-economic factors or other differences between populations
and/or transplant practices between US and European centers is
uncertain. Of note, the Veterans Administration Health Affairs
System, in which most medications are provided without cost,
similar in many ways to European health systems, found that for
black recipients race was still an independent risk factor for graft
outcome.

In summary, HLA matching is decreasing in relative importance
as a predictor of outcomes, and its use in organ allocation is rapidly
evolving.

Which surrogate or composite outcomes should be used
in kidney transplantation?
The dwindling frequency and predictive usefulness of allograft
rejection in kidney transplantation pose a vexing dilemma. One
potential explanation for the lack of improvement in long-term
outcomes despite reduction in allograft rejection rates could be due
to a higher proportion of more severe, antibody-mediated rejec-
tion causing a disproportionate impact in the minority of allograft
recipients it affects [28]. Another possibility is that enhanced im-
munosuppression has led to increased risk of calcineurin inhibitor-
related nephrotoxicity and opportunistic infections, of which BK
virus nephropathy in particular may lead to graft failure. Recent
reviews suggest the two extremes of immunosuppression should
both be given equal emphasis given their risks (Figure 50.2) [29].
This unfortunately would greatly reduce the utility of allograft
rejection in clinical trials. The limited usefulness of serum creati-
nine or eGFR, or even renal histology, in predicting allograft failure
has increased attention on other surrogate or composite markers
for allograft survival, although there is no current agreement on
which combination of markers should be used [30], a dilemma
not unique to transplantation [31].

Conclusions
It will never be ethical or feasible to perform randomized, con-
trolled trials comparing kidney transplantation versus dialysis.
Prior to the publication of the seminal article of Wolfe et al., trans-
plant professionals could counsel prospective patients that they
were likely to have an improved quality of life after kidney trans-
plantation. A potential survival advantage was regarded as un-
proven, because previous studies had not adjusted for the consid-
erable selection bias of deciding which dialysis patients should be
enrolled on the kidney transplant waiting list. Dialysis patients en-
rolled on the waiting list have significantly lower risk of mortality,
even when adjusted for other factors, compared to dialysis patients
not selected for enrollment. This research group’s use of wait-listed
dialysis patients as the control group, in addition to their ability to
study the entire population of US wait-listed patients and follow
those who received kidney transplants for many years, provided
convincing data for the medical community. Table 50.1 summa-
rizes the findings from studies of patients on kidney transplant
waiting lists.

Nevertheless, there remain important differences between wait-
listed patients and those who receive kidney transplants, which was
shown by the Scottish study and from the study of obese wait-listed
patients. However, adjustment for these comorbid factors in that
study actually strengthened the association of kidney transplanta-
tion with reduced mortality.

Current immunosuppressive practices after kidney transplanta-
tion have largely succeeded in reducing the incidence of the typical
target end point, renal allograft rejection. The dilemma now is that
reduced allograft rejection rates do not seem to correlate with im-
proved long-term renal allograft survival. This may be due to the
changing nature of renal allograft rejection itself, or to a greater
frequency of infectious complications which may directly impact
graft function. Given the difficulties in showing improvements in
short-term renal allograft function, the future dilemma will be to
determine which surrogate outcomes, or combination of surrogate
outcomes, are appropriate to use in clinical trials. No consensus
currently exists.

Infections after kidney transplantation

In this section we will focus on major infectious complications,
namely, cytomegalovirus (CMV) and urinary tract infections
(UTIs), that may affect patient and allograft survival after kidney
transplantation, with attention to risk factors and proven man-
agement strategies. BK virus nephropathy is discussed in detail in
chapter 26.

CMV
CMV is a DNA virus of the herpesvirus family (human herpesvirus
5). It is the most common viral infection complicating solid organ
transplantation. Various incidence rates have been reported, de-
pending on the definitions used (asymptomatic infection versus
clinical CMV disease), the patient populations (CMV serologic
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Table 50.2 Allograft and patient outcomes by CMV serostatus, CMV infection, and CMV disease.

Topic Allograft outcome Reference Patient outcome Reference

CMV serostatusa

R+ vs. R− DGF RR, +13.6%; graft loss RR, −9.3% Schnitzler 2003 [36]

R+ vs. R− RR CMV disease at 1 yr, −39.0% Schnitzler 2003 [36]

D+/R− Acute rejection OR. 2.28 (95% CI, 1.26–4.11) McLaughlin 2002 [37]

D+/R− vs. D−/R− Graft loss RR, +21.4% Schnitzler 2003 [36] RR CMV disease at 1 yr, 63.0% Schnitzler 2003 [36]

D+/R+ vs. D−/R+ RR CMV disease at 1 yr, 73.1% Schnitzler 2003 [36]

CMV infection Acute rejection RR, 1.6 (95% CI, 1.1–2.5) Sagedal 2002 [38] RR death, 2.90 (95% CI, 1.61–5.22) Sagedal 2004 [35]

CMV disease Acute rejection RR, 2.5 (95% CI, 1.2–5.1) Sagedal 2002 [38] RR death, 2.50 (95% CI, 1.31–4.79) Sagedal KI [35]

Note: All studies are observational.
Abbreviations: RR, relative risk; OR, odds ratio; CI, confidence interval; DGF, Delayed Graft function.
aThe serostatuses of the donor (D) and recipient (R) are indicated (+ and −).

status of donor and recipient pretransplant), the induction and
maintenance immunosuppressive regimens, and the use of pro-
phylactic medications. Reported rates range from 8 to 63% [32–
35]. The period from 1 to 6 months after transplantation, corre-
lating with the most intense period of immunosuppression, is the
highest risk period for CMV infection and disease.

Risk factors for posttransplantation CMV disease include CMV-
seropositive donor status, use of antilymphocyte agents as induc-
tion therapy, and with more uncertainty, the use of mycophenolate
mofetil (compared with azathioprine) as maintenance immuno-
suppression [36].

Allograft and patient outcomes by CMV serostatus, episodes
of CMV infection, and episodes of CMV disease are outlined in
Table 50.2. Based upon the results of several large retrospective
cohort studies, donor seropositivity and donor and recipient sero-
mismatching (D+/R−) reduce graft outcomes. Increased recipient
mortality has been associated with CMV donor seropositivity as
well as CMV infection.

Recommendations
Based on two meta-analyses, we recommend a prophylactic rather
than preemptive antiviral strategy in recipients of kidney trans-
plants for protection against CMV-related morbidity and mor-
tality [39, 40]. Lack of evidence precludes designating a specific
treatment after transplantation.

UTIs
UTIs are the most common form of bacterial infection following
kidney transplantation and may affect allograft and patient out-
comes directly with the infection itself and indirectly by possibly
activating the rejection process [41].

In kidney transplant recipients not receiving prophylaxis, UTIs
occur in 35–50%, predominantly in the first 6 months after trans-
plantation [42]. Variability in rates reported may be explained by
differences in the definition of UTI, methods of urine sampling,
and the use or absence of perioperative and postoperative antibi-
otic prophylaxis [43]. Prophylactic therapy is associated with a

reduction of early UTI incidence of greater than 50%, although
over half of all female recipients (and nearly half of male recipi-
ents) will still develop a UTI (as defined by medical claims) within
3 years after transplantation [44].

Although data are very weak, UTIs, regardless of timing of oc-
currence posttransplant, may negatively impact allograft and pa-
tient outcomes. Rice et al. recently reported in a prospective cohort
study of kidney transplant patients with UTI that renal allograft in-
jury (defined as a 20% or greater rise from baseline in peak serum
creatinine within 24–48 h of positive urine culture) was signifi-
cantly associated with P fimbriated Escherichia coli isolates (62%
vs. 29%; P = 0.03) [45]. Although this study did not follow pa-
tients until graft failure or death, it suggests that a unique pattern
of uropathogenic serotypes and adherence factors may contribute
to allograft injury in kidney transplant patients with UTI in a man-
ner quite unlikely to be influenced by other comorbid illnesses or
other potential confounders. Muller et al. identified UTIs as a risk
factor for chronic renal allograft rejection in a single-center, retro-
spective cohort analysis [46]. In a larger retrospective cohort study,
Abbott et al. examined graft and patient survival after late-onset
UTI (greater than 6 months posttransplant) [14]. The results of
this study suggest that late-onset UTIs are not benign. However,
both studies are retrospective and observational in nature and sub-
ject to ascertainment bias, in that urine cultures may be ordered
more often in patients who are not doing well from any cause.
The details and results of both of these studies are outlined in
Tables 50.3 and 50.4.

Antibiotic prophylaxis for prevention of UTI is the topic of a
Cochrane systematic review [47]. Few studies have been carried out
using a randomized, double-blinded methodology, and none has
yet shown whether antibiotic prophylaxis improves renal allograft
survival or patient survival.

Management strategies
Given the morbidity and mortality associated with UTIs in the
kidney transplant population, prevention is the primary manage-
ment strategy. Prophylactic therapy (with either trimethoprim or
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Table 50.3 UTI studies: study descriptions.

Study [reference] Population Design Intervention Primary outcome Secondary outcome

Muller et al. 1998
[46]

All adult kidney transplant
recipients, 1972–1991, single
European center (n = 576)

Retrospective cohort study; those with
biopsy-proven chronic rejection within
5 yrs posttransplant vs. those without
clinical suspicion of rejection

None UTI rates

Abbott et al. 2004
[44]

All Medicare (US) primary renal
transplant recipients,
1996–2000 (n = 28,942)

Retrospective cohort study examining
impact of UTI occurring later than 6 mos
posttransplant

None All-cause death; graft
loss

Time to first Medicare
claim for UTI

an oral fluoroquinolone) significantly reduces the incidence of
UTIs.

Cardiovascular disease and posttransplantation
outcomes

Rationale for cardiovascular risk assessment among
transplant candidates and recipients
Given the high incidence and adverse effects of posttransplanta-
tion cardiovascular disease, the National Kidney Foundation Kid-
ney Disease Outcomes Quality Initiative (K/DOQI) workgroup
on chronic kidney disease concluded that kidney transplant re-
cipients should be considered to be in the highest risk group for
cardiovascular events, that is, coronary heart disease equivalent
[48]. Although this emphasizes the severity of the problem, it does
not reflect the heterogeneity of risk among the more than 115,000
patients currently living with kidney transplants in the USA [2]
as well as those in other countries. Between 100,000 and 150,000
persons will be registered on the kidney transplant waiting list
by 2010, and they will have unique cardiovascular risk manage-
ment issues dictated by their need to maintain preparedness for
transplant surgery [49]. Applying the most intensive screening and
therapeutic strategies to all these patients is impractical, given lim-
ited health care resources, and may produce costs and treatment-
related risks that outweigh benefits. This may be especially true

Table 50.4 UTI studies: results.

Study [reference] Results

Muller et al. 1998 [46] Significantly higher rates of UTI (after 3 yrs
posttransplant) in patients with biopsy-proven
chronic rejection

Abbott et al. 2004 [44] Late UTI associated with death (AHR, 2.93;
95% CI, 2.22–3.85; P < 0.001) and graft loss
(AHR, 1.85; 95% CI, 1.29–2.64, P < 0.05)
Cumulative incidence of UTI at 3 yrs was 60%
for women and 47% for men

Abbreviations: AHR, adjusted hazard ration; CI, confidence interval.

in subgroups of patients that are unlikely to have cardiovascular
events. Methods for individualizing cardiovascular risk assessment
among transplant recipients are needed.

Pretransplantation cardiac screening
Pretransplantation cardiovascular disease is a strong predictor of
posttransplantation cardiac events [50–52]. It has been proposed
that serial cardiac surveillance of transplant candidates on the wait-
ing list may improve outcomes after transplantation. Consensus-
based guidelines were developed that incorporate diabetes status,
ischemic heart disease, peripheral vascular disease, results of non-
invasive stress tests, and revascularization into an algorithm for
suggested frequency of cardiac surveillance by stress echocardio-
graphy or combined resting echocardiography and nuclear stress
imaging [53,54].

Clinical risk scores
Clinical prediction tools translate patient risk profiles into esti-
mates of the absolute risk of an event during an observation inter-
val and are useful for prognostication and for guiding the intensity
of risk management. The most widely used tool for cardiac risk
prediction in the general population, the Framingham Heart Score
(FHS), estimates 10-year risk of new-onset coronary heart disease
in stable persons based on age, cholesterol level, blood pressure,
smoking history. and diabetes status [55]. Many FHS risk factors
are prevalent among transplant recipients [50,56], suggesting that
the FHS may predict coronary heart disease events after transplan-
tation.

Performance of risk assessment strategies
Pretransplant cardiac screening
A recent American Transplantation Society survey reported wide
variability among centers in the practice of cardiac surveillance of
patients on the waiting list [49]. Few studies have examined out-
comes associated with adherence to screening recommendations.
Recently, a prospective, observational study of 604 transplant can-
didates in British Columbia found that surveillance based on ongo-
ing clinical assessment resulted in fewer investigations (n = 171)
than suggested by guidelines (n = 503) over a mean period of
follow-up of 3.7 ± 1.8 years [57]. There was no difference in total
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Table 50.5 Performance of the FHS for prediction of coronary
heart disease events after kidney transplantation.Study [reference] Kasiske et al. 2000 [58] Ducloux et al. 2004 [59]

Methods Historical cohort Historical cohort

Participants 1124 KTR at a single center 344 KTR at a single center

Years of transplant 1963–1997 NA

Sampling criteria Allograft functional and free of
heart disease at 1 yr after
transplant

Serum creatinine ≤4.5 mg/dL and
free of heart disease at 1 yr after
transplant

Outcome measures MI, coronary revascularization, or
death due to IHD

MI, coronary revascularization, or
angina with abnormal coronary
arteriography

Observation interval 1 yr after transplant to death, loss
to follow-up, or end of study (date
not specified)

1 yr after transplant to death, loss
to follow-up, or end of study (date
not specified)

Performance of FHS Underestimation of risk due to
increased observed risk conferred
by diabetes (HR in men 2.8, CI
1.7–4.5 vs. 1.5 in FHS; HR in
women 5.4, CI 2.7–11 vs. 1.8 in
FHS) and to lesser extent, age and
smoking

Underestimation of risk; prediction
of 16/27 (59%) observed coronary
events

Level of evidence 4 4

Abbreviations: IHD, ischemic heart disease; KTR, kidney transplant recipient; NA, not available or not
applicable; MI, myocardial infarction; HR, hazard ratio; CI, confidence interval.

cardiovascular event rates after listing among subsets who did re-
ceive the recommended frequency of investigations (99 per 1000
person-years) and those who did not (67 per 1000 person-years),
but potential selection biases in a retrospective study make it dif-
ficult to draw firm conclusions.

FHS and nontraditional factors
The FHS was developed for risk stratification of stable outpatients
and has limited applicability in the prediction of peritransplanta-
tion coronary disease events precipitated by surgical stress. Several
studies have shown limitations of the FHS even among stable kid-
ney transplant recipients [58,59] (Table 50.5). Whereas individual
Framingham factors are significantly associated with coronary risk
among renal allograft recipients, effect sizes are altered such that
risk estimates from the traditional algorithm are generally lower
than the observed risk in this population. Features of this miscal-
ibration include largest errors among those at highest risk, driven
in part by underappreciation of diabetes-related risk.

A number of nontraditional risk factors and elements unique
to kidney disease and transplantation have been linked with car-
diovascular risk after transplantation, including C-reactive pro-
tein [59], hyperhomocysteinemia [59], duration of pretransplant
dialysis [60], donor comorbidities [56], immunosuppressive drug
regimen [61], viral infections [62], acute rejection [63], new-onset
diabetes [64], and the quality and persistence of allograft function
[51,52,65–71]. These factors are important considerations for the
development of transplant-specific risk indices, but current clini-
cal applications for risk stratification are uncertain. However, the

relationship of the quality and maintenance of allograft function to
cardiovascular risk is also important, because strategies for preser-
vation of renal function may also reduce cardiovascular risk. A
summary of the incidence and prognosis of congestive heart fail-
ure after kidney transplantation is provided in Table 50.6.

Recommendations
Kidney transplant recipients should be evaluated for traditional
Framingham risk factors. These factors are markers of increased
risk, but quantitative estimations of coronary risk after transplant
are not possible using the general population FHS. Patients with
graft dysfunction, and especially those with graft failure, should
be considered at increased risk for diverse presentations of cardio-
vascular disease including ischemic heart disease, congestive heart
failure, and arrhythmias.

Interventions for cardiovascular risk reduction
Dyslipidemia
Hyperlipidemia is a common and potentially modifiable metabolic
abnormality among kidney transplant recipients [72]. Lipid-
lowering therapy with HMG-CoA reductase inhibitors (statins)
has repeatedly been shown to decrease cardiovascular events and
mortality in the general population [73,74], suggesting that statin
therapy may improve outcomes after kidney transplantation. The
Assessment of Lescol in Renal Transplantation (ALERT) study is
the only randomized controlled trial of an intervention designed
to expressly target cardiovascular disease outcomes after kidney
transplantation [75]. In this study, 2101 stable kidney transplant

568



BLBK043-Molony September 17, 2008 20:31

Chapter 50 Outcomes Predictors

Table 50.6 Incidence and prognosis of congestive heart failure after kidney transplantation.

Study [reference] Rigatto et al. 2002 [63] Abbott et al. 2002 [69] Lentine et al. 2005 [52]

Methods Historical cohort Historical cohort Historical cohort

Participants 638 adult KTR from two Canadian centers 33,479 KTR recorded in the USRDS 27,011 adult KTR recorded in the USRDS

Period (yrs) of transplants

evaluated

1969–1999 June 1994–June 1997 1995–2001

Sampling criteria Allograft functional and free of heart
disease at 1 yr after transplant

First transplant; Medicare as primary
payer; no evidence of CHF prior to
transplant in the registry

Outcome measures First clinical indication of CHF based on
reported dyspnea plus supporting
examination or radiographic signs

First hospitalization with primary discharge
diagnosis of CHF

First CHF diagnosis, defined as
1 Medicare inpatient claim with
diagnosis for CHF or 2
outpatient/physician supplier claims

Observation interval 1 yr after transplant to graft failure, death,
loss to follow-up, or end of study (date not
specified)

Transplant to death, loss to follow-up, 3 yrs
posttransplant, or end of study (July 1997)

Transplant to death, loss to follow-up,
3 yrs posttransplant, or end of study
(December 2001)

Incidence of cardiovascular

events

3.6% (CI 2.0-5.2%) at 5 yrs; 12.1% (CI
8.6–16%) at 10 yrs; 13/1000 PY

12/1000 PY 7.8% (CI 7.6–8.3%) at 6 mos; 18.3%
(17.8–18.9%) at 3 yrs; 78/1000 PY

Mortality implications AHR 1.5 (CI 1.1–2.1)a AHR 3.7 (CI 2.2-6.1)a AHR 2.6 (CI 2.4–2.9)a

Graft implications NA (censored at graft loss) NA AHR 2.7 (CI 2.4–3.0) for death-censored
lossa

Level of evidence 4 4 4

Abbreviations: CHF, congestive heart failure; KTR, kidney transplant recipient; CI, confidence interval; AHR, adjusted hazard ratio; PY, person-year; NA, not available.
aAnalyzed as time-varying outcome predictor.

recipients were randomly assigned to fluvastatin or placebo. De-
tails of the trial and its findings are shown in Table 50.7. Statin
therapy lowered lower-density lipoprotein cholesterol (average dif-
ference of 38 mg/dL), and there was a trend towards a reduction
in the primary composite outcome, but this did not reach statis-
tical significance. Secondary analyses suggest that fluvastatin may
be associated with significantly fewer cardiac deaths or nonfatal
myocardial infarctions [76], particularly when initiated early af-
ter transplant [77], and an open-label extension trial detected a
significant reduction in the primary end point in the fluvastatin
group by intention-to-treat analysis [78] (Table 50.7). Notably,
there were no significant differences in patient or graft survival in
the ALERT extension trial, suggesting a possible redistribution in
causes of death.

Immunosuppressive regimen choice
Many immunosuppressive medications are associated with adverse
effects on traditional cardiovascular risk factors, such as lipid lev-
els, blood pressure, and glycemic control. Thus, modification of
the immunosuppression regimen is frequently proposed as a strat-
egy for cardiovascular risk reduction after transplant. The effect of
immunosuppressive regimen on cardiovascular end points (except
for all-cause mortality) has not been directly assessed in a clinical
trial. A number of small studies have examined effects of drug con-
version and withdrawal strategies on surrogates of cardiovascular
risk, including blood pressure, lipid levels, and glycemic control,

but the actions of specific agents on individual surrogate end points
preclude extrapolation to cardiovascular events.

Several studies have attempted to improve our understanding
of differences in net cardiovascular risk conferred by calcineurin
inhibitor choice using the FHS as a composite of surrogate factors.
For example, an open-label comparison of tacrolimus versus cy-
closporine, randomly allocated at transplantation with concomi-
tant azathioprine and corticosteroids, found higher time-averaged
glucose levels but lower total cholesterol and blood pressure in the
tacrolimus arm over 6 months of observation; FHS was lower only
among tacrolimus-treated men [61]. Late, open-label conversion
of cyclosporine to tacrolimus in patients taking corticosteroids
with or without an antimetabolite has been shown to reduce FHS
(5.7± 4.3 to 4.8 ± 5.3 at 24 months postrandomization) [79], al-
though early benefit was not present in statin-treated patients [80].
These analyses should be interpreted cautiously, given the afore-
mentioned limitations of the FHS in kidney transplant recipients,
in particular, underestimation of risk associated with diabetes [58]
may bias the FHS in favor of tacrolimus, which is more likely to
cause hyperglycemia and posttransplant diabetes [61,81].

Recommendations
Based on suggestive findings from the ALERT study, along with
convincing studies of statin therapy in the general population,
several national groups, including the NKF K-DOQI, recommend
use of statins in transplant recipients with hypercholesterolemia
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Table 50.7 Evidence on efficacy of statin therapy for cardiovascular risk reduction after kidney transplantation: data from the ALERT trial, its extension study, and secondary
analyses.

Study [reference] Holdaas et al. 2003 [75] (ALERT) Jardine et al. 2004 [84] Holdaas et al. 2005 [77] Holdaas et al. 2005 [78]

Methods Placebo-controlled,
double-blinded RCT

Historical cohort, secondary
analysis of RCT

Historical cohort, secondary
analysis of RCT

Open-label continuation trial

Participants 2102 adult KTR recruited from 84
centers in Europe and Canada

Participants in ALERT Participants in ALERT 1652 patients who completed
ALERT (n= 1787) and consented
to open-label drug, continued
monitoring, and/or data
collection

Enrollment period June 1996–October 1997 As in ALERT As in ALERT As in ALERT
sampling criteria At least 6 mos posttransplant;

stable graft function;
cyclosporine-based
immunosuppression; total
cholesterol 154–347 mg/dL

As in ALERT As in ALERT ALERT participants who
consented to participation

Intervention or exposure

measure

Random assignment to
fluvastatin 40 mg/day or placebo

Random assignment to
fluvastatin 40 mg/day or
placebo

Fluvastatin vs. placebo,
according to time elapsed from
transplant to enrollment

All participants were offered
fluvastatin 80 mg/day, regardless
of initial assignment
Outcomes were analyzed
according to treatment allocation
in the core study

Outcome measures MACE composite, defined as
cardiac death, nonfatal MI, or
revascularization

Cardiac death or nonfatal
MI (alternative to primary
end point in the core trial)

Cardiac death or nonfatal MI MACE composite, cardiac death
or nonfatal MI, all-cause mortality

Observation interval Mean 5.1 ± 1.1 yrs after
enrollment

As in ALERT As in ALERT Enrollment to 2 yrs after final visit
of ALERT (mean, 6.7 yrs)

Risk relationship AHR 0.83 (CI 0.64–1.06;
P = 0.14)

AHR 0.65 (CI 0.48–0.88) AHR 0.41 (CI 0.18–0.92) for
patients initiating therapy at
0–2 yrs vs. >6 yrs
posttransplant

AHR for MACE, 0.79 (CI,
0.63–0.99) among those
randomized to fluvastatin in core
study; cardiac death or nonfatal
MI also reduced
No difference in total mortality

Level of evidence 1 4 4 3

Abbreviations: RCT, randomized clinical trial; KTR, kidney transplant recipient; MI, myocardial infarction; AHR, adjusted hazard ratio; CI, confidence interval; MACE, major
adverse cardiac events.

[72]. In parallel with recommendations of the Adult Treatment
Panel III (ATP III) for high-risk members of the general popula-
tion, the NKF suggests treatment to achieve a goal lower-density
lipoprotein cholesterol of less than 100 mg/dL [82]. However, the
ATP III and NKF guidelines were published before availability of
newer lipid-lowering data, which suggest even lower levels may
be beneficial in high-risk patients without kidney disease [83].
Additional studies are warranted to determine if aggressive lipid
lowering may be beneficial for reduction of cardiovascular risk
after kidney transplantation.

At present, there is insufficient evidence with respect to clinical
outcomes to recommend adoption of particular immunosuppres-
sive strategies for cardiovascular risk reduction. The immuno-
suppressive regimen should be individualized to manage compet-
ing risks of rejection versus drug side effect profiles, considering
patient history and characteristics. Studies of the cardiovascular

consequences of immunosuppression should consider the possi-
bility of effect modification by cardiovascular drugs such as statins.

Summary

Observational data now strongly support the view that kid-
ney transplantation offers a survival advantage for patients with
chronic kidney disease in comparison with remaining on long-
term dialysis. This advantage applies to all subgroups that have so
far been investigated. This advantage in survival appears mainly
related to reduction in cardiovascular disease, whereas infectious
complications may not be reduced. Because of immunosuppres-
sion, kidney transplant recipients are at risk for infections not often
seen in the general population. Emergent infections, such as BK
virus infections, have become widely recognized and have had a
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substantial impact on graft loss in the modern era, although no
generally accepted guidelines for diagnosis and management have
yet been published and no FDA accepted treatments are yet avail-
able. Infections generally assumed to have been relegated to the
past, such as CMV and UTI, remain serious problems after kid-
ney transplantation. Finally, although cardiovascular disease is less
common after kidney transplantation than among long-term dial-
ysis patients, cardiovascular disease is still more common than in
the general population and remains the leading cause of death with
graft function.
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Introduction

The success of kidney transplantation has increased dramatically,
driven by innovations in biology, medicine, and surgery. Almost
40% of patients with chronic kidney disease in Canada and Aus-
tralia and 30% of those in the USA are now maintained with a
functioning transplant [1–3], although other developed countries
such as Germany and Japan have lower transplantation rates (1
and 10%, respectively) due to societal, logistical, or economic fac-
tors [3,4]. Understanding of biological processes of graft injury
and selective inhibition of key molecular steps in alloantigen re-
sponse has been critical in this evolution [5–7]. Patient and graft
survival now exceed 95% and 90%, respectively, during the first
year, and over 80% of patients remain free from acute rejection
[1–3]. Complications have diminished in frequency and severity;
life-threatening bacterial, fungal, and viral infections are now un-
common; and there has been a corresponding improvement in
both quality of life and overall cost-effectiveness [8–11].

The first 3 months posttransplant remain a critical period dur-
ing which the graft is at risk of physiological and immunolog-
ical injury, which may reduce long-term success [2]. Optimal
care requires precise estimation of recipient risk, appropriate pro-
phylaxis, accurate diagnosis, and speedy intervention to prevent
graft injury. Potent biological immunosuppression is often used
to complement conventional pharmacological maintenance im-
munosuppression to minimize the risks of delayed graft function
(DGF) and rejection, whereas plasma exchange may be employed
to remove antibodies against donor HLA antigens and mitigate
severe humoral injury [12]. It is challenging to define optimal
strategies for early transplant care, because formal randomized
clinical trials are often lacking or do not explore all potential treat-
ment options or therapeutic combinations. This chapter therefore
summarizes the principal issues of induction therapy, DGF, and

rejection; it documents the current treatment guidelines and re-
views the emerging evidence in each of these areas.

Definitions

Induction therapy
Induction refers to the use of potent immunosuppression admin-
istered around the time of transplantation to reduce the risk of
acute rejection, minimize delayed graft function, and decrease sub-
sequent renal toxicity by permitting a reduction in calcineurin in-
hibitors during the critical posttransplant period [12]. Induction
therapy most commonly consists of a short course of polyclonal
or monoclonal antibodies directed against discrete epitopes on
the lymphocyte surface. It is normally administered in addition to
routine maintenance therapy, which may be reduced, or individ-
ual agents may be withheld during this time to minimize specific
drug toxicity or global immunosuppression.

DGF (Delayed Graft Function)
DGF is frequently defined as the requirement for dialysis in the first
7 days posttransplant, although this lacks both sensitivity (missing
subjects with mild impairment not requiring dialysis) and speci-
ficity (including subjects requiring dialysis for other reasons, such
as accelerated rejection) [13]. A more precise definition includes a
urine output of less than 1200 mL/day, decline of serum creatinine
of less than 10% in the first 2 days, or achievement of a functional
threshold (e.g. serum creatinine less than 220 �mol/L or estimated
glomerular filtration rate above 10 mL/min). However, calculation
of creatinine elimination kinetics perhaps provides the most ob-
jective measure of early function [14].

Rejection
Graft rejection is classically divided into three categories. Hyper-
acute rejection usually presents within the first hours following
graft implantation and is characterized by endothelial injury, vas-
cular occlusion, and microvascular thrombosis of the graft [15].
It is now uncommon, occurring in <1% of patients, is caused by
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preformed antibodies to donor transplantation antigens, and is
resistant to conventional therapy, often leading to graft loss. Acute
rejection occurs in around 10% of patients reported to the US Re-
nal Data System (USRDS) [2] and typically presents from day 3 to
90 posttransplant, although it may occur later if immunosuppres-
sion is decreased due to comorbidity or noncompliance. Acute re-
jection may comprise both cell-mediated and antibody-mediated
injury [15]; the former typically responds readily to conventional
therapy, whereas antibody-mediated rejection is more resistant or
refractory. Chronic rejection usually presents after the first year
and has often been included in the confusing term “chronic allo-
graft nephropathy,” which is now discouraged [16]. The diagnostic
features include specific histological changes in the glomeruli, in-
terstitium, tubules, and vessels, diffuse C4d deposition, and circu-
lating donor-specific antibody (DSA). Chronic rejection responds
poorly to therapy.

Guidelines

Induction therapy
The European Best Practice Guidelines [15] provide recommen-
dations for the use of induction therapy based on level A evidence
(systematic reviews of randomized trials). These state that prophy-
lactic immunosuppression with antibody may be administered to
kidney transplant recipients as an optional initial therapy to re-
duce the number and severity of rejections during the first 3–6
months after transplantation, although benefits must be balanced
against the risks of overimmunosuppression with increased sus-
ceptibility to opportunistic viral infection and posttransplant lym-
phoproliferative disease. They emphasize that induction therapy
with polyclonal (ALG or ATG) or monoclonal (OKT3) antibodies
administered during the perioperative period for a limited time
(1–3 weeks) does not consistently improve graft survival at 3 years
posttransplant in unselected recipients. Recipients with DGF, or
recipients with low and high panel-reactive antibodies directed to
HLA antigens may benefit from classical induction therapy with
ALG, ATG, or monoclonal antibodies (OKT3), and these agents
show equivalent efficacy. Finally, they noted that safe and effec-
tive prophylaxis has been achieved with high-affinity humanized
or chimeric monoclonal antibodies (daclizumab and basiliximab,
respectively), which target the interleukin-2 (IL-2) receptor.

DGF
Guidelines provide recommendations for the management of the
donor and recipient during the perioperative phase to maximize
organ quality and recipient volume status based on level B or
C (observational) evidence .[15,17–19]. Central components of
these include recommendations that management of the donor
should be similar to normal intensive care, but the objectives are
to support future function of renal, cardiac, and pulmonary grafts.
A simplified goal for managing the donor may be to maintain a
central venous pressure of 10 cm water, a systemic blood pressure of
100 mm/Hg, and a urine output of 100 mL/h. Preoperative dialysis

should not be performed routinely except for patients with heart
failure or hyperkalemia, and preoperative hypovolemia should be
avoided to prevent DGF. Caution should be used with marginal
donors, including the elderly (>60 years), particularly those with
prior hypertension, diabetes, or intrinsic renal disease, who have a
calculated glomerular filtration rate of <60 mL/min. Such organs
should preferentially be offered to older recipients (over 60 years)
with a limited life expectancy and who provide informed con-
sent to receipt of such an organ. The recipient should not be dia-
lyzed routinely pretransplant, except for those with heart failure or
hyperkalemia, and hypovolemia should be avoided to prevent
DGF. Graft function should be monitored closely in patients with
delayed function, vascular, and urological complications, drug tox-
icity and infection should be also excluded as causes, and surveil-
lance biopsies should be considered [15].

Rejection
Formal guidelines provide recommendations for the detection of
donor-specific anti-HLA antibodies, histological diagnosis, and
treatment of rejection based on level B or C evidence [15,19–
22]. A cross-match test must be performed pretransplantation on
current serum using at least one method that detects complement-
dependent antibodies, and a positive immunoglobulin G (IgG)
cross-match is considered an absolute preclusion to transplant.
Historical sera should also be tested, and a positive historical cross-
match may increase the risk of rejection and indicate a need for
more intensive immunosuppression [22] or be a contraindication
in patients receiving a repeat transplant and in those with high
panel-reactive antibodies [15]. Flow cytometry may be used to
increase the sensitivity of antibody detection, although guidelines
differ regarding the implication of a positive flow cross-match
[15,19,22]. Posttransplant monitoring of DSA may be of value in
the diagnosis or prognosis of rejection and should be monitored
if possible, particularly at the time of biopsy [15,22].

Histological diagnosis and categorization of rejection is stan-
dardized in the Banff criteria, which are updated following each
biennial meeting [16,21,23]. Criteria for hyperacute or accelerated
acute antibody-mediated rejection and grades I–III acute rejection
are defined in the 1997 criteria [23], whereas the characteristics
of chronic rejection have been clarified and distinguished from
other forms of chronic graft injury in the 2005 criteria [16]. Pa-
tients should be monitored routinely for evidence of graft dys-
function [15,19,22,24]. Acute rejection should be considered in
patients with a rapid rise in serum creatinine of 10–25% over
baseline, with or without a decline in urine output; graft biopsy
should be performed to confirm rejection, and reporting should be
standardized according to an internationally agreed-upon scheme
[15]. High-dose intravenous methylprednisolone is recommended
for treatment of the first acute rejection episode, and ATG is pre-
ferred to OKT3 for subsequent or severe episodes in light of their
respective toxicities [15]. Alteration in baseline therapy and the
use of plasmapheresis with or without intravenous immunoglob-
ulin (IVIG) may be required in refractory cases [15,22]. Subse-
quent deterioration in graft function or new proteinuria should
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be investigated fully to determine the cause, including chronic
rejection, although no guidelines yet exist for therapy of proven
benefit [19,22,25].

Available evidence

Not all key aspects of care in the early posttransplant period have
been subject to appropriately powered and designed random-
ized clinical trials. Several systematic reviews and meta-analyses
addressed those randomized controlled trials that have evaluated
the use of induction therapy and the management of DGF and
rejection, and many smaller high-quality studies have provided
additional insight and guidance into these aspects of care. The key
information derived from these studies is reviewed in the sections
below.

Induction therapy
Systematic reviews of induction therapy performed by Gaston,
Hardinger, Chapman, Kirk, Nashan, and colleagues chronicle the
changing role of this therapy during the past decade [6,12,26–28].
In prior years, induction was employed principally for patients
at high risk of immunological or physiological graft injury due
to its cost, toxicity, and paucity of high-level evidence for benefit
and cost-effectiveness in low-risk subjects [29–32]. However, it has
experienced a resurgence with the availability of more consistent,
safe, and effective biological preparations, and accumulating data
show that induction therapy offers a significant reduction in the
incidence of acute graft rejection following living or cadaver donor
transplantation (Figure 51.1) [32].

The principal polyclonal antibodies employed today are equine-
derived ATGAM, and rabbit-derived ATG-Fresenius and Thy-
moglobulin [33]. The last of these is the most widely used in

North America, particularly in subjects who are sensitized, who
are undergoing retransplantation, or who have DGF [31]. These
agents have composite molecular actions, including ligation of sur-
face epitopes, T- and B-lymphocyte deletion via tumor necrosis
factor/Fas-mediated apoptosis, selective downregulation of gene
expression, and the induction of CD4+ CD25+ FoxP3 regulatory
cells [34–36]. Administration has varied from 1 to 10 days, al-
though treatment for 5–10 days is now most common. Reported
efficacy varies according to the product and the target population,
so that evaluation of relative risk or benefit is complex. Studies
have shown that Thymoglobulin is superior to ATGAM [37] in
reducing the cumulative probability of acute graft rejection (P =
0.001–0.004). However, it did not improve graft or patient survival
and significantly increased the risk of cytomegalovirus (CMV) and
other viral infections, leukopenia, and other hematological com-
plications compared with pharmacological immunosuppression
(P = 0.001–0.05).

Two recent randomized studies suggest that ATG exerts a pos-
itive effect in low-risk kidney transplant recipients when cal-
cineurin inhibitor therapy is delayed [38,39]. In the first study
of 309 deceased donor graft recipients, patients randomized to
receive ATG for 10 days followed by tacrolimus had significantly
fewer biopsy-confirmed acute rejection episodes (15% vs. 30%;
P = 0.001) than those treated with tacrolimus from the time of
transplantation. However, patient and graft survival, DGF, and
graft function 1 year posttransplant were similar between the
groups, and viral and other infections were more common in
the ATG group. The second study involved 555 deceased donor
graft recipients. Patients randomized to receive ATG for 10 days
followed by tacrolimus had a lower incidence of biopsy-proven
rejection than those receiving ATG followed by cyclosporine or
those commencing tacrolimus from the time of transplant (15%
vs. 21.2% vs. 25%; P = 0.004 and 0.177) [39]. Again, cumulative
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Figure 51.1 Trends in kidney transplant induction
immunosuppression. (From Kaufmann et al. 2004 [45].)
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patient and graft survival and mean serum creatinine levels were
similar among the groups, and hematological and viral compli-
cations were higher in the ATG groups. The elevated risk in the
cyclosporine-treated group may reflect imbalances in the number
of patients with a prior transplant or increased PRA in this group
[39].

The prophylactic use of Muromonab (OKT3) has declined sub-
stantially during the same period due to substantial toxicity and
lack of demonstrable benefit [40,41]. Large-scale national and in-
ternational studies show that the relative risk of posttransplant
lymphoproliferative disease is increased by 1.5- to 2-fold in pa-
tients receiving Muromonab compared with no induction therapy
[30,42–44]. Muromonab is now used in less than 1% of patients
[45] and has been largely replaced by ATG in high-risk subjects or
anti-CD25 antibodies in low-risk patients [32,46], although data
showing differences in graft or patient survival are lacking [47].
Novel anti-CD3 molecules with differing isotypes or epitope speci-
ficities [48] are under investigation, but their benefit/toxicity ratio
remains unproven.

Alemtuzumab (Campath-1H) is a humanized monoclonal an-
tibody to CD52 that causes long-lasting depletion of human B
and T cells. Alemtuzumab offers potential practical benefits over
polyclonal depleting antibodies, with lower cost and simplicity of
intravenous access. A systematic review by Morris et al. showed that
despite increasing use, the level of evidence for its role in transplan-
tation is limited [49]. Preliminary noncontrolled studies indicate
that graft rejection, graft loss, mortality rates, and infectious com-
plications are comparable or perhaps superior to patients receiv-
ing anti-CD25 monoclonals and conventional triple or quadruple
therapy. The expectation of patient and graft survival exceeds 95%
at 500 days [50], and steroid avoidance and minimization of long-
term maintenance immunosuppression may be possible [51,52–
55]. Two small randomized controlled trials confirmed that the
incidence of acute rejection is not different from control therapy,
although steroid-free and calcineurin-sparing protocols are pos-
sible [56,57]. Although there is a profound and long-lasting T-cell
lymphopenia after administration of alemtuzumab, there is no
apparent increase in infection, posttransplantation lymphoprolif-
erative disease, or other side effects other than perhaps autoim-
mune disease. However, the limited studies available at present do
not support early hopes of immune accommodation permitting
withdrawal of maintenance therapy.

Basiliximab and daclizumab (anti-CD25) are monoclonal an-
tibodies to the IL-2 receptor that bind selectively to the CD25
molecule, inhibiting high-affinity IL-2 binding to this structure
and inhibiting the proliferative signals critical for lymphocyte ac-
tivation. Basiliximab is a chimeric molecule that includes the com-
plete variable region of the original anti-CD25 molecule, and it
is normally administered on two occasions within the first post-
transplant week. Daclizumab, a humanized molecule that includes
only the hypervariable region of the murine antibody whereas
the remainder is of human origin, exhibits slightly lower bind-
ing affinity and is given more frequently throughout the first
2 months [12,13]. Both have long terminal half-lives (2 weeks)

and deplete CD25 expression for an average of 45 and 90 days,
respectively.

A number of meta-analyses have examined the efficacy and tox-
icity of these drugs [8,58]. The most extensive has been completed
by Webster and colleagues, who included 38 current studies of anti-
CD25 antibody use comprising 4893 subjects [59] (Table 51.1).
The antibody was compared to placebo or no therapy in 16 studies
(2682 subjects) and to another monoclonal or polyclonal antibody
in 14 studies (1108 subjects). Two studies compared the antibodies
directly, and the remaining studies examined other treatment
comparisons or dosing strategies. Cyclosporine A was employed
as maintenance immunosuppression in 32 studies, and tacrolimus
was used in the remainder. Results were homogeneous among all
studies with no discernable difference between the two anti-CD25
antibodies. Anti-CD25 therapy reduced the incidence of clinical
acute rejection in the first 6 months by 34% (relative risk [RR],
(Figure 51.2), 0.66, 95% confidence interval [CI], 0.59–0.74),
biopsy-proven rejection by 36%, and steroid-resistant rejection by
49% (RR, 0.51; CI, 0.38–0.67). Graft loss (RR, 0.84; CI, 0.64–1.10)
(Figure 51.3) and CMV infection (RR, 0.82; CI, 0.65–1.03) were
also reduced at 1 year in patients receiving anti-CD25 therapy,
although these did not reach statistical significance. On this basis,
for every 100 subjects treated with these agents, 14 would be
expected to avoid acute rejection and 8 to avoid steroid-resistant
rejection [59].

Anti-CD25 antibodies were comparable in efficacy to other
monoclonal or polyclonal antibodies, and no significant differ-
ences were evident for graft rejection or loss, CMV infection,
mortality, or other principal outcomes [59] (Figure 51.4). Fever,
leukopenia, thrombocytopenia, and overall adverse reactions were
significantly lower in subjects receiving anti-CD25 therapy than
other induction therapies. Basiliximab and daclizumab were com-
pared directly in only two small studies comprising 82 subjects.
Despite the limitations in sample size and study design, there was
no difference in reduction of rejection risk between the two agents
(RR, 0.67 [CI, 0.59–0.77] vs. RR, 0.66 [CI, 0.53–0.82]).

DGF
DGF occurs in approximately 4% of live donor recipients and
23% of deceased donor graft recipients (overall reported range, 2–
50%) [2,13] and varies from mild impairment with slow recovery
to persistent oliguric renal failure and graft loss [13,17,18]. DGF
may result both from donor factors, which include donor source,
age, renal function, comorbidity, clinical support, and surgical
technique, and recipient factors, including surgical implantation,
vascular competency, volume status, immunological sensitization,
and immunosuppressive therapy [13]. Careful management of all
of these is required to reduce immediate injury and ensure long-
term success.

The European Expert Group has defined the ideal deceased
(cadaver) donor as a previously healthy individual, aged 10–55
years, brain dead due to trauma or intracerebral bleeding, with
no ongoing infection and excellent organ function [17]. How-
ever, the majority of donors no longer fulfill these criteria, and
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Study
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Figure 51.2 Clinically diagnosed acute allograft rejection at 6 months and 1 year after transplantation: anti-CD25 versus placebo or no treatment. (From Webster et al.
2004 [59].)
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Figure 51.3 Graft loss censored for death at 6 months and 1 year after transplantation, with anti-CD25 versus placebo or no treatment. (From Webster et al. 2004 [59].)
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Figure 51.4 Clinically diagnosed acute allograft rejection at 6 months after transplantation: anti-CD25 versus other monoclonal or polyclonal antibodies, stratified by
antibody class. (From Webster et al. 2004 [59].)

the pressing shortage of deceased donor organs has expanded
the sources and criteria for donor acceptance [60–62]. Cadaver
donors now frequently include the elderly and those with vascular
disease, long-term insulin-dependent diabetes, hypertension, or
other risk factors that may impair renal function [17]. Non-heart-

Table 51.2 Proposed strategies to prevent ischemia–reperfusion injury
and DGF.

Recipient fluid management� Volume expansion with colloid or crystalloid� Mannitol or furosemide

Vasodilatory agents� Calcium channel blockers� Prostacyclin� Atrial natriuretic peptide� Selective and nonselective endothelin receptor antagonists

Antioxidants� N-Acetylcysteine� Propionyl-l-carnitine� Inhibitors of inducible nitric oxide synthetase

Biological agents� Monoclonal antibodies to ICAM-I, LFA-1, and tumor necsrosis factor-�� CTLA4 fusion protein� Insulin-like growth factor 1

Source: Adapted from Perico et al. 2004 [13].

beating cadaver donors are used in centers equipped for this service
[17], and expanded-criteria living donors are now being accepted
in an increasing number of centers. There is good evidence that
expanded-criteria donors with an adequate pretransplant kidney
biopsy should be utilized but that the risk of physiological injury to
the transplanted organ is increased and the probability of delayed
or impaired function is increased [13,63].

There is little evidence that recipient dialysis modalities confer
different risks for DGF, although there are trends towards supe-
rior function in patients receiving peritoneal dialysis and infe-
rior outcome in those on home nocturnal dialysis [64,65]. These
studies need to be confirmed but have potential importance only
in cases where transplantation is imminent. Similarly, although
immunological sensitization increases the risk of DGF, there is
no evidence that desensitization techniques reduce this probabil-
ity. Minimization of warm and cold ischemia times are critical
in reducing ischemia–reperfusion injury (Table 51.2), and retro-
spective studies suggest that pulsatile perfusion may significantly
reduce the risks of DGF, but the benefit if any remains to be proven
in appropriately designed prospective studies [66].

Posttransplant initiatives to minimize DGF have been reviewed
by Perico et al. [13]. Recipient hypovolemia or hypotension can
affect the early function of the graft, and intensive support with
crystalloid, colloid, or dopamine may be required [18]. Manni-
tol given just prior to reperfusion may improve early function by
virtue of its antioxidant properties, but whether furosemide en-
hances glomerular filtration or simply increases urine volume is
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Table 51.3 Banff diagnostic categories for renal allograft biopsies, 2005 update.
(Solez et al, Am J. Transplant, 7, 518–526, 2007, table 2)

1. Normal

2. Antbody-mediated rejection

Due to documented anti-donor antibody (‘suspicious for’ if antibody not
demonstrated; (may coincide with categories 3–61)

Acute antibody-mediated rejection

Type (grade)
i. ATN-like-C4d+, minimal inflammation
ii. Capillary-margination and/or thromboses, C4d+
iii. Arterial-v3, C4d+

Chronic active antibody-mediated rejection1

Glomerular double contours and/or particular capillary basement membrane
multilsyering and/or interstitial fibrosis/tubular atrophy and/or fibrous intimal
thickening in arteriea, C4d+

3. Borderline changes: ‘suspicious’ for acute T-cell-mediated rejection

The category is used when no intimal arteritis is present, but there are foci of
tubultis It1, t2 or t3 with i0 or ill although the t2 t2 threshold for rejection
diagnosis is not met (may coincide with categories 2, 5 and 6)

4. T-cell-mediated rejection1 (may coincide with categories 2, 5 and 6)

Acute T-cell-mediated rejection

Type (grade)
IA. Cases with significant interstitial infliltration t > 25% of parendhyma

affected, i2 or i3 and foci of moderate tubulitis (i2)
IB. Cases with significant interstitial infiltration t > 25% of parenchyma

affected, i2 or i3 and foci of severe tutulitis (t3)
IIA. Cases with mild to moderate intimal arteritis (v1)
IIB. Cases with severe intimal arteritis comprising >25% of the lumical area (v2)
III. Cases with ‘transmural’ arteritis and/or arterial fibrinoid change and necrosis

of medial smooth muscle cells with accompanying hymphocytic
inflammation (v3)

Chronic active T-cell-mediated rejection1

‘Chronic alongraft arteriopathy’ tarterial intimal fibrosis with mononuclear cell
infiltration in fibrosis, formation of neo-intimal

5. Interstitial fibrosis and tubular atrophy, no evidence of any specific eticlogy1

Grade
i. Mild interstitial fibrosis and tubular atrophy l < 25% of cortical areal
ii. Moderate interstitial fibrosis and tubular atrophy 126–50% of cortical areal
iii. Severe interstitial fibrosis and tubular atrophyloss l > 50% of cortical area)

(may include nor-specific vascular and glomerular aclerosis, but severity graded by
tubulointerctitial features)
6. Other: Changes not considered to be due to rejection-acute and/or chronic the
dagnosis given in Table 1); may coincide with categories 2–5

1 Indicates changes in the updated Bani CE schema.

unclear. Randomized studies have shown that pretreatment of the
donor or recipient with calcium channel blockers prior to graft-
ing, or administration of these into the graft artery, may improve
initial function. Evidence regarding the use of atrial natruretic pep-
tide or its synthetic forms is conflicting, and additional studies are
required. Similarly, although inhibition of free radical mediated

injury by N-acetylcysteine or inhibitors of inducible nitric ox-
ide synthetase is appealing, these approaches remain in the ex-
perimental domain [13]. Finally, neither modulation of key cell
surface products, such as ICAM by enlimomab or of LFA-1 by
odulimonab, or use of the growth factor insulin-like growth factor
1 have proven successful in this setting [13,67].

Two important changes in immunosuppression designed to op-
timize initial function include the increasing use of induction ther-
apy and the transient or permanent avoidance of calcineurin in-
hibitors. These approaches are often employed in subjects at risk
or in those with established graft dysfunction, although absolute
evidence of benefit is still lacking. Small randomized studies have
shown that the use of ATG is associated with improved early graft
function [68], whereas the effect of anti-CD25 therapy remains un-
certain, particularly since subjects at greatest risk of delayed func-
tion are often those at high immunological risk [13]. Calcineurin
inhibitors may be withheld for the first 7–10 days [38,39,69] or re-
placed by nonnephrotoxic agents, such as mycophenolate mofetil
or sirolimus [70]. Knight and colleagues suggested that the combi-
nation of ATG and sirolimus in high-risk patients and basiliximab
and sirolimus in low-risk subjects is an effective combination for
minimizing both DGF and acute rejection [71]. However, other
reports indicate that sirolimus itself may cause direct renal tubular
toxicity and promote or prolong delayed function of the graft, par-
ticularly when used in combination with a calcineurin inhibitor
[72,73]. The most common therapeutic approach at present is
therefore the use of an induction agent in combination with my-
cophenolate mofetil and the delayed introduction of a calcineurin
inhibitor if this is to be employed for long-tern therapy until graft
function is established.

Graft rejection
The Banff system (Table 51.3), first introduced in 1993 [74], pro-
vides a universal system for histological categorization of graft
injury ranging from cellular infiltration to fibrosis and scarring,
and attempts to incorporate new diagnostic and mechanistic un-
derstandings in order to provide a common framework for scien-
tific and clinical evaluation. During the past decade, the focus has
gradually shifted from cellular injury to mixed patterns or pure
antibody-mediated rejection [20,21]. This is now recognized as
perhaps the most important immunological threat to graft suc-
cess [22,75–77] and is characterized by the combination of circu-
lating donor-specific anti-HLA antibody, the deposition of C4d
in the graft, and evidence of histologic injury and physiological
dysfunction [22]. Innovations in management of graft rejection
have been directed principally to the reversal and prevention of
humoral injury.

Numerous treatments have been employed for graft rejection,
depending on the time of presentation, clinical severity, histology,
and comorbidity. Their efficacy may depend on the expression
of antibody-mediated rejection across the spectrum from pre-
dominant cellular injury to mixed antibody-mediated rejection
with high DSA titers to finally pure T-cell-poor antibody-mediated
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rejection [76]. For example, Banff type I tubulo-interstitial cellular
injury within the first 6 months of transplant usually responds
to intravenous steroids and increased maintenance immuno-
suppression, whereas Banff type II transplant endarteritis that
is C4d negative often requires antilymphocyte antibody treat-
ment [76]. Mixed patterns with C4d deposition are most com-
monly treated with a full course of depleting antilymphocyte
agents, such as ATG, which can clear both cellular and humoral
components.

A meta-analysis by Webster and colleagues examined the use of
polyclonal or monoclonal antibodies for treatment or graft rejec-
tion [78]. This analysis revealed a total of 21 trials in 49 reports,
although only 2 of these were conducted within the last decade
(Table 51.4). Most were small, incompletely reported especially
for potential harm, and did not define outcome measures ade-
quately (Table 51.5). Fourteen of these trials encompassing 965
patients compared therapies for first rejection episodes. Eight of
these compared antilymphocyte antibodies against steroids, two
against other antibodies, and four against other therapies. Meta-
analysis indicated that antibody was superior to steroid in revers-
ing rejection (RR, 0.57; CI, 0.38–0.87) and preventing graft loss
(death-censored RR, 0.74; CI, 0.58–0.95) (Figures 51.5 and 51.6)
but there was no difference in preventing subsequent rejection (RR,
0.67; CI, 0.43–1.04) or death (RR, 1.16; CI, 0.57–2.33) at 1 year.
Seven trials encompassing 422 patients investigated treatment of
steroid-resistant rejection. There was no benefit of Muromonab
CD3 over ATG (Table 51.6) or ALG in reversing rejection (RR,
1.32; CI, 0.33–5.28) (Figure 51.7), preventing subsequent rejection
(RR, 0.99; CI, 0.61–1.59), or preventing graft loss (RR, 1.80; CI,
0.29–11.23) or death (RR, 0.39; CI, 0.09–1.65). However, Sun and
colleagues have shown that mixed cellular and antibody-mediated
rejection with circulating DSA and C4d deposition can also be
reversed by intravenous steroids followed by conversion from cy-
closporine to tacrolimus, or by an increase in the tacrolimus dose
for those already on this medication, without ATG use [79]. More
stringent studies are therefore required in this field.

The treatment of predominantly antibody-mediated rejection
episodes with high-titer DSA and positive C4d, typically recog-
nized as “pure or dominant antibody-mediated rejection” and as-
sociated with rapid deterioration in graft function, is extremely
challenging. It increasingly incorporates the use of antibody re-
moval with plasmapheresis and inhibition of new antibody for-
mation via the use of IVIG acting through the Fc feedback loop
[80,81]. Anti-CD20 (rituximab) monoclonal antibody may be
used simultaneously to inhibit antibody formation systemically or
within the graft [81], although few randomized studies are avail-
able to demonstrate the utility and safety of these procedures and
no systematic or meta-analyses have thus far been published.

The AHG-CDC assay currently used to measure recipient sensi-
tization and to define antibody specificity [22,82] lacks sensitivity,
and the flow cytometry cross-match (FCXM) assay [83], which is
more sensitive for detecting low levels of antilymphocyte antibod-
ies [83–88], is widely employed as a key measure of sensitization. A

positive FCXM has been proposed as a valid rationale to withhold
transplantation, to augment immunosuppression, or to employ
innovative strategies to reduce sensitization [22,82,89], but the
prognostic value remains unclear [82]. Many reports have sug-
gested that recipients with a positive FCXM, especially those at
high immunological risk, experienced a greater incidence of acute
rejection and early graft loss [20,90–93]. In contrast, other studies
have shown negative results or indicated little incremental advan-
tage of FCXM in terms of reducing acute rejection episodes and
graft loss [20,94–96]. Prospective and blinded evaluation shows
that the FCXM has little independent incremental predictive value
compared with AHG-CDC, and positive and negative post-test
probabilities for acute rejection or graft loss are low [97], perhaps
reflecting the recognized lack of analytical specificity. Newer high-
resolution solid-phase technologies using HLA antigens bound to
microparticles offer both specificity and sensitivity [98] and may
be a superior tool for both pretransplant screening and posttrans-
plant monitoring [99].

Two principal methods have been employed for reducing DSA
pre- or posttransplant, but comparison is difficult because of
differences in diagnostic methodologies, degrees of sensitization,
and patient risk factors [100]. The first employs high-dose IVIG
to treat patients previously screened for responsiveness using an
in vitro CDC assay with a panel of normal controls under condi-
tions resembling those of the normal cross-match [101]. Patients
in a randomized prospective placebo controlled study received 2
g/kg IVIG (or placebo) monthly for 4 months pretransplant and
for a further 4 months after transplant. Panel reactive antibocties
(PRA) levels declined by approximately 20% in the IVIG group by
4 months of treatment (P = 0.0007) and rose slowly thereafter to
prior levels. The number of patients who could be transplanted
was twice as high in the IVIG group (P = 0.048), time to trans-
plant was significantly shortened (P = 0.049), and the number
of repeat transplants performed was also increased. Graft fail-
ure occurred in 25% of IVIG recipients compared with 38% of
controls, although the incidence of acute rejection was higher in
the IVIG group (P = 0.042) [101]. Side effects were few and not
sustained.

The second protocol employs four daily plasmapheresis sessions
with low-dose IVIG for antibody reduction, often with rituximab
[102]. In the comparative study, anti-HLA antibodies were de-
termined by AHG-CDC, FCXM, and solid-phase single-antigen
assays. The success of desensitization correlated with the base-
line antibody level in each group: all patients with PRA titers
of <1:4 had a negative cross-match compared with either pro-
tocols, while only 10% of those with titers of >1:32 achieved a
negative cross-match. Overall, 38% of those receiving high-dose
IVIG achieved a negative cross-match but 80% had acute rejection,
whereas 84–88% of those receiving plasmapheresis and low-dose
IVIG achieved a negative cross-match and 29–37% experienced
rejection [102]. At the present time, it therefore appears that de-
sensitization is possible in patients with antibody titers of <1:16
and that a combination of IVIG and plasma exchange achieves
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Table 51.5 Summary of relative effects of antibody versus steroid alone for treatment of first rejection episode stratified by antibody comparator, within 12
months of treatment.

Heterogeneity

Pb I2 (%)Outcome
No. of
participants

Relative risk (95%
confidence interval)aNo. of trials

Failure of rejection reversal 6 334 0.57 (0.38–0.87) 0.234 11.7
Muromonab CD3 1 120 0.31 (0.14–0.68)
ATG 3 139 0.50 (0.26–0.96) 0.94 0
ALG 2 85 0.96 (0.52–1.75) 0.71 0

Further treatment required 3 83 0.59 (0.27–1.29) 0.72 0
ATG 2 60 0.64 (0.29–1.43) 0.69 0
ALG 1 23 0.59 (0.27–1.29)

Graft loss or death with functioning graft 7 380 0.82 (0.67–1.00) 0.84 0
Muromonab CD3 1 120 0.84 (0.65–1.10)
ATG 3 155 0.71 (0.48–1.04) 0.76 0
ALG 2 85 0.93 (0.56–1.54) 0.52 0

Death 6 318 1.16 (0.57–2.33) 0.78 0
Muromonab CD3 1 120 1.40 (0.53–3.70)
ATG 3 113 0.73 (0.12–4.43) 0.48 0
ALG 2 85 1.05 (0.31–3.60) 0.46 0

Infection as cause of death 3 164 0.74 (0.21–2.63) 0.83 0
Infection (all cause) 4 206 0.88 (0.59–1.31) 0.14 44.8

Muromonab CD3 1 123 1.05 (0.82–1.35)
ATG 20 6 1.46 (0.11–18.53) 0.07 70.1
ALG 1 23 0.82 (0.42–1.60)

CMV infection 3 83 0.65 (0.09–4.71) 0.17 47.8
ATG 2 60 1.25 (0.39–3.99)
ALG 1 13 0.15 (0.01–2.70)

Fever, chills, malaise following drug administration 3 185 45.97 (9.31–227.09) 0.29 18.8
Muromonab CD3 1 125 91.55 (5.77–1453.49)
ATG 2 60 23.00 (3.27–161.87) 0.27 18.1

Source: Webster et al. 2004 [59].
a Relative risk values of <1 favor treatment with antibody.
b P value for Cochran Q ?2 test for heterogeneity.

this most effectively and may enable transplantation for patients
otherwise denied this treatment.

Conclusion

A growing evidence base is now available to guide the manage-
ment of patients during the critical first 3 months posttransplant.
However, the numerous therapeutic options, treatment combina-
tions, and dosing regimens remain challenging for clinicians, and
the relatively limited number of high-quality and appropriately
powered randomized and blinded clinical trials do not provide
adequate evidence for all key decisions.

It now appears apparent that biologic induction immunosup-
pression increases the freedom from acute rejection and is increas-

ingly employed for this purpose, particularly in North America.
Selection between polyclonal and monoclonal agents remains dif-
ficult but may be determined by safety and side effects. In general,
for patients at low immunological risk, anti-CD25 antibodies offer
an equivalent reduction in rejection risk to ATG but with a lower
incidence of infection and adverse effects. Although the evidence
is not clear for patients at high immunological risk, most centers
will select ATG in preference to anti-CD25 agents for these subjects
in order to maximize immunosuppression.

DGF remains problematic, particularly in sensitized recipients
of grafts from extended criteria donors. In this setting, evidence
suggests that biologic induction with delay in introduction of cal-
cineurin inhibitors offers the greatest opportunity for early estab-
lishment of function, although the evidence base is not adequate
to support this with a high degree of confidence. New approaches
in which potent biological induction with depleting antibodies are
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%
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Total  events: 38 (Antibody), 33 (steroid)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.86 (P = 0.39)

Subtotal (95% CI)
Total  events: 30 (Antibody), 52 (steroid)
Test for heterogeneity: CHi2 = 14.77, df = 4  (P = 0.005), I2 = 72.9%
Test for overall effect: Z = 1.52 (P = 0.13) 

Subtotal (95% CI)
Total  events: 7 (Antibody), 10 (steroid)
Test for heterogeneity: CHi2 = 0.02, df = 1  (P = 0.90), I2 = 0%
Test for overall effect: Z = 1.02 (P = 0.31) 

Total (95% CI)
Total  events: 75 (Antibody), 95 (steroid)
Test for heterogeneity: CHi2 = 16.58, df = 7 (P = 0.02), I2 = 57.8%
Test for overall effect: Z = 1.80 (P = 0.07)

 110 115

Figure 51.5 Antibodies vs. steroids for treatment for first rejection episodes: recurrence of rejection up to 12 months after therapy. (From Webster et al. 2004 [59].)
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Total (95% CI)
Total  events: 64 (antibody), 84 (steroid)
Test for heterogeneity: CHi2 = 2.22, df = 6 (P = 0.90), I2 = 0%
Test for overall effect: Z = 2.41 (P = 0.02)

Figure 51.6 Antibodies vs. steroids for treatment for first rejection episodes: graft loss (censored for death with a functioning graft) within 18 months after therapy. (From
Webster et al. 2004 [59].)
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Test for heterogeneity: not applicable
Test for overall effect: Z = 1.53 (P = 0.13) 

Total (95% CI)
Total  events: 36 (OKT3), 37 (other antibody)
Test for heterogeneity: CHi2 = 3.50, df = 2 (P = 0.17), I2 = 42.9%
Test for overall effect: Z = 0.05 (P = 0.96)

Figure 51.7 Treatment of acute steroid-resistant rejection with Muromonab versus other antibodies: recurrent rejection up to 12 months posttreatment. (From Webster et al.
2004 [59].)

used to permit the complete elimination of calcineurin inhibitors
may provide an option to optimize early and long-term graft func-
tion, but such studies are still under way.

The incidence of classical acute rejection is declining with
improved immunosuppression, and such rejection responds
promptly to simple therapy with steroids or to secondary treat-
ment with ATG. Strategies to reduce pretransplant sensitization
to donor HLA antigens and to avoid the risk of hyperacute or
accelerated rejection permit transplantation in settings previously

considered impossible. The risks of severe antibody-mediated re-
jection following transplantation remain high in this setting, how-
ever, and may be treated with the same techniques of biological
immunosuppression, intravenous immunoglobulin and plasma-
pheresis. The availability of new monoclonals directed at the B
lymphocyte may play an important role in this setting and further
reduce the risks of antibody-mediated rejection, which is currently
one of the most important immunological barriers to successful
transplantation.

Table 51.6 Summary of relative effects of Muromonab versus other antibodies for treatment of resistant rejection, within 12 months of
treatment.

Heterogeneity

Pb I2 %
No of No. of Relative risk (95%

Outcome trials participants confidence interval)a

Failure of acute rejection reversal 3 136 1.32 (0.33, 5.28) 0.35 5.4
Graft loss (death censored) 3 136 1.80 (0.29, 11.12) 0.17 43.6
Graft loss or death with a functioning graft 3 136 1.08 (0.38, 3.10) 0.26 26.3
Death 3 175 0.39 (0.09, 1.65) 0.97 0
Infection as a cause of death 2 76 0.68 (0.17, 2.65) 0.77 0
CMV 3 175 0.88 (0.60, 1.28) 0.51 0
Malignancy 2 115 2.09 (0.28, 15.66) 0.40 0
Fever , chills, malaise following drug administration 2 81 3.21 (1.34, 7.70)
Serum creatinine (�mol/L) 3 120 10.04c (−16.68, 36.77) 0.35 4.6

Source: Webster et al. 2004 [59].
a Relative risk values of <1 (or WMD of <0) favor treatment with Muromonab CD3.
b P value for Cochran Q ?2 test for heterogeneity.
c Value for serum creatinine is the weighted mean difference (and confidence interval).
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Introduction

In the last decad the number of immunosuppressive agents used in
solid organ transplantation has rapidly increased. Their modes of
action and their specific nonimmune toxicities have been recently
reviewed in detail by Halloran [1]. Because these immunosuppres-
sive drugs interrupt different pathways of the lymphocyte activa-
tion cascade, combined use is preferred in order to increase their
efficacy (suppressing rejection) and to limit their drug-specific tox-
icity. At present several new drug combinations have been tested
in clinical trials, but often without adequately establishing dosing,
efficacy, and safety [2]. This chapter will be limited to a descrip-
tion of the specific immunosuppressive drug combinations that
have been evaluated in large-scale clinical trials with long-term
follow-up.

When reviewing the literature on maintenance immunosup-
pressive therapy, several problems emerge. A first problem con-
cerns the lack of a good definition of what exactly constitutes
“maintenance” immunosuppression. In an overview of the evo-
lution of immunosuppression between 1994 and 2004, and based
on the OPTN/SRTR data, maintenance immunosuppression was
defined as the therapy at the time of discharge [3]. In his review,
Halloran coined the terms preadaptation maintenance therapy and
postadaptation therapy, but without providing a clear definition
of either [1]. Although it is common practice to reduce the daily
dose of immunosuppressive agents with time after transplantation,
very few authors have assessed the optimal maintenance dose in
properly designed long-term studies. The concept of tailor-made
immunosuppression, aimed at fulfilling the clinical requirements
outlined by the individual patient profile, is becoming more pop-
ular, but the evidence-based allocation of an optimal protocol to
a specific patient category remains limited [4]. In addition, most
controlled trials analyzing the efficacy and safety of newer im-
munosuppressive drugs have had a short follow-up, often limited

to 1 year or less. Only a limited number of trials provide long-term
follow-up data. Moreover, the study protocols of the latter often
allow a change in therapy after the end of the study period, result-
ing in a substantial number of patients who are no longer on their
allocated regimen. In his excellent review on immunosuppression
for long-term maintenance of renal allograft function, Offermann
correctly stated that most long-term data available in the literature
are descriptive, retrospective, nonrandomized, and uncontrolled.
He also stressed that, although registry data have the advantage of
large numbers and long-term follow-up, with respect to immuno-
suppressive therapy, selection bias is often present or difficult to
identify [5]. For all these reasons the proposed long-term efficacy
and safety of maintenance immunosuppressive regimens are not
always based on trial evidence.

Tacrolimus–mycophenolate
mofetil–corticosteroids: the current standard of
maintenance immunosuppression

After the publication of the first results of the European trial com-
paring cyclosporine A (CsA) with azathioprine (Aza) in combi-
nation with corticosteroids [6], most kidney transplant centers
progressively switched to CsA and corticosteroids. The second
calcineurin inhibitor (CNI), tacrolimus (Tac), was introduced in
clinical practice following the publication of the results of the
European and US randomized controlled trials comparing Tac
with CsA [7,8]. After some initial reluctance to switch from CsA
to Tac [9], over the last years Tac has become the CNI of choice in
many kidney transplant programs. Based on figures from the 2005
OPTN/SRTR Annual Report, 93% of the renal transplant patients
in the USA received CNIs as part of their maintenance therapy,
and 72% of them are using Tac [3]. The reason why transplant
physicians now prefer Tac is its higher efficacy (lower incidence of
acute rejection and improved graft survival), even if compared to
the newer microemulsion formulation of CsA, Neoral [10], and
its more favorable risk profile. In the Margreiter study, as in pre-
vious studies comparing Tac with CsA, similar patient and graft
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survival were seen, with a significantly lower incidence of acute
rejections in the Tac-treated patients. The incidences of hyperten-
sion and hypercholesterolemia were also significantly lower in the
Tac-treated patients. In contrast to prior studies, the incidence of
diabetes mellitus, defined as the need for insulin for more than 30
consecutive days, was similar in both groups.

The question of whether the better short-term results with Tac
also translate into improved late outcomes has to be answered
with more caution. Both the US and the European trials com-
paring CsA and Tac have reported their 5-year results [11,12]. In
the US trial the intent-to-treat analysis revealed similar patient
and graft survival (79.1% vs. 81.4% and 64.3% vs. 64.6%). The
rate of crossover was significantly higher among patients random-
ized to receive CsA therapy (27.5% vs. 9.3%; P < 0.001). Graft
survival at 5 years was significantly better in the Tac arm when
crossover due to rejection was counted as graft failure (63.8% vs.
53.8%; P = 0.014). The latter method of analysis may however
have introduced a substantial bias. Tac use was also associated with
significantly reduced requirements of antihypertensive and lipid-
lowering medications, and Tac-associated insulin dependence was
often reversible. In the European trial, patient and graft survival at
5 years were comparable. However, in the Tac-treated patients, the
incidence of biopsy-confirmed chronic rejection was significantly
lower (6.6% vs. 15.3%; P < 0.01) and the projected half-life was
15.8 years for the Tac patients versus 10.8 years for the CsA patients.
In a registry analysis of more than 32,000 patients, chronic allo-
graft failure at 4 years was similar for Tac and the microemulsion
of CsA, whereas it was significantly higher in the patients treated
with the original formulation of CsA [13]. In a subsequent study
by the same authors, using a paired kidney analysis of the same
SRTR database, a difference in risk for 5-year survival or graft loss
could not be demonstrated, but renal function was superior for
Tac at all time points [14]. In the single-center randomized trial
from Cardiff, the 6-year graft survival was significantly higher in
the 115 Tac-treated patients than in the 117 patients receiving CsA
microemulsion (81% vs. 60%; P = 0.0496) [15].

With the exception of the first CsA European trial [6], the above-
mentioned trials have always used CNIs in combination with anti-
metabolites and corticosteroids. In the European Tac versus CsA
trial, Aza was given for the first 3 months of the study and, where
possible, discontinued thereafter. However, no data were provided
on the exact number of patients who really stopped Aza [7]. In
the US trial, Aza was administered throughout the entire study
[8]. In the Margreiter study, Aza was also part of the immuno-
suppressive therapy in both arms [10]. In the mid-1990s, three
randomized double-blind clinical trials compared the efficacy and
safety of a triple-drug combination of CsA, mycophenolate mofetil
(MMF), and corticosteroids with a combination of either CsA,
placebo and corticosteroids, or CsA, Aza, and corticosteroids [16–
18]. As summarized in the pooled analysis paper, adding MMF
in a daily dose of 2 or 3g significantly reduced the incidence of
acute rejection from 40.8% in the placebo–Aza patients to 19.8%
and 16.5% for the MMF 2-g and the MMF 3-g groups, respec-
tively [19]. Due to the higher number of side effects in the 3-g

group, a preferred daily dose of 2-g was subsequently proposed.
This favorable effect of MMF on acute rejection was also seen
when MMF was added to Tac-based immunosuppressive regimens
[20,21]. Whereas in the European trial a significant reduction of
the incidence of rejection was also seen in the 1-g MMF arm, this
effect could only be demonstrated in the 2-g MMF arm in the
US study. There has been no good explanation for these differ-
ent findings. The three pivotal trials showing the superiority of
MMF over Aza were conducted with the old formulation of CsA.
More recently, Remuzzi et al. conducted a multicenter, random-
ized trial comparing Aza and MMF in association with the new
microemulsion formulation Neoral [22]. In this trial no advantage
of MMF over Aza in terms of prevention of acute rejection could be
found, but there was no change in clinical practice in most trans-
plant centers [23]. Several analyses of large transplant registries
have indeed indicated that the use of MMF decreases the risk of
developing chronic allograft nephropathy [24], slows the decline
of glomerular filtration rate [25], and improves long-term out-
come even in immunologically high-risk patients, such as African
Americans [26].

Maintenance immunosuppression without
corticosteroids

Based on the well-known corticosteroid-sparing effect of CsA,
soon after its more widespread use, several attempts were made to
completely withdraw corticosteroids from maintenance immuno-
suppression. The proponents of withdrawal stressed the benefits
of corticosteroid discontinuation, such as improved control of hy-
pertension [27] and hyperlipidemia [28,29], the lower incidence
of de novo diabetes mellitus [30], less frequent cataracts [31], bet-
ter control of body weight [32], and better preservation of bone
mineral density [33]. The opponents considered that the potential
benefits, which seemed to be not sustainable [34], did not out-
weigh the increased risk of acute rejection. The latter conclusion
was further strengthened by the results of a meta-analysis by Ka-
siske published in 2000 [35]. In the nine prednisone withdrawal
trials (n = 1461), the proportion of patients with acute rejection
was increased by 0.14 (P < 0.001) and the relative risk (RR) of
graft failure was also increased (RR, 1.4). In seven of the nine trials
CsA and Aza were used.

In two more recent prednisone withdrawal trials, MMF was
used, but the difference in acute rejection between withdrawal and
control groups was not different compared with the trials that did
not use MMF. In the US study, in which corticosteroids were dis-
continued at 3 months, enrollment was stopped after 266 patients
were randomized, because of excess rejection in the corticosteroid
withdrawal group (21% vs. 4.4%) [36]. In the European trial, the
withdrawal group not only stopped corticosteroids but also re-
ceived only 50% of the corticosteroid dose during the first 3 months
compared to the control group [29]. The greatest difference in the
occurrence of acute rejection was seen in the first two posttrans-
plant weeks. In the 3 months after withdrawal of corticosteriods,
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only 4% of the patients without corticosteroids developed an acute
rejection, versus 0.4% in the group maintained on corticosteroids.
In addition, no difference in the incidence of rejection was seen in
the subgroup of patients who had received induction with antithy-
mocyte globulin (ATG). In a large European randomized study of
patients treated with Tac–MMF–corticosteroids, a low incidence
of acute rejection (6%) was seen after corticosteroids were stopped
at 3 months [37]. At least from the two European trials, it can be
concluded that withdrawing corticosteroids 3 months after trans-
plantation is associated with a very low risk of acute rejection
(4–6%) and that these rejections can easily be controlled. In other
words, almost 95% of these patients can be successfully withdrawn
from corticosteroids.

As the follow-up of these trials was short, no conclusions can
be made whether corticosteroids withdrawal is also safe in the
long run. Concerns about the long-term safety are at least par-
tially based on the findings of a Canadian multicenter controlled
trial published in 1992 by Sinclair [38]. In this trial, conducted
between 1982 and 1985, patients were treated initially with CsA
and steroids. At 3 months they were randomized either to stop
steroids or to continue dual therapy. Although the early results
were very promising, after 5 years the corticosteroid withdrawal
patients had significantly worse graft survival (P = 0.03). Long-
term data from other randomized controlled trials are lacking.
In 2005, Opelz published the results of a large study that com-
pared patients prospectively withdrawn from corticosteroids with
controls selected from the Collaborative Transplant Study (CTS)
registry [39]. Thus, this study was not a randomized trial, and
unfortunately both kidney and heart transplant recipients were
included. There were 1110 deceased-donor kidney recipients and
450 heart recipients included in the analysis. All patients were im-
munologically low-risk patients. Corticosteroids were withdrawn
no earlier than 6 months posttransplantation. Each patient was
matched with three patients from the CTS database. A compari-
son of 7-year outcome in the kidney transplant recipients (94%
receiving cyclosporine; 97% Caucasian) showed a benefit of corti-
costeroid withdrawal versus corticosteroid continuation for graft
survival (81.9% vs. 75.3%; P = 0.0001), patient survival (88.8%
vs. 84.3%; P = 0.0016), and death-censored graft survival (91.8%
vs. 87.9%; P = 0.0091). A total of 58.6% of the kidney trans-
plant patients never required corticosteroids during follow-up. A
5-year outcome study of 589 kidney transplant recipients (trans-
planted in Minneapolis) showed comparable results after corti-
costeroid withdrawal [40]. In contrast to most earlier published
studies, patients were already withdrawn from corticosteroids on
postoperative day 6. All patients received induction with ATG
and were maintained on dual therapy of either CsA–MMF or
Tac–MMF.

Based on available evidence, it appears that corticosteroid with-
drawal can be safely performed in almost 95% of immunologically
low-risk patients. Antibody induction may have a protective role
[29]. Whether very early (<7 days) withdrawal of corticosteroids
may be even more successful must be confirmed by more studies
[40,41].

Maintenance immunosuppression without CNIs

Since the introduction of CsA, it has been observed that kidney
function in CsA-treated patients is worse than in patients treated
with Aza and steroids [6]. It is now generally accepted that chronic
CNI administration causes nephrotoxicity that is clinically and his-
tologically difficult to distinguish from chronic allograft nephropa-
thy, and although the number of studies is low, the same holds true
for Tac [42,43]. Therefore, numerous investigators evaluated CsA
withdrawal strategies, via a conversion from CsA to Aza or through
withdrawal of CsA from an Aza-containing regimen. A constant
finding in most of these conversion trials was a trend toward an im-
provement in renal function. However, the “price” for this was an
increased risk for acute rejection. Both in 1993 and in 2000, Kasiske
published a meta-analysis of randomized, controlled trials that ex-
amined CsA withdrawal [35,44]. The results of the meta-analysis
published in 2000 included 13 studies that were completed be-
fore 1999 and indicated that CsA withdrawal was associated with a
higher incidence of acute rejection (pooled mean difference, 0.11;
P < 0.0001) but that CsA withdrawal did not adversely affect
graft survival, even in studies with long-term follow-up (maxi-
mum follow-up, 96 months) [35]. Even after the publication of
this meta-analysis, systematic withdrawal of CNIs did not become
common practice in most transplant centers, mainly because of
concerns about rejection after CNI withdrawal.

Since the more widespread use of MMF instead of Aza, new
attempts have been made to withdraw CsA from MMF-based reg-
imens. When CsA was withdrawn 6 months after transplantation,
as was performed in two Dutch randomized multicenter trials, an
incremental increase in acute rejection was observed, comparable
with CsA withdrawal from Aza (e.g. 6.3% and 20.6%) [45,46].
Similar data were found in the French randomized trial in which
CsA or MMF withdrawal 3 months after transplantation was com-
pared [47]. Although in this trial all patients received induction
with ATG, the probability of acute rejection was 18.5% in the CsA
withdrawal group versus 5.6% in the MMF withdrawal arm. This
study is one of the few that examined risk factors of acute rejec-
tion after CsA withdrawal. Borderline changes in the biopsy before
withdrawal as well as a lower area under the curve exposure of my-
cophenolic acid at the time of withdrawal proved to be significant
risk factors for acute rejection after CsA discontinuation. A with-
drawal later after transplantation (at least 1 year posttransplanta-
tion) resulted in comparable results: the cumulative incidence of
acute rejection or graft loss due to rejection 5 years after transplan-
tation was significantly higher in the CsA withdrawal group (19%)
versus the group maintained on CsA (5%) (P = 0.01) [48].

More recently, CsA withdrawal from regimens containing the
mTOR inhibitor SRL has been advocated. Three randomized stud-
ies have analyzed the safety of CsA withdrawal from a CsA–SRL–
steroid regimen. In the Rapamune Maintenance Regimen Trial,
430 of a total of 525 patients were randomly assigned at 3 months
posttransplantation to one of two treatment arms (SRL–CsA–
steroids or SRL–steroids) [49]. One of the main early findings

594



BLBK043-Molony September 12, 2008 15:25

Chapter 52 Maintenance Immunosuppression

was a progressive increase of the calculated creatinine clearance
after CsA withdrawal, compared to the group maintained on
triple-drug therapy. However, a significant difference in the oc-
currence of acute rejection after randomization was seen (4.2%
and 9.8% for the SRL–CsA–steroid and SRL–steroid arms, respec-
tively; P = 0.035). In the 36-month report a trend toward a better
graft survival was seen in the CsA withdrawal arm [50], a differ-
ence that became significant when analyzing the 48-month results
[51]. Protocol biopsies performed at baseline, 12 months, and 36
months confirmed that early CsA withdrawal led to significantly
less chronic allograft damage [52]. Apart from the rather high
number of patients withdrawn from the study, the long-term con-
clusions of this study are limited by the fact that it became obvious
that a combination of CsA and SRL in standard doses, as were ini-
tially used, is indeed nephrotoxic [53] and results in worse graft sur-
vival compared to the combination of CsA and MMF [54]. Similar
results are seen with the combination of CsA and everolimus [55].
Two smaller CsA elimination trials confirmed the improvement
of renal function after CsA withdrawal, but with a smaller risk of
acute rejection than in the Rapamune Maintenance Regimen Trial
[56,57]. A major limitation of these three SRL–CsA withdrawal
trials is that only patients with a low to moderate immunological
risk have been included. In addition, more widespread use of SRL
has also revealed an increasing number of adverse effects not re-
ported in the early trials [58]. On the other hand, the reduced risk
of developing posttransplant de novo malignancies on SRL ther-
apy, as recently suggested in an analysis of UNOS registry data, is
an intriguing finding [59]. If confirmed in randomized trials, this
may be a strong reason for more systematic withdrawal of CNI.

Finally, when trying answer the question of whether CNIs can
or should be withdrawn from maintenance immunosuppressive
regimens, the following should be kept in mind:� Although in all studies CNI discontinuation is associated with
an amelioration of renal allograft function, this has not resulted in
better long-term graft survival. In the study by Abramowicz, graft
survival was even worse [48]. Only in the Rapamune Maintenance
Regimen Trial was better graft survival seen at 4 years, compared
to a group of patients treated with a nephrotoxic maintenance reg-
imen [49]. One of the reasons why improved long-term outcome
is not seen may be that follow-up has not yet been long enough to
detect a difference. Although it has been shown that 1-year serum
creatinine is strongly correlated with long-term renal graft survival
[60], the change in serum creatinine after CNI discontinuation is
probably too small to have a significant impact on the long-term
outcome.� That chronic administration of CNIs may result in end-stage
renal failure has clearly been shown in nonrenal solid organ al-
lograft recipients [62,63]. From these reports it is clear that the
development of end-stage renal failure is multifactorial, and the
risk factors for developing end-stage renal failure are poorly un-
derstood [64]. The question as to what extent pure CNI-mediated
nephrotoxicity is responsible for graft loss after kidney transplan-
tation will at least for the moment remain unanswered because of
a lack of long-term controlled trials. In Figure 52.1 the long-term
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Figure 52.1 Actuarial graft survival (censored for death) in 340 patients
transplanted between 1973 and 1982 with ATG-Aza-corticosteroids and in 872
patients transplanted between 1983 and 1992 with a CsA-based
immunosuppressive regimen.

graft survival (censored for death) of 340 patients transplanted be-
tween 1973 and 1982 with an immunosuppressive protocol con-
sisting of ATG–Aza–steroids in our unit is compared with that of
872 patients transplanted between 1983 and 1992 with a CsA-based
immunosuppressive regimen. Although the use of CsA resulted in
a significant improvement of the 1-year outcome, the slope of the
two curves after the first year is similar, suggesting no deleterious
effect of the long-term use of CsA. One of the reason for this find-
ing may be the relatively low doses of CsA that have been used. As
shown in Figure 52.2, the mean daily dose of CsA used at the end of
the first year after transplantation has progressively decreased over
the last 2 decades. The same trend can be seen for the mean daily
dose at 10 years. That the dose of CNIs can be safely reduced to 50%
of the doses normally used and is associated with improved renal
function has been shown by Kuypers et al. in a small retrospective
study [65]. These findings have now been confirmed by a large
multicenter randomized trial [66]. It has also been shown that low
doses of CsA in association with MMF lead to similar inhibition of

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

5.5
6

6.5
7

84  85  86  87  88  89  90  91 92  93 94 95  96   97 98 99

at 1 year

at 10 years

mean dose/kg of CsA

Figure 52.2 Mean daily dose of CsA used at the end of the first year after
transplantation and at the end of the 10th year after transplantation.
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calcineurin activity and cytokine production as conventional CsA
exposure in maintenance immunosuppression [67].

During the last 2 or 3 years, new combinations of drugs, with
or without CNIs, have been tested. It is beyond the scope of this
chapter to review the results of these trials, because the trials are
small, often from a single center, not controlled, and have too
short follow-up to allow any conclusion as to their role as mainte-
nance immunosuppression. In a few years maintenance immuno-
suppression may be become completely different from what we
currently consider standard practice in most centers. For exam-
ple, blocking T-cell activation at the signal 2 level by a selective
costimulatory blocker such as Belatacept may be a good candidate
[68].
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Chronic allograft nephropathy (CAN) is the major preventable
cause of late graft loss in kidney transplantation. Overall, death
(“death with a functioning graft”) constitutes about 50% of ”graft
failures,” whereas CAN and recurrence of the primary kidney dis-
ease account for the remainder [1–3]. Graft loss due to premature
cardiovascular death and CAN may be linked due to shared risk
factors in kidney transplant recipients. Although short-term out-
comes in kidney transplantation have improved over time, a signif-
icant proportion of grafts develop progressive dysfunction and fail
within 10 years [1,2], and the balance of evidence is that long-term
graft survival has not improved despite advances in immunosup-
pressive therapy [4–7]. Graft failure has major human and eco-
nomic sequelae. In the USA, approximately 4700 patients with
failed transplants restarted dialysis in 2002, representing about
5% of the total number of patients starting dialysis [7] and 2–3%
of the transplant population. In our own experience in mainte-
nance kidney transplant patients, there has been an annual rate of
(death-censored) graft loss of 2.2%, of which 82% was considered
to be due to CAN [3,8].

Definition

Historically, CAN has been defined as a combination of histo-
logical features that includes interstitial fibrosis, tubular atrophy,
vascular intimal hyperplasia, fibrosis or hyalinosis, and transplant
glomerulopathy. The histological changes are generally associated
with variably reduced renal transplant function, although histo-
logical changes usually precede functional deterioration, and with
hyperfiltration in the remaining nephrons [2]. The pathophys-
iological processes underlying CAN include both immunologi-
cally driven chronic rejection and nonimmune processes, such
as hypertension and chronic calcineurin inhibitor (CNI) toxic-
ity. Recurrence of native kidney diseases, such as certain types

of glomerulonephritis (immunoglobulin A nephropathy, mem-
branous nephropathy, and focal segmental glomerulosclerosis) or
recurrence of diabetes nephropathy, are usually excluded from the
diagnosis of CAN. Recent seminal studies from Australia, in which
protocol biopsies were performed in patients who received kidney–
pancreas transplants after a 10-year posttransplant follow-up, re-
ported the prospective development of histopathological changes
[9,10]. These reports demonstrated that chronic interstitial fibrosis
and tubular atrophy emerge very early following transplantation
and precede both arteriolar hyalinosis and fibrointimal thicken-
ing, as well as chronic glomerulopathy. The occurrence of CNI
nephrotoxicity was also assessed and found in almost 90–100% at
10 years after transplantation in CNI-treated patients [9,10]. The
authors concluded that CAN is a sequential multifactorial pro-
cess in which clinical and subclinical rejection in the early stages
contribute to interstitial fibrosis, tubular atrophy, and nephron
loss that together constitute CAN. Later damage appeared to be
predominantly associated with a histological pattern suggestive
of CNI toxicity, defined as striped cortical fibrosis or new onset
of arteriolar hyalinosis together with tubular microcalcification.
It should be pointed out that, despite the progressive histological
changes during the 10-year follow-up, there was only a 10–15%
reduction in renal function in this series

The course of CAN

When describing the course and development of CAN, it is im-
portant to separate the early injury and its impact on early graft
function from the subsequent deterioration of renal graft func-
tion [2,7,9]. Several factors determine early transplant function,
including injury due to acute rejection (AR) episodes, ischemia
and reperfusion damage, and preformed structural changes of the
kidney related to donor age (and premorbid conditions, such as
hypertension), plus thrombotic and other vascular damage in the
perioperative period [7,9,10]. The donor source also influences
the onset of function, where recipients of transplants from liv-
ing donors exhibit better early function compared to recipients
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from cadaveric donors. In the longer term many additional factors
play an important role, determining the fate of renal transplant
function. Such progression factors include the level of transplant
function achieved in the early posttransplant period, hyperten-
sion, proteinuria, hyperlipidemia, cigarette smoking, and viral in-
fections [2].

Immunological injury

Acute rejection episodes
A great number of studies have demonstrated that acute rejection
episodes influence the future development of CAN, specifically, the
features of chronic rejection. Thus, kidney transplant recipients
without prior clinical acute rejection have a substantially longer
graft half-life than patients with previous acute rejection [11]. The
association between AR episodes and CAN appears strongest for
acute vascular rejection, rather than tubulo-interstitial rejection
episodes [12]. AR episodes followed by loss of graft function have
a stronger negative impact on long-term outcome than those with
functional recovery [13]. In our own long-term outcome study,
treatment for previous AR episodes was a significant risk factor
for graft loss in a univariate analysis, but poor graft function (a
result of early AR, among other factors) was the dominant risk
factor [8].

Subclinical rejection
Recently, a great deal of attention has also been paid to subclin-
ical rejection and its impact on the future development of CAN

[14–16]. Subclinical rejection is defined as lymphocyte or mono-
cyte infiltration in the graft without functional deterioration. This
form of rejection damages the kidney through low-grade inflam-
mation, which leads to gradual injury and destruction and remod-
eling of the functional unit of the kidney. Randomized treatment
of subclinical rejection is reported to lead to improved long-term
graft function [14].

Antibody-mediated rejection
In addition to T-cell-mediated rejection—and its influence on the
future development of CAN—it has been recognized that the pres-
ence of HLA antibodies has a strong adverse impact on the develop-
ment of CAN [17,18]. Posttransplant antibodies are significantly
more common in CAN patients, their presence being associated
with subsequent renal dysfunction and graft loss from chronic
rejection [19]. Thus, anti-HLA antibodies both prior to and after
transplantation are associated with development of CAN. Further-
more, C4d deposition (a marker of humoral rejection) has been
found in more than one-third of late allograft biopsies [20], in
particular localized to the peritubular capillaries and in cases with
transplant glomerulopathy. Antibodies against non-HLA antigens,
such as endothelial cell antigens, have been described in both kid-
ney transplant recipients and recipients of cardiac allografts com-
plicated by CAN or transplant arteriosclerosis, respectively [21–
23] (Figure 53.1).

Another interesting aspect from a pathophysiological viewpoint
is the relationship between oxidative stress-induced accelerated
aging and cellular “exhaustion” and graft loss (replicative
senescence). Many different types of injury, including oxidative

Allo-immune response

(HLA-MM; presensitization)

Innate immune response Nonimmune reactivity

Primary Injury Acute cellular rejection

Humoral acute rejection

(HLA-Ab)

Donor brain death

Ischemia-reperfusion injury

Hyperglycemia

Preformed graft injury

- poor quality of graft

- old donor age

Secondary Injury Sub-acute cellular rejection

De novo formation of HLA-Ab

(CHR)

Non-HLA-Abformation (CHR)

Hyperlipidemia

Proteinuria

BK-virus nephropathy

ROS-excess & senescence

Chronic CNI toxicity and

other nephrotoxic agents

Hypertension

C H R O N I C A L L O G R A F T N E P H R O P A T H Y

Figure 53.1 Allo- and innate immune reactivity and nonimmune factors contributing to primary and secondary injuries leading to chronic allograft nephropathy in kidney
transplant patients.
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stress and aging, target the telomere, resulting in loss of telomere
length and altered function of telomere binding proteins. In both
experimental animals and explanted human kidneys, CAN is
associated with telomere shortening, the determinants of which
include donor age, perioperative ischemia–reperfusion injury, and
posttransplant oxidative stresses, including acute rejection [24–
26]. Pretransplant measurement of telomere length may provide
a useful objective predictor for the subsequent development of
CAN.

Clinical factors and progression of CAN

Ongoing pathophysiological stressors, such as hyperfiltration, pro-
teinuria, hypertension, cigarette smoking, hyperlipidemia, and
reactive oxidative species (ROS) production, have long been sug-
gested as mediators of CAN, based upon circumstantial evidence.
All are biologically plausible and have been reported individu-
ally to be related to future deterioration of transplant function
and eventually graft loss. In the ALERT trial of 2102 long-term
kidney transplant recipients, renal dysfunction and proteinuria
were the two strongest, independent risk factors for future graft
loss [3,8] and confirmed the findings from previous studies that
proteinuria is a strong risk factor for CAN and future graft loss
[27] (Figure 53.2). Proteinuria is a powerful risk factor for renal
dysfunction in general and is dependent upon both glomerular
leakage and impaired tubular reabsorption. Reabsorbed filtered
protein is known to lead to an increase in interstitial chemoat-
tractants, cytokines, and monocyte infiltration, which may cause
additional interstitial and tubular damage and may contribute to
CAN [28]. The tubular cell is both a focus of injury in CAN and
a potential source of factors that contribute to interstitial cellu-
lar infiltration and fibrosis. Thus, uncontrolled ROS production
from tubular cell mitochondria may also contribute to continued
tubular injury and apoptosis, and both interstitial nitrothyrosine
and ROS production are increased in CAN [29].

BK virus nephropathy

Polyoma virus infection is increasingly recognized as a complica-
tion in renal transplant recipients (RTR) [30–33]. Polyoma virus is
widely prevalent in nature, and most people are exposed by adult-
hood. The BK virus by itself, in the background population, has
low morbidity, long latency, and asymptomatic reactivation [34].
BK virus allograft nephropathy (BKVAN) emerged as a cause of
renal allograft dysfunction in the mid-1990s, when more power-
ful immunosuppression was introduced. In recent years, routine
posttransplant protocol biopsies have also detected BKVAN in the
absence of serum creatinine elevation [16,35]. Virus replicates
within tubules and forms intranuclear inclusions with focal in-
terstitial mononuclear inflammatory cell infiltrates and tubulitis.

Renal Function

GFR

S-creatinine

Proteinuria

Pathophysiology

Acute Rejection

HBP

Hyperlipidaemia
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Figure 53.2 Schematic of the time relationship between factors contributing to
development of CAN, renal function, and proteinuria in kidney transplantation.

BKVAN-induced nephropathy may lead to chronic graft dysfunc-
tion [30–35]. Renal interstitial inflammation with BKVAN cannot
always be differentiated from acute rejection. Moreover, the final
stage of chronic tubulo-interstitial scarring and atrophic tubules
may resemble a nonspecific pattern of fibrosis and tubular atro-
phy. Thus, BKVAN-induced nephropathy may lead to chronic graft
dysfunction.

CNI nephrotoxicity
Reports of Cyclosporine A (CsA) and tacrolimus (Tac) nephrotox-
icity are increasingly common late after transplantation [9] and
cannot be distinguished from each other based upon histology.
CNI nephrotoxicity lesions include arteriolar hyalinosis, striped
fibrosis, and tubular vacuolizations. Cyclosporine A-induced arte-
riolopathy is characterized by vacuolation and necrosis of smooth
muscle and endothelial cells with hyaline deposits, considered to
be the most characteristic marker of CNI nephrotoxicity [36–38].
Progressive arteriolar hyalinosis causes vascular narrowing and is-
chemic injury. Striped fibrosis of the cortex is usually regarded
as the most pathognomonic sign of CNI nephrotoxicity [39], but
tubular vacuolization may also occur as part of CNI nephrotoxic-
ity. The progressive character of CNI nephrotoxicity is the reason
for trials focusing on reduction or withdrawal of CNI in kidney
transplant subjects with signs of CNI nephrotoxicity with or with-
out deterioration of kidney transplant function.
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Table 53.1 Prevention modalities in CAN: hypothetical, indicative, and evidence based.

Target Action Evidencea Reference(s)

Primary Prevention
Ischemia–reperfusion injury Reduce ischemia time

Antioxidant drugs, protective genes
I
H

40
41

Acute cellular rejection Immunosuppressive treatment to prevent acute rejection
Prevention vs. acute rejection per se

E 44, 45

Humoral rejection
(HLA and non-HLA Ab)

Pretreatment
Removal of Ab by PP or immune absorption
Prevention neoformation of Ab
C IVIG
Rituximab
Cyclophosphamide

I 43

Secondary prevention
CNI toxicity (CONVERT, TRANCEPT, REFERENCE,
and MODIFY studies)

Selection of CNI
Reduction or withdrawal of CNI ± mTORi
Reduction of withdrawal of CNI ± introduction of MMF

H/I/N
H/I
/I/

47, 48/49, 50/51, 52
53–55, 58/56, 57, 69
/49, 59–65/67, 68

Subclinical rejection Corticosteroid treatment
Other rejection treatment

de novo formation of HLA- or non-HLA Ab (CHR) Removal of Ab
Prevention of continued formation of Ab (IVIG, Rituximab,
cytostatics)

H
H

43
43

Tertiary prevention (progression factors)
Proteinuria ACEi, ARB introduction H/N 75–78/79
Hypertension CCB; ACEi
Hyperlipidemia Statins N 3
BK virus Reduction or change of immunosuppression

Leflunomide
Cidofovir

H
H

70
71, 72

Stressors and ROS excess (senescence) Reduce stressors
Antioxidative measures
Remove nephrotoxic agents

Abbreviations: Ab, antibody; IVIG, intravenous immunoglobulin; CCB, calcium channel blocker; PP, plasma pheresis
a Evidence categories: H, hypothetical; I, indicative (inadequate small clinical studies); E, solid evidence based upon controlled randomized trials; N, no effect.

Prevention and treatment

There is no specific intervention to prevent or treat CAN. The pri-
mary aim is to minimize exposure to risk factors for development
of CAN. When CAN is established, the aim of disease management
is to minimize exposure to risk factors for progression, including
modification of immunosuppressive treatment, and to commence
interventions for specific progression factors, such as proteinuria
and hypertension. Lately, the focus has been on the differential
effects of immunosuppressive agents with regard to nephrotox-
icity, specifically, the reduction or withdrawal of CNI and their
replacement with nonnephrotoxic agents, to limit the risk of AR
(Table 53.1).

Primary prevention
Preventive measures include minimization of ischemia–
reperfusion damage, prevention of AR episodes by optimal
immunosuppressive treatment, and pretreatment of recipients
with HLA antibodies. Registry studies have shown that delayed
graft function, which is strongly related to the length of warm and
cold ischemia preceding reperfusion, has a clear association with
later development of CAN and subsequent graft loss [40]. Hence,
there is a general consensus that shorter ischemia–reperfusion
times lead to better long-term graft survival. With regard to
drugs used for reduction of ischemia–reperfusion damage, very
little has been achieved in clinical transplantation, although a
number of compounds efficiently reduce the effects of prolonged
ischemic injury in experimental animal models. One topical
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approach is the use of gene transfer to upregulate protective
genes [41].

Additional preventive measures include the pretransplant iden-
tification of sensitized patients and pretreatment of sensitized
recipients, because of the strong association between presensiti-
zation and subsequent development of CAN or humoral-driven
chronic rejection [42]. Various modalities have been used for pre-
treatment of sensitized patients, including either plasmapheresis
combined with intravenous immunoglobulins or rituximab [43].
These treatment modalities have been shown to reduce the occur-
rence of acute antibody-mediated rejection episodes. The extent
to which the frequency of chronic antibody-mediated rejection
becomes attenuated by these treatment modalities remains to be
seen, but early results are encouraging and long-term graft survival
does appear to improve [42,43].

The most important means of prevention is effective immuno-
suppressive treatment to prevent acute cellular rejection. This
can be considered as not only a preventive strategy but also as
part of the long-term management of CAN, given that differ-
ent immunosuppressive protocols affect the development of CAN
via their contribution to nephrotoxic injury. In contrast with
secondary treatment of CAN based upon diagnostic evidence
(e.g. SWITCH studies, which will be covered below), studies that
target early AR provide evidence on the effect of reduced AR on
subsequent development of histological CAN and its functional
sequelae [44,45]: the rate of decline of glomerular filtration rate
(GFR) and/or differences in the development of CNI nephrotox-
icity. Because CNI nephrotoxicity is an important component of
CAN, many primary prevention studies have focused on reduction
of CNI nephrotoxicity and reduction of early and late posttrans-
plant graft dysfunction.

First, the choice of CNI, Tacrolimus or Cyclosporine A, together
with the monitoring strategy (trough levels vs. blood levels at a
given time point) have been examined in a number of clinical
studies. Most of these studies were powered only to compare AR
rates, and the effects on other end points, including graft function,
rate of deterioration of GFR, or long-term graft survival must be
viewed with this caveat. The impact of CNI choice has recently
been reviewed [46]. The balance of evidence is that Tacrolimus
is associated with lower rates of AR than Cyclosporine A (with
conventional trough monitoring), although AR rates when C2
monitoring is used approach those of Tacrolimus. Given our un-
derstanding of the impact of AR on CAN, one would predict that
Tacrolimus would be associated with less CAN. In one random-
ized trial [47], an increase in interstitial fibrosis was demonstrated
with Cyclosporine A compared to Tacrolimus. In another small
randomized study renal function was significantly better and the
degree of interstitial fibrosis less in Tacrolimus-treated patients
than in those treated with Cyclosporine A, and there was also an ad-
vantage with regard to graft survival [48]. Renal function should be
considered a surrogate end point, but it is also one of the strongest
predictors of future graft loss [2,8]. There are a few studies that
have compared graft function in Tacrolimus-treated versus Cy-
closporine A-treated patients. The findings from the recent SYM-

PHONY and DIRECT studies [49,50], which compared various
therapeutic regimens containing Tacrolimus and Cyclosporine A,
do tend to support the notion that Tacrolimus use leads to bet-
ter early graft function, particularly when Tacrolimus is used with
mycophenolate mofetil (MMF) and when low trough levels (3–7
nmol/L) are targeted. But these are all relatively small studies with
short follow-up, provide little data on the long-term impact on
CAN, and neither registry studies [51] nor biopsy-based studies
[52] provide consistent support for one or the other CNI.

Another recent primary prevention approach has been to com-
pare the use of CNI with mTOR inhibitors (sirolimus [SRL] or
everolimus [EVL]), which are potent immunosuppressive and an-
tiproliferative agents but without direct nephrotoxic effects. This
class of compounds also seems to be useful in prevention of scar-
ring processes and the development of intimal hyperplasia in blood
vessels. Studies comparing SRL and Cyclosporine A as primary im-
munosuppressive agent [53–55] have demonstrated lower serum
creatinine and higher GFR in SRL-treated patients. To what extent
this would translate into a lower propensity for development of
CAN is not known, but similar findings were made in another pri-
mary prevention study that compared renal transplant function in
patients treated with Cyclosporine A and SRL, where Cyclosporine
A was withdrawn after 3 months in a randomized fashion com-
bined with increased doses of SRL [56]. Histological evaluation of
biopsies taken during follow-up in a subgroup of this study also
showed less interstitial damage or CAN in patients who withdrew
from Cyclosporine A [57]. However, the interpretation of these
data is clouded by the early combination of SRL with Cyclosporine
A, a combination that is known to potentiate the nephrotoxicity
of Cyclosporine A. Similar findings have been observed with EVL.
Compared with Cyclosporine A alone, EVL alone or in combi-
nation with low-dose Cyclosporine A (40% of original dose) had
beneficial effects on renal function [58]. Short-term reports have
shown better renal function with “high-dose” EVL or moderate
doses of EVL combined with a low dose of Cyclosporine A, com-
pared to Cyclosporine A alone. However, there are no long-term
data available at the present time.

Secondary prevention
The risk of AR decreases with time after transplantation. This ob-
servation provides an alternative two-phase strategy to limit AR
by the early use of CNI followed by CNI minimization or with-
drawal (to limit CNI nephrotoxicity and its contribution to CAN)
by the introduction (or dose increase) of nonnephrotoxic agents,
such as MMF or mTOR inhibitors. There is debate whether such
a strategy should be part of the treatment protocol, at 3–6 months
after transplantation, and preempt the development of histolog-
ical or functional CAN. The latter approach has been studied in
clinical trials. When MMF was used to allow CNI minimization or
withdrawal in patients with declining renal function and biopsy-
proven CAN, there was an improvement in renal function [59].
Subsequently, several other small studies demonstrated similar
findings with improved renal transplant function upon reduc-
tion or withdrawal of Cyclosporine A, facilitated by substitution
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by, or concomitant treatment with, MMF [60–65]. Most of these
studies have been small, open studies. Also, there is a complex
pharmacokinetic interaction between Cyclosporine A and MMF
such that that high-dose Cyclosporine A reduces the exposure of
MMF, whereas reduced Cyclosporine A increases the exposure to
MMF and thereby the risk of MMF-related side effects. This is true
to a lesser extent in the combination of Tacrolimus and MMF [66].

Withdrawal of CNI in stable maintenance renal transplant pa-
tients receiving CNI together with MMF and glucocorticoids im-
proved renal transplant function, albeit with a slight increase in
modest acute rejection [67].

Switch studies
An ongoing observational study (TRANCEPT) is capturing data
in patients with declining renal function, with or without biopsy-
proven CAN, for whom CNI have been reduced or withdrawn in
parallel with introduction of MMF. An interim report made at the
WTC 2006 [68] demonstrated a significant change in the slope of
the calculated GFR at the time of the switch.

Other switch studies have been conducted in patients switched
from CNI-based therapy to SRL (CONVERT trial). In the CON-
VERT trial, preconversion biopsies were made and transplant
biopsies will also be performed by the end of the study. A to-
tal of 800 patients were recruited, but the group with low GFR
(<40 mL/min) had to be stopped after only 70–80 patients, due
to adverse side effects. A 1-year, interim analysis in patients who
had preserved renal function (GFR, 40–70 mL/min) at inclusion
reported potential benefits on renal function, provided that pro-
teinuria was low, whereas patients with GFR below 40 mL/min that
were converted to SRL experienced a high frequency of side effects
without any improvement in kidney transplant function [69].

Combining mTOR inhibitors and CNI may lead to an enhanced
form of nephrotoxicity unless the Cyclosporine A or Tacrolimus
dose is reduced substantially (tentatively by two-thirds), appar-
ently due to increased formation of ROS causing renal injury (un-
published data).

Another (ongoing) switch study is the ASCERTAIN study, in
which stable RTR patients with GFR of 30–70 mL/min were ran-
domized (total of 450 patients; three groups) to EVL with CNI
minimization or elimination, or conventional CNI-based therapy.
The study is targeting transplant function, biopsy scoring of CAN,
and carotid intima media thickness. To date just over half the study
population has been recruited; the study will be reported in 2008–
2009.

Treatment of BK virus infection
The treatment of manifest BK virus nephropathy is problematic.
The options are reduced immunosuppressive medication (with
the associated risk of acute rejection), with or without concomi-
tant virus therapy [34]. In a recent report, leflunomide was used
as antiviral therapy, together with a reduction in immunosuppres-
sion, mycophenalate was discontinued, and Tacrolimus was given
in a reduced dose. Marked reductions in viremia and viruria were
observed. However, the seemingly beneficial effect of leflunomide

might have been secondary to reduced immunosuppression [70].
Cidofovir has also been used in the treatment of BKVAN, with
mixed results [71,72]. Overall, the treatment modalities for BK
virus nephropathy are hampered by a lack of randomized con-
trolled studies, and the precise place of BKVAN as a component of
CAN or as a separate entity remains to be resolved.

Treatment with nonimmunosuppressive agents
Since hypertension, both systemic and intraglomerular, is impli-
cated in CAN, the use of angiotensin converting enzyme inhibitors
(ACEi) and angiotensin II receptor blockers (ARB) is a logical ther-
apeutic approach. These agents slow the decline in renal function
in patients with diabetic and nondiabetic renal disease [73,74], and
their beneficial effects on blood pressure and proteinuria in renal
transplant recipients have been well-described [75–78]. Lin and
colleagues demonstrated that patients treated with ACEi or ARB
had a lower incidence and slower progression of renal insufficiency,
together with a significant decrease in the combined end point of
graft failure or death in patients receiving the ACEi or ARB. Camp-
istol and colleagues found that patients with documented CAN
had higher levels of transforming growth factor-� than a control
group of 15 kidney transplant recipients with normal renal func-
tion and without CAN. Treatment with losartan caused a decrease
in the transforming growth factor-� levels, which reached those
of the control transplant recipients without CAN. However, the
same study group recently presented the results of a randomized
placebo-controlled study with losartan, which failed to shown any
clinical benefit of losartan on CAN (AALOGRAFT) [79].

Statin treatment
The similarities between the pathophysiological processes under-
lying glomerulosclerosis and atherosclerosis suggest that statin
therapy (and lipid lowering in general) may be a useful strategy.
However, in the ALERT study, effective lipid lowering with fluvas-
tatin, with 5–7 years follow-up in 2100 patients, had no impact on
graft survival, rate of decline of function, or proteinuria. Thus, as
monotherapy at least, statin treatment has no effect on CAN [3].

Overall impact of CAN

Although we have focused on the effects of CAN on the graft,
there are additional considerations. Graft failure is associated with
major increments in cardiovascular and all-cause mortality risks,
reflecting the reverse of the published survival benefits of trans-
plantation over dialysis (e.g. Wolfe) [80,81]. Thus, patients in the
ALERT study who experienced graft loss had an overall doubling
of cardiovascular and noncardiovascular event rates. In a mathe-
matical modeling study by McLean and Jardine [82], graft failure
was associated with a threefold increase in overall risk. The poten-
tial impacts of CAN and future reduction in CAN can only really
be estimated. At the present time approximately 3% of all patients
with functioning transplants return to dialysis per annum, repre-
senting about 5% of all those patients starting dialysis each year.
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Slowing the rate of graft failure would increase the number of pa-
tients with functioning grafts and also the proportion of patients
who die with a functioning graft. Those patients who return to
dialysis will tend to be older and have a corresponding adverse
impact on survival on the dialysis population. Thus, the overall
benefit of reducing graft loss due to CAN is predicted to be an
increase the proportion of patients with end-stage renal disease
living with a functioning graft and a reduction in the proportion
of patients on maintenance dialysis.

Summary and conclusion

CAN is a clinical diagnosis, the components of which are pro-
gressive deterioration in graft function, premature graft failure,
and proteinuria, associated with histological changes of intersti-
tial fibrosis, tubular loss and atrophy, and vascular and glomerular
changes. It has two broad determinants, immunological, specifi-
cally the occurrence and severity of rejection episodes, and non-
immunological, specifically hypertension, proteinuria, hyperlipi-
demia, and the nephrotoxic effects of immunosuppressive drugs.
Despite our improved understanding of the mechanisms and nat-
ural history of CAN, therapeutic strategies have not been estab-
lished. As a consequence of reluctance to change immunosuppres-
sion in patients with stable graft function, there are few data to
support changing immunosuppression to prevent CAN; although
CNI reduction or withdrawal under cover of increased MMF has
proven benefits, these are marginal. The emerging importance of
CAN is a reflection of the success in preventing AR and should
now become the focus of clinical trials in transplantation.
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Introduction to evidence-based electrolyte
disorders section

Electrolyte and acid–base disorders are common. However, seldom
has the diagnosis or the treatment of these conditions been eval-
uated using an evidence-based approach. The reasons for this can
be readily discerned. The most common electrolyte and acid–base
disorders are secondary to other identifiable underlying conditions
or treatments and are not primary disorders. For example, hy-
ponatremia commonly occurs in association with congestive heart
failure; hypokalemia occurs with diuretic use, and metabolic aci-
dosis occurs frequently with sepsis and lactic acidosis. The primary
electrolyte and acid–base disorders are often of several distinct eti-
ologies. Diagnosis and treatment vary by condition and thus the
therapeutic approaches to each of these electrolyte or acid–base
disorders cannot necessarily be lumped together. For example,
treatment of metabolic acidosis from sepsis-induced lactic acidosis
will differ dramatically from treatment for metabolic acidosis asso-
ciated with chronic kidney disease (CKD). The usual treatment is
also frequently directed predominantly at the primary underlying
disorder, not the secondary electrolyte abnormality. Therefore, an
evidence-based approach to most of the electrolyte and acid–base
conditions has not been attempted to any significant extent.

Some electrolyte and acid–base disorders do occur as primary
disorders. These are usually the result of renal tubular disorders,
because the kidneys and specifically the tubular segments of the
nephron are the main regulatory site of the electrolyte and acid–
base composition of the body. However, all of these primary elec-
trolyte and acid–base disorders that arise from abnormalities in
renal tubular transport properties are unusual or rare (with per-
haps a few exceptions), and are therefore also difficult to evaluate
with typical evidence-based approaches. Another reason for the
limited number of evidence-based studies evaluating the diagno-

sis and management of electrolyte and acid–base disorders is the
widely held view that most clinical electrolyte and acid–base issues
are adequately addressed by a solid understanding of their physio-
logic mechanisms and that this physiologic perspective provides a
sufficient basis for determining the optimal strategies for their di-
agnosis and treatment. Diagnosis of these disorders is frequently
simple and straightforward (although diagnosis of the underly-
ing causes may not be); for example, to diagnose hypokalemia,
one measures the plasma potassium, and the confidence levels
for normal values are assessed routinely by clinical laboratories.
Therefore, the electrolyte and acid–base disorders covered in this
chapter are selective rather than comprehensive.

This chapter will briefly discuss metabolic acid–base disorders.
Because much of the approach to acid–base disorders is covered in
standard texts and reviews, the focus here will be on areas where
some systematic contemporary evidence-based approaches have
been provided. Respiratory disorders will not be covered in any
detail here. Subsequent chapters will discuss other electrolyte dis-
orders and renal stone disease.

Normal physiology of acid–base homeostasis

Homeostasis of the body’s acid–base balance occurs by mecha-
nisms that maintain the systemic arterial pH between 7.35 and
7.45. These mechanisms include ventilatory control of volatile
carbon dioxide (CO2), regulation of HCO−

3 by the kidneys, and
moderation by various buffer systems, particularly blood and
tissue proteins, bone, and the CO2/HCO−

3 buffer system. The
CO2/HCO−

3 buffer system is especially important because its com-
ponents can be directly adjusted independently in the body by
the lungs and kidneys, respectively. The interrelationship of the
components of systemic pH can be described by the Henderson-

Hasselbalch equation: pH = 6.1 + log HCO−
3

PaCO2×0.03 .
Normal physiologic processes generate large quantities of CO2

(which can be considered a volatile acid) that are exhaled by the
lungs. Failure of adequate excretion of CO2, such as with severe
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decompensated chronic obstructive pulmonary disease, causes
respiratory acidosis. Excess excretion of CO2, such as with hyper-
ventilation, causes respiratory alkalosis. With normal metabolism,
nonvolatile acids are also generated from dietary acids and as a by-
product of normal metabolism; nonvolatile acids consume HCO3,
thereby decreasing pH and, thus, will cause metabolic acidosis if
not excreted adequately. One role of the kidneys is to excrete this
nonvolatile acid and in the process generate new HCO3, which
replaces that consumed by these nonvolatile acids. Under usual
circumstances acid production and renal excretion are matched
to maintain a plasma HCO3 concentration of approximately 23–
26 mM. The kidneys regulate plasma bicarbonate concentration
by three main mechanisms. First, reabsorption of bicarbonate fil-
tered by the glomeruli occurs in several sites along the nephron:
the proximal tubule reabsorbs 70–80% of filtered HCO−

3 ; the thick
ascending limbs reabsorb another 10–15%; the collecting ducts re-
absorb most of the remainder such that virtually no bicarbonate
appears in the urine under normal circumstances. Second, the
kidneys excrete acid into the urine and in the process generate bi-
carbonate. Finally, ammonium, NH+

4 , excretion into the urine also
produces bicarbonate; NH+

4 is produced in the proximal tubule
via deamination of glutamine and is excreted into the urine by
complex processes which depend to a significant extent on acidi-
fication of the urine. These processes work normally to maintain
acid–base homeostasis; however, these same processes can create
disturbances under certain conditions.

The lungs and kidneys together under normal circumstances
mediate the physiologic compensatory responses to acid–base ab-
normalities (Table 54.1). Metabolic acid–base disorders can elicit
an immediate compensatory response by altering respiration and
the excretion of CO2. Respiratory derangements also elicit a com-
pensatory response with changes in the renal handling of bicarbon-
ate; however, the renal response to respiratory acid–base changes
takes several days to complete. Because these compensations are
predictable for a given simple acid–base disorder, failure of com-
pensation indicates another coexisting acid–base disorder. Pre-
dictable compensations to simple acid–base disorders were in-
vestigated many years ago and were used to create nomograms
to diagnose acid–base disorders and to create common formulas
used to predict their compensation. Such studies represented an
initial evidence-based approach but are not detailed here because
they are generally accepted.

Diagnosis of acid–base disorders

Acid–base disorders are commonly seen in clinical practice. Al-
though the possibility of an acid–base disorder may be suggested
by a patient’s history and physical examination, the presence of an
acid–base disorder is usually confirmed by abnormalities in arterial
blood gas and/or electrolyte values. The calculated HCO−

3 from
the arterial blood gas should closely approximate the measured
HCO−

3 (or total CO2) from the electrolyte panel. An abnormally
low pH is an acidemia (either metabolic, usually with a low HCO−

3 ,
or respiratory, with a high pCO2), and a high pH is an alkalemia.
However, because two or more processes may be occurring simul-
taneously, possibly with opposite effects on pH, identification and
recognition of processes in distinction from the pH, per se, are im-
portant. In this regard, calculation of the anion gap [Na+− (Cl− +
HCO−

3 )], which represents the unmeasured anions in plasma, is
also important in diagnosing specific acid–base disorders, even in
the absence of changes in plasma HCO−

3 [1]. An elevated anion gap
(normal, 6–11 mM in most laboratories) is usually associated with
a metabolic acidosis, particularly if the level exceeds 20 mM [2,3].
However, an elevated anion gap may not be a sensitive indicator
of lactic acidosis in critically ill patients [4]. In recent years some
investigators have proposed a different approach to understanding
acid–base disorders, the so-called Stewart approach [5,6], but no
clear benefits to this approach have yet been proven.

Metabolic acidosis

There are many well-established causes of metabolic acidosis
(Table 54.2). The mechanistic etiologies of metabolic acidoses
include large endogenous or exogenous acid loads that consume
plasma HCO−

3 , loss of HCO−
3 from the gastrointestinal tract

or kidneys, and/or the failure of the kidneys to excrete acids
accumulated as the normal by-products of metabolism. Clinically,
however, metabolic acidosis is usually approached by first catego-
rizing the condition as either a high anion gap acidosis or a normal
anion gap (or hyperchloremic) metabolic acidosis. Those condi-
tions causing a high anion gap metabolic acidosis include kidney
failure, ketoacidosis (either diabetic or alcoholic), lactic acidosis,
and intoxications. Four intoxications have been associated with

Table 54.1 Response to simple acid–base disorders.
Primary disorder pH pCO2 HCO−

3 Cl− Predicted response

Metabolic acidosis Low Low Low∗ ↑ or → � pCO2 (↓) = 1.0–1.4 ×� HCO−
3

Respiratory acidosis Low High∗ High ↓ Acute � HCO−
3 (↑) = 0.1 ×� pCO2

Chronic � HCO−
3 (↑) = 0.25–0.55 ×� pCO2

Metabolic alkalosis High High High∗ ↓ � pCO2 (↑) = 0.4–0.9 ×� HCO−
3

Respiratory alkalosis High Low∗ Low ↑ Acute � HCO−
3 (↓) = 0.2–0.25 ×� pCO2

Chronic � HCO−
3 (↓) = 0.4–0.5 ×� pCO2

∗Primary abnormality
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Table 54.2 Causes of metabolic acidosis.

High anion gap� Renal failure (severe)� Lactic acidosis
– L: tissue hypoxia, tumors
– D: short bowel syndrome, mental status changes; not measured by routine lab� Ketoacidosis: diabetic, alcoholic� Poisonings
– Salicylate (usually associated with respiratory alkalosis)
– Ethylene glycol
– Methanol
– Acetaminophen-induced 5-oxoprolinuria (pyroglutamic aciduria)

Normal anion gap� Diarrhea (loss HCO3)� Renal tubular acidosis� Renal failure� Ureterosigmoidostomy� Carbonic anhydrase inhibitors (e.g. acetazolamide for glaucoma)� Dilution with hyperchloremic solutions (e.g. saline)� Pancreatic or biliary diversion� Administration of inorganic acid or acid equivalents� Ketoacidosis, well hydrated or excretion of Na+ ketones

metabolic acidosis: salicylate, methanol, ethylene glycol, and
recently acetaminophen [7,8]. Simple laboratory tests (i.e. serum
creatinine, glucose, urine and plasma ketones, lactate, and toxicol-
ogy screening) can usually distinguish among these possibilities.

Although renal failure and ketoacidosis are classically associated
with an elevated anion gap, both conditions may also result in a
normal anion gap acidosis. Metabolic acidosis with a normal anion
gap often results from gastrointestinal loss of HCO−

3 (from diar-
rhea or conditions such as ureterosigmoidostomies) but may be
secondary to renal tubular acidosis (RTA). RTA represents a group
of disorders that present with normal anion gap or hyperchloremic
metabolic acidosis with a normal blood urea nitrogen and creati-
nine. They are classified as proximal (type II) RTA, in which renal
bicarbonate excretion is excessive, and distal RTA (types I and IV),
in which distal H+ secretion and/or ammonium ion excretion are
impaired. Urine pH is high (more alkaline than is appropriate)
in type I RTA but can be appropriately acidic in proximal (type
II) RTA and type IV RTA. Both types I and II are rare, partic-
ularly in adults, and are usually secondary to some underlying
cause that should be identified. Hypokalemia is a typical feature
in types I and II and may be more of a clinical issue than the aci-
dosis. In contrast, type IV RTA is characterized by hyperkalemia
and also frequently by low renin and aldosterone. Type IV RTA is
quite common in patients with moderate renal insufficiency, par-
ticularly CKD secondary to diabetic nephropathy. Other causes of
normal anion gap metabolic acidosis include carbonic anhydrase
inhibitors, dilution with hyperchloremic solutions such as saline,
and pancreatic or biliary diversion procedures.

Consequences of severe acute acidemia (blood pH < 7.1–
7.2) include predisposition to cardiac arrhythmias, venoconstric-

tion, characteristic increase in ventilation, central nervous sys-
tem depression, decreased total peripheral vascular resistance, pul-
monary edema, decreased blood pressure, reduced hepatic blood
flow, and impaired oxygen delivery. Acidemia also suppresses my-
ocardial contractility; however, inotropic function is typically nor-
mal because of catecholamine release induced by acidosis. These
alterations in organ function can contribute to increased morbid-
ity and mortality; however, the role of acidosis per se is not clear. In
fact, some acutely beneficial effects of acidosis have been proposed
[5]. Chronic acidosis is associated with bone resorption, growth
failure in children, kidney stones from hypocitraturia and hyper-
calciuria, possibly accelerated renal fibrosis, and muscle wasting
from protein catabolism.

Treatment of metabolic acidosis

The mainstay of treatment for metabolic acidosis is correction of
the underlying condition [9–11]. An area of interest and some con-
troversy has been whether alkali treatment is beneficial to patients,
particularly those with acute acidosis. Acute infusions of sodium
bicarbonate have the possible detrimental effects of volume over-
load, hyperosmolality, decreased ionized calcium, increased cel-
lular production of acids and, paradoxically, decreases in cere-
brospinal fluid pH and cellular pH [12,13]. Some specific entities
which have received particular attention will be addressed. The
controversy regarding the use of bicarbonate therapy in the treat-
ment of severe acidemia centers on three clinical disease states:
lactic acidosis, metabolic acidosis and hypercarbia associated with
cardiac arrest, and diabetic ketoacidosis [11].

Lactic acidosis
Lactic acidosis is typically caused by tissue hypoxia (type A lac-
tic acidosis) either from inadequate tissue circulatory perfusion
or acute hypoxemia. Typical etiologies for inadequate tissue per-
fusion include sepsis, cardiogenic shock, and hypovolemic shock.
Some malignancies, drugs (e.g. metformin and some antiretrovi-
ral agents in particular), and hereditary metabolic disorders have
also been recognized to cause lactic acidosis. The diagnosis can be
confirmed by an elevated lactate level, although the level may not
correlate well with either the degree of acidosis or the change in
anion gap.

Most patients with lactic acidosis are critically ill with profound
acidosis a major component of their condition. Although treat-
ment of the underlying condition is always attempted, treatment
of the acidosis per se with alkalinizing agents would seem logi-
cal. However, infusion of sodium bicarbonate frequently fails to
adequately correct the acidosis. No studies have shown a sur-
vival advantage. In addition, two small randomized controlled
trials (24 patients total) did not find any hemodynamic im-
provement in treating lactic acidosis with sodium bicarbonate
[14,15]. Dichloroacetate administration was found effective in
animals, but a sizable clinical trial failed to show any hemody-
namic improvement or survival benefit with this therapy despite an
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improvement in pH [16]. Other buffers such as Carbicarb (a mix-
ture of sodium bicarbonate and sodium carbonate) and TRAM
[Tris(hydroxymethyl)-aminomethane] have been used in animal
studies but have not been evaluated in suitable clinical studies
in humans [13,17]. Lactic acidosis and acidosis associated with
acute renal failure have also been treated in nonrandomized, non-
controlled studies with continuous hemofiltration methods with
improvement found in several parameters, but rigorous controlled
clinical studies have not been performed [18–22].

Guidelines on cardiopulmonary arrest (in which lactic acidosis
is usually present) have progressively restricted the recommen-
dation for sodium bicarbonate based on studies showing lack of
benefit in many circumstances [23,24]. Similar to other findings
noted above, a systematic review of controlled trials in preterm in-
fants with metabolic acidosis also found insufficient evidence for
the use of base infusion in this condition [25]; as in other condi-
tions of acidosis, this indicates a paucity of adequate randomized
controlled trials, not a finding that this treatment is not useful.

Acidosis in CKD
CKD with a glomerular filtration rate of less than 20–25% of nor-
mal is frequently accompanied by chronic metabolic acidosis. Aci-
dosis is generally mild to moderate in degree, with plasma bicar-
bonate concentrations ranging from 12 to 22 mEq/L (mmol/L),
with values rarely less than 12 mEq/L in the absence of an in-
creased acid load [26]. The degree of acidosis generally correlates
with severity of renal failure and usually is more severe at a lower
glomerular filtration rate. The metabolic acidosis can be of the
high anion gap type, although the anion gap can be normal or only
moderately increased, even in patients with stage 4–5 CKD. Long-
term adverse consequences have been associated with metabolic
acidosis, including muscle wasting, malnutrition, bone disease and
demineralization, impaired growth, abnormalities in growth hor-
mone and thyroid hormone secretion, impaired insulin sensitivity,
progression of renal failure, and exacerbation of β2-microglobulin
accumulation. In these cases of acidosis, administration of bicar-
bonate may be warranted; however, base therapy aimed at normal-
ization of plasma bicarbonate concentration might be associated
with certain complications, such as volume overload, exacerba-
tion of hypertension, and facilitation of vascular calcifications.
Whether normalization of plasma bicarbonate concentrations in
all patients with CKD is desirable therefore requires additional
study.

At present, although the National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (K/DOQI) guidelines recog-
nize the possible negative effects of metabolic acidosis, it is recom-
mended that plasma bicarbonate concentrations in patients with
CKD, both before and after the initiation of maintenance dialysis
therapy, be increased to 22 mEq/L, but not to completely normal
values [27]. Epidemiological studies in hemodialysis patients sug-
gest that normalization of serum bicarbonate levels is associated
with a higher mortality rate than when the lower K/DOQI level
is targeted. These studies do not permit exclusion of confounding
that may account for an apparent favorable survival with mainte-

nance of a mild acidosis in hemodialysis patients. The argument
against recommending full normalization of plasma bicarbonate
concentrations is currently under further investigation.

Because controlled studies examining the impact of different
levels of acidemia are yet to be reported, it is not clear whether
complete normalization of plasma bicarbonate concentrations is
necessary or desirable. However, compelling studies have shown
that even the small acid load resulting from the metabolism of
ingested foodstuffs can have a negative impact on bone and muscle
metabolism, even when plasma bicarbonate concentrations are
within the normal range. A systematic review of the literature on
chronic metabolic acidosis in patients with CKD concluded that
randomized controlled trials of correcting metabolic acidosis in
predialysis patients and in children are lacking [28]; for dialysis
patients, three small trials have provided evidence of protein and
bone metabolism improvement with treatment of acidosis, but no
large robust trials have been reported that have also evaluated the
impact of correction of the metabolic acidosis on mortality and
morbidity [28].

RTA type IV
Type IV RTA is also called hyperkalemic distal RTA. In this dis-
order, distal tubule secretion of hydrogen and potassium ions is
abnormal. Of the types of RTA, type IV is the most common. It is
an acquired disorder and is usually seen in patients with at least
some renal insufficiency, often secondary to diabetic nephropathy.
Drug-induced type IV RTA (e.g. from cyclosporine, tacrolimus,
angiotensin converting enzyme inhibitors, angiotensin receptor
blockers, and aldosterone antagonists) is generally seen in patients
who already have existing renal insufficiency. Patients who have hy-
poaldosteronism from pure adrenal abnormalities typically have
normal or high renin levels, while patients with disorders associ-
ated with CKD typically have low renin levels. In type IV RTA, con-
trol of plasma potassium is often more of an issue than the acidosis.
All patients should be instructed to maintain a low-potassium diet.
In addition, offending drugs that may interfere with aldosterone
action should be discontinued if possible. Fludrocortisone is also
effective in patients with hyporeninemic hypoaldosteronism. Type
IV RTA may respond to fludrocortisone therapy alone [29]; how-
ever, administration of a loop diuretic and/or a potassium-binding
resin such as Kayexelate and/or oral bicarbonate is usually prefer-
able [30,31], because fludrocortisone will often worsen the volume
overload and hypertension that are frequently present in patients
with CKD.

Treatment of other causes of metabolic acidosis

In ketoacidosis, similar to other causes of acute acidosis, stud-
ies have not shown a clear benefit from sodium bicarbonate ad-
ministration [24,32,33]. Guidelines for children with diabetic ke-
toacidosis do not generally recommend bicarbonate, but there
are areas where additional studies are needed [34,35]. Despite the
lack of clear data in support of bicarbonate usage in acute organic
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metabolic acidosis, many clinicians (including this author, in cases
with adult patients) use relatively slow infusion of iso-osmolar
sodium bicarbonate in some cases of severe acidosis [24].

Thiamine administration has been recommended by some,
based on theoretical and anecdotal grounds in both the ketoacido-
sis and the lactic acidosis that arise in the presence of nucleoside
analog reverse transcriptase inhibitors [36,37]. l-Carnitine has
also been tried for the latter condition [38,39].

In toxin-induced metabolic acidosis of the increased anion gap
type, one of the relatively new aspects of treatment is the use of
fomepizole for ethylene glycol and methanol intoxications [40,41].
The full benefits of this approach await validation in a large ran-
domized controlled trial.

Metabolic alkalosis

Metabolic alkalosis and alkalemia are common and associated with
significant morbidity [42]. The detrimental effects of alkalemia in-
clude neuromuscular irritability, arrhythmias, hypokalemia, cen-
tral nervous system dysfunction, and decreased ventilatory drive.
Metabolic alkalosis is usually caused by one of two conditions as-
sociated with volume and chloride depletion: 1) loss of gastric
contents from vomiting or nasogastric suction, or 2) diuretic use
(Table 54.3). In these conditions, the kidneys are unable to excrete
the excess HCO−

3 because of the volume and chloride depletion;
therefore, treatment with sodium chloride (and often potassium
to correct simultaneous potassium deficiency) and/or discontin-
uation of diuretics is sufficient treatment. These conditions are
characterized by, and can be confirmed by, the presence of a low
urine chloride (usually less than 20 mEq/L) if diuretics have not
been administered recently.

Table 54.3 Metabolic alkalosis: usual causes.

1 Chloride responsive (associated with volume depletion; urinary chloride <20,
unless recent diureticse; usually normal or low blood pressure; low K+; secondary
increases in aldosterone)� Vomiting or nasogastric suction� Diuretics� Rarely, congenital chloride diarrhea, cystic fibrosis, chloride-free infant formula
2 Chloride-resistant (associated with excess mineralocorticoids; urinary chloride
> 20)� Hypertension, mineralocorticoid excess (or similar biological action)� Secondary hyperaldosteronism (e.g. RAS)� Primary hyperaldosteronism (e.g. adenoma or Cushing’s)� Licorice� Genetic forms of hypertension (Liddle’s syndrome, etc.)� Normal or low blood pressure, salt wasting, secondary increase in aldosterone

(Bartter’s or Gitelman’s syndromes)
3 Hypokalemia: usually contributes to categories 1 and 2; severe ↓K+ alone can
rarely cause metabolic alkalosis
4 Posthypercapnic metabolic alkalosis
5 Renal insufficiency with alkali administration (e.g. milk alkali syndrome)

A second category of metabolic alkalosis is associated with ele-
vated urinary chloride (greater than 20 mEq/L) and hypertension;
these are frequently associated with syndromes of mineralocorti-
coid excess, such as in primary hyperaldosteronism or Cushing’s
syndrome. Little’s syndrome (with severe hypertension caused
by abnormal sodium channels in the collecting duct) and renal
artery stenosis can appear similar. Two conditions, Gitelman’s syn-
drome and Bartter’s syndrome, are associated with inherited tubu-
lar abnormalities of sodium chloride reabsorption, and patients
frequently have metabolic alkalosis, hypokalemia, and elevated
aldosterone but have normal or low blood pressure. These condi-
tions mimic diuretic abuse with either thiazide diuretics or loop
diuretics, respectively.

Occasionally, metabolic alkalosis can result from severe potas-
sium deficiency alone or from alkali administration in the setting
of renal insufficiency; a subcategory of the latter is the milk alkali
syndrome. Metabolic alkalosis can also result after chronic hyper-
capnia (with compensatory increases in plasma HCO3) has been
treated acutely, so-called posthypercapnia metabolic alkalosis.

Treatment of metabolic alkalosis is directed at the primary ab-
normality, as suggested above. Decreasing acetate administration
in parenteral nutrition solutions and decreasing gastric acid re-
moval (when nasogastric suction is ongoing) with proton pump
inhibitors or H-2 blockers may be useful adjuncts. Occasionally,
administration of acetazolamide, a carbonic anhydrase inhibitor,
can be useful in facilitating urinary excretion of HCO3 [43,44].
Under unusual circumstances, metabolic alkalosis can be treated
with acidifying agents or with hemodialysis.

Contemporary evidence-based approaches to either the di-
agnosis or the treatment of metabolic alkalosis have not been
performed.

Summary

Available evidence-based trials of the diagnosis and optimal treat-
ment of acid–base disorders are scarce. Thus, current practice relies
almost entirely on an approach based on physiologic reasoning.
New evidence from higher-quality observational studies and some
small randomized controlled trials evaluating outcomes with treat-
ment of various types of metabolic acidosis with sodium bicarbon-
ate have demonstrated that basing therapeutic recommendations
on a physiologically based logic might prove inadequate. Thus,
sodium bicarbonate infusion may correct an acid pH without ob-
vious improvements in survival or morbidity. Additional random-
ized clinical trials are indicated to help determine the optimal mode
and magnitude for acid–base treatment strategies. Some of these
strategies might involve administration of buffer, and others might
be directed at correcting the underlying renal tubular transport ab-
normalities responsible for generation of the acid–base disorder.
In the latter case, an understanding of the renal tubular pathophys-
iology of these acid–base disorders should lead to the generation
of new hypotheses regarding treatment and inform the design of
clinical trials.
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Similar limitations in the corpus of clinical trials evidence are
found when attempting to construct evidence-based recommen-
dations for the diagnosis and management of electrolyte disorders,
especially those due to renal tubulopathies. The best evidence that
informs the management of disorders of water, sodium, and potas-
sium are reviewed in the next two chapters. Tubular transport dis-
orders also play a key role in abnormalities of renal divalent cation
handling and pathogenesis of renal stone disease. An evidence-
based approach to the diagnosis and treatment of renal stone dis-
ease will be reviewed in chapter 57.
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55 Hyponatremia

Chukwuma Eze & Eric E. Simon
Section of Nephrology and Hypertension, Department of Medicine, Tulane University school of Medicine, New Orleans, LA, USA

Introduction

Hyponatremia represents a decrease of blood sodium relative to
water. This review will concentrate on disorders in which the serum
osmolality is concomitantly reduced (hypotonic hyponatremia)
in the adult population. We will concentrate on clinical evidence
pertaining to the setting and risk factors for hyponatremia and its
treatment. We will not discuss in detail the diagnosis, differential
diagnosis, or pathophysiology.

In the vast majority of cases, hyponatremia is causally associated
with elevated antidiuretic hormone (ADH) levels and an impaired
ability to excrete water. In the case of hypovolemic patients, ADH
levels are elevated as a physiologic response to severe intravascu-
lar volume depletion. Many of the patients with clinical euvolemia
and hyponatremia have the syndrome of inappropriate ADH secre-
tion (SIADH), and others have thiazide diuretic-induced hypona-
tremia or psychogenic polydipsia (which may also be associated
with elevated ADH levels). Those hyponatremic patients with ob-
vious volume expansion include patients with CHF and cirrhosis
who also have elevated ADH levels.

Clinical manifestations

Symptoms of hyponatremia are potentially due to two factors:
the decrease in osmolality with resulting brain edema and the
hyponatremia per se. Symptoms are variable, depending on the
blood sodium level, the rate of onset, severity, age, comorbidi-
ties, etc. The tolerance of severe levels of hyponatremia, especially
when it has developed over days and weeks, is due to brain adap-
tations. Our knowledge about the consequences and adaptations
to hyponatremia are necessarily derived from animal studies and
are crucial to understanding the effects of hyponatremia and the

consequences of treatment. With the acute development of hy-
ponatremia, water leaves the extracellular space down its concen-
tration gradient into the intracellular space, causing cell swelling.
The brain, encased by the cranium, is particularly prone to the ef-
fects of swelling. Because of the constraints of the skull, the brain
is limited to about a 10% increase in volume before death from
brain herniation ensues [1]. The onset of hyponatremia is coun-
tered by brain adaptations, notably, the loss of solutes. The loss of
solutes from the intracellular space attenuates the intracellular ac-
cumulation of water, limiting cerebral edema. Initially, electrolytes
including potassium are lost. In rats, significant electrolyte loss is
observed as early as 6 h and is essentially maximal by 24 h after the
onset of hyponatremia [2,3]. Within 24 h there is also loss of non-
electrolyte osmols, such as myoinositol, which continues for about
48 h. In part because of the loss of these electrolytes and organic
molecules, slowly developing hyponatremia is often well-tolerated.
At some point, these adaptations are exceeded and overt symptoms
ensue. Symptoms referable to hyponatremia include altered sen-
sorium, lethargy, headache, nausea, dizziness, vertigo, falls, and
muscle cramps. More severe manifestations include seizures, non-
cardiogenic pulmonary edema, respiratory arrest, brain stem her-
niation, and death. The onset of severe symptoms, such as seizures,
whether during acute or chronic hyponatremia, signifies critical
brain edema and constitutes a medical emergency. With chronic
hyponatremia, because the brain has adapted by loss of osmols,
rapidly raising the serum sodium concentration back to closer-
to-normal levels may have adverse effects, such as central pontine
myelinolysis (CPM). It is believed that the loss of brain solutes
makes the brain susceptible to intracellular dehydration during
rapid correction of hyponatremia. Studies in rats and dogs have
demonstrated this phenomenon. On the other hand, complete
correction of the blood sodium is not required to alleviate the
hyponatremia-induced elevated pressures in the brain to noncrit-
ical levels [1]. Thus, the optimal treatment of hyponatremia needs
to take into account these experimental observations and theoret-
ical considerations.

Due to brain adaptations, overt symptoms are generally not en-
countered in patients with chronic hyponatremia until the serum
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sodium has fallen below 125 mEq/L, and often lower concentra-
tions are observed in patients without symptoms. However, some
patients have overt symptoms with serum sodium concentrations
over 120 mmol/L (see, for instance, Figures 2 and 3 in reference
4). Many of these patients with symptoms at higher sodium lev-
els have acute or subacute hyponatremia. In acute hyponatremia,
frank cerebral edema has been documented in experimental ani-
mals.

Whether patients with chronic hyponatremia and moderately
depressed blood sodium levels have truly normal central nervous
system (CNS) function is questionable. Patients with psychogenic
polydipsia were found to exhibit neurologic deficits when hy-
ponatremic that were not clearly related to the underlying psy-
chosis [5]. Even more convincingly, a recent study in patients with
SIADH found neurological abnormalities, including gait distur-
bances, present even in mild hyponatremia, a symptom that may
contribute to the increased incidence of falls observed in the hy-
ponatremic patients [6]. Similarly, correction of hyponatremia
with a vasopressin antagonist resulted in an improvement in self-
reported changes in sensorium [7].

Incidence, morbidity, and mortality

General hospital setting
Hyponatremia is a common clinical condition. The incidence de-
pends on the clinical setting and the definition of hyponatremia.
Normally, serum and plasma sodium levels are identical, with the
lower limit of normal defined as 136 mmol/L. Two large prospec-
tive studies have helped define the frequency and etiologies respon-
sible for hyponatremia. Anderson et al. prospectively examined
patients admitted to a university hospital and carefully delineated
the incidence of and the likely etiologies for the hyponatremia in
this hospital cohort [8]. The incidence and prevalence of hypona-
tremia, defined as a plasma sodium concentration of less than 130
mEq/L, were 1.0% and 2.5%, respectively. Two-thirds of these pa-
tients developed hyponatremia after admission to the hospital. Hy-
perglycemia, a cause of nonhypotonic hyponatremia, was present
in 16%, laboratory error in 5%, and severe kidney failure in 9%.
The remainder had hypotonic hyponatremia. Of these, 19% were
hypovolemic, 17% had edema, and 34% were clinically normov-
olemic. Most of the latter group were thought to have SIADH and,
overall in those in whom it was measured, 97% of patients with
hypotonic hyponatremia exhibited elevated ADH levels. Severe
hyponatremia, defined as a plasma sodium concentration of less
than 120 mEq/L, was seen in 12% of the hyponatremic patients.

A recent study from Singapore [9] examined plasma samples
obtained from both hospital and clinic settings. In the hospital
setting, the incidence of serum sodium of <126 mEq/L was 6.2%
and for levels <115 mEq/L the incidence was 1.2%. Similar to
the Anderson et al. study, more than half of the patients who
developed severe hyponatremia (serum sodium, <126 mEq/L)
did so after hospitalization. The incidence of severe hyponatremia
in the hospital was about 20 times that seen in a community care

setting. The prevalence of hyponatremia increased progressively
with age, starting at age 40. A retrospective analysis suggested that
patients admitted to an intensive care unit have an even higher
incidence of hyponatremia of 30% [10].

Mortality associated with hyponatremia may be from associ-
ated conditions causing the hyponatremia or the hyponatremia
itself via its CNS effects. Mortality varies depending on the set-
ting. Observational studies that have permitted quantification of
the mortality risk associated with hyponatremia in various clinical
circumstances were summarized by Lee et al. [11] and will not be
repeated here in detail. Hospitalized patients with a blood sodium
of less than 120 mEq/L show a 20–50% mortality. A recent study
by Hoorn et al. [12] addressed the incidence and causes of hypona-
tremia in 5437 hospitalized patients. Severe hyponatremia (plasma
Na of ≤125 mEq/L) was seen in 3% of patients in whom plasma
sodium was measured (54% of total admissions). These patients
were followed as a cohort. About equal numbers of these patients
had developed severe hyponatremia in the hospital versus present-
ing with hyponatremia on admission. Symptoms attributable to
hyponatremia per se were found in 36% of this cohort (27 pa-
tients). Mortality was 19% (76 patients) for patients with severe
hyponatremia, a finding that is consistent with the previous studies
cited. However, only half of the patients who died were felt to have
had symptomatic hyponatremia antemortum. Thus, how much of
the morbidity and mortality was attributable to the observed hy-
ponatremia is unknown, but hyponatremia probably played a role
in at least 19 patients, including three of the deaths. The risk factors
identified in these observational studies for the development of se-
vere hyponatremia in the hospital setting included prescription of
thiazide diuretics and ADH-stimulating drugs, surgery, and the
administration of hypotonic fluids.

Nursing home patients
A combined retrospective and prospective study of nursing home
patients found a high prevalence of hyponatremia (<135 mEq/L)
of 18% compared to an age- and gender-matched control pop-
ulation prevalence of 8% [13]. Of the nursing home patients in
this study, 53% had at least one episode of hyponatremia dur-
ing a 1-year period. However, hyponatremia did not confer ex-
cess mortality. The high mortality (17%) in the patients exhibit-
ing hyponatremia was no different from normonatremic patients
(21%). Thus, it is difficult to assign a precise mortality risk to
hyponatremia in such a nursing home population per se versus
an increased mortality risk attributable to their underlying dis-
eases. Nevertheless, clinical observations as well as observational
studies examining the effects of treatment versus no treatment (al-
beit not in a controlled manner) are supportive of the view that
symptomatic hyponatremia causes death and other adverse out-
comes. This causal link will be discussed further in the section on
treatment, below.

Psychogenic polydispsia
The entity of hyponatremia in patients with psychiatric illness has
been reviewed by de Leon et al. [14]. There is a high incidence of
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psychogenic polydipsia, especially in patients with schizophrenia,
which generally precedes episodes of frank hyponatremia. Over-
all, patients with schizophrenia have a 3–5% incidence of hypona-
tremia. Those who develop hyponatremia are generally found to
have impaired water excretion due to elevated ADH levels despite
volume expansion and excessive water loads. The elevated ADH
levels are in turn usually attributable either to medications or to
the psychosis itself [15]. The hyponatremia and/or its correction
may be life-threatening [16] but may also contribute to more per-
sistently impaired CNS function [5].

Postoperative
Arieff presented disturbing clinical vignettes describing young,
otherwise-healthy women who underwent surgery and in the sub-
sequent postoperative period were found to have severe hypona-
tremia and severe neurologic abnormalities [17]. The majority
of these patients subsequently experienced respiratory arrest fol-
lowed by permanent neurologic impairment or death. In the post-
operative period, multiple mechanisms impair free water excretion
and stimulate ADH, including volume depletion, drugs, and pain.
Especially if hypotonic fluids are administered, hyponatremia may
result. The true incidence of postoperative hyponatremia is un-
known and likely varies between centers depending on the aware-
ness of the anesthesia and surgical staff of the dangers of hypo-
tonic fluid administration (either as dextrose in water [which is
effectively water after metabolism of dextrose] or as hypotonic ir-
rigation solutions). The incidence of postoperative hyponatremia
(plasma sodium of <130 mEq/L) as reported for 1986 from the
University of Colorado was 4.4%, with a mortality rate of 4.2%
(two patients); mortality was significantly higher than that for nor-
monatremic surgical patients (0.2%) [18]. However, no symptoms
of hyponatremia were present in these two patients. Importantly,
94% of the patients with hyponatremia were given hypotonic flu-
ids. This suggests that this complication is largely preventable.

Over a 14-year period at the Mayo Clinic, 290,815 female
patients between 15 and 50 years of age underwent surgery.
Eleven (0.004%) patients had metabolic encephalopathy, new-
onset seizures, or CPM in association with hyponatremia. None
had cardiac arrest, as was reported in the series reported by Arieff.
The authors concluded that the incidence of this entity is extremely
low though nevertheless important.

Hyponatremia after transurethral resection of the prostate de-
serves further comment. During the procedure, irrigation with
large volumes of fluid commonly containing glycine, but no
sodium, has been used routinely in the past. Absorption of this
hypotonic fluid results in increased glycine levels and hypona-
tremia. The use of sodium-containing irrigants is precluded by
the electrical conduction of electrolyte solutions during the use of
electrocautery. Newer methods should make this practice obsolete
[19].

Cerebral salt wasting
Excessive urinary loss of sodium in association with CNS disease
resulting in hypovolemia and hyponatremia was first described in

1950s. The recognition of the syndrome of cerebral salt wasting
(CSW) has reemerged in recent years [20]. The pathophysiology of
CSW is unclear, but elaboration of a natriuretic hormone(s) such
as brain natriuretic protein has been proposed. The resulting vol-
ume depletion leads to elaboration of ADH and impaired ability to
excrete water. The high ADH levels and the difficulty in assessing
volume status have often led to the confusion of this entity with
SIADH. For instance, uric acid levels, usually high in volume de-
pletion, are low in SIADH because of volume expansion. They are
also low in CSW, perhaps due to the elaboration of a natriuretic
and uricosuric hormone [21]. Renin and aldosterone levels may
also be low in CSW due to decreased neural input to the kidney
from the brain. Most of the cases of CSW have been described
after subarachnoid hemorrhage, but CSW has been seen in a vari-
ety of other CNS diseases and injuries. The existence of this entity
has been supported by balance and hemodynamic studies which
have tended to rule out SIADH; the true incidence of CSW is not
known. As the treatment of hyponatremia in other settings such
as SIADH involves water restriction, the distinction between CSW
and SIADH is critical: water restriction in CSW would only exac-
erbate the volume depletion and not address the need for volume
repletion.

Marathon runners
Hyponatremia has long been described during prolonged exer-
cise. New studies have defined the incidence and risk factors in
marathon runners. Runners have been advised to drink before
they are thirsty. A popular method of running marathons is to
walk through every water stop for about 1 min, often spaced ev-
ery mile, and drink plenty of fluids during the walking segments.
Marathons have become increasingly more popular in recent years,
attracting many slower runners. Almond et al. [22] prospectively
studied runners in the Boston Marathon. They enrolled 766 run-
ners, although only 488 gave a blood sample at the end. Thirteen
percent had serum sodium levels of ≤135 mmol/L, with three at
<120 mmol/L (0.6%). Factors that predicted hyponatremia af-
ter multivariate analysis were body mass index (BMI; both high
and low), longer racing time, and weight change (gain) during the
marathon (with a surprising number of runners, both with and
without hyponatremia, actually gaining weight). The type of fluid
intake did not influence the prevalence of hyponatremia. This and
other studies have led to new recommendations for fluid intake
during marathons [23]. However, it should be pointed out that not
all runners develop hyponatremia. A study of finishers of the 2003
Boston Marathon showed that among those 140 runners who had
collapsed, 6% were hyponatremic and 69% were normonatremic,
while 25% were actually hypernatremic [24].

HIV/AIDS
Hyponatremia has been found with a high frequency in persons
with AIDS and AIDS-related complex. In a 3-month prospective
study of 259 admissions with 212 patients, Tang et al. [25] noted
hyponatremia (serum sodium of <135 mmol/L) during 38% of
hospitalizations. Hyponatremia was present on admission in more
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than half of these episodes. The majority of episodes were in eu-
volemic patients and were attributed to SIADH, with most of the
rest attributable to hypovolemia of a gastrointestinal etiology. Hy-
ponatremia in this setting was associated with longer admissions
and increased mortality.

Drugs
Drugs are an important cause of hyponatremia and, as indicated
above, contribute to hyponatremia in psychogenic polydipsia. Se-
lective serotonin reuptake inhibitors used for depression are an
important class of drugs that produce hyponatremia in a relatively
large percentage of patients. A retrospective analysis of 845 patients
aged 65 years or over showed an incidence of hyponatremia, de-
fined as a plasma sodium of <130 mmol/L, of approximately 0.5%
[26]. More recently a prospective study of 75 patients revealed a
12% incidence of hyponatremia defined as a plasma sodium of
<130 mmol/L [27]. Most had no or mild symptoms, such as nau-
sea and fatigue, but one patient became confused. The appearance
of hyponatremia was generally seen during the first 2 weeks of
treatment and was more common in those with lower baseline
plasma sodium levels and lower BMIs.

Thiazide diuretics are associated with hyponatremia. The ac-
tual incidence is not clear. Because of the large number of patients
treated with diuretics, they are an important cause of hypona-
tremia. In a series of 1000 consecutive hospitalized patients, severe
hyponatremia (plasma sodium of<129 mmol/L) occurred in 9.1%
of the patients on diuretics versus 5.7% of those not treated with
diuretics [28]. Diuretic-induced hyponatremia is more common
with thiazide than loop diuretics and when it occurs it often ap-
pears within 2 weeks of starting therapy [29]. Thiazides may cause
volume depletion in some patients with stimulation of ADH secre-
tion. However, in others there is apparent SIADH with features of
volume expansion, such as low uric acid levels. Stimulation of thirst
also appears to be an important component of thiazide-induced
hyponatremia. Risk factors for thiazide-induced hyponatremia,
analyzed in a case–control study, include advanced age and low
BMI [30].

The drug Ecstasy has also been implicated in acute hypona-
tremia by stimulating ADH levels and thirst [31]. The incidence
for this is unknown.

Desmopressin is used to correct bleeding diatheses from von
Wildebrand factor deficiency and, as expected, can cause hypona-
tremia, although the true incidence of desmopressin-induced hy-
ponatremia in this setting is unknown. Larger numbers of adults
are treated with desmopressin to treat nocturia. Rembratt et al.
[32] compiled information on 632 patients from three trials. The
incidence of hyponatremia in this population was high, averaging
15%, with 3% of all treated patients having at least one sodium
reading of <125 mmol/L. Risk factors for the development of
hyponatremia included low body weight, age of ≥65 years, and
low basal serum sodium levels [32]. These findings imply that el-
derly patients with low baseline sodium should not be treated with
desmopressin.

Cirrhosis
Hyponatremia in cirrhosis results from neuro-hormonal activa-
tion, including a nonosmotic vasopressin release. In the hospital-
ized cirrhotic patient population, the prevalence of hyponatremia,
defined as a serum sodium level of <130 mEq/L, is about 30%
[33,34]. There is a near-uniform association with ascites in these
series, with infections and diuretic use also contributing. Bor-
roni et al. reported a mortality of 26% in the hyponatremia co-
hort; elevated bilirubin (>2 mg/dL) and serum urea (>43 mg/dL)
were independently correlated with mortality [34]. Mortality was
even higher (48%) in the group with severe hyponatremia (serum
sodium of <125 mmol/L). Studies have not shown an indepen-
dent association of hyponatremia with adverse clinical outcomes.
It is yet to be established whether hyponatremia is an independent
risk factor for death rather than a confounder, that is, a comorbid
event associated with other independent risk factors for death.

Congestive heart failure
CHF is associated with neuro-hormonal activation with stimu-
lation of the renin–angiotensin system, the sympathetic nervous
system, and arginine vasopressin. These result in a defect in water
excretion and increase in thirst. Hyponatremia in CHF portends
a poor prognosis. In the 1980s Packer and colleagues [35] found
that the presence of hyponatremia predicted mortality in patients
with CHF. In 203 patients with severe CHF, median survival for
those with a normal serum sodium (>137 mmol/L) was 373 days,
versus only 164 days for those with hyponatremia [35]. Treatment
with angiotensin converting enzyme inhibitors improved the hy-
ponatremia [36,37]. Packer et al. also showed in a retrospective
analysis that treatment of CHF with angiotensin converting en-
zyme inhibitors was associated with decreased mortality in the
hyponatremic patients [35]. As described below, vasopressin an-
tagonists may also decrease mortality in hyponatremic patients.

Treatment

Before treatment is contemplated, a plasma osmolality mea-
surement is generally needed to verify the presence of hypo-
tonic hyponatremia, although exceptions such as hyponatremia
in marathon runners exist. Despite the use of ion-specific elec-
trodes, falsely low serum sodium values are still encountered.

Hyponatremic encephalopathy
The overriding issues regarding the proper treatment of hypona-
tremia are the rapidity and magnitude of correction of acute and
chronic hyponatremia. Unfortunately, there are no randomized,
controlled trials (RCTs) that have addressed these issues. Further,
many of the studies that evaluated treatment strategies have in-
cluded both patients with acute and patients with chronic hy-
ponatremia and have at times not distinguished between these
two fundamentally different patient groups. Furthermore, these
studies have described a variety of methods of correction of
hyponatremia (or no correction). Definitions of acute and chronic
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hyponatremia vary between studies. The studies are typically small.
And, most importantly, the methods of correction are usually in-
terrogated without comparisons to a control treatment strategy,
making bias very possible. Often the patient undergoing the ex-
perimental treatment is compared to historic controls or to con-
temporary patients who have not been enrolled in an RCT. For
instance, patients with severe underlying diseases might not be
treated aggressively and may be included in the control group for
comparison to patients treated aggressively. The rates of correction
are not always comparable between studies, and overall rates may
mask periods of treatment in which rates of correction were either
faster or slower than the reported mean. Thus, the treatment of
hyponatremia remains controversial, with insufficient data from
RCTs to fully inform therapy. The controversy can be summarized
as follows. If a symptomatic patient is corrected slowly, permanent
neurologic sequelae may ensue, and some have argued that rapidly
correcting sodium is safe and effective in avoiding these sequelae.
On the other hand, it has been argued that slow correction leads to
better outcomes and that overly rapid correction also often leads to
permanent neurologic sequelae, especially demyelinating lesions,
such as CPM or osmotic demyelinating syndrome.

As there are no controlled trials, a careful evaluation of the re-
ported studies (Table 55.1), in conjunction with clinical reasoning
dictated by pathophysiologic principles, may allow for reason-
able conclusions about treatment in the absence of more robust
clinical trials evidence. Some of the studies (mostly retrospec-
tive cohorts) have divided patients into arbitrary correction rate
groups (expressed either as milliequivalents per liter per hour or
as a cumulative magnitude of correction over a time interval, such
as 24 h) and then have reported the incidence of complications.
Other studies (nested case–control study design) have divided the
patients into those with complications versus those without and
then compared their rates of correction.

In 1982 Ayus et al. [38] presented a case series of seven selected
cases of severe hyponatremia who were corrected rapidly and who
experienced no neurologic sequelae. Only two of the cases were
clearly acute. All were treated at a relatively rapid rate, yet none
had neurologic sequelae. The authors reviewed the literature up
to that time (case reports and small case series) and suggested that
those patients who were treated rapidly (>1 mEq/L/h) generally
(11 of 12) recovered without sequelae, whereas those who were
treated more gradually (13 patients) all had neurologic sequelae.
Similarly, Worthley [39] reported that four of five patients with
acute hyponatremia treated rapidly did well. One 47-year-old
woman exhibited neurologic sequelae after a seizure in the post-
operative period, but effects of treatment could not be ruled out as
a cause of her neurologic symptoms. Ashouri [40] presented eight
elderly patients with severely symptomatic, diuretic-induced,
hyponatremia who were treated with hypertonic saline at a
moderately rapid rate. All were said to have recovered without
sequelae, although one patient could conceivably have had CPM.
It was not stated if these cases were selected or consecutive. None
of these three studies examined different rates of correction, and
all were small.

In what remains one of the largest series of symptomatic hy-
ponatremia (64 patients), Sterns [41] in a retrospective analysis
reported that treatment of 26 patients (25 chronic, 1 acute) with
hyponatremia at a rate of<0.55 mmol/L/h to a level of 120 mmol/L
resulted in no sequelae. Although none of the 7 patients with acute
hyponatremia who were treated at a rate higher than this had se-
quelae, 7 of 27 with chronic hyponatremia who were treated at
the higher rate were reported to have had neurologic sequelae,
including CPM. None of these seven were corrected to frankly
hypernatremic levels, and most were corrected to hyponatremic
levels. However, all seven patients were corrected at a rate of >12
mmol/L/day.

Ayus et al. [42] advocated a more aggressive approach to treat-
ment in a combined prospective observational study and retro-
spective study of cases of CPM and also a literature review. Thirty-
three patients, studied prospectively, were treated at a rapid rate
and had no neurologic sequelae. The magnitude of correction at
24 h (20 ± 1 mEq/L/h) was higher than the rate reported by Sterns.
In those patients who were selected because they had CPM, the
magnitude of correction of 37 ± 3 mEq/L at 41 ± 3 h was higher
than in those patients who had no sequelae (21 ± 1 mEq/L at 48
h). Similarly, data gleaned from the literature for patients with de-
myelinating lesions showed a higher magnitude of correction (27
± 2 mEq/L at 39 ± 4 h) than in patients without sequelae. Both
groups with CNS events had a higher magnitude of correction
(both P < 0.01) at 24 h than those without CNS events, although
the actual levels were not stated. The authors concluded that pa-
tients could be safely corrected rapidly but only if the magnitude
of the correction was kept to less than 25 mEq/L at 48 h. Although
25 mEq/L at 48 h is similar to 12 mEq/L at 24 h, much of the con-
troversy actually stems from this difference. In the study by Ayus
et al. the magnitude of correction at 24 h was higher than that in
Sterns [41] and to an extent that was associated with neurologic
sequelae in the Sterns study.

Brunner et al. [43] prospectively studied 13 hyponatremic pa-
tients admitted from the emergency room. Three of 13 developed
CPM. The rate of correction in these patients with CPM was signif-
icantly higher than those who had no sequelae. One of the patients
with CPM had acute hyponatremia after transurethral resection
of the prostate. Although his serum sodium on admission at 133
mmol/L was only mildly decreased, the magnitude of correction
was 40 mmol/L in the first 24 h.

Cheng et al. [44] examined retrospectively severe hyponatremia
in a large psychiatric hospitalized population. The nurses were
trained to recognize the potential of psychogenic polydipsia and,
when suspected, action was taken promptly. Therefore, the 13 pa-
tients with seizures were all considered to have acute hypona-
tremia. Treatment varied from hypertonic saline to water restric-
tion. (Note that patients with psychogenic polydipsia often have a
large spontaneous water diuresis). All recovered uneventfully after
a rate of correction averaging 1 mmol/L/h. Tanneau et al. [16],
however, found complications after treatment of hyponatremia in
patients with psychogenic polydipsia. They examined retrospec-
tively 24 separate episodes in 12 patients with hyponatremia and
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serum sodium concentrations of ≤115 mmol/L. Five patients suf-
fered neurologic sequelae. The overall rate of correction was 1.9
mmol/L/h. In those with no sequelae, the magnitude of correction
over the first 24 h was significantly lower than those with adverse
events (15.5 ± 5.1 vs. 21.8 ± 3.9 mmol/L). Of note, however, was
the finding that all of the patients with sequelae developed hy-
ponatremia at home. Therefore, it is likely that some or all of those
with sequelae did not have acute hyponatremia.

Sonnenblick et al. [29] analyzed retrospectively 14 patients
with diuretic-induced hyponatremia and sodium levels of <115
mmol/L. Using definitions of rapidity of correction similar to
Sterns (less than or greater than 0.6 mmol/L/h), they found that 8%
of those in the slower correction rate group had sequelae (death
or demyelinating syndrome) versus 37% in the more rapid rate
group. Looking at the data by magnitude of correction at 24 h,
those with a correction of <20 mmol/L in the first 24 h had an
11% complication rate, compared to a 32% complication rate in
those corrected by >20 mmol/L.

In one of the earliest prospectively assembled cohorts, Ellis [45]
evaluated a large number of patients (184) with sodium levels
of ≤120 mmol/L. Patients who recovered without complications
had a rise in sodium of 8.2 mmol/L in the first 24 h, whereas those
who developed complications were corrected on average by 12.1
mmol/L. Figure 4 of that paper allowed an evaluation of the ef-
fects of magnitude of correction on the complication rate. In those
corrected by less than 10 mmol/L at 24 h, 1 of 100 patients had
neurologic sequelae attributable to treatment, whereas in those
corrected to ≥10 mmol/L, 9 of 58 developed complications. Thus,
these studies support an even more cautious approach than that
suggested by Sterns. However, as with all of these studies, the pa-
tients were not randomized to the different treatment groups. Al-
though the majority of the patients had chronic hyponatremia,
the results were not factored for acuity of the baseline hypona-
tremia. One could postulate that the rate that emerged from the
prospective cohort of Ellis was too slow for patients with acute
hyponatremia. If the cutoff rate were set at 14 mmol/L/24 h, then
7.7% (1 patient) who were corrected faster than this rate had an
adverse neurologic sequela, versus 6.2% of those corrected at a
slower rate. Thus, although the author supports a slower rate of
correction, alternative interpretations are possible.

Ayus and Arieff [46], in a prospective observational study, exam-
ined the outcomes of postmenopausal women with hyponatremia
defined as a serum sodium of <130 mmol/L (higher than the other
studies cited). Postmenopausal women were studied because they
were felt to have a “lower risk” than premenopausal women. All of
the patients treated initially with water restriction alone developed
complications, whereas none of the cohort corrected at a faster
rate (averaging 0.8 mmol/L/h) exhibited neurologic sequelae. The
latter group had an average rise in their serum sodium of about
14 mmol/L at 24 h. In those treated with water restriction only, the
rise in plasma sodium after 24 h was only about 3 mmol/L. Twenty-
two patients were seen by the authors after they had already had a
respiratory event. They were then further corrected more rapidly at
0.8 mmol/L/h, but the neurologic sequelae persisted in 14 patients

despite the correction. The authors concluded that prompt treat-
ment at fast rates, prior to a respiratory event, is critical. The data
support the view that symptomatic patients represent an emer-
gency that must be corrected with saline, as those who ultimately
experienced adverse events had an extremely low rate of correc-
tion. However, the data do not adequately address the optimal
speed for this rapid correction, as the numbers of patients studied
were low and the patients were not randomized.

The most recent study, by Nzerue et al. [47], examined 168
patients admitted to a tertiary care hospital with sodium levels of
≤115 mmol/L. Those with no observed sequelae were corrected
at a higher rate than those with complications. The sodium at
48 h was 127 mmol/L in those without complications and 118
mmol/L in those with complications. The authors concluded that
rapid correction is better. However, most of the patients in this
study had acute hyponatremia (82%), yet the rate of correction in
those with sequelae was minimal. This again supports the view that
symptomatic hyponatremia should be corrected with saline, but
the study did not adequately address the optimal rate of correction.

Based on these studies, general guidelines have been suggested
to maximize the potential for recovery while avoiding CPM [48–
51]. However, case reports have continued to be presented which
describe CPM in patients despite correction at relatively low rates
[52–55]. Patients with preexisting malnutrition and/or potassium
depletion appear to be at particular risk of CPM [56]. It has been
postulated that these patients are unable to reaccumulate brain
osmols during correction of hyponatremia, making them partic-
ularly vulnerable to brain dehydration.

There are no studies that have examined the specific mode of
treatment of acute symptomatic hyponatremia, and guidelines are
largely based on theoretical arguments. The studies cited above
used a variety of methods of treatment. In the euvolemic symp-
tomatic patient, hypertonic saline is recommended because saline
may aggravate hyponatremia, especially in patients with SIADH.
The administration of normal saline to patients with SIADH can
actually decrease the serum sodium, as the patients may excrete
the sodium while reabsorbing the water because of inhibition of
aldosterone and elevated levels of ADH. However, there have been
no controlled studies comparing directly saline and hypertonic
saline. Furosemide has been used to lower urine osmolality, but its
role has not been systematically evaluated. Furosemide does not
consistently lower urine osmolality below plasma and thus normal
saline could theoretically aggravate hyponatremia even in the face
of furosemide treatment. Furosemide would of course be useful
in the hypervolemic patient to prevent further volume overload.
ADH antagonists have no role at this time in the acute treatment
of hyponatremia because they have not been studied for this in-
dication and because the studies so far suggest that the rate of
correction would be too slow. Urea has been used in symptomatic
hyponatremia but experience is limited [57].

Chronic asymptomatic hyponatremia
Patients with chronic hyponatremia, because of physiological
compensation, are often relatively asymptomatic from a CNS
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standpoint despite critically low serum sodium levels. There are
no studies that have directly addressed what course of treatment
should be undertaken. There is general agreement that such pa-
tients should not be treated “aggressively” and that water restric-
tion is the preferred mode of treatment to allow for the slow cor-
rection of the serum sodium to a more acceptable range. There
is general agreement that saline plays no role in the immediate or
long-term treatment of chronic hyponatremia. On the other hand,
there are no studies demonstrating that water restriction is actu-
ally effective in the long term. Theoretically, all patients should
improve with water restriction, but thirst will often overcome the
patient’s ability to adhere to the prescribed water restriction. One
of the few studies that examined the effects of water restriction
showed that a 1-L/day restriction in patients with cirrhosis did
not improve their hyponatremia (although hyponatremia did not
worsen, either) [58]. Alternative therapies to promote water ex-
cretion by inhibiting ADH activity have not been systematically
evaluated. The toxicity of lithium has made its use problematic.
Doxycycline is preferred to lithium because of generally lower tox-
icity but is not devoid of toxicity, and long-term therapy with
doxycycline has not been evaluated. The presence of liver dysfunc-
tion has been shown to increase doxycycline toxicity and the risk of
kidney failure [59]. Thus, its use in cirrhotic patients with hypona-
tremia is contraindicated. Urea appears to be safe and effective, but
experience is limited to case reports by one group of investigators
who have used urea in cases of SIADH [60,61], cirrhosis [62], and
psychogenic polydipsia [63]. New ADH antagonists are currently
being evaluated.

Prospective randomized trials have now been performed to ex-
amine the effects of the treatment of hyponatremia with ADH
antagonists in cirrhosis [7,58,64], CHF [7,64,65], and SIADH
[7,64,66]. Short-term clinical trials have demonstrated that ADH
antagonists are effective in correcting promptly the hyponatremia
under these clinical circumstances. In CHF they have also been
shown in a retrospective analysis to decrease overall mortality [67].
There have been, however, few long-term studies to evaluate the
effectiveness of these antagonists in improving mortality or signif-
icant long-term morbidities under these conditions. The efficacy
of the oral V2 antagonist tolvaptan has been studied with both
short-term and long-term RCTs, and the short-term outcome re-
sults are encouraging; the long-term results are more disappoint-
ing. In short-term use (6 and 30 days) in patients with heart failure,
cirrhosis, and SIADH, the effects were sustained over the month
of the study without serious adverse effects. In those patients with
severe hyponatremia there was a measurable subjective improve-
ment in CNS symptoms [7]. In only 4 of 225 patients treated with
tolvaptan did the rate of correction of the presenting hyponatremia
possibly exceed the recommended rate for chronic hyponatremia
(>0.5 mmol/L over the fist 24 h). Thus, these agents may ulti-
mately prove to be effective in controlling symptomatic hypona-
tremia and perhaps may ultimately improve mortality. With regard
to this latter outcome, the results of a large RCT with long-term
follow-up investigating the use of tolvaptan in patients with CHF
were negative. Konstam and coworkers, reporting on the results

of the EVEREST trial, an event-driven masked RCT with 4133 pa-
tients, observed that treatment of patients hospitalized for CHF
with tolvaptan for at least 60 days did not result in significant
improvement in long-term morbidity and mortality (median ob-
servation period, 9.9 months) [68]. Another somewhat smaller
RCT (120 patients each in two arms) evaluating tolvaptan’s effects
on left ventricular end-diastolic volume in heart failure noted in
a post hoc time-to-event analysis that patients assigned to the
tolvaptan arm demonstrated improvement long-term outcomes
for the composite outcome of mortality and CHF hospitalizations
[69]. The long-term effectiveness of tolvaptan in managing the
hyponatremia of SIADH and cirrhosis and the potential benefits
of tolvaptan treatment on mortality and morbidity attributable
to chronic hyponatremia in these disease states have not been
unambiguously demonstrated by the currently published clinical
RCTs.

Summary of recommendations for
various entities

Acute hyponatremia
Acute hyponatremia warrants immediate correction. The stud-
ies cited above suggest that if the patient develops hyponatremia
rapidly, correction can be rapid without significant sequelae. How-
ever, if the time over which hyponatremia has developed is un-
known, it seems prudent to be more cautious, as some physiologic
adaptation may have already occurred. In this latter case, a rel-
atively rapid rate of correction (1–3 mmol/L/h) for a few hours
will decrease brain edema and alleviate the immediate prospect of
brain herniation. Then, the rate of correction should be slowed
so that the total rise is no greater than 12 mmol in the first 24 h.
Protocols for the administration of hypertonic saline can be found
elsewhere [50]. It should be noted, however, that the specific rec-
ommendations noted here are based exclusively on observational
studies and may need to be changed substantially if and when any
robust evidence from randomized clinical trials emerges. The in-
vestigation of the new ADH antagonists might provide an ideal
opportunity to re-examine all aspects of treatment strategies for
acute and chronic hyponatremia rigorously using more robust
clinical RCT approaches.

The following comments are for some specific settings in which
this occurs.� Psychogenic polydipsia with hyponatremia: Even after presenting
with severe symptoms attributable to hyponatremia, most patients
with psychogenic polydipsia appear to recover uneventfully. Once
these patients stop drinking copious quantities of fluids, they usu-
ally excrete a relatively dilute urine. If the patient has acute hypona-
tremia (which usually means the condition has developed under
observation in the hospital), it can be corrected quite rapidly with-
out sequelae. However, if the time to development is unknown, the
study by Tanneau et al. [16] suggests that these patients should be
treated as if they have chronic symptomatic hyponatremia and,
thus, extremely rapid correction should be avoided.
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� Postoperative hyonatremia: Reports from Arieff, Ayus, and col-
leagues [17,70] have provided compelling evidence that the pres-
ence of severe hyponatremia with symptoms postoperatively con-
stitutes a medical emergency and requires prompt administration
of hypertonic saline at rates suggested above. Again, complete cor-
rection may not be desirable, but rather should be tempered to
account for any adaptation that may have occurred by the time the
entity was discovered.� Endurance athletes: Hyponatremia occurring in marathon run-
ners or in triathletes can all be assumed to be acute. If discovered
in the medical tent, hypertonic saline should be rapidly admin-
istered (a bolus of 100 ml of 3% saline has been suggested [23]).
Such rapid correction should pose no risk based on the acuity. It
is likely that complete correction acutely will have no additional
adverse consequences, but no studies have addressed this issue.

Chronic hyponatremia
Chronic hyponatremia with symptoms
Patients with severe hyponatremia and symptoms require correc-
tion. Of those patients who are volume depleted, there are no
studies comparing modes of treatment or rates of correction. Nor-
mal saline is considered customary treatment for correction of the
volume depletion, but the optimal rate of correction of plasma
sodium that might result from administration of normal saline
has not been determined. The best available evidence supports
the recommendation that a rate of correction similar to that for
all patients with chronic symptomatic hyponatremia be used. As
pointed out by Adrogue and Madias [50], correction of hypov-
olemia will inhibit ADH secretion, resulting potentially in a more
dilute urine and potentially in correction at too rapid a rate. Thus,
some authors have suggested that administration of hypotonic flu-
ids may actually be required to slow the rate of correction in this
setting.

In euvolemic patients, hypertonic saline is the preferred method
of correction for symptomatic chronic hyponatremia, as many of
these patients will have SIADH, and administration of normal
saline has been associated in some observational studies with ac-
tual initial worsening of the hyponatremia (see above). The data
reviewed above do not allow a definitive recommendation of the
rate or magnitude of correction. At this time, we would recom-
mend that, in general, a rate of about 0.5 mmol/L/h and no greater
than 8 mmol total in the first 24 h. However, if the patient has
more severe symptoms, such as seizures, a faster initial rate of 1–2
mmol/L/h for 2–3 h might be indicated, as this rapid initial rate
of correction might be more likely to relieve deleterious cerebral
edema. The rate might then be slowed so the total correction would
not exceed 8 mmol in the first 24 h.

The available literature does not allow a definitive recommenda-
tion that would prevent all complications in all patients. We have
recommended a rate of about 0.5 mmol/L/h and no greater than
8 mmol total in the first 24 h. This rate might result in neurologic
sequelae if the patient subsequently has seizures or respiratory ar-
rest. On the other hand, a more rapid rate would increase the risk
of demyelinating disease. Again, guidelines for the administration

of hypertonic saline to achieve these recommended rates of cor-
rection can be found elsewhere [50].

In the hypervolemic patient with CNS manifestations, the same
considerations apply as for the clinically euvolemic patient. The
use of ADH antagonists rather than hypertonic saline would seem
especially suited to this group of patients, who already have an
increase in extracellular fluid volume. However, the studies to date
have not addressed the use of ADH antagonists for treatment of
symptomatic hyponatremia. With the current level of experience,
the rate of correction is not completely predictable and may be too
slow when a patient exhibits CNS symptoms, and thus hypertonic
saline with furosemide is currently considered preferable.

Chronic asymptomatic hyponatremia
Many patients with SIADH, cirrhosis, and heart failure are asymp-
tomatic. Current best evidence, in the absence of any clinical RCTs,
supports the recommendations that these patients be treated ini-
tially with water restriction. Demeclocycline can be considered for
patients without liver failure who fail fluid restriction, but long-
term toxicity is possible. The use of ADH antagonists will likely
prove useful, but no studies to date have addressed their long-term
efficacy, safety, and cost.
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56 Potassium Disorders
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Introduction

Potassium (K+) is the major intracellular cation, with 98% of body
K+ being located in cells [1]. It has two major physiological func-
tions. First, it participates in the regulation of metabolic processes
such as protein and glycogen synthesis [2]. As a result, disturbances
in K+ concentrations can lead to impaired cellular function. Sec-
ond, the ratio of intracellular to extracellular K+ concentration
is a major determinant of the resting membrane potential across
the cell wall [3]. Therefore, alterations in the K+ concentration can
result in potentially fatal cardiac arrhythmias and muscle paralysis.

The mechanisms of K+ distribution, absorption, and excretion
are tightly regulated, because small changes in the serum concen-
tration of K+ can be potentially fatal. The various factors that affect
K+ balance are listed in Table 56.1. Knowledge of these variables
can be useful in both diagnosis and treatment of K+ disorders. Al-
though it is intuitively obvious that treatment for K+ disorders is
the administration or enhanced removal of the cation, depending
on the presence of hypokalemia or hyperkalemia, respectively, few
data are available from controlled clinical trials to inform the safest
or most effective treatment regimens. We review the available data
here to provide the best-evidence approach to the treatment of K+

disorders.

Hyperkalemia

Hyperkalemia is a common clinical occurrence in both the inpa-
tient and outpatient settings. Because it is often asymptomatic, life-
threatening cardiac arrhythmias or muscle paralysis can be the first
manifestation. Management of hyperkalemia requires exclusion
of rare causes of pseudohyperkalemia, review of an electrocardio-

gram (ECG) to gauge the cardiac consequences of hyperkalemia,
and institution of appropriate therapy.

Clinical features
Clinical signs of hyperkalemia are essentially limited to muscle
weakness and cardiac arrhythmias. Muscle weakness has been at-
tributed to reduced resting membrane potential. This change, by
inactivating sodium (Na+) channels, leads to decreased mem-
brane excitability and impaired neuromuscular conduction [4].
Muscle weakness predominates, and ascending paralysis may en-
sue [5,6]. Usually, trunk and respiratory muscles are spared, so
that the paretic effects of hyperkalemia are rarely life-threatening.
Muscle weakness usually appears when serum K+ levels exceed
7 mEq/L. However, in patients with hyperkalemic periodic paral-
ysis, symptoms can occur at much lower concentrations [7].

The most important effect of hyperkalemia is on the my-
ocardium. By lowering the resting membrane potential, hyper-
kalemia decreases cardiac conduction velocity and increases the
rate of repolarization [8]. The progressive disturbance in cardiac
conduction can be detected by changes in the ECG as the serum
K+ concentration increases [8–10]. Mild elevations of the serum
K+ concentration produce symmetric peaking of the T wave (tent-
ing), particularly in the precordial leads. More advanced changes
include lengthening of the PR interval, widening of the QRS com-
plex, reduction in the P wave amplitude, and eventual atrial arrest.
Severe hyperkalemia produces a sine wave pattern due to a greatly
widened QRS complex, high T waves, and loss of P waves. Any
of these patterns may be signs of impending ventricular fibrilla-
tion and sudden cardiac death and should trigger immediate and
aggressive treatment.

Neither the serum K+ concentration nor the ECG pattern is a
perfect means of assessing the risk to the patient. The correlation of
absolute K+ levels with ECG findings is dependent on a number of
factors, including rate of increase and patient sensitivity. Therefore,
progression of hyperkalemia from mild to lethal arrhythmias is
unpredictable, and any ECG changes should be treated as a medical
emergency.
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Table 56.1 Factors affecting K+ concentration.

Cellular distribution
Na+,K+-ATPase
Catecholamines
Insulin
Plasma K+ concentration
Exercise
pH
Cell breakdown
Plasma osmolality
Excretion
Aldosterone
Antidiuretic hormone
Urinary flow
pH
Medications
Nonreabsorbed urinary anions
Colonic function

Causes of hyperkalemia
The differential diagnosis of hyperkalemia can be simplistically ex-
pressed as pseudohyperkalemia, excessive input, decreased output,
and cellular redistribution, as shown in Table 56.2.

In pseudohyperkalemia, the K+ concentration is artifactually
high. Spurious causes of hyperkalemia include marked throm-
bocytosis (platelet count >1,000,000), severe leukocytosis (white

Table 56.2 Causes of hyperkalemia.

Pseudohyperkalemia
Hemolysis of blood specimen
Thrombocytosis
Extreme leukocytosis
Potassium loading
Hemolysis
Rhabdomyolysis
Crush injury
Transfusions
Potassium infusions
Reduced excretion
Renal failure
Severe volume depletion
Hypoadrenalism
Drugs

K+-sparing diuretics
Cyclosporine
Bactrim
Converting enzyme inhibitors
Heparin
Nonsteroidal agents

Redistribution
Hyperosmolality
Insulin deficiency
β-Blockade
Acidosis

blood cell count >200,000), and hemolysis during blood drawing
[1]. When a high K+ level in a patient is reported on the laboratory
slip as hemolyzed, it is imperative to check an ECG while awaiting
a repeat test to rule out the need for emergent treatment. Patients
may experience potentially fatal arrhythmias while awaiting a re-
peat K+ level because the sample was reported as hemolyzed.

Excessive administration of K+ is a rare cause of hyperkalemia
in otherwise-healthy subjects. Because the kidneys are capable of
excreting large quantities of K+, hyperkalemia usually results from
the presence of an additional factor that interferes with kidney
excretion of K+, such as a decreased glomerular filtration rate
(GFR), hypoaldosteronism, or medications such as converting en-
zyme inhibitors or K+-sparing diuretics. Commonly, cell lysis from
hemolytic anemia, rhabdomyolysis, tumor lysis syndrome, and
crush injuries results in severe hyperkalemia where the quantity
of K+ released into the plasma overwhelms the capacity of the
kidneys to excrete the load [11,12].

The majority of cases of hyperkalemia are due to a defect in renal
K+ excretion in the presence of ongoing unrestricted intake. The
impaired renal K+ excretion is typically due to decreased GFR or to
aldosterone deficiency. It should be noted that because the kidneys
are so efficient at eliminating K+, the GFR should be ≤15 mL/min
before renal failure is considered the sole cause of hyperkalemia.
Medications such as K+-sparing diuretics, cyclosporine, Bactrim,
converting enzyme inhibitors, and nonsteroidal agents also im-
pair the renal excretion of K+. Finally, because K+ excretion is
dependent on urinary flow and distal nephron Na+ delivery, se-
vere volume depletion itself can result in hyperkalemia.

Redistribution hyperkalemia is caused by K+ transiently leaving
cells, thereby raising the serum K+ concentration. Total body K+

need not be elevated for hyperkalemia to develop. Because the ma-
jority of total body K+ is located in the intracellular compartment,
relatively small shifts into the extracellular space can cause large
increases in the plasma K+ concentration. Insulin deficiency or re-
sistance, by decreasing the activity of the Na+,K+-ATPase, results
in K+ efflux from the cell’s interior [13,14]. Hyperosmolality may
be associated with hyperkalemia [15,16]. The increase in extracel-
lular osmolality leads to cell shrinkage, resulting in an increased
intracellular K+ concentration driving K+ exit. β-Adrenergic an-
tagonists, by blocking renin-stimulated angiotensin II production,
can also produce hyperkalemia [17].

Metabolic acidosis is often cited as a cause of redistribution
hyperkalemia. However, this is a much more prominent effect of
mineral acidosis (hydrochloric acid, ammonium chloride) than
the more clinically relevant organic acidosis (lactate, ketoacidosis)
[18]. Mineral acids are largely dissociated and cause intracellular
acidosis by electrogenic proton uptake, resulting in membrane de-
polarization and a favorable gradient for K+ exit [19]. In contrast,
organic acids are incompletely dissociated and relatively perme-
able across cell membranes, so that their diffusion has minimal
effect on the membrane potential [18,20,21]. However, the effect
of acidosis on K+ concentration is more complex than simply the
type of base. Acidosis stimulates the H+,K+-ATPase in the col-
lecting duct, resulting in increased K+ reabsorption [22]. Renal
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Table 56.3 Treatment of hyperkalemia.

Agent Mechanism Onset Duration Caution(s) Evidence

Calcium gluconate 10 mL,
10% solution (1 g) i.v., over
5–10 min

Temporarily antagonizes
cardiac effects of hyperkalemia

1–3 min 30–60 min May induce digitalis toxicity;
precipitates with bicarbonate

No clinical trials; based on
animal data and case series;
likely very effective

Regular insulin 10 units i.v. with
50 ml 50% glucose

Temporarily translocates K+

into cells
10–20 min 4–6 h Hyperglycemia and

hyperosmolality with
worsening hyperkalemia

Good evidence based on
multiple RCTs

β2-Agonists (10–20 mg
nebulized albuterol)

Temporarily translocates K+

into cells
30 min 2–4 h Tachycardia and coronary

ischemia
Good evidence based on RCTs;
not effective in 20–30% of
patients

Sodium polystyrene sulfonate,
60 g p.o. or retention enema

Na+–K+ exchange in colonic
fluid

1–2 h 4–6 h Precipitation of fluid overload;
colonic necrosis with enema
and sorbitol

Little or no evidence of efficacy
in acute hyperkalemia beyond
that seen with diarrhea from
simple cathartics

Sodium bicarbonate 1 ampule
(50 mEq) i.v. over 5–10 min

May cause temporary
transcellular shift in face of
acidosis

Variable Variable Hypernatremia; hypocalcemia
with seizures; volume overload

Little or no evidence of
effectiveness in multiple
studies; consider in patients
with severe acidosis

Hemodialysis Diffusive or convective K+

removal
Immediate Until dialysis

completed
Arrhythmias if removal too
rapid

Definitive means of potassium
removal; no RCTs

Abbreviations: i.v., intravenous; p.o., per os (by mouth).

secretion of K+ is also inhibited by acidosis: intracellular acidosis
decreases the probability of open collecting duct K+ channels and
ammoniagenesis inhibits K+ secretion in the collecting duct as
well [23,24].

Treatment
Treatment of hyperkalemia is directed by its severity, presence
or absence of ECG changes, and underlying cause. Therapies are
divided into those that immediately minimize cardiac affects of
hyperkalemia, those that transiently reduce plasma K+ concentra-
tion by causing intracellular relocation, and those that remove K+

from the body.
Although dialysis is the most effective means of removing K+, it

should never be considered as first-line therapy for life-threatening
hyperkalemia because it typically entails delays in its application
(venous access and equipment or personnel availability). Rather,
medical therapy as a temporizing measure is the treatment of
choice. However, the medical management of hyperkalemia re-
mains controversial and is based on relatively few clinical trials. As
reported in a recent systematic review for the Cochrane Database,
no studies on the treatment of clinically relevant hyperkalemia
have reported mortality or cardiac arrhythmia outcomes [25]. Re-
ports have focused on serum K+ levels only and appeared to be
studies of convenient patient samples with modest hyperkalemia
and some degree of renal impairment. Furthermore, the changes
in K+ concentration were reported in several different ways, lim-
iting the number of studies from which data could be combined

in a systematic review. The evidence for the various treatment
options of hyperkalemia are described below and summarized in
Table 56.3.

Calcium (Ca2+) gluconate chloride
Intravenous Ca2+ administration antagonizes the effects of hy-
perkalemia on the myocardial conduction system and myocardial
repolarization. Administration of Ca2+ is the most rapid method
for treatment of hyperkalemia and is effective in patients with
normal serum Ca2+ concentrations [26].

Interestingly, although all modern review articles and chapters
on hyperkalemia recommend intravenous Ca2+ administration,
there are no published clinical trials on the topic. Often, no refer-
ence at all is cited for the recommendation. Most data are derived
from electrophysiological studies of the canine heart or case re-
ports in humans on the effectiveness of Ca2+ administration [27].
This is not to say that Ca2+ is not effective or should not be given,
because much anecdotal clinical experience demonstrates
its usefulness, and withholding treatment for patients with
hyperkalemia-induced arrhythmias would be unethical. Rather,
it merely demonstrates how clinical practice is often based on ex-
perience for which rigorous clinical data are limited.

Insulin
Insulin rapidly stimulates K+ uptake by cells, primarily hepato-
cytes and myocytes [28]. Ten units of regular insulin are adminis-
tered intravenously, usually with glucose to avoid hypoglycemia.
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The effect of insulin on serum K+ levels is seen within 10–20 min
and lasts for 4–6 h [29].

In several clinical trials, insulin administration, either alone or
in combination with other agents, consistently lowered the plasma
K+ concentration compared to placebo [30,31]. The reduction in
K+ concentration observed was in the range of 0.65–1.0 mEq/L.
Delayed hypoglycemia was common (up to 75% of patients) if less
than 30 g of glucose was administered with the insulin [32].

β2-Agonists
Nebulized or inhaled β2-agonists have been proven effective in the
treatment of hyperkalemia in most, but not all, clinical trials [33].
In general, inhaled β2-agonists are effective within 30 min and the
duration of action is 2–4 h. In two studies, however, 20–30% of
patients were unresponsive to β2-agonists [32,34]. Most studies
used a 10-mg dose, although one study showed that a 20-mg dose
was more effective at 2 h in lowering K+ [35]. A frequent error
when administering β2-agonists is underdosing with the agent.
For hyperkalemia, the dose is close to 10 times the nebulized dose
for bronchospasm. In two studies, the combination of β2-agonists
with insulin was more effective than treatment with insulin alone
[28,32]. In summary, β2-agonist administration is an effective
method of transiently lowering the serum K+ level but should
always be combined with insulin and/or glucose because of the
lack of response seen in some patients.

Bicarbonate
The treatment of hyperkalemia with bicarbonate has typically
been studied as part of other multiple interventions. Four stud-
ies examined the efficacy of bicarbonate, and all failed to show
any reduction in the K+ concentration at 1 h [36]. In the only
randomized trial of it use, bicarbonate had no significant effect
on plasma K+ concentration in the first 60 min after adminis-
tration [37]. However, these trials did not include patients with
severe acidosis and hyperkalemia. Therefore, it may be reason-
able to consider bicarbonate administration as an adjunct ther-
apy to both insulin and β2-agonists when treating hyperkalemia
in the face of concomitant metabolic acidosis, but clear clinical
trial evidence to support this strategy is lacking. Furthermore,
administration of bicarbonate to susceptible patients may poten-
tially cause hypertension, pulmonary edema, hypernatremia, and
tetany.

Sodium polystyrene sulfonate (Kayexalate)
Sodium polystyrene sulfonate (Kayexalate) is a resin that exchanges
Na+ for K+ in the gastrointestinal tract, thereby removing K+ from
the body when the resin is excreted as stool. This is in contradis-
tinction to the mechanism of action of insulin, β2-agonists, and
bicarbonate, which transiently lower the K+ concentration by pro-
moting cellular uptake without lowering the total body K+ burden.
In general, 1 g of resin removes 1 mEq of K+ in exchange from
2–3 mEq of Na+. Therefore, edema, hypertension, and rarely pul-
monary edema can occur. Kayexalate can be administered either
by mouth or via rectum with a retention enema. Sorbitol is of-

ten added to the resin when taken orally to facilitate excretion,
but sorbitol should be avoided with enemas because such use has
been associated with intestinal necrosis and perforation [38]. An-
imal models suggest that sorbitol may be the causative agent by
precipitating mucosal dehydration.

Resin binders are routinely recommended for treatment or pre-
vention of hyperkalemia, and the reported rate of K+ removal is
slow, requiring almost 4 h for full effect. However, there exist few
trials that have actually assessed the efficacy of sodium polystyrene
resin [36]. Two reports are commonly cited in support of the use
of resins [39,40]. However, in those studies, multiple doses were
used, sometimes for a number of days, and the effect on plasma
K+ was noted after 1–5 days. In two studies in healthy subjects,
the exchange resin was no better than the cathartics sorbitol or
Na+ sulfate alone [41,42]. Finally, in patients on dialysis, the ex-
change resin was no more effective in increasing stool K+ loss and
lowering serum K+ levels than cathartics alone [41].

Hemodialysis
Hemodialysis is the definitive and most effective means of K+ re-
moval from the body. The plasma K+ concentration falls rapidly in
the first hour of dialysis, and if a low K+ bath is used, plasma levels
can fall by 1.2–1.5 mEq/L/h [31]. Potassium levels may rebound
after hemodialysis has finished, and it may take several hours for
it to reach its stable postdialysis plateau [43]. Also, temporizing
agents such as insulin, β2-agonists, and bicarbonate by translo-
cating K+ out of the plasma may decrease the total amount of K+

removed during dialysis [44]. Hemodialysis is indicated for severe
hyperkalemia after temporizing measures have been instituted, al-
though there have been no clinical trials comparing hemodialysis
to medical therapy alone. Peritoneal dialysis and continuous veno-
venous dialysis are effective in chronic hyperkalemic states, but the
rate of removal is too slow to recommend their use in severe acute
hyperkalemia.

Summary
The standardized treatment of severe hyperkalemia has been de-
scribed in numerous books and reviews, yet is based on limited
clinical data. Based on the limited available evidence we recom-
mend the following for the management of hyperkalemia:
1 An ECG should be obtained and pseudohyperkalemia should
be ruled out.
2 Calcium gluconate chloride should be administered intra-
venously with any ECG changes.
3 Intravenous insulin with glucose is the treatment of choice to
transiently lower K+ concentrations.
4 β2-Agonists should be given in conjunction with insulin, but
never alone.
5 Bicarbonate is likely ineffective in most cases. It may be a con-
sideration in patients with severe metabolic acidosis.
6 Exchange resins do not appear to be reliably effective in lowering
serum K+ levels in acute hyperkalemia and are associated with
intestinal necrosis when sorbitol is used in a retention enema. If
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used, multiple doses are likely necessary and sorbitol should be
avoided.
7 Hemodialysis is the definitive method for net K+ removal from
the body.

Hypokalemia

Clinical features
Clinical signs of hypokalemia are similar to those of hyperkalemia,
with muscle weakness and arrhythmias predominating. The sever-
ity of symptoms tends to correlate with the level and duration of
hypokalemia. Typically, there are no symptoms unless the plasma
K+ level is less than 3 mEq/L or there is a sudden drop in the extra-
cellular K+ concentration. Arrhythmias can develop with plasma
K+ greater than 3 mEq/L when there is another predisposing
factor.

Muscle weakness is uncommon if the K+ level is greater than
2.5 mEq/L as long as the decrease in K+ concentration has not
been sudden [45]. The weakness is ascending in character and can
involve the gastrointestinal muscles, leading to ileus, abdominal
distention, anorexia, nausea, and vomiting [46]. The respiratory
muscles are rarely involved, resulting in respiratory failure and
need for mechanical ventilation. Patients may experience cramps,
paresthesias, tetany, tenderness, atrophy, and rhabdomyolysis.

Cardiac arrhythmias that can result from hypokalemia include
atrial and ventricular premature beats, sinus bradycardia, paroxys-
mal atrial or junctional tachycardia, atrioventricular blocks, ven-
tricular tachycardia, and ventricular fibrillation [45]. Changes on
the ECG associated with hypokalemia are depression of the ST
segment, diminished amplitude of the T waves, and increased am-
plitude of the U waves [47]. Other factors may contribute to the de-
velopment of arrhythmias, including concomitant use of digoxin,
cardiac ischemia, hypomagnesemia, and increased β-adrenergic
activity [48,49].

Hypokalemia can adversely affect renal function. Chronic hy-
pokalemia impairs urinary concentration, leading to symptoms of
nocturia, polyuria, and polydipsia. Chronic hypokalemia can also
cause hypokalemic nephropathy with vacuolar lesions in the prox-
imal tubular epithelium. These changes are initially reversible with
potassium repletion, but if persistent, interstitial fibrosis, tubular
atrophy, and cyst formation may ensue [50–54].

Causes of hypokalemia
Potassium homeostasis is maintained by potassium intake and ex-
cretion or cellular shifts between the extracellular and intracellular
fluid compartments. The differential diagnosis of hypokalemia
can be separated into spurious hypokalemia, redistribution hy-
pokalemia, renal and extrarenal K+ loss, and inadequate intake.
Hypokalemia due to inadequate intake is rare secondary to the
kidney’s ability to avidly conserve K+. Marked leukocytosis (white
blood cell count, >100,000) can cause pseudohypokalemia if the
sample sits at room temperature and the white blood cells take up

the K+. Therefore, the differential diagnosis of true hypokalemia
primarily involves the loss of K+ or its redistribution.

Transcellular redistribution of K+ usually occurs in the face
of normal total body K+ levels. Metabolic alkalosis can result in
redistribution as K+ shifts into cells. It has been suggested that an
increase in the pH by 0.1 will decrease the K+ concentration by
0.3 mEq/L. Respiratory alkalosis has a minor effect on cellular shifts
of K+. Increased Na+,K+-ATPase stimulation with medications
such as β2-agonists, theophylline, dobutamine, dopamine, and
insulin results in net cellular K+ uptake and hypokalemia.

Hypokalemia results most commonly from excessive K+ loss.
This loss can be renal or extrarenal, the latter from either the gas-
trointestinal tract or the skin. Secretory diarrhea causes loss of
K+ with bicarbonate. Nasogastric suction and vomiting lead to
hypokalemia by loss of K+ in gastric contents and renal losses as-
sociated with metabolic alkalosis. Associated hyperaldosteronism
with volume depletion exacerbates the hypokalemia induced by
vomiting. Cutaneous losses of K+ occur with sweating. Exuberant
exercise may produce up to 12 L/day of sweat with a K+ concen-
tration of approximately 9 mEq/L.

Renal loss of K+ is the most common reason for hypokalemia.
Medications like loop diuretics and penicillin derivatives (nonre-
absorbable anions) promote K+ loss.

Hypomagnesemia can lead to hypokalemia through reduced
Na+ absorption by the thick ascending limb of Henle, resulting in
K+ wasting. Cisplatin is a common cause of magnesium wasting
with resultant hypokalemia. Magnesium repletion is essential to
the correction of hypokalemia.

Mineralocorticoid excess classically presents with hypokalemia
associated with elevated aldosterone levels and hypertension. Pri-
mary aldosteronism is generally caused by aldosterone-producing
adenomas of the adrenal glands. Liddle’s syndrome has features of
hyperaldosteronism but aldosterone levels are normal. These find-
ings are attributable to mutations in the epithelial Na+ channel in
the cortical collecting duct that result in increased Na+ reabsorp-
tion causing a hypokalemic metabolic alkalosis with volume ex-
pansion and hypertension. Bartter syndrome, on the other hand,
is a renal tubulopathy that presents with hypokalemia, metabolic
alkalosis, and normal blood pressure secondary to salt wasting and
is due to one of several defects that result in impaired salt reab-
sorption in the thick ascending limb. Hyperreninemia is present
with secondary hyperaldosteronism. A more complete list of the
causes of hypokalemia is found in Table 56.4.

Treatment
The goal of therapy for hypokalemia is to prevent life-threatening
complications. If there is any evidence of muscular weakness or
ECG changes, repletion should be instituted immediately. The
amount of K+ given as well as the route of administration is
variable and depends on the etiology of the hypokalemia and the
clinical situation (Table 56.5). Care must be taken not to give ex-
cessive K+ to a patient with hypokalemia. Therapy should not only
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Table 56.4 Causes of hypokalemia.

Pseudohypokalemia
White blood cell count >100,000
Recent insulin injection

Inadequate K+ intake

Redistribution
Alkalosis
Insulin excess
β2-Adrenergic excess
Hypokalemic periodic paralysis, thyrotoxic periodic paralysis
Theophylline toxicity
Barium poisoning
Chloroquine intoxication
Hypothermia

Excessive sweating

Gastrointestinal losses
Vomiting
Nasogastric suctioning
Diarrhea
Therapy with K+-binding resins

Renal losses
Medications

Diuretics
Amphotericin B
Penicillin derivatives
Aminoglycosides
Ifosfamide
Cisplatin
Fludrocortisone
High-dose glucocorticoids

Intrinsic renal disease
Metabolic Acidosis, Renal Tubular Acidosis (RTA)
Liddle syndrome
Bartter syndrome
Gitelman’s syndrome
Nephrogenic diabetes insipidus

Mineralocorticoid excess
Primary or secondary hyperaldosteronism
Licorice ingestion
Cushing’s syndrome

Hyperreninemia
Renal artery stenosis

Hypomagnesemia
Dialysis, plasmapheresis

include the correction of total body K+ depletion but reduction of
ongoing K+ losses and correction of the underlying disorder.

Oral K+ replacement
With a K+ concentration of >3.0 mEq/L, treatment with oral K+

is usually sufficient. The plasma K+ concentration will typically
increase by 1–1.5 mEq/L after 40–60 mEq of oral K+. This rise
is somewhat transient, as most K+ will eventually move into the

cell interior [55,56]. A repeat measurement of the plasma K+ con-
centration 4 h later can determine if further supplementation is
necessary.

Replacement with potassium chloride (KCl) is best suited for
conditions involving metabolic alkalosis with hypokalemia. Many
times there is an associated hypochloremia. The KCl can appro-
priately replace the deficit, whereas other forms, such as K+ with
bicarbonate or citrate, can worsen the alkalosis and thereby accen-
tuate the concomitant renal K+ loss [57,58]. On the other hand,
in renal tubular acidosis with hypokalemia, such formulations are
better choices. Repletion by increasing consumption of foods high
in K+ is generally less effective than oral medicinal K+ replacement
for hypokalemia associated with chloride depletion [46].

Intravenous K+ replacement
In patients who cannot take oral K+, are undergoing treatment
which will cause rapid intracellular shift of K+, or have life-
threatening arrhythmias or weakness, intravenous KCl replace-
ment is used for treatment of hypokalemia. Conventional practice
limits intravenous K+ repletion to 10 mEq/h through a peripheral
venous catheter or 20 mEq/h through a central venous catheter.
The concentration of the KCl replacement solution is limited to
20 mEq/100 mL. The reasons given for this are to avoid infusion
pain, sclerosis of the vein used for infusion, and arrhythmias that
can result from higher concentrations or rates of infusion of KCl.
However, studies have reported successfully giving 40–100 mEq/h
of KCl to patients with paralysis or arrhythmia [59–62]. There can
be ECG changes consistent with those of hyperkalemia or even
complete heart block when giving greater than 80 mEq/h of KCl,
so this rate of repletion should be reserved for life-threatening
situations [63]. Arrhythmias have been successfully treated with
intravenous solutions containing a K+ concentration of 200 mEq/L
[62,64,65]. Replacement fluids with such high concentrations are
reserved for patients with volume overload.

Potassium-containing replacement fluid is typically made with
saline. Dextrose-containing solutions can lead to a transient de-
crease in the plasma K+ concentration due to an intracellular shift
of K+ from dextrose-stimulated insulin release. This is an impor-
tant consideration in a patient with severe hypokalemia [46,66].

Certain patient groups often develop hypophosphatemia and
hypokalemia. These include patients treated for diabetic ketoaci-
dosis with insulin, patients recovering from severe malnutritional
states (refeeding syndrome), and patients receiving continuous
dialysis treatments. Mild to moderate phosphate deficits (serum
phosphate concentration of 1.27–2.48 mg/dL) can be safely cor-
rected with 15 mmol K+ phosphate intravenously. In more severe
hypophosphatemia (≤1.24 mg/dL), 30 mmol K+ phosphate has
been used safely, although repeated doses were required for nor-
malization of phosphate levels [67].

Magnesium (Mg2+) repletion
Refractory hypokalemia can be a result of hypomagnesemia
[68]. Correction of hypokalemia in the face of hypomagnesemia
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Table 56.5 Treatment of hypokalemia.

Evidence for rate
Agent Indications Rate, dosage Caution(s) of replacement

Oral K+ Non-life-threatening
hypokalemia; K+ >3 mEq/L

Based on K+ deficit and ongoing
losses; 40–60 mEq, raise K+ by
1–1.5 mEq/L

Large doses and sustained release
forms can lead to gastric irritation

No randomized trials; based on
case studies, likely to be accurate

i.v. K+ K+ <3 mEq/L; life-threatening
arrhythmia or muscle weakness;
inability to take oral medications

10–20 mEq/h, up to 100 mEq/h if
life-threatening arrhythmia

Arrhythmia risk if >80 mEq/h; risk
of hyperkalemia with
overcorrection

No randomized trials; based on
cohort and case studies; good
evidence to limit to 60 mEq/h for
most situations to avoid inducing
arrhythmias

Magnesium repletion Hypokalemia with associated
hypomagnesemia

Replete Mg2+ prior to K+

repletion
No randomized trials; based on
reviews and in vitro data, likely to
work

K+-sparing diuretics Hypokalemia resistant to
treatment

Start with low dose and titrate as
needed

Monitor for hyperkalemia if
concomitant use of ACE inhibitors
or K+ replacement

No randomized trials; based on
cohort and case series, likely to
work

Abbreviations: i.v., intravenous; ACE, angiotensin converting enzyme.

requires repletion of Mg2+ prior to K+ repletion for the reasons
mentioned above.

K+-sparing diuretics
In certain conditions, including primary hyperaldosteronism,
chronic diuretic therapy, and Gitelman’s syndrome, continued uri-
nary loss of K+ is limited by development of chronic hypokalemia
leading to K+ retention by the kidneys. Repletion of K+ will para-
doxically diminish this renal K+ retention and result in incomplete
correction of hypokalemia. In these conditions, it is often necessary
to use a K+-sparing diuretic in addition to K+ supplementation
[69–71]. The K+ concentration should be monitored to avoid hy-
perkalemia in patients on K+ supplementation, particularly in the
presence of diabetes or chronic kidney disease.

Summary
Although a common problem, there are few data from rigorous
clinical trials on the appropriate treatment of hypokalemia. Based
on this limited evidence, we recommend the following:
1 Rule out spurious or pseudohypokalemia.
2 Review patient’s medication list for a causative agent and dis-
continue if present.
3 Determine if hypokalemia is due to redistribution versus true
K+ loss or depletion.
4 With severe hypokalemia with a [K+] of <3 mEq/L, life-
threatening arrhythmia, or muscle weakness, give intravenous K+

until [K+] is >3 or symptoms resolve. Then, continue to replete
the K+ deficit with oral K+. Hypokalemia due to redistribution
requires significantly lower doses of K+ than does hypokalemia
due to loss.
5 Intravenous K+ should be given at a rate of 10–20 mEq/h in
most instances. In the presence of life-threatening arrhythmia due

to hypokalemia, 80–200 mEq/h of K+ can be given. Caution should
be taken with rates over 80 mEq/h.
6 With [K+] of >3 mEq/L, oral K+ replacement should be used
unless the patient is unable to take oral medications.
7 The choice of K+ preparation should be based on associated
conditions, such as acidosis, alkalosis, and hypophosphatemia.
8 Addition of foods high in K+ to the diet is generally less effective
than administration of oral K+.
9 If concomitant hypomagnesemia is present, give Mg2+ to correct
the deficit prior to correction of hypokalemia.
10 K+-sparing diuretics may be added to K+ supplementation to
treat conditions with resistant hypokalemia.
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Introduction

The field of kidney stone prevention is marked by a relative
paucity of high-grade data suitable for inclusion in a textbook
promoting evidence-based medicine. The reasons for this scarcity
are not clear, as kidney stones are quite prevalent. For example,
stones affect as many as 6–15% of American men and 2–7% of
American women [1]; this gender ratio is relatively consistent in
other countries. Worldwide data suggest an overall prevalence of
1–5% in Asia, 5–10% in Europe, and as high as 20% in Saudi
Arabia. Epidemiologic studies in the USA, Italy, Japan, and else-
where have suggested an increasing prevalence worldwide [1–
3]. The reasons for these increased rates remain speculative, al-
though new epidemiologic data have begun to elucidate possible
explanations [4].

This chapter will focus on the evaluation of stone formers and
the measures taken to prevent stone recurrence. Topics that will
be considered only briefly here are the urologic aspects of stone
disease, including the differential diagnosis of renal colic, the man-
agement of renal colic, and the surgical management of ureteral
stones.

Urologic aspects of stone disease

Many studies have clearly demonstrated the superiority of com-
puterized tomography (CT) without contrast as the preferred di-
agnostic test in the evaluation of patients with suspected renal
colic, repeatedly surpassing intravenous pyelography and ultra-
sound [5,6]. In a study of 97 patients with renal colic, CT had
a sensitivity of 94% and a specificity of 97%; the corresponding

values for intravenous pyelography were 52% and 94%, whereas
ultrasound yielded values of 19% and 97% [6].

Microhematuria is neither sensitive nor specific for stones. Us-
ing helical CT as the “gold standard” for the presence or absence
of stones shows that 33% of patients with stones had ≥5 red blood
cells/high-power field (RBC/field) and 11% had none [7]. Of pa-
tients without stones, 24% had more than 5 RBC/field and 51%
had more than 1 RBC/field.

The differential diagnosis and immediate, urgent management
of acute presentation with a renal stone have been reviewed else-
where [8]. Nonsteroidal anti-inflammatory drugs are generally
preferred to opiates in the management of renal colic, as they have
been shown more effective for pain relief in randomized controlled
trials and cause less sedation and vomiting [9,10]. Several random-
ized controlled trials have demonstrated the efficacy of tamsulosin
in promoting spontaneous passage of ureteral stones [11]. Nifedip-
ine and steroids have also been shown to be effective compared
to control therapy [12]. No evidence supports administration of
intravenous fluids to patients with renal colic to promote stone
passage; fluids are appropriate only to replete extracellular fluid
volume deficiencies in patients who have experienced significant
volume loss from nausea or vomiting.

The American Urologic Association and the European Associa-
tion of Urology have promulgated guidelines regarding the man-
agement of ureteral stones, although these have not been updated
recently [13,14]. The choice between extracorporeal shock wave
lithotripsy, ureteroscopy, and percutaneous nephrostolithotomy
depends on stone composition, size, location, and the experience
of the treating urologist. A recent retrospective study suggested an
increased risk of diabetes and hypertension in patients undergo-
ing extracorporeal shock wave lithotripsy in those treated with a
brand of lithotriptor, the Dornier HM3, which is used much less
commonly today [15]. Confounding that may have accounted for
the observed association could not be excluded from this retro-
spective analysis. Newer lithotriptors are less powerful and may be
associated with less damage to the kidney and pancreas, although
no prospective data are available to confirm their relative greater
safety. Obesity, hypertension, and diabetes have all been associated
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with an increased risk of stone formation, so whether lithotripsy
truly has a causal effect on these findings through as-yet-unknown
mechanisms is questionable.

Guidelines on evaluation and management
of stone formers

Two sets of guidelines, one a consensus statement from the Na-
tional Institutes of Health in the USA and one from the European
Association of Urology, regarding medical evaluation and treat-
ment of patients with stones have been issued; neither can be con-
sidered up to date, however [14,16]. It is disappointing that the
relative scarcity of randomized, controlled trials in the field means
that neither set of guidelines is far from current practice. Neither
set concentrated on distinguishing superior trials or evaluating
varying levels of evidence.

Evaluation of stone formers

Stone disease is highly recurrent. After presenting with renal
stones, guidelines recommend that patients undergo an evalua-
tion for any associated conditions and assessment of their risk for
stone recurrence [16]. These guidelines are founded on the bio-
logical reasoning that for the individual patient, management and
prevention of stone recurrence can be based on a solid physiologic
understanding of the unique factors in the individual that are re-
sponsible for the stone formation. The overall utility of the recom-
mended comprehensive evaluation of the patient with renal stones
has not been evaluated with rigorous randomized controlled clin-
ical trials.

Epidemiologic data have consistently shown an association of
animal protein intake with more stones [17], and urinary risk
factors for stone formation worsen with diets with more animal
protein intake and lower quantities of fruits and vegetables [18,19].
Prospective epidemiologic studies have also shown that men and
women with the highest dietary calcium ingestion (mostly via
dairy products) have the lowest associated prevalence of stones
[17,20]. Both obesity and diabetes are now recognized as impor-
tant risk factors for stones [21,22]. Occupations that expose people
to hot environments are associated with stones [23], and stones are
more frequent at geographically lower latitudes [1]. Many medi-
cations are associated with stones, including poorly soluble drugs
like indinivir and high-dose sulfa antibiotics, carbonic anhydrase
inhibitors like topiramate and acetazolamide, and contributors to
increased urinary calcium, such as calcium supplements and vi-
tamin D [24]. A family history of stones should be sought, as the
hereditability of the risk of stones is high, as indicated by a 56% con-
cordance for stones in a study of twins after excluding the influence
of a common environment and diet [25]. The genes responsible for
the hereditary contribution have not yet been determined. Family
history of kidney disease may reveal stone-associated conditions,
such as polycystic kidney disease or renal tubular acidosis. Patients

with a variety of bowel diseases that may influence urine mineral,
citrate, oxalate, and uric acid composition and patients with gout
are affected more frequently by stones [26,27].

The guidelines recommend that stones or fragments be submit-
ted to analysis at least once for each patient for determination of
composition by X-ray crystallography or infrared spectroscopy.

Patients should have serum chemistries determined and urinaly-
sis performed. Patients with hypercalcemia (or high-normal serum
calcium values) should have primary hyperparathyroidism ruled
out by measurement of parathyroid hormone [28]. Sarcoidosis
should also be considered in the differential diagnosis. A finding of
a high urine pH or pyuria should lead to urine cultures and consid-
eration of struvite stones. Low serum bicarbonate concentrations
with a concomitant alkaline urine pH of 6.0 or higher should raise
the possibility of renal tubular acidosis (RTA). If imaging of the
kidneys has not been obtained, all patients should have at least a re-
nal ultrasound (a sensitive study for screening kidneys for stones,
but insensitive for ureteral stones [see above]) to document the
presence or absence of additional stones; polycystic kidney disease
can simultaneously be eliminated from consideration as well.

Twenty-four-hour urine collections to determine urinary risk
factors for stone recurrence and for assignation of preventive treat-
ments are generally reserved for patients with recurrent stones and
for children after their first stone episode [16]. One should also
consider evaluating patients with large stones or stones requiring
urologic intervention. Urine collections are usually performed on
patients’ ad libitum diets. Analytes should include components
of stone salts, urine volume, and pH, as well as measures reveal-
ing dietary intake of sodium, potassium, and protein. Based on
urine composition, supersaturation of crystal-forming phases can
be calculated by the laboratory, so that changes in multiple urinary
variables can be translated into a single number correlating with
stone risk.

Stone composition also correlates with urinary supersaturation.
For patients with hypercalciuria, protocols used to classify the eti-
ology of the abnormality and then treat based on the results of this
classification are currently not recommended.

Calcium stones

The prevention of calcium stones, whether these stones are pre-
dominantly calcium oxalate or phosphate salts, can consist of fluid
therapy, as discussed following, manipulation of diet, or pharma-
cologic therapy. Nonspecific preventive measures, detailed on the
next page, are directed at all calcium stone formers, while more spe-
cific therapies are directed at specific abnormalities as revealed in
the urinary variables determined from a 24-h urine collection. The
most common urinary variable abnormality seen in calcium stone
formers is hypercalciuria, often defined as >4 mg (0.1 mmol) of
calcium/kg body weight/day. However, like blood pressure, urine
calcium excretion is a continuous variable, and attempts to de-
fine an upper limit of normal may be artificial. Hypercalciuria in
most cases remains an idiopathic disorder, with a likely genetic

643



BLBK043-Molony September 12, 2008 15:39

Part 9 Disorders of Electrolytes (Acute and Chronic)

contribution that has not yet been well defined. Hypercalciuria
may be exacerbated by increased renal sodium excretion.

Citrate is an inhibitor of calcium crystallization and of crystal
aggregation. Hypocitraturia, defined variously as <250–500 mg
(1.3–2.6 mmol)/day, is another relatively common abnormality
associated with calcium stone formation and is often caused by
increased acid loads, such as ingestion of animal protein, diarrhea,
or RTA with hypokalemia or with metabolic acidosis of any cause.
Hypocitraturia is often idiopathic as well.

Hyperoxaluria is defined as more than 40 mg (about 0.4 mmol)
urinary oxalate/day. Both dietary and metabolic components con-
tribute, and the relative proportions appear to vary among indi-
viduals. Hyperuricosuria is a risk factor for calcium stones be-
cause uric acid causes “salting out” of calcium oxalate. It is most
often encountered in patients with greater ingestion of animal
protein.

Nonspecific prevention of stone recurrence

The only Cochrane review currently available regarding prevention
of stone recurrence examined the benefit of increasing fluid intake
[29]. There has been only one randomized, controlled trial in
which patients with calcium stones were randomly assigned to two
groups, only one of which was told to increase fluid intake [30]. In
the increased-fluid group, 12 of 99 patients had a stone recurrence
within 5 years, compared to 27 of 100 in the control group (P =
0.008). The former group increased 24-h urine volume from 1.1
to 2.6 L at 5 years whereas the control group, with a urine volume
on study entry of 1.0 L, did not demonstrate a significant change
in urine volume at any point during the study.

The Cochrane review considered this one study inadequate be-
cause of small numbers, short follow-up, and some questions
about the randomization [29]. The review calls for additional re-
search and states that “no conclusions can be drawn on increased
water intake for the primary and secondary prevention of urinary
calculi.” This is not a practical assessment. It seems very unlikely,
given the clear role of fluid intake in lowering urinary supersatu-
ration, as well as the safety, low cost, and experience with the in-
tervention, that additional research will be forthcoming. Whether
fluid intake is effective in preventing noncalcium stones has not
been tested, although the potential benefit of the therapy that is
supported by epidemiological observations can be stressed, espe-
cially for patients with cystinuria.

Diet
The evidence that diet contributes to stones is summarized above
and elsewhere in other publications [31]. A relative paucity of
randomized controlled trials however means that many recom-
mendations are based on epidemiologic data or on measurement
of urinary chemistries after dietary manipulation. On the basis of
this evidence, prevention regimens should include increased fluid
intake and a diet that includes moderate but not low calcium intake
and reductions in the intake of salt, oxalate, and animal protein.

Table 57.1 Composition of the “normal’’ calcium diet for prevention of stone
recurrences in patients with hypercalciuria.

Component Amount

Calcium 1200 mg (30 mmol)
Total protein 93 g
From meat or fish 21 g
From milk or milk products 31 g
From bread, pasta, and vegetables 41 g
Sodium chloride 50 mmol
Oxalate 2.2 mmol
Potassium 120 mmol
Phosphorus 49 mmol
Magnesium 14.5 mmol
Lipids 93 g
Carbohydrates 333 g
Fiber 40 g
Calories 2540 kcal
Water in foods 1550 mL

Source: Borghi et al. [32].

The only positive controlled trial of diet reported to date random-
ized men with hypercalciuria and recurrent calcium stones to one
of two regimens [32]. One consisted of restrictions in calcium in-
take to 400 mg (10 mmol)/day; the other recommended a “normal”
calcium intake of 1200 mg (30 mmol)/day and restricted animal
protein (52 g) and salt intake (50 mmol) (details are shown in
Table 57.1). Both groups were advised regarding oxalate restric-
tion. At 5 years, the group on the higher-calcium, low-salt, low-
animal protein diet had a reduction in stone recurrence by nearly
50% compared to the group on the low-calcium diet (Figure 57.1).
The putative effect was attributed to the effect of calcium ingestion
in reducing urinary oxalate while sodium restriction limited uri-
nary calcium excretion, although mediation of the observed ben-
efit through protein and salt restriction independent of calcium
supplementation could not be excluded. Although bone mineral
density was not measured, one would anticipate that the group in
this study that had the higher calcium intake would have had less
demineralization than the other group. It is worth mentioning that
the “normal” 1200-mg calcium intake is higher than many people
in Western societies usually ingest. For those who are lactose intol-
erant and other abstainers from dairy intake, lactose-free products
or orange juice fortified with calcium are alternatives.

Given the evidence that obesity and diabetes are associated with
stones, one might expect that weight loss would be associated
with stone prevention, but this hypothesis has not yet been tested.
Increasing ingestion of fruits and vegetables, after reduction of
animal protein intake, is associated with increased urinary vol-
ume and citrate excretion and reductions in uric acid excretion
[19]. It is anticipated that these changes alone might lead to a re-
duced occurrence of stones. Weight loss should be accomplished
via well-rounded calorie-restricted diets and not via high-protein
regimens such as the Atkins or South Beach diets [33]. A diet shown
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Figure 57.1 Kaplan-Meier estimates of cumulative incidence of recurrent stones,
according to assigned diet: low calcium vs “normal’’ calcium, restricted animal
protein, salt, and oxalate [32]. The relative risk of a recurrence in the group
assigned to the low-calcium diet was 0.49 (95% confidence interval, 0.24–0.98;
P = 0.04). Copyright C© 2002 Massachusetts Medical Society; all rights reserved.

to be effective in the management of hypertension (from the Di-
etary Approaches to Stop Hypertension [DASH] study) might be a
preferred, albeit untested, method of preventing stones and im-
proving bone health [34].

Medications
Pharmacologic therapies for which randomized controlled trials
are available and with demonstrated efficacy for prevention of re-
current calcium stones are thiazides for hypercalciuria, potassium
citrate for hypocitraturia, and allopurinol for hyperuricosuria.

Thiazides
Thiazide diuretics have consistently been shown in randomized
controlled trials to reduce stone recurrence in patients with hy-
percalciuria. Their action in the distal tubule is associated with
decreased urinary calcium excretion. Table 57.2 summarizes the
clinical studies. A meta-analysis of the five studies summarized
in Table 57.2 plus one other of short follow-up concluded that
thiazides were effective [35]; risk reduction was 21.3% compared
with no treatment or placebo. The term “thiazides” here includes
the thiazide-like drugs chlorthalidone and indapamide. Thiazides
are associated with hypokalemia, which in turn can reduce uri-
nary citrate excretion. Their use is therefore often accompanied by
potassium citrate supplements. Triamterene, which is often used to
reduce urinary potassium losses when thiazides are used to treat
hypertension, is poorly soluble in the tubular fluid of the distal
nephron, has been reported to form radiolucent renal stones com-
posed of the medication, and is therefore contraindicated in stone

Table 57.2 Randomized controlled trialsa of “thiazides’’ for prevention of stone recurrence.

% Recurrence
Study ID Drug(s) No. of Follow-up % Recurrence in treated
[reference] (dose) Control patients (mos) in controls group P value Comment

Borghi [18] Indapamideb (2.5 mg) Not treated 50 36 42.8 15.8 <0.02 A third arm with allopurinol and
indapamide had no greater
effect than indapamide alone

Ettinger [63] Chlorthalidone (25 or 50 mg) Placebo 73 36 45 16 (25 mg),
13 (50 mg)

<0.05 “Recurrence’’ includes stone
growth

Laerum [64] HCTZ (25 mg) + KCl (8.0 mEq
b.i.d.)

Placebo 50 36 48 22 0.05

Ohkawa [65] Trichlormethiazide (4 mg) Not treated 175 26 NA NA <0.05 Recurrence rates were not given,
but rates of stone formation
were lower in active thiazide
group than in control

Robertson [66] Bendroflumethiazide (2.5 mg)
+ KCl (14.8 mEq)

Not treated 22 36–60 NA NA <0.05 Small preliminary report; full
report not published; recurrence
rates not given, but rates of
stone formation were lower in
active thiazide group compared
to control; two other arms, one
with allopurinol and one with
orthophosphate, had no effects
compared to placebo

Abbreviations: HCTZ: hydrochlorothiazide; b.i.d., twice a day; NA, not available.
aStudies with less than 2 years of follow-up and those reported only as abstracts are not included.
bIndapamide is a nonthiazide diuretic with similar activity.
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Table 57.3 Randomized controlled trials of other pharmacologic interventions for prevention of calcium stone recurrence.

Intervention [reference] Indication Control (n)
Duration
(mos)

% Recurrence
(intervention
vs. control)

Stone
formation
rate/patient-yr
(intervention
vs. control) Statistical significance

Potassium citrate, 30–60 mEq/day
(n = 18) [36]

Hypocitraturia Placebo (20) 36 28 vs. 80 0.1 ± 0.2 vs.
1.1 ± 0.3

P < 0.001

Potassium/magnesium citrate,
42 mEq; potassium, 21 mEq;
magnesium, 63 mEq (n = 16) [37]

Calcium stones Placebo (25) 36 12.9 vs. 63.6 NA RR reduction, 0.16 (95%
CI 0.05–0.46)

Allopurinol, 100 mg t.i.d.
(n = 29) [38]

Hyperuricosuria (excluding
hypercalciuria)

Placebo (31) 24 31.0 vs. 58.1 0.12 vs. 0.26 P < 0.05

Abbreviations: t.i.d., three times a day; RR, relative risk; CI, confidence interval.

formers; amiloride or spironolactone are preferred as potassium-
sparing diuretics in this population. The thiazides’ antihyperten-
sive effects, their long history of efficacy in systolic hypertension,
especially in the elderly, and their association with increases in bone
mineral density and reduction in fracture rates make thiazides the
first-line therapy in patients with stones who are also affected by
these other conditions. Young and otherwise-healthy stone form-
ers will also benefit, with minimal reductions in blood pressure in
most normotensive individuals. The hypocalciuric effect is greater
in patients who succeed in reducing sodium intake.

Citrate
For patients with hypocitraturia, potassium citrate supplementa-
tion was shown to prevent stone recurrence in one randomized
controlled trial [36] (Table 57.3). A preparation of potassium and
magnesium citrate, not commercially available, was also effective
for patients with calcium stones, irrespective of urinary citrate ex-
cretion [37]. Sodium citrate is associated with increased urinary
calcium excretion and should be avoided.

Allopurinol
The effect of uric acid on precipitation of calcium oxalate led to a
positive randomized controlled trial of allopurinol for prevention
of recurrent calcium stones in patients with hyperuricosuria [38]
(Table 57.3). Small and therefore inadequate studies in patients
without hyperuricosuria showed no benefit.

Other therapies
A variety of other therapies have been tested in randomized con-
trolled trials, and these have not demonstrated efficacy. Other
customary therapies have not been tested in well-designed tri-
als. There is currently no evidence supporting the use of cellulose
phosphate, sodium phosphate, or orthophosphate. Magnesium
may be effective in vitro in preventing crystallization of cal-
cium salts, but no human data exist to show that it is effective
in vivo; it may, however, be indicated in patients with bowel dis-

ease, who often have hypomagnesiuria. Reduction of urinary ox-
alate, whether through dietary restriction, calcium supplementa-
tion, or other oxalate binders, has not been shown to prevent stone
recurrence.

Calcium phosphate stones

The therapies recommended for the prevention of recurrent cal-
cium phosphate stones have not been studied in randomized con-
trolled trials. Calcium phosphate, usually in the form of hydroxya-
patite, is frequently a minor component of calcium oxalate stones,
but only about 15% of calcium stones are composed of more than
50% calcium phosphate [39]. A major determinant of calcium
phosphate crystal formation is higher urine pH.

Two diagnoses should be considered in patients with predom-
inant calcium phosphate stones: RTA and primary hyperparathy-
roidism. Distal RTA (or type I RTA) is associated with an increase
in urine pH, which is the major reason why the associated stone
composition is often calcium phosphate. The diagnosis of incom-
plete RTA is made when serum bicarbonate is normal but urinary
pH is high and citrate excretion is low. Although not required
for diagnosis, defects in urinary acidification are usually found in
response to testing with ammonium chloride. A defect in acidifi-
cation can also be suspected if the apparent level of ammonium
excretion estimated from the urinary anion gap is low. The ac-
companying metabolic acidosis, with or without decreased serum
bicarbonate, is associated with hypocitraturia. Hypercalciuria and
osteoporosis are also often present as a result of acidosis-induced
stimulation of osteoclast activity and inhibition of renal calcium
reabsorption [40]. Nephrocalcinosis is often seen on abdominal
radiography or ultrasound. Treatment with bicarbonate or citrate
to raise serum bicarbonate and urinary citrate excretion appeared
to reduce stone recurrence in uncontrolled observational stud-
ies of RTA and incomplete RTA [41,42]. Potassium bicarbonate
or citrate preparations are preferred to sodium salts to minimize
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hypercalciuria. Citrate supplementation is complicated by an en-
suing increase in urinary pH which could theoretically worsen cal-
cium phosphate precipitation. Treatment with thiazides to lower
urinary calcium excretion might make citrate supplementation
safer in patients whose hypercalciuria persists despite successful
treatment of acidosis and might contribute to increasing bone
mineral density.

The effects of parathyroid hormone (PTH) to increase intestinal
absorption of calcium via stimulated synthesis of 1,25-dihydroxy-
vitamin D and to mobilize directly both calcium and phosphate
from demineralizing bone contribute to calcium phosphate stone
formation. Calcium oxalate stones occur as well. The diagnosis
should also be suspected in women or patients with a family his-
tory of stones or parathyroid disease. PTH should be measured in
patients with high-normal or high values of serum calcium; serum
ionized calcium is a more sensitive test. As many as one-third of
patients with hyperparathyroidism and calcium stones may be nor-
mocalciuric, suggesting that other factors may contribute to stone
formation. The therapy is surgical parathyroidectomy, although
stone recurrence after gland removal is surprisingly high [43].
For those patients in whom surgical therapy is contraindicated
due to coexisting morbidities, thiazides may reduce urinary cal-
cium but increase serum calcium concentration. The calcimimetic
agent cinacalcet lowered serum PTH levels in a placebo-controlled
randomized trial, but a clear beneficial effect on urinary risk fac-
tors was not demonstrated [44], and cinacalcet is currently not
approved for this indication.

Struvite stones

Struvite stones, constituting 10–15% of all urinary tract stones,
result from urinary tract infections with organisms that produce
the enzyme urease, which catalyzes the conversion of urea to CO2

and ammonia [45]. Ammonia alkalinizes the urine, and pH val-
ues of 7.5 or more result. Such values are rarely seen, even with
renal tubular acidosis or vegetarian diets: high urine pH should
always lead to obtaining a urine for bacterial culture. Struvite pre-
cipitates at these high pH values; the crystals are composed of
calcium phosphate (in the form of carbonate apatite) and mag-
nesium ammonium phosphate (leading to their alternative name
of “triple-phosphate” stones). These stones are often large and
can form staghorn calculi, stones which extend into multiple ca-
lyces of the kidney pelvis. (Staghorn calculi may be composed of
any stone-forming crystal: cystine, calcium oxalate, calcium phos-
phate, and uric acid). Affected patients are often, but not always,
those with recurrent infections associated with spinal cord injury
such as a neurogenic bladder, chronic bladder dysfunction from
other causes such as multiple sclerosis, and other disorders treated
with chronic indwelling catheters.

The therapy of struvite stones is surgical removal, either via
ureteroscopy or percutaneous nephrostolithotomy [46]. Extracor-
poreal shock wave lithotripsy should be tried only for relatively
small stones in normal urinary tracts. Nonsurgical therapy is as-

sociated with sepsis or deterioration of kidney function, which
may eventually require treatment by nephrectomy [47], especially
in patients with end-stage renal disease in whom a kidney trans-
plant is anticipated. Long-term, low-dose suppressive antibiotics,
such as nitrofurantoin or sulfamethoxazole–trimethoprim, may
be appropriate when stones have been completely eradicated by
surgical therapy, but this strategy has not been the subject of any
long-term randomized controlled trials.

Although the urease inhibitor acetohydroxamic acid has been
shown to effectively reduce urinary ammonia levels and stone
growth, its use should be reserved for patients with significant
contraindications to endourologic surgery or who have failed sur-
gical eradication [48–50]. The incidence of side effects reported in
the clinical trials was significant, with relatively high proportions
of patients taking the drug withdrawing from these studies [50].
These studies predate the current technology of endourology and
effective stone removal, so that the relevance of the drug for stone
disease management currently is less clear.

Patients with struvite stones and chronic infection often have
metabolic abnormalities which may be responsible for causing
calcium stones, which in turn contribute to initiation of infec-
tion and struvite formation [51]. Metabolic evaluation with 24-h
urine collection after complete stone removal is recommended,
although whether specific treatment based on the measured
metabolic abnormalities will reduce struvite stone recurrence is
unknown.

Uric acid stones

Uric acid is the major constituent of about 5–10% of stones; recent
evidence demonstrates that uric acid stones make up a much larger
proportion of stones among diabetics and obese patients [52,53].
There have been no randomized controlled trials of prevention of
uric acid stones. The pathophysiology of uric acid stones and the
therapy that arises from an understanding of this pathophysiology
are relatively clear and effective, respectively [54]. There are three
major factors that account for increases in urinary uric acid su-
persaturation: low urine volume, hyperuricosuria, and low urine
pH [55]. The latter is by far the most important variable affecting
uric acid supersaturation. As the pK of uric acid is 5.6, at low urine
pH (5.5 or less) most uric acid is in the poorly soluble, protonated
form and thus crystalluria and stones may result. At higher urinary
pH (6.0 or more) most uric acid is in the dissociated, ionic, and
therefore highly soluble form, and crystals will dissolve and stones
are therefore unlikely. The amount of uric acid in the urine is much
less important: with a low pH, even relatively little uric acid in the
urine can result in stones, whereas at higher urine pH even rel-
atively greater degrees of hyperuricosuria are not associated with
stone formation.

Because low urine pH is a major cause of uric acid stones, condi-
tions associated with more acidic urine are frequently implicated.
Chronic bowel diseases, such as ulcerative colitis, Crohn’s disease,
chronic diarrhea, and ileostomy are often causative [26]. These
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bowel disorders may also be associated with low urine volume as
the result of stool salt and water losses. Increasing body weight
is also associated with decreasing urine pH [56]. Diabetes is as-
sociated with a higher prevalence of stones in general [22] and
a higher proportion of uric acid stones than seen in the general
population [52]. The link between obesity, diabetes, and low urine
pH resulting in uric acid stones may be due to a reduction in renal
ammoniagenesis associated with insulin resistance.

Hyperuricosuria may be idiopathic or result from excessive in-
gestion of animal protein (poultry, fish, beef, eggs, lamb, etc).
About 20% of patients with gout are overproducers of uric acid
and have hyperuricosuria. However, even patients with gout and
lesser values for uric acid excretion may have low urine pH, re-
sulting in an increased risk for uric acid stones. These patients’
gout-associated uric acid stones may be the result of the low urine
pH associated with their higher body mass index or diabetes rather
than gout per se, although even after correction for body mass, gout
is associated with a greater risk of stones [27]. Less frequently, hy-
peruricosuria is the result of hematologic disorders, such as poly-
cythemia vera, lymphoproliferative disorders, or abnormalities in
uric acid metabolism, such as Lesch-Nyan syndrome. Hyperuri-
cosuria can also arise from uricosuric drugs, such as probenecid
or high-dose salicylates.

The major implication for therapy in patients with uric acid
stones is that alkalinization of the urine is far more likely to be
successful than therapy with the xanthine oxidase inhibitor allop-
urinol. Significant reductions in uric acid excretion achieved by
allopurinol will be associated with continued stone production
if urinary pH is not raised. If alkalinization is successful, reduc-
tion of uric acid excretion is not very important. Alkalinization
is most often achieved with potassium citrate in varying doses,
from 20 to 40 mEq once or twice a day. Potassium citrate is prefer-
able to sodium citrate, as the sodium excretion may be associated
with increased calciuria, although hypertension and hypervolemia
or pulmonary congestion are less likely than with sodium chlo-
ride supplementation. Citrate salts may be better tolerated than
sodium or potassium bicarbonate, but they do cause gastroin-
testinal symptoms in some patients, especially elderly patients.
Sodium bicarbonate, however, is the cheapest form of alkaliniza-
tion therapy. Allopurinol is reserved for patients with significant
hyperuricosuria (more than 800–900 mg/day) in whom alkalin-
ization is not easily achieved. Such patients may be those who
become hypertensive or hypervolemic with sodium salts, hyper-
kalemic with potassium citrate, or have more marked metabolic
acidosis due to chronic diarrheal conditions, such as that seen in
some patients with ileostomies. Patients with these bowel disor-
ders have continued intestinal losses of base and may, therefore,
exhibit persistently lower serum bicarbonate concentrations that
interfere with achieving bicarbonaturia and urinary alkalinization.
Alkalinization of the urine throughout the day should be the goal
for patients with stones in place, in whom stone dissolution may
be possible. Once-a-day, or even every-other-day, orally adminis-
tered alkalinization is often adequate for purposes of prophylaxis
only, as demonstrated in a single anecdotal series [57].

Reduction in animal protein intake may be useful in reducing
uricosuria and mitigating the metabolic acid load that contributes
to the low urine pH. Increased ingestion of fruits and vegetables
can be associated with increases in urine volume and urinary pH
as well [19]. However, the benefit of protein restriction may be in-
significant in patients with obesity and diabetes. Although specific
therapy for such patients has not yet been investigated, such pa-
tients may have a lesser impact from protein restriction and might
benefit more from weight loss and exercise to prevent the onset of
diabetes.

Acetazolamide, a carbonic anhydrase inhibitor, causes dimin-
ished reabsorption of bicarbonate in the renal proximal tubule.
Urinary alkalinization results and could be associated with dis-
solution of uric acid stones or prevention of stone recurrence.
However, its use is accompanied by metabolic acidosis (superim-
posed on patients who often already have a degree of acidosis) and
hypokalemia, making it less desirable for chronic use. The drug
is reserved for patients who have difficulties with potassium and
sodium citrate or bicarbonate.

Cystinuria

Cystinuria is responsible for 1% of all stones. There have been
no randomized controlled trials of treatment for recurrence of
stones in patients with cystinuria. The condition is the result of
an autosomal recessive mutation in one of the two components of
the proximal tubule’s major cystine transporter. There have been
advances in the collection of urine and assays for cystine that might
change management of the disease. Urine collections for cystine
should be alkalinized in order to solubilize precipitated cystine and
avoid underestimating the excretion of cystine [58]. A solid-phase
assay has recently been developed to avoid interference of thiol
drugs with cystine measurements and could yield more accurate
measures of cystine excretion and solubility [59]. Validation of the
utility of this technique is not yet available.

Prevention of recurrent cystine stones has four components:
fluids, diet, urinary alkalinization, and thiol medications. Patients
should maintain high urine volumes, at least 1 L/250 mg of cystine
(about 1 mmol)/day. The diet should have limited intake of animal
protein, which contains methionine, the metabolic precursor of
cystine [60], and of salt, the excretion of which is accompanied by
more urinary cystine [59]. It should be noted that the experimental
literature demonstrating an effect of dietary restriction of protein
and salt does not include stones as an end point but does include
changes in urinary cystine excretion. Protein restriction may also
be useful in causing a degree of urinary alkalinization and reducing
the amount of citrate supplementation required to achieve a higher
urinary pH. Urinary alkalinization to pH 7.0 or more significantly
increases cystine solubility; potassium citrate is preferred to the
sodium preparation.

Thiol drugs containing a sulfhydryl group can break the
disulfide bridge of cystine and form two molecules of cysteine
bound to the drug; cysteine and cysteine-drug complexes are
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more soluble than cystine. Available drugs include tiopronin (α-
mercaptopropionylglycine), d-penicillamine, and a less-effective
agent, captopril. The drugs are associated with improvements in
cystine solubility, but their efficacies in preventing stones have
been demonstrated only in relatively small anecdotal series, rather
than in controlled trials [61,62].
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Phases of normal growth and influence
of renal disease

Normal growth can be divided into four phases: prenatal, infantile,
childhood, and pubertal. Each growth phase has different deter-
minants, but growth is most affected during periods when it is the
most rapid.

Prenatal phase
Growth in utero is more rapid than at any other time; around 30%
of final height (FH) is achieved by birth. Intrauterine growth retar-
dation (IUGR) has a profound effect on postnatal growth: children
remain small and catch-up is rare. Kidney disease is a risk factor
for IUGR. An adverse environment in utero impairs kidney devel-
opment and makes the kidneys more vulnerable to damage from
a range of pathological processes [1–5]. An increased incidence of
IUGR has also been demonstrated in children with nephrotic syn-
drome and is associated with increased risk of relapses and steroid
resistance [6–8].

Infantile phase
The extremely rapid prenatal rate of growth gradually decreases
from >25 cm/year at birth to an average of 18 cm/year at 1 year
of age and 10 cm/year at 2 years of age. One-half of adult height
is achieved by the age of 2 years. This phase is highly dependent
on nutrition: 170 Kcal/day are stored in new tissue in the new-
born term infant, falling to 50–60 Kcal/day at 6 months, 30–40 by
1 year, and 20–30 by 2 years. Maintenance of normal growth is
very difficult in young children with chronic kidney failure (CKF).
Poor feeding and vomiting are common, and urological malfor-
mations, the most common cause of CKF in infancy, may result
in sepsis, further aggravating the feeding problems or necessitat-
ing investigation and treatments with associated periods of fasting
[1,9–14].

Childhood phase
Growth during the childhood phase becomes more dependent on
the growth hormone (GH)–insulin-like growth factor 1 axis. GH
is secreted in pulses, particularly at night, and this secretion is
important for its actions. The growth rate decelerates throughout
childhood until the onset of sex hormone production. Prolonged
slowing of growth, in association with lack of development of
secondary sexual characteristics (prepubertal deceleration), often
causes concern and is a complication of long-term steroid therapy
[15,16]. Growth will not resume until the onset of puberty.

Pubertal phase
Acceleration of growth during puberty is dependent upon the co-
ordination of GH and sex steroid production, which, together with
nutrition and general health, modify the genetic growth potential.
Rising sex steroid concentrations stimulate GH production by in-
creasing the amplitude of GH secretory pulses. Together, they have
an anabolic effect on muscle mass, bone mineralization, and body
proportions. Rates of growth may reach as high as 12 cm/year.
The pubertal growth spurt will not take place until the appearance
of secondary sexual characteristics. In girls this occurs early, soon
after the onset of breast development; in boys it occurs later, after
the onset of penile and pubic hair development and not until the
testes have grown to 10–12 mL. Growth rates should therefore be
interpreted with knowledge of the corresponding pubertal stage.
Pubertal development and growth may be affected by CKF and
steroid therapy [15–18].

Prevalence, severity, and natural history of
growth disorders in chronic kidney disease

Steroid-sensitive nephrotic syndrome
The main potential impediment to growth in steroid-sensitive
nephrotic syndrome is the steroid treatment rather than the disease
itself. However, despite multiple courses and sometimes pro-
longed treatment, the majority of studies have shown little re-
duction in long-term growth potential. In 1985, the first report
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demonstrated that, although growth was suppressed while taking
steroids, those who had completed growth had a mean height stan-
dard deviation score (HtSDS) of −0.22 [19]. In the most recent
report, median final HtSDS was normal, at −0.4 [20]. Although
obesity and reduced appendicular lean mass are relatively com-
mon, these too resolve by adulthood [20,21].

Use of steroid-sparing agents results in improved growth. Chil-
dren with severe growth impairment treated with cyclophos-
phamide demonstrated dramatic catch-up: HtSDS increased from
−2.29 to −0.43 [22]. Similar results were shown in 12 children
following treatment with alkylating agents: growth rate increased
from 4.3 to 8.7 cm/year [23]. Studies of GH secretion have demon-
strated that normal pulsatility is lost during steroid treatment
[24] and recovers after its cessation [15]. Normal growth has been
demonstrated in children prescribed cyclosporine A or tacrolimus
[25].

It is likely that children with more severe renal disease have
the most growth retardation. The mean duration of prednisone
treatment and the average cumulative dose, especially when given
for >6 months/year at a dose of >0.2 mg/kg/day, have been shown
to be major predictors of poor growth outcome [26,27].

Another factor that may confound accurate interpretation of
studies is the age at administration of steroids. Prepubertal growth
may be unaffected: 21 prepubertal children grew normally on a
mean yearly cumulative doses of prednisone of 6300, 3459, 2677,
and 2081 mg/m2 at the first, second, third, and fourth years, re-
spectively [28]. Children taking steroids during the pubertal phase
may have delayed development of secondary sexual characteris-
tics and therefore delayed onset of the growth spurt. This causes
a fall in HtSDS, which may be particularly pronounced, espe-
cially in those on long-term steroids [29], but growth contin-
ues for a longer time and ultimate height may not be affected
[15,16]. This effect is greater in boys and in patients treated in
the immediate prepubertal period, rather than those who are
already established in puberty when steroids are started. Those
who were on prednisolone after the age of 9 years in girls and
11 years in boys were at higher risk for height loss [27]. The FH
of boys on steroids from 12 to 16 years of age and of girls from
10 to 14 years of age were −2 standard deviations (SD) below
target height, but if steroids were withdrawn by the age of 14
years in boys and 12 years in girls, FH was within the normal
range [30].

Chronic kidney failure

Prenatal and infantile phases
Many infants are already growth-retarded by the time they are first
seen in a pediatric nephrology service, with losses as high as −1.68
SD from birth (−5 SD/year) [31]. HtSDS is below the normal
range in most studies [1,9–14]. Approximately one-third of the
fall in HtSDS occurs during fetal growth and one-third occurs
during the first 3 months of life, accompanied by a similar fall in
head circumference [32–34]. Infants who grew well continued with

catch-up in early childhood [13,31]. As well as IUGR, a proportion
of infants have comorbidities and associated syndromes which may
in themselves affect growth. Although one-half of those with a
glomerular filtration rate (GFR) of <35 mL/min/1.73 m2 showed
catch-up growth, many that grew poorly had IUGR [1].

Childhood phase
By the childhood phase, many patients with CKF that developed
in infancy are growth-retarded, with growth paralleling the per-
centiles but not catching up [31,34,35]. Growth seems to be af-
fected with even mild CKF, and these observations have changed
little since 1996, when mean HtSDS was −1.5 in 1725 patients, to
1998, when HtSDS was −1.4 (with one-third of values greater than
−1.88) in 3863 patients, and −1.4 in 2001 with 4666 patients aged
<20 years and with GFR of <75 mL/min/1.73 m2 [36–38]. More
severe CKF has a greater effect on HtSDS: 321 children aged 1–
10 years with congenital CKF divided according to GFR above ver-
sus below 25 mL/min/1.73 m2 had HtSDS of −1.65 and −2.79,
respectively (mean, −2.37) [35]. HtSDS may decline progressively,
falling from −1.6 to −2.1 over 3.5 ± 3.3 years in 22 patients aged
<14 years with a GFR of 32.6 ± 24.8 mL/min/1.73 m2 [39]. How-
ever, this has not been found in all studies. In one study, improve-
ment of+0.3 SD occurred over 2 years in 99 children with a median
GFR of 22 mL/min/1.73 m2 and HtSDS of −1.73 [40]; a smaller
study had similar findings [41].

Pubertal phase
The pubertal phase is a phase of rapid growth and is another period
when loss of height potential can occur. Early studies in children
with severe CKF demonstrated that puberty was delayed by ap-
proximately 2.5 years in both sexes, with an irreversible decline in
HtSDS [42], but others have reported normal pubertal progression
and growth [31,34,43].

Dialysis

Many studies have combined children of all ages and dialysis
modality (peritoneal dialysis [PD] and hemodialysis [HD]): of
651 patients aged <18 years, 266 (41%) had an HtSDS of less than
−1.88 [44], and 57% of over 200 on PD had retarded growth [45].
Growth retardation is reported to occur less frequently with con-
tinuous ambulatory PD than with continuous cycling PD or HD
(changes in HtSDS, −0.55, −1.69, and −1.80, respectively, over
6–12 months) [46], although this effect was most noticeable in
older children [47].

Infantile phase
Reports vary considerably, but generally infants with chronic kid-
ney disease either show no improvement or have worsening growth
retardation without nutritional support. No change in HtSDS has
been reported (−2.51 to −2.74) in 15 children <2 years old treated

655



BLBK043-Molony September 20, 2008 20:8

Part 10 Pediatrics

with continuous ambulatory PD [48]. Deterioration in HtSDS
occurred in 17 infants on PD [49], and a decline in HtSDS by
−0.29 SD/year has also been reported, along with a significant
improvement between the first (−0.50) and the second (−0.23)
years, in 22 children starting PD in infancy [50]. Good growth
with nutritional support has been reported in some, but not all,
studies (Table 58.1).

There are fewer studies of growth in infants on HD. In those
ages 0–1 and 2–5 years at the start of HD and/or PD, HtSDS was
−1.99 and −2.05, respectively, falling to −2.46 and −2.32 at 1 year
and −2.06 and −2.00 at 2 years [51]. There have been two studies
of HD, one reporting no change from HtSDS −1.6 in 18 infants
on HD for up to 2 years [52], and the other reporting an HtSDS of
−3.59 in 10 infants weighing <10 kg, only one of whom showed
any improvement in HtSDS over a mean duration of 8.5 months
[53].

Childhood phase
Reports on growth in the childhood phase vary, from improvement
from −2.13 to −1.66 in 34 patients on PD for 6 months [54], to
no change over 1 year [55,56], to a declining HtSDS from −1.71
to −1.86 at 1 year and −2.12 at 2 years in children on PD or HD
aged 6–12 years (51).

Pubertal phase
Puberty may be delayed with poor growth [57]. HtSDS fell from
−1.97 to −2.36 in 94 adolescents on HD for 3 years [58], from
−1.39 to −1.59 at 1 year, and to −1.83 at 2 years in those on PD
or HD [51].

Posttransplantation

Mean (range) HtSDS values at the time of transplantation for all
ages have been reported to be −2.11 (−5.05 to −0.27), improving
to −1.50 (−3.67 to −1.27) at 7 years posttransplant in 85 children
[59] and −2.20 improving to −2.0 at 1 year in 64 children but
with no further increases in years 2 and 3. Overall, more than 40%
had values that remained less than −2 SD [60]. Some, but not
all, studies show growth posttransplant to be superior to growth
on dialysis, particularly in younger children [47,61,62]. However,
comparison is difficult because, as well as age at transplant, growth
is influenced by pretransplant height deficit (the greater the height
deficit the greater the catch-up), which is in turn influenced by
time of diagnosis and duration of dialysis [61]. Several studies
have demonstrated the importance of GFR [61,62]: each increase
in serum creatinine of 90 μmol/L (1 mg/dL) is associated with
−0.17 SD [63]. Immunosuppressive regimens, especially steroid
administration, affect growth (see below).

Infantile phase
Children under 2 years old have the greatest improvement in
HtSDS, with gains of +1 SD overall [63] and +1.4 SD in six in-

fants [64] and −3.2 to −1.6 and −1.4 at 5 and 10 years of age,
respectively, in 30 infants [65]. One study showed no change from
−1.1 SD over 7 years [66].

Childhood phase
Improvement in growth diminishes throughout childhood: 47%
of children <6 years old at the time of transplant and 22% aged
>6 years gained 1 SD [63]; height deficit was reduced by one-
third in those receiving transplants before 5 years compared to an
increase of up to 22% in older children [67]. HtSDS changed from
−2.1 to −1.0 at 1 year, to −1.1 at 5 years, and to −0.14 at 10 years in
54 children who received transplants before age 5 years [68]; from
−2.0 to −1.8, −1.5, and −1.5 at 1, 2, and 5 years posttransplant
in 39 children <6 years of age [69]; and from −1.71 to −1.14 at
1 year and −0.55 at 5 years in 20 children <8.5 years of age [13].
Growth rates improved from 4.9 to 8.0 cm/year (+0.6 SD) within
2 years and increased FH by 1.3 SD [61].

Pubertal phase
Onset of puberty may be delayed but is in accordance with bone
age. In 68 patients, mean chronological age and peak height ve-
locity were 14.6 ± 1.9 and 13.3 ± 1.9 years and 6.6 ± 1.6 and
6.5 ± 2.9 cm/year in boys and girls, respectively. Menarche was
attained at 15.9 years, and the duration of pubertal development
was within normal limits [57]. Steroids may contribute to this de-
lay [17]. HtSDS increased by 1.3 SD and 0.7 SD until FH occurred
in children who received transplants before and after the start of
puberty, respectively, although pubertal height gain was reduced
by 20% [61]. HtSDS increased from −1.8 to −1.6, −1.5, −1.0,
−0.7, and −0.6/year over five consecutive years in 54 adolescents
[70]. Total pubertal height gain was greater in younger children, in
those transplanted before the onset of puberty, and in those with
better graft function [61,70].

Obesity posttransplantation
Obesity occurs in up to 13% of children with renal transplants and
is associated with young age, male gender, short stature, duration
of dialysis, and the number of grafts received [71,72]. Obesity
may not be more common than in the normal population and is
strongly related to the body mass index (BMI) of the mother [60].

Final height

FH is less than −2 SD in up to 47% of patients [57,61,73–75], with
a mean of −2.01 in boys and −1.4 in girls among 60 patients not on
recombinant human GH (rhGH) [75]. Conservative management
is associated with a better FH than for those on renal replacement
therapy (−1.15 vs. -2.1) [75]. FH was not reached until 20.2 ±
1.8 years in boys and 18.8 ± 2 years in girls [57,75], with a gain
of +0.87 and +0.3 SD, respectively, after the age of 18 years [75].
Young age at start of dialysis and at transplant, short stature at
transplant [60,73], and graft function [60] predict FH.
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Table 58.2 EAA supplements and growth.

Study No. of GFR Duration
[reference] patients (mL/min/1.73 m2) Diet (mos) Outcome

Jones 1980 [97] 7 Severe CKF Protein RDA for Ht age, half as EAAs 6–8 Improved nitrogen balance but no increase
in HtSDS

Jureidini 1990 [94] 10 Severe CKF Low protein and EAAs 36 Increase in Ht and WtVel

Mir 2005 [95] 20 <50 0.6 g/kg protein and ketoacids 30 HtSDS from −1.93 to −1.37

Zachwieja 1994 [96] 10 HD AAs 0.25 g/kg body weight i.v. with
dialysis

2 of 3 No improvement in plasma AAs

Abbreviations: RDA, recommended dietary allowance; Ht, height; i.v., intravenous; Wt, weight; Vel, velocity.

Available guidelines

The National Kidney Foundation’s Kidney Disease Outcomes
Quality Initiative has published guidelines for the nutritional man-
agement of children with kidney disease [76], including methods of
assessment of nutritional status, management of acid–base status,
role of urea kinetic modeling, interval measurements for assess-
ment of nutritional status, energy, protein, vitamin, and mineral
intakes, dietetic input, nutritional supplements, and use of rhGH.
British Renal Association standards cover the role of the pediatric
dietician and nutritional recommendations for energy, protein,
and phosphate [77].

Evidence for benefits of interventions on
nutrition and growth

Nutrition
Dietary supplementation, input by a dietician specialist, and
nasogastric or gastrostomy feeds
The benefits of supplemental feeds in CKF and dialysis patients
have been studied in case series and cohort studies [11–14,52,78–
88] (Table 58.1). All but two studies focused on children younger
than 2 years of age, who would be expected to benefit most from
intensive nutrition. In eight studies there was an improvement in
HtSDS [11,13,14,82–86,88], in three studies there was an initial
decline followed by normalization of growth [12,78,81], in three
studies there was no significant change [52,80,87], and in one
study there was a decline in HtSDS [79]. Six studies included older
children. Of these six, three showed an improvement in growth
[11,83,85], two showed no change [81,87], and one showed a de-
cline in HtSDS [79]. The normal age-related requirements for en-
ergy and protein seem to be needed for growth improvement, with
an increased protein allowance for children on PD and a smaller
supplement for those on HD to allow for losses in dialysate. The
benefits of intervention by a dietician were demonstrated in two
studies, but it is likely that none of the studies could have been
achieved without provision of dietetic input.

Administration of nutritional supplementation was by nasogas-
tric tube or gastrostomy in all but one study. Complications were
not specified but are known to occur primarily in children on PD.
Postgastrostomy, there is an early risk for peritonitis, but this re-
solves. There is an increased risk of exit site infection and catheter
removal from infection when the gastrostomy tube is inserted af-
ter PD has started, a risk that may be reduced if open rather than
percutaneous surgery is used. Paraoesophageal hernias have been
reported [89,90]. Successful track closure on removal and normal
feeding posttransplant are the usual outcomes [91,92].

Essential amino acid supplements
Serum essential amino acids (EAAs) may be low in CKF, particu-
larly during PD [93]. It has been suggested that a low-protein diet
supplemented with EAAs might ensure adequate intake and re-
duce protein toxicity, thereby benefiting growth. The small cohort
studies available have been inconclusive [94-97] (Table 58.2).

Amino acids-containing PD solutions
Excessive glucose absorption and also dialysate AA and protein
losses contribute to malnutrition during PD. It has been suggested
that using an AA dialysate might both decrease glucose load and
replace AA losses. However, although AAs are absorbed in propor-
tion to the concentration difference between dialysate and plasma
[98,99], there is no evidence for long-term nutritional benefit with
the more costly AA-based dialysis solutions than the standard
glucose-based solutions [100] (Table 58.3). Equivalent amounts
of urea and creatinine are removed by both methods. With AA so-
lutions, normoglycemia is maintained although ultrafiltration is
variable [101–103]. It may be that using a combination of glucose
and AA solutions increases protein synthesis [104]. There have
been no adverse effects reported.

Intradialytic parenteral nutrition
Losses of AAs occur into the dialysate during HD, depending
on their plasma concentrations and molecular weights. Studies
of intradialytic parenteral nutrition have shown an increase in
body weight but not serum albumin. No complications have been
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Table 58.3 AA-containing PD solutions and growth.

No. of
Study [reference] patients Dialysis Dialysate Duration Outcome

Canepa 1990 [98] 7 CAPD 1% AA exchange compared to
glucose 1.36%

1 exchange Rise in plasma AAs proportional to amount of AA in dialysate;
amount of AA absorbed 66% after 1 h, 86% after 4 and 6 h;
loss of 116 ± 69 μmol/kg body wt with glucose

Hanning RM 1987 [99] 8 CAPD AA-based dialysate 1 exchange Absorption of 70–73% of AAs peaking at 1 h and varied with
concentration difference; levels at pre-exchange at end of cycle

Canepa 1991 [100] 8 CAPD First morning exchange of 1%
AA dialysate

12–18
mos

No improvement in any plasma or anthropometric parameter of
nutrition; plasma urea increased; plasma EAAs improved but
intracellular pool did not

Qamar 1994 [102] 7 CAPD AA or dextrose dialysate 3 mos, crossover No nutritional benefit from AA dialysis

Qamar 1999 [103] 7 CCPD AA or dextrose dialysate 3 mos, crossover During AA, appetite, calorie, and protein intake improved and
total body nitrogen increased in one-half of children; plasma
albumin did not change; fasting AAs were comparable to
baseline; plasma urea was higher

Canepa 2001 [104] 10 CCPD 3:1 ratio of glucose to AA 8 infusions Glucose absorption was 33.7%, AA 55.2%; plasma AA levels
high but plasma urea did not increase

Abbreviations: CAPD, continuous ambulatory PD; CCPD, continuous cycling PD.

reported, but the studies conducted have been very small [105–
108] (Table 58.4).

Dialysis adequacy
Increasing dialysis dose might be expected to benefit appetite, nu-
trition, and growth, and this has been found in some studies [109–
111], but it needs to be balanced against increasing dialysate albu-
min losses during PD [112] and increasing AA losses during HD
[113] (Table 58.5). This may be possible with careful attention to
diet. PD causes an influx of glucose, which can contribute to obe-
sity. High transporter status was associated negatively with HtSDS
and positively with BMISDS in 51 children on PD. Large dialysate
volumes also increase BMISDS [114]. For HD it is not clear if there

Table 58.4 Intradialytic parenteral nutrition and growth.

Study [reference] No. of patients Intradialytic (HD) treatment Outcome

Abitbol 1984 [105] 3 AAs added to dialysate in increasing
concentrations

Zero flux of AA nitrogen when 22 mg/
100 ml of AA additive in the dialysate;
increase in plasma non-EAAs but not of
EAAs

Krause 2002 [106] 4, malnourished 8.5% AA solution, 10–15% dextrose,
20% fat emulsion for 7–12 weeks

Oral intake improved; Wt did not improve
during treatment, but did subsequently;
albumin did not change

Goldstein 2002 [107] 3, malnourished adolescents 70% dextrose, 15% AAs, 20% lipids,
6 weeks

Wt improved but not albumin

Orellana 2005 [108] 9 with >10% Wt loss and <90th
percentile of ideal body Wt

Thrice weekly for 3–22 mos In six patients, BMI and PCR increased,
serum albumin did not change

Abbreviations: Wt, weight; PCR, protein catabolic rate.

is a maximum optimum dose. Studies of daily HD, which is likely
to offer the most benefit, have been promising [115].

Residual renal function increases clearance and growth. HtSDS
improved from −1.78 to −1.64 over 1 year of PD in 12 patients
with RRF but declined from −1.37 to −1.90 in 12 patients with-
out residual renal function. Weekly Kt/V was not different, and
only the native kidney Kt/V and creatinine clearance correlated
with growth, suggesting that clearance obtained by PD cannot be
equated with that obtained by native kidneys [116]. Eleven of 20
patients on PD with a minimum Kt/V of 2.1, daily protein intake of
3.25 g/kg/day, and HtSDS of −2.3 improved their HtSDS by 0.55,
whereas in the other 9 it declined by −0.50. Variables affecting
growth were nitrogen balance and residual Kt/V [117].
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Table 58.5 Dialysis adequacy and growth.

Study No. of Duration CrCl mL/1.73
[reference] patients Age (yrs) (mos) PD/HD Kt/V m2/URR Outcome

Holtta
2000 [109]

10
11

<5
>5

9 CCPD 3.1
3.2

59
78

Catch-up growth in 62%, better than Kt/V
1.7 and CrCl >40 (historical)

Marsenic
2001 [110]

15 14.5 ± 3.8 38 sessions HD <1.3–>1.6 URR 85% nPCR lowest if <1.3, no improvement
when >1.6

Tom 1999
[111]

12 0.6–14 4–81 HD >2.0 and high dietary
intake

URR >85% +0.31 SD/yr, normal pubertal growth

Brem 2000
[112]

23
30

14.3 ± 3.6
10.6 ± 4.7

18 HD
PD

Review,
noninterventional

No association with albumin; inverse
correlation with albumin, particularly if
Kt/V >2.75

van Hoeck
2003 [113]

8 2–12 1 week crossover of
NIPD ± daytime
icodextrin

Kt/V increased from
1.99 to 2.54

CrCl increased from
35 to 65

No change in plasma albumin or PD losses,
increased AA losses but no change in
plasma AAs

Abbreviations: CCPD, continuous cycling PD, peritoneal dialysis; NIPD, nocturnal intermittent peritoneal dialysis; URR, urea reduction ratio; nPCR, normalized protein catabolic
rate.

rhGH
The efficacy of rhGH in CKF and posttransplantation has been
the subject of a Cochrane review [118]. Fifteen randomized con-
trolled trials involving 629 children were identified [119–131].
Ten trials compared rhGH with placebo or no treatment [119–
127] (Table 58.6). rhGH at 28 IU/m2/week resulted in a signifi-
cant increase in HtSDS at 1 year (weighted mean difference, 0.78
SDS, 95% confidence interval, 0.52–1.04) and a significant in-
crease in height velocity at 6 months (weighted mean difference,
2.85 cm/6 months; 95% confidence interval, 2.22–3.48) and 1
year (weighted mean difference, 3.80 cm/year; 95% confidence
interval, 3.20–4.39) [118]. Results were independent of pubertal
stage or treatment modality (CKF, dialysis, or transplant). The
frequencies of reported side effects were similar for the rhGH-
treated group and the controls. There was no further improve-
ment in subsequent years of treatment. It is not certain whether
rhGH therapy improves FH, but data from cohort studies sug-
gest that it does [118]. The remaining five trials compared two
different doses of rhGH: four trials compared 28 IU/m2/week
with 14 IU/m2/week in CKF [129–131], dialysis [129–131], and
posttransplant [130–132] patients. The group treated with 28
IU/m2/week showed a 1.34-cm/year (0.55–2.13) increase in height
velocity compared to those given 14 IU/m2/week. However, in-
creasing the dose to 56 IU/m2/week showed no further benefit over
28 IU/m2/week [131].

Alternate-day steroids and steroid withdrawal
posttransplantation
Better growth occurs in children on alternate-day versus
daily steroids, with no detriment to graft function [133–136]
(Table 58.7). However, this may be confounded by selection bias

of patients with better graft function to the alternate-day regimen
[135,136].

Some have recommended no steroids or steroid withdrawal, and
relevant studies have been reviewed recently [137,138]. Steroid
withdrawal over 2–12 months was associated with improved
growth in six of seven studies [139–145] but again, selection bias
applies. The same is true for patients managed with steroid-free
immunosuppression [138,146,147].

Deflazacort is derived from prednisolone and is said to have
equivalent immunosuppressive effects to prednisolone and pred-
nisone but with less toxicity. It was shown to improve growth
and body composition after kidney transplantation when used in
an equivalent dose to prednisolone in four studies by the same
group [148–151]. However, a blinded controlled trial over 1 year
in 40 patients with steroid-sensitive nephrotic syndrome showed
no benefit on growth [152].

Effect of height on long-term outcome

Malnutrition and poor growth are associated with increased mor-
bidity and mortality. Patients <18 years of age initiating dialysis
with hypoalbuminemia are at a higher risk for death: in 1723 chil-
dren, each decrease in serum albumin of 10 g/L was associated with
a 54% higher risk of death, which was independent of other poten-
tial confounding variables [153]. An HtSDS less than −2.5 at dial-
ysis initiation is associated with poor school attendance, more time
in the hospital, and a twofold higher risk of death [154,155]. Each
decrease in HtSDS or Ht velocity by 1 SD was associated with a 14%
or 12% increase in risk for death, respectively. A U-shaped associ-
ation between BMI and death, with low and high BMIs associated
with an increased risk for death, has been demonstrated [156].
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Table 58.7 Effects of alternate-day steroids posttransplantation on growth.

No. of patients
Study on daily/no. on
[reference] alt.-day steroids Steroid regimen Outcome

Broyer 1992 [133] 18/17 Randomized to daily or alternate day for 1 yr; all on
alternate day in second year

1st yr, −0.29 SD on daily, +0.49 SD alternate
day; 2nd yr, +0.29 SD and +0.52 SD

Feldhoff 1984 [134] 15/15 15 switched to alternate day matched with 15 on daily Increase in HtVel in the 2nd but not the 1st yr

Kaiser 1994 [135] 24/31 31 switched to alternate day, but daily group had
worse graft function and higher dose

+0.94 SD alternate day, −0.86 SD daily

Jabs 1996 [136] 1664/337 Not known how regimen selected HtSDS up to 24 mos +0.5 SD on alternate day
and +0.1 SD on daily

Abbreviation: Vel, velocity.

Table 58.8 Evidence table for all interventions on growth.

Evidence ratingb,c Recommendationd

Intervention SRa High Moderate Low Comment I II III Comment

rhGH
rhGH vs placebo or no
treatment

+ � 10 RCTs (395 patients); variable
quality; consistent results

� Small benefit; height increase 3.80
(3.13–4.59) cm in 1 yr; harms of daily
injections; high cost

rhGH 28 vs 14 IU/m2/wk + � 5 RCTs (129 patients); variable
quality; consistent results

� Height increase 1.34 (0.55–2.13) cm in
1 yr; high cost

Oral nutritional supplements/dietetic input/nasogastric or gastrostomy feeds
Composite intervention in
<2 yrs of age

— � 10 case series (169 patients);
generally consistent results

� Benefit of improved/stable growth exceeds
reported harms

Composite intervention in
>2 yrs of age

— � 9 case series (232 patients);
inconsistent results

� Uncertain benefit; few reported harms

AA supplements/intradialytic parenteral nutrition
EAA supplements — � 4 case series (47 patients);

inconsistent results

� Uncertain benefit; growth reported in 3 of
4 studies; no evidence on harms; expensive

Amino acid vs glucose PD
solutions

— � 6 observational studies (47
patients); inconsistent results

� No demonstrated benefit; no difference in
harms; growth reported in 2 of 6 studies;
expensive

Intradialytic parenteral
nutrition

— � 4 case series (19 patients);
inconsistent results

� Uncertain benefit; no difference in harms;
growth reported in 3 of 4 studies;
expensive

Dialysis adequacy
Increase in dialysis
adequacy

— � 5 case series (109 patients);
consistent results

� Uncertain benefit; no harms reported;
growth reported in 2 of 5 studies

Alternate-day steroids/steroid withdrawal posttransplant
Alternate-day steroids — � 1 RCT (35 patients) and 3 case

series (2086 patients); consistent
results

� Increased HtSDS; no increase in harms;
patient selection bias

Steroid withdrawal or
no-steroid regimen

— � 7 observational studies (237
patients); consistent results

� Improved HtSDS; no increase in harms;
patient selection bias

aSystematic review of randomized controlled trials (RCTs).
bEvidence rating based on study design, study quality, consistency, and directness of results. cNo intervention was rated with a high evidence rating.
dRecommendations based on trade-offs between benefits and harms, quality of evidence, translation of evidence into practice in a specific setting including availability of
medication, and any uncertainty about the baseline risk of the disease in the population. I, recommend; II, suggest; III, no recommendation possible.
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Conclusions

Short stature is common in children of all ages who have renal
disease and it has an important influence on outcome. Results
of potential interventions to improve growth are summarized in
Table 58.8. Adequate nutrition is vital, particularly in the first 2
years of life but also in older children. Feedings often need to
be administered by nasogastric or gastrostomy tubes and require
dietetic input for prescription adjustment. There is no evidence of
benefit from EAAs orally, AA-based PD solutions, or intradialytic
parenteral nutrition. Dialysis prescription is likely to affect growth,
but the ideal dose is unknown. The use of the lowest possible
alternate-day steroid dose offers the best chance of good growth
posttransplantation. One year of rhGH may improve growth by
4 cm/year for all treatment modalities and may improve FH. All
these interventions have a very low complication rate.
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Introduction

Cardiovascular complications are the major cause of the excessive
morbidity and mortality observed in adults with chronic kidney
disease (CKD). Significant cardiovascular disease (CVD) occurs
also in children with CKD and is the leading cause of death in young
adults with childhood-onset end-stage renal disease (ESRD) [1,2].
Even in the pediatric age range, where cardiovascular mortality is
extremely low, 25% of deaths in ESRD are attributable to CVD
[3]. This increased cardiovascular risk appears to be related to
increased exposure to general risk factors, such as hypertension
and dyslipidemia, as well as to conditions specifically associated
with uremia, including abnormal mineral metabolism, chronic
inflammation, oxidative stress, and anemia. This section reviews
the current strategies to prevent, detect, and treat cardiovascular
complications and disease progression in children with CKD.

Hypertension

CKD is the most prevalent cause of arterial hypertension in the
pediatric population, accounting for at least three-fourths of cases
requiring pharmacological therapy [4]. This is in striking con-
trast to adults, in whom primary (or essential) hypertension pre-
dominates. The fraction of children with secondary hypertension
decreases throughout childhood, whereas the prevalence of essen-
tial hypertension increases. Within the pediatric CKD population,
the prevalence of hypertension is 20–50% in CKD stages II–IV,
50–80% in dialyzed patients, and up to 80% in kidney allograft
recipients [5–8].

Multiple factors contribute to the high prevalence of hyper-
tension in this population. Sympathetic hyperactivation is a key
feature of CKD, which appears to occur very early in the course of
CKD. The renin–angiotensin system (RAS) is activated in most pe-

diatric nephropathies. Salt and fluid overload and functional nitric
oxide deficiency due to accumulation of the circulating nitric ox-
ide synthetase inhibitor asymmetric dimethyl-arginine contribute
to hypertension in advanced CKD. Hypertensiogenic effects of
calcineurin inhibitors and glucocorticoids play a major role in
immunosuppressant-dependent nephropathies and after kidney
transplantation.

The measurement and interpretation of blood pressure (BP)
in pediatric patients is complicated by the marked physiological
changes in body dimensions and cardiovascular dynamics that oc-
cur across childhood. Hence, the assessment of BP in children and
adolescents should follow standardized measurement procedures
and use appropriate normative BP data sets.

Measurement of BP in children and selection
of appropriate normative data

BP measurements should be performed according to the guidelines
of the National High Blood Pressure Education Program Working
Group [9] after 5 min of rest, with the child sitting in an upright
position (infants supine). An appropriate cuff with an inflatable
bladder width of at least 40% of the upper arm circumference
and a bladder length of 80–100% of arm circumference should be
used. There is still no consensus on the preferred measurement de-
vice. Although the automated oscillometric technology is rapidly
gaining popularity, the Fourth Report [9] still recommends aus-
cultation, reasoning that most available reference values are based
on this method and suggesting that oscillometric measurements
above the 90th percentile should be repeated with auscultation.
For auscultatory measurements, systolic BP is defined by the onset
of tapping Korotkoff sounds (K1), and diastolic BP is defined by
the disappearance of Korotkoff sounds (K5). However, elevated BP
values must be confirmed on repeated visits or by ambulatory BP
monitoring (ABPM) before classifying a child as hypertensive [9].

ABPM has become recognized in recent years as a new diag-
nostic reference standard for the investigation of hypertension in
adults and children alike. The large number of BP measurements
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obtained outside the office setting largely eliminates the “white
coat effect” and also diurnal BP variability [10–13]. ABPM is su-
perior to casual BP measurements in predicting cardiovascular
outcomes in adults [14]. Although ABPM is technically feasible
in children aged 3 years and older, the major drawbacks of this
method are the logistic challenges associated with returning the
device after use and the sophisticated biostatistical workup of the
readings. Manual home BP monitoring is becoming a popular par-
tial alternative to ABPM, avoiding the “white coat” setting, and a
valuable way of actively involving patients in disease management
[15]. However, the pediatric use of home BP measurements is
hampered by the lack of comprehensive normative data. From a
practical viewpoint, the greater sensitivity of BP measurements in
the clinic (clinic BP) justifies its use in screening examinations,
whereas ambulatory and home measurements show greater speci-
ficity and are therefore especially suited to confirm a suspected
diagnosis of hypertension [16].

In adults, cardiovascular risk is a function of BP, even below the
arbitrary cutoff levels that define hypertension. This has led to a
steady lowering of the recommended BP levels in adults over the
last few decades [17]. Pediatric studies linking BP to cardiovas-
cular outcomes are lacking. Therefore, the pediatric definition of
hypertension is based on the BP distribution in the general pe-
diatric population from birth to age 18 years and is dependent
on height, age, and gender. Although early reports regarded chil-
dren at the 95th BP percentile as high-normal, the most recent
guidelines [9], reflecting the trend in adult hypertension research,
label BP values between the 90th and 95th percentiles or any value
above 120/80 mmHg (whatever BP threshold is lower, irrespective
of age) as prehypertensive. Systolic or diastolic BP values exceeding
the 95th percentile are labeled as hypertensive (stage 1: systolic or
diastolic BP in 95th to 99th percentile +5 mmHg; stage 2: systolic
or diastolic BP in >99th percentile +5 mmHg).

The most comprehensive and commonly used pediatric nor-
mative data sets for auscultatory casual BP have been published by
the National High BP Education Program for North America [9]
and by de Man et al. for European children [18]. Reference data
for casual oscillometric BP measurements are available for North
American children [19,20]. For ABPM measurements, normative
data have been provided both for oscillatory [21,22] and for aus-
cultatory [23] ABPM measurements. No normative data exist for
home BP measurements in children oscillatory normative BP data
are available [24].

Efficacies of strategies for prevention and
treatment of hypertension in children

In children with mild hypertension or essential hypertension, non-
pharmacological treatment (therapeutic life-style modifications,
including diet, exercise, and stress reduction) might be success-
ful in lowering BP. Although difficult to achieve, weight loss is
effective in lowering BP in overweight children [9,25]. Although
restriction of sodium in salt-sensitive adults is beneficial in those
with hypertension [26], evidence for a direct relationship between

sodium intake, diet, and BP in children is less conclusive, based on
a meta-analysis of 37 pediatric studies [27].

In case of resistance to therapeutic life-style modification, and
in most children with secondary hypertension, pharmacologi-
cal treatment is required. The goal of antihypertensive treatment
in children is reduction of BP below the 95th percentile unless
concurrent conditions (such as CKD or diabetes) are present, in
which case BP should be lowered at least below the 90th percentile
(or <120/80 mmHg, whichever BP level is lower). Whether even
stricter blood pressure control to levels below the 50th percentile
will be of additional benefit in those children is the subject of the
current ESCAPE trial [28].

Pharmacological treatment should be initiated with a single
agent. Drug classes acceptable for use in children include an-
giotensin converting enzyme (ACE) inhibitors, angiotensin recep-
tor blockers (ARBs), β-receptor blockers, calcium channel block-
ers, and diuretics [9]. Although most antihypertensive drugs mar-
keted for adults have been used in children, few drugs have been
proven effective and safe in children and received explicit reg-
ulatory authority approval for pediatric use to date (US Food
and Drug Administration-approved drugs include, by class: ACE
inhibitors benazepril, enalapril, fosinopril, and lisinopril; ARBs
irbesartan and losartan; the β-receptor blocker propranolol; the
Ca channel blocker amlodipine; and diuretics furosemide and hy-
drochlorothiazide). Recent clinical trials stimulated by the Best
Pharmaceuticals for Children Act in the USA and emerging simi-
lar legislation in Europe are about to expand the number of drugs
with pediatric dosage information.

In dialyzed children, dry weight [29] and dialysis prescription
[30] must be frequently adapted to avoid fluid overload-induced
hypertension. In pediatric kidney transplant recipients, modifica-
tion of immunosuppressive medication, including calcineurin in-
hibitor and steroid withdrawal, may result in improved BP control
[31].

The evidence ratings of recommendations for preventive strate-
gies and treatment of hypertension in children with CKD are sum-
marized in Tables 59.1 and 59.4. Because no systematic reviews
exist for the treatment of hypertension in children, the overall ev-
idence rating is only moderate. Life-style modification and diet
failed to demonstrate a significant beneficial effect on hyperten-
sion in children with CKD. Data on steroid withdrawal in children
with a transplanted kidney suggest a beneficial effect of steroid-
free immunosuppressive regimens on BP. There is evidence that Ca
channel blockers, ACE inhibitors, and ARBs are effective and safe
in lowering BP in pediatric renal hypertension. Considering their
superior side effect profile and in accordance with data in adults,
ACE inhibitors and ARBs should be preferred over Ca channel
blockers as first-line antihypertensive agents in children with CKD.

CVD in children with CKF

Left ventricular hypertrophy (LVH) is second only to age as the
most powerful predictor of cardiovascular events in adults. The
best noninvasive assessment of cardiac mass is the estimation of
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Table 59.1 Evidence ratings and recommendations for treatment of hypertension in children with CKD.

Existing
systematic

Overall evidence ratinga Recommendationb
pediatric

Intervention reviews Moderate Low Comment I II III Comment

Therapeutic life-style
modification

No • No evidence from pediatric
CTs; some evidence from adult
RCTs

• No conclusive data from
children with CKD

Reduction of salt intake,
dietary intervention

No • Pediatric meta-analysis,
Cochrane review from adult
studies

• Data from pediatric
meta-analysis inconclusive

Efficacy of antihypertensive agents
β-blockers No • One short-term study in 11

children with CKD; evidence
from adult RCTs

• Consistently effective in
lowering BP

Ca2+ channel blockers No • Moderate evidence from
pediatric CTs (4 trials, 150
CKD patients); evidence from
adult RCTs

• Consistently effective in
lowering BP

ACE inhibitors and ARBs No • Good evidence from pediatric
CTs (9 trials, >600 CKD
patients)

• Consistently effective in
lowering BP and proteinuria

Superiority of RAS
antagonists in treating
CKD-related hypertension

No • High evidence from adult RCTs • Equally effective in lowering
BP, additional reduction of
proteinuria

Other interventions
Adjustment of dry weight
(CKD 5)

No • Limited evidence from
pediatric CTs; evidence from
adult studies

• Favorable outcome under
intensified dialysis regimen
and dry weight adjustment

Steroid withdrawal in
transplant patients

No • Limited evidence from pediatric
data; evidence from adult RCTs

• Pediatric RCT underway

Abbreviations: RCT, randomized controlled trial; CT, clinical trial.
aEvidence rating based on study design, study quality, consistency, and directness of results. No intervention was rated with a high or a very low evidence rating.
bRecommendations based on trade-offs between benefits and harms, quality of evidence, translation of evidence into practice in a specific setting including availability of
medication, and any uncertainty about the baseline risk of the disease in the population. I, recommend; II, suggest; III, no recommendation possible.

left ventricular mass (LVM) by echocardiographic standardized
measurements. Age, height, weight, gender, and BP each exert
an independent influence on LVM in children [32]. Using the
Devereux formula indexed to height (in meters) to the power of
2.7 will partly correct for the influence of body dimensions and
age [33–35]. Controversy exists about the cutoff levels of LVM to
define LVH in children. The Fourth Report [9] suggests using the
adult level (i.e. 51 g/m2.7), but this is very conservative, because
the 95th percentile of LVM in children is approximately 38 g/m2.7

and the adult 97th percentile of 51 g/m2.7 is far above the 99th
pediatric percentile [36]. Although studies linking LVM to CVD
in children are lacking, it appears reasonable to define, in analogy
to BP limits, any LVM above the 95th percentile as significant LVH
to be considered for intensified antihypertensive treatment. An
LVM index of 38–51 would indicate mild to moderate LVH, and
an index above 51 would indicate severe LVH.

LVH is the most common identifiable cardiac alteration in
ESRD, affecting approximately one-third of children with CKD

stages II–IV [36–38] and up to 80% of dialysis patients [2,39–41].
Notably, in children with mild to moderate CKD, LVM is only
weakly inversely correlated with glomerular filtration rate (GFR),
and LVH is common, even in patients with minimal impairment of
renal function. In children after kidney transplantation, LVH often
persists despite improved renal function [42,43]. Both concentric
and eccentric changes in left ventricular geometry are common,
independent of the level of residual renal function [36,40]. The
increase of LVM in children with CKD is associated with an im-
pairment of intrinsic left ventricular contractility [44].

The factors associated with LVH are similar to those observed
in adults with CKD. Hemoglobin is inversely correlated with LVM
[36,40] and LV function [44]. The role of hypertension in LVH in
children with CKD is still unclear. BP was correlated with LVM in
children with severe LVH on dialysis, but not in a large cohort of
children with stage II–IV CKD [36,40]. Hyperparathyroidism is
correlated with LVH in adults [45,46] as well as in children [47,48].
Moreover, an association of LVH and abnormal LV geometry with
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increased C-reactive protein levels has suggested a role of occult
inflammation in the pathogenesis of LVH in CKD [36].

An increase in carotid artery intima media thickness (IMT),
as measured by high-resolution ultrasound, is considered an early
marker of arteriosclerosis and a sensitive predictor of cardiovascu-
lar events both in the general population and in adult dialysis pa-
tients [49,50]. Increased carotid IMT has also been demonstrated
in children who are considered at risk for CVD due to hyperten-
sion, obesity, or hyperlipidemia. Increased IMT that develops in
the course of CKD is associated with stiffening of the large ar-
teries, an abnormality that is related directly to an increased load
to the left ventricle and impaired peripheral blood flow [51]. In
children and adolescents with CKD on dialysis and after kidney
transplantation significant increases of carotid IMT are detectable.
The degree of vascular pathology depends on the level of renal dys-
function and is most marked in patients on dialysis [1,52–54]. The
morphological changes are associated with an increased stiffness of
large arteries. After correcting for BP, the total duration of dialysis,
cumulative intake of calcium-containing phosphate binders, and
time-integrated plasma parathyroid hormone levels are predictive
of the alterations in carotid IMT and elasticity [47,52], strongly
suggesting causative roles of the excessive calcium–phosphate load
on dialysis and/or vascular actions of parathyroid hormone in
CKD-associated arteriopathy .

Efficacies of strategies for prevention
of CVD in children

The multifactorial etiology of CVD in CKD requires a multifaceted
preventive strategy. The cardiovascular protective efficacies of in-
dividual preventive measures are supported by variable levels of
evidence.

Anemia is associated with increased LVM and decreased car-
diac function [55]. Thus, in concordance with the National
Kidney Foundation Kidney Disease Outcomes Quality Initiative
(K/DOQI) guidelines on management of renal anemia in children,
maintenance of normal hemoglobin levels should be aimed for by
early initiation of erythropoietin and iron therapy [56]. However,
correction of anemia does not result in complete regression of LVH
in adults, and full correction is associated with increased all-cause
mortality [57,58].

In patients on dialysis, optimization of dry weight and re-
duction of interdialytic weight gain in hemodialysis may reduce
volume effects on the cardiovascular system and, in addition,
volume-dependent hypertension and activation of the RAS might
be lessened.

Hypertension should be controlled adequately (see above), aim-
ing for a BP target below the 90th percentile. A meta-analysis of
more than 100 studies in adults yielded a moderately strong re-
lationship between BP reduction and LVM regression [59]. Drug
class-specific mechanisms may contribute to LVH regression be-
yond BP normalization. In a meta-analysis of 80 trials compar-
ing the effects of different classes of antihypertensives on LVM in

adults, ACE inhibitors and ARBs exerted an additional beneficial
effect on the prevention or regression of CVD [60].

In children with mild to moderate CKD, complete normaliza-
tion of BP by ACE inhibition and the addition of other antihy-
pertensive agents, if required, caused regression of LVM into the
normal range in the vast majority of patients presenting with LVH
(ESCAPE trial, unpublished data), despite the fact that a correla-
tion between BP and LVM has been observed only in children with
ESRD but not in stage II–IV CKD [2,36,40].

Calcium–phosphorus ion product and parathyroid hormone
levels are correlated with carotid IMT and cumulative calcium-
based phosphate binder intake with vascular morphology and
function [47,52]. Hence, tight control of calcium–phosphorus
metabolism with maintenance of normal calcium and phosphorus
balances and prevention or correction of hyperparathyroidism is
probably essential to improve the cardiovascular status of chil-
dren with CKD. In adult dialysis patients the use of calcium-
free phosphate binders largely halted coronary artery calcifica-
tion, whereas progressive calcium deposition was seen in patients
receiving calcium-based phosphate binders [61].

Renal function is correlated with carotid IMT, arterial function,
and LVH. Uremic toxins and/or the state of microinflammation
associated with failing kidney function may play a direct role in
morphological and functional changes of the vascular wall and
the myocardium. Therefore, renoprotective pharmacotherapy and
correction of renal function by kidney transplantation may also
be effective measures to prevent cardiovascular disease in CKD
patients. Successful kidney transplantation led to partial regression
of the CKD-associated carotid arteriopathy in children within 1
year of observation [62].

Progression of CKD toward end-stage renal failure is common
and occurs irrespective of the underlying renal disease. There is
clear evidence that hypertension and proteinuria are indepen-
dent risk factors for progressive CKD in adult patients [63–65].
Dietary protein intake did not affect the rate of CKD progres-
sion substantially in seven randomized controlled clinical trials
of adult nondiabetic nephropathies. However, a recent Cochrane
review that combined these trials showed that reduction of pro-
tein intake delays the need for renal replacement therapy [66],
most likely by reducing the accumulation of nitrogenous waste
products. In a randomized controlled trial in children with CKD,
prospective institution of a low-protein diet did not affect the
rate of GFR loss, but proteinuria and hypertension were inde-
pendent predictors of disease progression in the secondary data
analysis [67].

Blockade of the RAS by ACE inhibitors and more recently,
ARBs, has become the pharmacotherapy of first choice in children
as in adults with CKD. Besides lowering BP effectively, RAS an-
tagonists substantially reduce proteinuria. Several trials in adults
with various acquired nephropathies have confirmed the initial
evidence from animal models that RAS antagonists exert a specific
renoprotective effect that exceeds the general beneficial effect
of BP control [68–73]. The magnitude of the advantage of RAS
antagonists over other antihypertensive agents is still under debate
[74].
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Limited published information is available regarding renopro-
tection in children with CKD. Small uncontrolled studies showed
stable kidney function in children post-hemolytic uremic syn-
drome during long-term ACE inhibition [75], stable GFR during
2.5 years of losartan treatment in children with proteinuric CKD
[76], and attenuated histologic progression in children with im-
munoglobulin A nephropathy receiving combined RAS blockade
[77]. The ongoing ESCAPE trial has demonstrated efficient BP
and proteinuria reductions by ramipril in 400 children with CKD
[28]. The long-term antiproteinuric and renoprotective efficacies
of ACE inhibition will become clear after completion of this 5-year
trial in 2008 and analysis of the data.

There is evidence that the RAS is incompletely suppressed by
ACE inhibition alone, and the possibility of partial secondary re-
sistance has been suggested (“aldosterone escape,” or compen-
satory upregulation of ACE-independent angiotensin II produc-
tion) [78,79]. Therefore the combination of an ACE inhibitor and
an ARB may be favorable if proteinuria persists or increases de-
spite ACE inhibition at maximally tolerable doses. This concept
has been proven in adults [80,81]; however, pediatric data are not
available to date.

Aldosterone antagonists also lower BP by RAS suppression.
Whereas the use of spironolactone is limited by endocrine side
effects, the new aldosterone antagonist eplerenone has minimal
affinity for progesterone and androgen receptors. Apart from the
risk of hyperkalemia, reported side effects are similar to placebo
[82]. Combined therapy of eplerenone and an ACE inhibitor in-
creased patient survival in adults with congestive heart failure [83].
However, combination therapy appears limited in CKD patients
due to the potentiated risk of hyperkalemia [84,85].

A summary of the evidence ratings for prevention strategies in
CVD in children with CKD is given in Tables 59.2 and 59.4. Data
on prevention of pediatric CVD are limited. However, there is
evidence from adult studies that normalization of BP (by RAS an-
tagonists), an optimized dialysis regimen, and adequate treatment
of CKD-related diseases (anemia, hyperparathyroidism, malnu-
trition) might prevent CVD in CKD patients. This evidence may
be extrapolated to children.

Lipid abnormalities in pediatric kidney disease

Epidemiological studies have identified dyslipidemia as an inde-
pendent risk factor for CVD. Kidney disorders are often associated
with dyslipidemia, and some evidence suggests that dyslipidemia
is an independent risk factor not only for CVD but also for pro-
gressive chronic kidney failure [86].

Dyslipidemia in adults is defined by total cholesterol of >240
mg/dL (>6.24 mmol/L), low-density lipoprotein (LDL) choles-
terol of >160 mg/dL (>4.16 mmol/L), triglyceride levels of
>200 mg/dL (>2.28 mmol/L), or high-density lipoprotein (HDL)
cholesterol of <40 mg/dL (>1.04 mmol/L) [87]. In contrast, dys-
lipidemia in children is defined by cholesterol or triglyceride levels
exceeding the 95th percentile for age and gender [88].

The dyslipidemic pattern differs between the major renal dis-
ease entities [88]. In nephrotic syndrome, marked hypercholes-
terolemia or combined hyperlipidemia is present in the majority
of children and adults with active disease [89–92]. The alterations
are mainly caused by lipid transport protein imbalances resulting
from urinary protein loss and exaggerated hepatic de novo syn-
thesis of lipoproteins. All apolipoprotein B-containing lipopro-
teins [i.e. VLDL, LDL, and lipoprotein(a), abbreviated Lp(a)] are
increased. Persistent hyperlipidemia in nephrotic syndrome has
a pro-atherosclerotic effect and contributes to CVD not only in
adults [93] but also in children [94]. In CKD the degree of dyslipi-
demia parallels the degree of renal function impairment. Chronic
renal insufficiency commonly progresses to ESRD, and there is
relatively little information about the CVD risk associated with
chronic renal insufficiency as an entity distinct from ESRD. Un-
derlying mechanisms of uremic dyslipidemia include insulin resis-
tance [95], hyperparathyroidism [96], malnutrition, acidosis [97],
and impaired catabolism of triglyceride-rich lipoproteins by de-
creased activity of lipoprotein lipase and hepatic triglyceride lipase
[98,99], whereas lipoprotein synthesis appears to be unaltered.
In line with findings in adults, children with CKD have elevated
serum triglycerides, whereas total cholesterol is close to normal.
Hemodialysis does not seem to alter the pattern of dyslipidemia as-
sociated with CKD, whereas peritoneal dialysis contributes to an el-
evation of total cholesterol with a further increase in hypertriglyc-
eridemia [88], probably due to further increased insulin resistance
secondary to continuous glucose absorption from the dialysis fluid.
In hemodialysis patients the use of heparins may acutely disturb
the action of lipoprotein lipase. Whereas early analyses suggested
less marked lipid alterations by low-molecular-weight heparins
compared to conventional heparin in dialysis patients [100], this
was not confirmed in later studies [101]. Due to the heparin inter-
ference, lipid patterns in hemodialysis patients should be assessed
prior to a hemodialysis session.

After kidney transplantation, glucocorticoid administration
leads to elevated cholesterol and triglyceride levels. Calcineurin
inhibitors are associated with increased total cholesterol and apoB-
associated cholesterol (including HDL cholesterol), whereas total
triglycerides and HDL levels are less affected [102]. The dyslipi-
demic effect appears less marked in patients receiving tacrolimus
compared to cyclosporine. The recently introduced mTOR an-
tagonists dose-dependently induce hypertriglyceridemia and an
increase of LDL cholesterol and apoB lipoproteins [103].

Efficacies of strategies for prevention and
treatment of lipid abnormalities in children

The broad spectrum of factors influencing lipid metabolism in
CKD demands a multifaceted prevention and therapeutic ap-
proach. General measures to prevent dyslipidemia in CKD patients
include prevention or treatment of malnutrition and correction
of metabolic acidosis, hyperparathyroidism, and anemia, all of
which may contribute to dyslipidemia [97,104,105]. In addition,
extrapolating from evidence in the general population, therapeutic
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Table 59.2 Evidence ratings and recommendations for treatment of CVD in children with CKD.

Existing
systematic

Overall evidence ratingb Recommendationc
pediatric

Intervention reviews Moderate Low Comment I II III Comment

LVH and vascular alterationsa

Normalization of BP No • Limited data from one
pediatric RCT; evidence from
adult RCTs

• Adequate BP control
recommended in general; BP
reduction associated with
regression of LVH

Superiority of RAS
antagonists

No • Limited data from one
pediatric RCT; evidence from
adult RCTs

• Extrapolated from findings in
adults; pediatric RCTs lacking

Adjustment of dry weight
(CKD 5)

No • Limited data from pediatric
CTs; evidence from adult
studies

• Extrapolated from findings in
adults; pediatric RCTs lacking

Optimization of dialysis
regimen (CKD 5)

No • Limited data from pediatric
CTs; evidence from adult
studies

• Extrapolated from findings in
adults; pediatric RCTs lacking

Adequate control of
hyperparathyroidism

No • Limited data from pediatric
CTs; evidence from adult
studies

• Extrapolated from findings in
adults

Calcium sparing by use of
Ca2+-free phosphate
binder (Sevelamer)

No • No data from pediatric CTs;
high evidence from adult RCTs

• Extrapolated from findings in
adults

Correction of anemia No • Limited data from pediatric
CTs; evidence from adult RCTs

• Inconsistent effect of
correction of hemoglobin level
on LVH

Treatment of malnutrition
and hypalbuminemia

No • Limited data from pediatric
CTs; evidence from adult
studies

• Extrapolated from findings in
adults

(Early) kidney
transplantation

No • Evidence from pediatric and
adult studies

•

Abbreviations: RCT, randomized controlled trial; CT, clinical trial;
aLVH is an unvalidated surrogate outcome only, and reversal may not result in improved cardiovascular outcomes.
bEvidence rating based on study design, study quality, consistency, and directness of results. No intervention was rated with a high or a very low evidence rating.
cRecommendations based on trade-offs between benefits and harms, quality of evidence, translation of evidence into practice in a specific setting including availability of
medication, and any uncertainty about the baseline risk of the disease in the population. I, recommend; II, suggest; III, no recommendation possible.

life-style modifications (diet, exercise, weight reduction) are rec-
ommended for adults and children with CKD-related dyslipidemia
[106]. In children who have received transplants, dietary interven-
tions have lowered lipid levels at least in the short term [107]. How-
ever, the lipid-lowering effect of life-style modifications in CKD
patients is small. Nonetheless, diet and physical exercise may exert
beneficial effects on cardiovascular health independent of those on
dyslipidemia. Dietary supplementation of fish oil effectively im-
proved lipid profiles in a small cohort of children receiving renal
replacement therapy [108].

In adult patients with nephrotic syndrome, a variety of lipid-
lowering drugs has been tested, including statins, fibrates, bile
acid-binding resins, and probucol. Simvastatin and lovastatin were

effective and well-tolerated in a limited number of children with
nephrotic syndrome treated for months to years [109,110]. Triglyc-
erides and cholesterol were reduced by approximately 40% after 6
months of simvastatin treatment in a small cohort of younger chil-
dren with steroid-resistant nephrotic syndrome in whom dietary
advice had influenced lipid levels only marginally [109]. Probucol
is also effective in children with nephrotic syndrome, but it caused
QT prolongation in 4 of 22 patients in an uncontrolled prospective
trial [111].

Because large trials for primary and secondary prevention of
CVD in the general adult population provide a clear rationale for
treatment of dyslipidemias, especially with statins, this treatment
has also been proposed for adults with CKD. Statins effectively
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lower cholesterol and triglyceride levels in CKD patients by up to
30% [106]. This is suggestive of a beneficial effect on CVD, and
most studies have demonstrated significant CVD risk reduction
[112–114]. However, a recent large randomized prospective trial
in hemodialyzed adults with diabetic nephropathy [112] showed
no significant effect of statin therapy on overall patient mortality
despite significant reduction of lipid levels. A pooled analysis of
30 completed clinical trials [113] analyzing the efficacy and safety
of fluvastatin in adult patients with mild to severe chronic kidney
failure suggested a reduction of cardiac death and nonfatal my-
ocardial infarction. However, treatment did not reduce the rate of
coronary intervention procedures. Fluvastatin treatment in adult
kidney transplant recipients also resulted in a nonsignificant re-
duction in CVD [114]. However, no conclusive data are available
on the overall mortality risk reduction in CKD patients. Future and
ongoing trials need to clarify whether statin therapy is beneficial
not only to cardiac but also to overall mortality in patients with
different stages of CKD and at what stage of disease the initiation
of treatment should be recommended.

Statin therapy may have beneficial effects on renal disease
progression, not only by their lipid-lowering effects but also
by lipid-independent (pleiotropic) effects. Statins inhibit sig-
naling molecules at several points in inflammatory pathways.
Anti-inflammatory effects and improved endothelial function are
thought to be partially responsible for CVD risk reduction and im-
proved renal function [115]. Furthermore, there is also evidence
for synergistic effects of statins and RAS inhibitors on prevention

Table 59.3 Evidence ratings and recommendations for treatment of dyslipidemia in children with CKD.

Existing
systematic

Overall evidence ratingb Recommendationc
pediatric

Intervention reviews Moderate Low Comment I II III Comment

Diet, therapeutic
life-style
modifications

no • some evidence from
pediatric data
evidence from adult RCTs

• Recommended for all
children with dyslipidemia
[112]

Lipid-lowering
treatment

no • limited data from pediatric
CTs
evidence from adult RCTs

• Long-term effect of
treatment in adults with
CKD inconclusive

Statins no • limited data from pediatric
CTs
evidence from adult RCTs

•
(adolescents)

•
(children)

No conclusive data on risks
or benefits in children with
CKD stages II–IV;
recommended for CKD
stage V adolescents only

Steroid withdrawal
in Tx patients

no • evidence from CTs in
pediatric Tx;
evidence from adult RCTs

• Pediatric RCT underway

Abbreviations: Tx, transplanted; RCT, randomized controlled trial; CT, clinical trial
aIf no existing systematic review, overall evidence rating will start at moderate.
bDomains that are considered include study design, study quality, consistency, and directness of findings. No studies received an evidence rating of high or very low.
cDomains that are considered include trade-offs between benefits and harms, translation into clinical practice, uncertainty about baseline risk of population of interest,
and quality of evidence. I, recommend; II, suggest; III, no recommendation possible.

of kidney disease progression [116]. In younger children statins are
used reluctantly, as the impacts of HMG-CoA reductase inhibitors
on nutrition, growth, and pubertal maturation have not been fully
elucidated yet. Therefore, the K/DOQI recommendations restrict
statin treatment to children >10 years old with LDL levels of >160
mg/dL (>4.16 mmol/L) and non-HDL cholesterol of >190 mg/dL
(>4.94 mmol/L) while on dialysis [106].

In adolescents statins are safe and effective [109,110,117], and
several smaller studies in children with CKD have provided some
evidence that statin treatment may be safely used in younger chil-
dren as well. However, long-term data on efficacy in pediatric pa-
tients are still missing, and safety information on use of statins in
children is not conclusive. Rhabdomyolysis and hepatic dysfunc-
tion appear to be potential side effects and occur in up to 5% of
treated children [88,118].

Although bile acid resins are safe to use in children with CKD
of all ages without dose adjustment, adherence to therapy is often
poor due to a high incidence of adverse effects, including con-
stipation, abdominal discomfort, flatulence, nausea, and vomit-
ing. Moreover, application of bile acid sequestrants may interfere
with cyclosporine treatment. Thus, additional information is re-
quired before statins or other lipid-lowering agents can be rec-
ommended for use in children or adolescents with CKD-related
hyperlipidemia.

The evidence ratings for preventive strategies and treatments of
dyslipidemia in children with CKD are summarized in Tables 59.3
and 59.4.
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Life-style modification and diet are generally recommended in
adults and children with dyslipidemia, irrespective of the under-
lying disease. In children who have undergone kidney transplan-
tation a few studies suggest a beneficial effect of steroid-free im-
munosuppression on dyslipidemia.

Also, there are only a few studies on the efficacy of lipid-lowering
drugs in children. There is some evidence that statins are effective in
lowering serum lipid levels in children and adolescents with CKD.
However, safety data in children are limited and not conclusive. To
date, official treatment recommendations (K/DOQI) restrict the
use of statins to adolescents with ESRD.

Conclusions

CVD is a common problem in children with CKD, starting as early
as in the second decade of life. Therefore, treatment strategies aim-
ing for CVD risk reduction are mandatory and should consider
therapeutic life-style modifications (healthy diet, physical activity,
maintenance of normal weight, abstinence from smoking) and cor-
rection of uremia-related risk factors. BP should be lowered below
the 90th percentile using drugs controlling the RAS, proteinuria
should be minimized, and renal anemia, metabolic acidosis, and
mineral metabolism should be corrected. Whether correction of
dyslipidemia results in improved cardiovascular and kidney sur-
vival remains to be shown.

Although there is evidence that treatment regimens established
in adults are also safe and effective in children, further studies
in pediatric patients with CKD are necessary to confirm these
findings.
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Introduction

Renal osteodystrophy is a multifactorial and widespread disor-
der of bone metabolism in chronic kidney disease (CKD). As renal
failure progresses, ensuing abnormal parathyroid hormone (PTH)
secretion results in deterioration of trabecular microarchitecture,
thinning of cortical bone, and increased cortical porosity [1]. De-
spite widespread use of phosphate binders and vitamin D ther-
apies, hip fracture rates in young adults on dialysis are 100-fold
greater than in healthy controls [2]. Significantly greater vertebral
and extremity fracture rates have also been demonstrated in pe-
diatric solid organ transplant recipients compared with healthy
controls [3]: the age- and sex-adjusted hazard ratios for verte-
bral fractures were 61.3 (95% confidence interval [CI], 40.7–92.4)
compared with over 200,000 population-based controls.

Throughout childhood and adolescence, normal bone mineral
acquisition results in gender-, maturation-, and site-specific in-
creases in bone density and dimensions. Children with CKD have
multiple risk factors for impaired bone development, including
abnormal mineral metabolism, secondary hyperparathyroidism,
poor linear growth, delayed development, malnutrition (includ-
ing vitamin D insufficiency), decreased weight-bearing activity,
and immunosuppressive therapies. The impact of these threats
to bone health may be immediate, resulting in fragility fractures,
or delayed, due to suboptimal peak bone mass accrual. The signs
and symptoms of renal bone disease seen in adults, such as subpe-
riosteal resorption, osteosclerosis, fractures, and muscle weakness,
may also complicate CKD in childhood. In addition, the effects of
abnormal bone and mineral metabolism on endochondral ossi-
fication during growth result in complications in the epiphyseal
region that are unique to children with CKD. These complica-
tions include linear growth failure, slipped epiphyses, and skeletal
deformities resembling vitamin D deficiency rickets.

Histomorphometry of renal osteodystrophy
in children

Renal osteodystrophy encompasses a heterogeneous group of dis-
orders. The most common form is high-turnover disease due to
secondary hyperparathyroidism, phosphate retention, hypocal-
cemia, reduced renal 1α-hydroxylation of 25(OH)-vitamin D to
generate 1,25(OH)2-vitamin D (calcitriol), skeletal resistance to
the actions of PTH, and decreased numbers of calcium-sensing
receptors and vitamin D receptors in the parathyroid gland [4].
Therapies to increase serum calcium, decrease phosphate, and
reduce PTH levels have resulted in decreased severity of hyper-
parathyroidism; however, these therapies are associated with low-
turnover disease (adynamic bone disease) [5]. Table 60.1 sum-
marizes published bone biopsy studies in children on dialysis, il-
lustrating the greater prevalence of adynamic bone in the more
recent series. Nonetheless, high-turnover bone diseases (osteitis
fibrosa and mild lesions of secondary hyperparathyroidism) still
frequently complicate pediatric CKD [6,7].

PTH assays and bone turnover in pediatric CKD

Numerous studies suggest that patients with end-stage renal dis-
ease (ESRD) require PTH levels well above the normal range (10–
65 pg/mL) to maintain normal bone turnover. This peripheral
resistance to the effects of PTH is due, in part, to downregula-
tion of the PTH/PTHrP receptor [8]. The presence of circulating
PTH fragments and the potentially antagonistic effects of the 7–
84 PTH fragment may also contribute [9]. The prediction of bone
turnover based on PTH levels is further complicated by the fact
that the state of skeletal resistance to PTH progresses with further
declines in renal function. That is, PTH levels that predict nor-
mal bone turnover in pediatric patients on dialysis are associated
with high-turnover bone disease in patients in the earlier stages of
CKD [10].
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Table 60.1 Bone histomorphometry and PTH levels in children and adolescents on maintenance dialysis.

Study [reference], country Year n Dialysis Histomorphometry PTH levels and bone turnover

Salusky [95], USA 1988 44 PD � 39% osteitis fibrosa� 25% mild high turnover� 11% adynamic bone� 9% osteomalacia� 16% normal

� Bone formation rates correlated positively with PTH
levels and negatively with bone aluminium content

Salusky [12], USA 1994 55 PD � 50% osteitis fibrosa� 9% mild high turnover� 22% adynamic bone� 19% normal

� Serum PTH >200 pg/mL and calcium <10 mg/dL:
85% sensitive and 100% specific for identifying
low-turnover disease� Serum PTH <200 pg/mL: 100% sensitive and 79%
specific for identifying high-turnover disease; specificity
increases to 92% using combined criteria of PTH <150
pg/mL and calcium >10 ng/dL

Yalcinkaya [7], Turkey 2000 17 PD � 47% high turnover� 29% adynamic bone� 24% mixed turnover

� Serum PTH >200 pg/mL: 100% sensitive and 66%
specific for identifying high-turnover disease� Serum PTH <200 pg/mL: 100% sensitive and 92%
specific for identifying low-turnover disease

Ziolkowska [6], Poland 2000 51 PD or HD � 24% high turnover� 27% adynamic bone� 2% osteomalacia� 10% mixed turnover� 37% normal

� In patients with normal bone turnover, 69% had PTH
level of 50–150 pg/mL� Serum PTH <150 pg/mL: 100% sensitive and 33%
specific for identifying low-turnover disease� Serum PTH >200 pg/mL: 75% sensitive and 95%
specific for identifying high-turnover disease

Abbreivations: PD, peritoneal dialysis; HD, hemodialysis.

PTH levels discriminate moderately well between low- and high-
turnover renal osteodystrophy in children and adults on dialysis.
Multiple studies have been performed using intact PTH assays
to diagnose high-turnover bone disorders and distinguish them
from low-turnover disorders in adults [11]. The sensitivity and
specificity of PTH levels in the discrimination of biopsy-proven
low- and high-turnover disease have been examined in three se-
ries of children on maintenance dialysis [6,7,12]; the results are
summarized in Table 60.1. The 1994 study by Salusky et al. sug-
gested that combined consideration of the serum calcium and
serum PTH levels improves the sensitivity and specificity of the
assays [12].

PTH is a single-chain polypeptide of 84 amino acids. The studies
described above were based on “intact-PTH” sandwich radioim-
munometric assays. However, these assays also measure large PTH
fragments, namely, 7-84 PTH [13]. These N-terminal-truncated
PTH fragments may inhibit the action of PTH by blocking bind-
ing to its receptor, PTHR1, in bone cells [14,15]. In contrast, the
newer-generation PTH assays only measure the 1-84 molecule
[16]; however, the utility of these PTH assays has not been es-
tablished. In a longitudinal study of 51 pediatric dialysis patients,
the intact PTH (1-84 plus 7-84) and 1-84 PTH assay results were
highly correlated (R = 0.98) [17]; however, there was substantial
intra- and interpatient variability in the ratio of the 1-84 frag-

ment to intact PTH level. One study in adults suggested that a
1-84/7-84 PTH ratio of less than 1.0 predicted biopsy-proven low-
turnover bone disease [18]. Other investigators have been unable
to confirm these findings in adults [19–21]. In children, a bone
biopsy study in 33 peritoneal dialysis patients demonstrated that
intact PTH and 1-84 PTH levels were highly correlated (R = 0.89),
and the bioactive 1-84 fragment did not correlate with bone for-
mation any better than conventional intact PTH. Furthermore,
the 1-84/7-84 PTH ratio did not distinguish between high- and
low-turnover disease. The identification of more specific, non-
invasive measures of bone turnover remains an area of active
investigation.

Although the advantages of new-generation PTH assays and ra-
tios in predicting bone turnover in children remain unproven, a
recent study suggested that the 1-84/7-84 PTH ratio was positively
correlated with improvements in height Z-scores [22]. Among 162
children and adolescents with estimated glomerular filtration rates
(GFR) of less than 60 mL/min/1.73 m2, there was no relationship
between PTH concentration and change in height Z-score over
an average interval of 1 year. However, the 1-84/7-84 PTH ra-
tio was lower in dialyzed patients (P = 0.003) and in those with
worsening renal function (P < 0.05), and there was a positive cor-
relation between the 1-84/7-84 PTH ratio and the change in height
Z-scores (R = 0.2; P = 0.01).
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Treatment of renal osteodystrophy in children

Phosphate binders
Diminished phosphorus filtration and excretion result in hyper-
phosphatemia in the majority of children and adults with CKD,
contributing to the progression of secondary hyperparathyroidism
and renal osteodystrophy. Recent observational studies in adults
have demonstrated an association between hyperphosphatemia
and increased cardiovascular morbidity in adult dialysis patients
[23–25]. Therefore, adequate control of serum phosphorus is a cor-
nerstone of CKD management. Strategies to reduce serum phos-
phorus levels include restriction of dietary phosphorus, dialysis,
and oral phosphate binders. After the recognition that aluminum
hydroxide was associated with encephalopathy and osteomalacia,
calcium salts emerged as the primary phosphate binder. Calcium
carbonate controls phosphorus; however, its effectiveness may be
limited by hypercalcemia, especially when administered with vi-
tamin D. Calcium acetate binds approximately twice the amount
of phosphorus per amount of calcium absorbed, compared with
calcium carbonate [26]. Concerns regarding the potential role of
calcium loading in the progression of cardiovascular calcification
have resulted in increased use of noncalcium, nonaluminum phos-
phate binders. Of note, increased intima media thickness of the
carotid arteries has been observed in children and adolescents
with CKD and correlated with the mean past serum calcium–
phosphorus product, the cumulative dose of calcium-based phos-

Table 60.2 Phosphate binders in children and adolescents with CKD.

Study [reference], Study design Primary
year (duration) Interventions outcome n CKD Results

Pieper [35], 2006 Randomized
open-label,
crossover trial (8
wks per arm)

Sevelamer vs. calcium
acetate

Serum
phosphorus

40 randomized;
18 completed
the trial

11 on HD 6 on
PD 1 pre-ESRD

� Equivalent reduction in serum
phosphorus levels in sevelamer and
control groups (−1.5 ± 1.6 vs. −1.7
± 1.7 mg/dL)� Greater incidence of hypercalcemia
(P < .001) with calcium acetate� Total cholesterol (−27%; P < 0.02)
and low-density lipoprotein
cholesterol (−34%; P < 0.005)
decreased significantly with sevelamer

Salusky [35], 2005 2 × 2 factorial,
randomized
control trial (8
mos)

Sevelamer vs. calcium
carbonate + oral
doxercalciferol vs.
calcitriol

Bone histology
(all patients had
high turnover at
baseline)

42 randomized;
29 completed

PD � Equivalent reduction in bone
formation rates in sevelamer and
control groups (−53 ± 11% vs. −49
± 7%)� Serum calcium and Ca–P product
increased with calcium carbonate
(P < 0.001)� Hypercalcemic episodes more frequent
with calcium carbonate (P < 0.01)

Abbreviations: HD, hemodialysis; PD, peritoneal dialysis.

phate binders, and the time-averaged mean calcitriol dose [27].
Other studies have confirmed that the occurrence of vascular cal-
cification in children and young adults with childhood-onset CKD
was associated with the cumulative intake of calcium-containing
phosphate binders, serum phosphorus levels, and the calcium–
phosphorus product [28–30].

Sevelamer hydrochloride is a novel, nonaluminum, noncalcium
phosphate-binding polymer. As recently reviewed by Coladonato
[31], clinical trials in adults comparing sevelamer with calcium-
containing phosphate binders have produced conflicting results.
The open-label Treat-to-Goal study demonstrated no differences
in the final calcium–phosphorus product; however, sevelamer was
associated with attenuation of coronary and aortic calcification
[32]. In contrast, the double-blind Calcium Acetate Renagel Eval-
uation trial showed that calcium acetate more effectively lowered
serum phosphorus and calcium–phosphorus product than did
sevelamer.

Calcium-containing phosphate binders effectively reduce serum
phosphorus levels in children and are the first-line treatment in
pediatric CKD [33,34]. However, calcium-containing phosphate
binders are also associated with hypercalcemic episodes in chil-
dren. Two randomized clinical trials comparing sevelamer and
calcium-containing phosphate binders have been reported in chil-
dren [35,36]. The studies are summarized in Table 60.2. Briefly,
Pieper et al. conducted a multicenter, randomized, open-label,
crossover study comparing the efficacy and safety of sevelamer
versus calcium acetate in children with CKD [35]. Salusky et al.
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conducted a multicenter, randomized trial comparing sevelamer
and calcium carbonate in children on peritoneal dialysis with bone
biopsy evidence of secondary hyperparathyroidism [36]. These
two trials demonstrated that treatment with either sevelamer or
calcium-containing phosphate binders resulted in equivalent con-
trol of the biochemical and/or skeletal lesions in CKD. Sevelamer,
however, was associated with less hypercalcemia, thereby poten-
tially increasing the safety of treatment with active vitamin D
sterols.

Vitamin D
Impaired calcitriol synthesis is one of the major factors that con-
tributes to the pathogenesis of renal osteodystrophy. In adults with
moderate CKD, several placebo-controlled trials demonstrated
that calcitriol therapy was associated with reduction in PTH levels
and improvement in bone biopsy results without compromising
renal function [37–39]. Early case series of daily oral calcitriol in
children reported reductions in PTH levels with variable healing of
skeletal lesions [40,41]. Details for these case series and the studies
described below are provided in Table 60.3.

Prospective studies in adults showed that intermittent oral cal-
citriol was just as effective as daily dosing in reducing PTH levels
and bone formation rates [42,43]. A case series of intermittent
oral or intraperitoneal (i.p.) calcitriol therapy in 14 children on
peritoneal dialysis [44] and a randomized clinical trial comparing
intermittent oral versus i.p. calcitriol in 33 children with biopsy-
proven high-turnover disease [5] demonstrated improvements in
skeletal lesions. However, both studies reported that a substantial
proportion of subjects on intermittent therapy developed ady-
namic bone.

It has been suggested that intermittent calcitriol therapy, com-
bined with calcium-containing phosphate binders, may adversely
affect chondrocyte activity in the epiphyseal growth plate, with a
consequent reduction in linear growth. Schmitt et al. conducted a
randomized study in 24 prepubertal children with CKD, compar-
ing the effect of daily versus twice-weekly oral calcitriol therapy
[45]. The degree of growth suppression and change in height Z-
scores were comparable between groups; however, growth velocity
was positively associated with PTH levels. Similarly, Kuizon et al.
examined changes in height Z-scores in 16 children treated with in-
termittent calcitriol therapy [46]. The largest reductions in height
Z-scores were seen in patients who developed adynamic bone le-
sions. In contrast, a retrospective cohort study of 99 children with
CKD (GFR of<41 mL/min/1.32 m2; median GFR, 22) and an over-
all mean change in height Z-score of +0.3 indicated that catch-up
growth can occur with PTH levels in the high normal range during
treatment with 1-α-calcidiol and calcium supplements [47].

In 2005, Greenbaum et al. reported the results of a double-blind,
placebo-controlled study of the safety and efficacy of intravenous
calcitriol for the treatment of secondary hyperparathyroidism in
children on hemodialysis [48]. Although a greater proportion of
children in the calcitriol group had substantial reductions in PTH
levels compared with the placebo group, the incidences of elevated

calcium–phosphorus product, hyperphosphatemia, and hypercal-
cemia were significantly higher in the calcitriol group.

Therapy with calcitriol is associated with hypercalcemia and hy-
perphosphatemia, which may limit its use and may contribute to
vascular calcification. Milner et al. conducted a retrospective chart
review of postmortem evidence of soft tissue and vascular calci-
fication in 120 children with ESRD [49]. Soft tissue calcification
was found in 72 patients (60%), and 36% had systemic calcinosis.
Vitamin D therapy showed the strongest independent association
with calcinosis, and the probability of calcinosis was higher in pa-
tients receiving calcitriol compared with dihydrotachysterol and
vitamin D2 or D3.

New vitamin D analogs have been developed to minimize in-
testinal calcium and phosphorus absorption while suppressing
PTH levels. These include 22-oxacalcitriol in Japan and 19-nor-
1,25-dihydroxyvitamin D2 (paracalcitol) and 1α-hydroxyvitamin
D2 (doxercalciferol) in the USA. Prospective comparisons against
calcitriol are very limited, and the skeletal response to the new
active vitamin D sterols remains to be determined. However,
data in adults suggested that 19-nor-1,25-dihydroxyvitamin D2

was associated with greater survival in those on hemodialysis
compared with calcitriol [50]. In addition, recent studies of 1α-
hydroxyvitamin D2 [51] and 19-nor-1,25-dihydroxyvitamin D2

[52] suggest that these agents lower PTH levels with few episodes
of hypercalcemia. Finally, a recent study in 29 children suggests
that oral 1α-hydroxyvitamin D2 given thrice weekly is as effective
as calcitriol in reducing PTH levels and improving the skeletal le-
sions of secondary hyperparathyroidism in children treated with
peritoneal dialysis [36].

The National Kidney Foundation Kidney Disease Outcomes
Quality Initiative (K/DOQI) clinical practice guidelines for bone
metabolism and disease in children with chronic kidney disease fu-
ture [53] provide multiple algorithms for calcitriol therapy, based
on CKD stage, serum 25(OH)-vitamin D levels, subject weight,
and serum calcium, phosphorus, and PTH levels.

Glucocorticoid-induced osteoporosis
in pediatric CKD

Glucocorticoids are widely used in the treatment of kidney dis-
ease (e.g. nephrotic syndrome and renal transplantation) and
impact bone formation and resorption. Glucocorticoids inhibit
osteoblasts, thereby reducing bone formation [54]; the growing
skeleton may be especially vulnerable to these effects. Although
decreased bone mineral density (BMD) has been described in
pediatric disorders requiring glucocorticoids and a population-
based study reported increased fracture risk in children requiring
repeated courses of glucocorticoids [55], some of the detrimental
bone effects attributed to glucocorticoids may be due to the under-
lying inflammatory disease. For example, inflammatory cytokines
that are elevated in chronic disease, such as tumor necrosis fac-
tor alpha, suppress bone formation and promote bone resorption
through mechanisms similar to glucocorticoid effects [56].
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Table 60.3 Vitamin D therapy in children and adolescents with CKD

Study [reference], Study design Primary
year (duration) Intervention(s) outcome(s) n CKD Results

Chesney [40], 1978 Case series (up
to 26 mos)

Daily oral calcitriol Serum PTH 6 • Serum PTH levels decreased and lesions of
rickets improved

Goodman [41],
1991

Case series (12
mos)

Daily oral calcitriol Bone histology 33 PD • Severe osteitis fibrosa failed to improve but
lesions of mild secondary hyperparathyroidism
improved

Goodman [44],
1994

Case series (12
mos)

Intermittent oral or
i.p. calcitriol

Bone histology 14 PD • Osteitis fibrosa resolved in 10 of 11 cases
• Bone formation decreased in all patients
• 6 patients developed adynamic bone

Salusky [5], 1998 Randomized
controlled trial
(12 mos)

Thrice-weekly i.p. vs.
oral calcitriol

Bone histology,
serum calcium and
PTH

46 randomized;
33 completed

PD • Equivalent improvements in bone histology
• 33% developed adynamic bone
• Serum calcium levels higher and reductions in

PTH greater in subjects treated with i.p. calcitriol
(both P < 0.0001)

Kuizon [46], 1998 Case series (24
mos)

Intermittent
calcitriol over 12
mos vs. daily therapy
during prior 12 mos

Growth 16 prepubertal PD • Height Z-scores decreased from −1.8 ± 0.32 to
−2.0 ± 0.33 (P < 0.01) during intermittent
calcitriol therapy

• Greater growth deficits in children with adynamic
bone after 12 mos intermittent treatment

• Change in height Z-scores correlated with serum
PTH (r = 0.71; P < 0.01) during intermittent
calcitriol therapy

Schmitt [45], 2003 Randomized
controlled trial
(12 mos)

Daily vs.
twice-weekly oral
calcitriol

PTH and growth 24 PD • PTH decreased significantly in both groups;
magnitude of change did not differ between
treatment arms

• Equivalent change in height Z-scores in daily and
intermittent groups (−0.18 ± 0.34 vs. −0.05 ±
0.52)

• Growth velocity positively associated with PTH
levels

Greenbaum [48],
2005

Randomized
controlled trial
(12 wks)

Thrice-weekly
intravenous calcitriol
vs. placebo

≥30% decline in
PTH from baseline

47 HD • Greater proportion of patients in calcitriol group
had two consecutive ≥30% decreases in PTH
than placebo group (52% vs. 19%; P = 0.03)

• Incidences of elevated Ca–P product and
hypercalcemia higher in calcitriol group (both
P = 0.01)

Salusky [36], 2005 2 × 2 factorial,
randomized
control trial (8
mos)

Thrice-weekly oral
doxercalciferol vs.
calcitriol +
sevelamer vs.
calcium carbonate

Bone histology (all
patients had high
turnover at baseline)

42 randomized;
29 completed

PD • Doxercalciferol and calcitriol equally effective in
reducing PTH levels and improving skeletal
lesions of secondary hyperparathyroidism

Abbreviations: PD, peritoneal dialysis; HD, hemodialysis.

Childhood steroid-sensitive nephrotic syndrome (SSNS) pro-
vides a clinical model of chronic glucocorticoid therapy in the
absence of significant persistent underlying disease activity. The
nephrotic state is clinically quiescent as long as high-dose gluco-
corticoid therapy is continued. Unfortunately, SSNS relapses in

the majority of children when the glucocorticoids are reduced,
resulting in protracted, repeated courses of glucocorticoids. The
standard prednisone dose for relapses is 2 mg/kg/day [57], far ex-
ceeding the 5 mg/day considered a risk factor for glucocorticoid-
induced osteoporosis in adults [58]. Although SSNS relapses are
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associated with transient increases in cytokines, these abnormali-
ties promptly resolve with remission [59]. Therefore, SSNS serves
as a clinical model without significant sustained systemic inflam-
matory involvement to examine the effects of glucocorticoids on
the growing skeleton.

Leonard et al. examined spine and whole-body bone mineral
content (BMC) by dual-energy X-ray absorptiometry (DXA) in
a cross-sectional study of 60 children and adolescents with estab-
lished SSNS and 195 healthy controls. The SSNS subjects had re-
ceived an average of 23,000 mg of glucocorticoids over a 4-year in-
terval. SSNS subjects had significantly decreased height (P=0.008)
and increased body mass index (BMI) Z-scores (P < 0.001), com-
pared with controls. The prevalence of obesity in the control group
was 16%, consistent with the 15.5% prevalence of obesity in chil-
dren and adolescents nationwide [60]. In contrast, 38% of the sub-
jects with SSNS were obese. Spine BMC, adjusted for bone area,
age, sex, Tanner stage, and race, did not differ significantly between
patients and controls (P = 0.51). The authors documented that
obesity, in otherwise-healthy children, was associated with signif-
icant increases in whole-body, hip, and spine BMC and bone size
[61,62]. Therefore, the models were adjusted for BMI Z-score. In
the adjusted model, spine BMC was 4% lower in SSNS subjects
than controls (ratio, 0.96; CI, 0.92–0.99; P = 0.01). Whole-body
BMC, adjusted for height, age, sex, Tanner stage, and race, was 11%
higher in SSNS subjects than controls (ratio, 1.11; CI, 1.05–1.18;
P < 0.001); however, the addition of BMI Z-score to the model
eliminated the association with the SSNS (ratio, 0.99; CI, 0.94–
1.03; P = 0.55). These data suggested that intermittent treatment
with high-dose glucocorticoids during growth was not associated
with significant bone deficits relative to age, bone size, sex, and
maturation in SSNS. Glucocorticoid-induced obesity was associ-
ated with increased whole-body BMC and maintenance of spine
BMC.

Other studies have examined DXA BMD in SSNS. Gulati et al.
reported that children in India with nephrotic syndrome had low
BMD for age [63]. However, this study included children with
steroid-resistant nephrotic syndrome and did not include controls.
Furthermore, the DXA reference data used in this study have been
shown to overestimate the prevalence of osteoporosis in boys [64],
and 80% of the nephrotic syndrome subjects in the Gulati study
were boys.

A recent study in the UK examined BMD using DXA and quan-
titative computed tomography (QCT) in 34 young adults with a
history of childhood nephrotic syndrome. The mean height and
BMI Z-scores were −0.45 ± 0.92 and 1.62 ± 1.53, respectively.
DXA BMD Z-scores in the spine and hip were not reduced com-
pared to controls. There was a significant reduction in QCT distal
radial trabecular volumetric BMD (mean Z-score, −0.95 ± 0.99).
However, the distal radial total volumetric BMD Z-score (0.00
± 0.95) was normal. A more recent study using DXA hip struc-
tural analyses software [65] demonstrated that childhood SSNS
was associated with significantly increased bone dimensions (pe-
riosteal circumference) and bone mass in the cortical shaft of the
femur [66]. Therefore, one interpretation of these studies is that

trabecular BMD is decreased and cortical bone mass is increased
(secondary to obesity) in SSNS. The fracture implications of these
alterations are not known.

Finally, Bak et al. recently reported the results of a random-
ized prospective study of the effects and prophylactic role of cal-
cium plus vitamin D treatment on bone metabolism in 40 children
with SSNS [67]. All patients received prednisolone treatment (2
mg/kg/day for 4 weeks followed by alternate days at the same dose
for 4 weeks). The patients were randomized into treatment (vi-
tamin D at 400 IU plus calcium at 1 g daily) and nontreatment
groups. Spine BMD was measured by DXA and decreased signif-
icantly during prednisolone therapy in both the treatment and
nontreatment groups; however, the percentage decrease in BMD
was significantly lower in the treatment group (4.6%) than in the
nontreatment group (13.0%). Future studies are needed to deter-
mine the long-term effects of calcium and vitamin D in SSNS.

Quantitative assessment of bone status
in children

Classification of bone health and relation to fracture risk
DXA is widely accepted as a quantitative measurement technique
for assessing skeletal status. In elderly adults, DXA BMD is a suf-
ficiently robust predictor of osteoporotic fractures that it can be
used to define the disease. The diagnosis of osteoporosis in adults
is based on a T-score, the comparison of a measured BMD result
with the average BMD of young adults at the time of peak bone
mass [68]. In contrast, children are assessed relative to age or body
size, and the results are expressed as a Z-score. Despite the growing
body of published normative data utilizing DXA in children, there
are no evidence-based guidelines for the definition of osteoporosis
in children. Fractures occur commonly in otherwise-healthy chil-
dren, with a peak incidence during early adolescence, around the
time of the pubertal growth spurt [69]. Several studies have com-
pared the DXA BMD of normal children and adolescents with
forearm fractures to that of age-matched controls without frac-
tures. Most studies [70–74], but not all [75,76], found that mean
DXA BMD was significantly lower in children with forearm frac-
tures than in controls.

DXA has several limitations that can be pronounced in the as-
sessment of children. These include difficulties in scan acquisition
due to limitations in the bone edge detection software for children
[77,78], difficulties in the interpretation of DXA results in children
with variable body size, body composition, and skeletal matura-
tion, and limited reference data [64]. A significant limitation of
DXA is the reliance on measurement of areal rather than volumet-
ric BMD. DXA provides an estimate of BMD expressed as grams
per anatomical region (e.g. individual vertebrae, whole body, or
hip). Dividing the BMC within the defined anatomical region (in
grams) by the projected area of the bone (in square centimeters)
then produces the “areal BMD” (in grams per square centime-
ter). This BMD is not a measure of volumetric density (grams per
cubic centimeter) because it provides no information about the
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depth of bone. Bones of larger width and height also tend to be
thicker. Because bone thickness is not factored into DXA estimates
of BMD, reliance on the areal BMD inherently underestimates the
bone density of short people. Despite identical volumetric bone
density, a child with smaller bones will appear to have a mineraliza-
tion disorder (decreased areal BMD). This is clearly an important
artifact in children with chronic diseases, such as CKD, that are
associated with poor growth [79].

A recent study highlighted the importance of these limitations
[80]: among children referred for enrollment in a pediatric osteo-
porosis protocol based on low DXA spine BMD, 80% had at least
one error in interpretation of the DXA scan. Ultimately, only 26%
retained the diagnosis of low BMD.

Limitations of DXA in CKD
DXA has additional important limitations in patients with CKD;
these limitations were recently reviewed for children undergoing
kidney transplantation [81]. Trabecular and cortical bone behave
differently in response to increased PTH levels: trabecular bone
mass increases and cortical bone mass decreases [1]. The two-
dimensional posterior–anterior DXA projection of the spine cap-
tures the largely trabecular vertebral body, as well as the superim-
posed cortical spinous processes. However, the lateral projection
allows one to distinguish between the vertebral body and posterior
elements. A study in adults with primary hyperparathyroidism il-
lustrated the limitations of DXA in the setting of increased PTH
[82]: the mean spine BMD on the posterior–anterior projection

Table 60.4 Evidence ratings and recommendations for interventions to improve bone metabolism in children with CKD.

Evidence ratingb Recommendationc

Intervention SRa Moderate Low Comment I II III Comment

Phosphate binders
Calcium carbonate − • 2 case series (15 and 63

subjects)
• Calcium carbonate reduces serum phosphorus in children

with CKD

Sevelamer vs. calcium
acetate

+ • 1 RCT (40 subjects enrolled, 18
completed the crossover trial)

• Equivalent reduction in phosphorus levels and Ca–P
product in the two groups; calcium acetate associated
with more frequent hypercalcemic episodes

Sevelamer vs. calcium
carbonate

+ • 1 RCT (42 subjects enrolled,
29 completed the trial)

• Equivalent reduction in skeletal lesions of secondary
hyperparathyroidism in the two groups; calcium
carbonate associated with greater calcium, Ca–P
product, and more frequent hypercalcemic episodes

Vitamin D therapy
Oral daily calcitriol − • 2 case series (6 children with

CKD; 33 children on PD)
• PTH levels improved; severe osteitis fibrosis persisted or

progressed in some subjects

Oral intermittent calcitriol − • 2 case series (14 and 16
children on PD)

• Nearly half developed adynamic bone; may be
associated with poor growth

Oral daily vs. oral
intermittent calcitriol

+ • 1 RCT in 24 children on PD • Comparable growth velocity and decreases in PTH

Intermittent oral vs.
intraperitoneal calcitriol

+ • 1 RCT in 46 children on PD • Equivalent improvements in bone histology (33%
adynamic bone), but calcium levels were higher and
reductions in PTH levels were greater in subjects treated
with i.p. calcitriol

Intravenous calcitriol vs.
placebo

+ • 1 RCT in 47 children on HD • Calcitriol reduces PTH levels but is associated with
hypercalcemia and hyperphosphatemia

Intermittent oral
doxercalciferol vs. calcitriol

+ • 1 RCT (42 subjects enrolled,
29 completed the trial)

• Doxercalciferol and calcitriol equally effective in reducing
PTH levels and improving skeletal lesions of secondary
hyperparathyroidism

Abbreviations: RCT, randomized controlled trial; PD, peritoneal dialysis; HD, hemodialysis.
aSystematic review of randomized controlled trials.
bEvidence rating based on study design, study quality, and consistency and directness of results. No intervention was rated with a high evidence rating.
cRecommendations based trade-offs between benefits and harms, quality of evidence, translation of evidence into practice in a specific setting including availability of medication
and any uncertainty about the baseline risk of the disease in the population. I, recommend; II, suggest; III, no recommendation possible.
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was normal, but the lateral scan revealed increased BMD in the
predominantly trabecular vertebral body and decreased BMD in
the cortical spinous processes. Clearly, because trabecular and cor-
tical bone behave differently in response to increased parathyroid
activity and DXA does not distinguish between renal osteodystro-
phy effects on the two types of bone, DXA is of limited value in
CKD. The conflicting data on DXA-derived measures of BMD in
CKD are consistent with these limitations: DXA results have been
variable, with mean BMD values that are higher than, the same as,
or lower than control subjects [83–90]. Given the limitations of
DXA in children with CKD, the National Kidney Foundation clin-
ical practice guidelines do not recommend DXA scans for children
with CKD [53].

QCT
QCT provides a cross-sectional image unobscured by overlying
structures [91]. In contrast to DXA, this technique describes
authentic volumetric BMD (in grams per cubic centimeter),
accurately measures bone dimensions, and distinguishes between
cortical and trabecular bone. In order to minimize radiation
exposure, special high-resolution scanners have been developed
for the peripheral skeleton (pQCT). Spine QCT data in CKD
confirmed biopsy histomorphometric data: trabecular BMD was
increased in high-turnover disease (+1.6 standard deviations) and
decreased in low-turnover disease (−1.2 standard deviations),
relative to age-matched controls [92].

The impact of CKD on BMD during childhood was examined
using pQCT in 21 children on peritoneal dialysis [93]. Trabecular
BMD was significantly higher (P < 0.0001) and cortical BMD was
significantly lower (P < 0.001) in children with CKD compared
with controls. In patients with adynamic bone, trabecular BMD
was less than in those with high-turnover lesions (P < 0.001).
Similarly, cortical BMD was lower in patients with high-turnover
lesions than in those with low-turnover lesions (P < 0.05).

A recent study by Jamal et al. underscored the advantages of
QCT versus DXA in CKD [94]. She reported that DXA in the
hip and spine failed to discriminate between patients with and
without fractures; in contrast, QCT measures of cortical BMD
and thickness discriminated between fractures and nonfractures
very well.

Summary

The management of renal osteodystrophy in children should be
tailored to optimize rates of bone turnover, bone acquisition, and
growth, while avoiding metabolic abnormalities associated with
vascular calcifications. The evidence ratings for phosphate binders
and vitamin D therapy are summarized in Table 60.4. The paucity
of randomized controlled trials and the poor subject retention
in some trials reflect the difficulties in conducting these multi-
center studies in children with CKD. As detailed in the National
Kidney Foundation K/DOQI clinical practice guidelines for bone
metabolism and disease in children with chronic kidney disease

future studies [53], studies are needed to address the impact of
existing therapies and new vitamin D analogs on bone health,
growth, and vascular calcification in children.
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Introduction: causes of anemia in chronic
kidney disease

Anemia is a common problem in children and adolescents with
chronic and end-stage kidney disease. A recent cross-sectional
study of 366 children and adolescents with chronic kidney disease
(CKD) stages 1–5 revealed anemia, defined as any medical treat-
ment for anemia or hemoglobin (Hb) of <12 mg/dL, in 36.6%,
which varied from 31% at stage 1 to 93.3% at stages 4 and 5 CKD
[1]. Similarly, in a report by the North American Pediatric Re-
nal Transplant Cooperative Study of children with an estimated
glomerular filtration rate (GFR) of <75 mL/min/1.73 m2, 30%
(of 1725) had anemia, as defined by a hematocrit of <30% [2].
Compared to adults on chronic dialysis in the USA, pediatric pa-
tients more often have mean annual Hb levels of <11 g/dL, with
54% versus 39.8% in pediatric versus adult hemodialysis (HD)
patients and 69.5% versus 55.1% pediatric versus adult peritoneal
dialysis patients [3]. Anemia remains a problem even after kidney
transplantation. The prevalence of anemia posttransplant in one
single-center study of 231 pediatric patients was 25.5% at 1 year
posttransplantation [4].

A number of factors contribute to the development of anemia
in children and adults with kidney disease. As kidney function
declines, affected individuals experience a decrease in circulat-
ing red blood cell mass, indicated by low blood Hb concentra-
tion. The kidney plays a central role in regulating red blood cell
mass through the production of erythropoietin and the regula-
tion of plasma volume through excretion of salt and water. It
has been proposed that the kidney functions as a “critmeter” by
sensing oxygen tension and extracellular volume and translating
a measure of plasma volume as tissue oxygen pressure in order to
regulate erythropoietin production [5]. Effective circulating red
blood cell mass is controlled by specialized interstitial cells in the

kidney cortex that are exquisitely sensitive to small changes in tissue
oxygenation. If tissue oxygenation decreases because of anemia or
other causes, these specialized interstitial cells in the kidney cortex
sense hypoxia and produce erythropoietin. Surface receptors on
erythroid colony-forming units, the progenitors of red blood cells,
bind erythropoietin, thus preventing apoptosis. If erythropoietin
production is impaired in kidney disease, there is no inhibition of
apoptosis and erythrocyte progenitor cells experience cell death.
Also, nutritional problems during CKD and end-stage renal dis-
ease (ESRD) can lead to folate and vitamin B12 deficiency, leading
to disordered DNA synthesis, maturation arrest, and ineffective
erythropoiesis. Iron deficiency can also slow synthesis of heme
and globin and further impair erythropoiesis. Inflammation, an-
other common problem in CKD, impairs both erythropoiesis and
the utilization of iron in red blood cell production. Inflammatory
cytokines inhibit erythropoietin production, impair the growth of
red blood cell progenitors, and stimulate hepatic release of hepci-
den, which blocks iron absorption in the gut [5].

Definitions and guidelines
Recently in the USA, the National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (K/DOQI) published clinical
practice guidelines for anemia in CKD based on an evidence-based
review. In the production of the guidelines, a systematic literature
review was performed of Hb thresholds for initiating therapy, Hb
level therapeutic goals, iron status goals, and efficacy of adjuvants
in achieving Hb goals. When the quality of evidence was consid-
ered high or moderately high, clinical practice guidelines were pre-
sented based on the evidence. When the quality of the evidence was
low, very low, or missing, the workgroups presented clinical prac-
tice recommendations. For the pediatric population, clinical prac-
tice recommendations were presented. As stated by the committee,
“the only evidence of sufficient strength to support evidence based
guidelines are available from studies of the adult population” [6].
The K/DOQI pediatric workgroup defined anemia in a child as a
reduction in Hb level to less than the fifth percentile for their age
and sex, with the caveat that adjustment in normal levels should be
done for children living at higher altitudes. The normative values
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Table 61.1 Definitions of anemia in children with CKD.

5th percentile Hb level (g/dL)

Age group (yrs) Boys Girls

1–2 10.7 10.8
3–5 11.2 11.1
6–8 11.5 11.5
9–11 12.0 11.9
12–14 12.4 11.7
15–19 13.5 11.5

Source: Adapted from the K/DOQI recommendations [6].

for children older than 1 year of age published in the K/DOQI
guidelines were adapted from data from the National Health and
Nutrition Evaluation Survey III reference data [6] (Table 61.1),
whereas the values for children from birth to 1 year of age were
derived from the textbook Hematology of Infancy and Childhood
[7]. The workgroup included clinical practice recommendations
on evaluation of anemia in CKD (Table 61.2), target Hb range
(>11 g/dL), use of erythropoiesis-stimulating agents (ESAs) and
iron agents, as well as adjuvants, transfusion indications, and eval-
uation of persistent failure to reach or maintain intended Hb level.
The conclusions of the K/DOQI pediatric workgroup on each of
these topics are presented throughout this chapter.

Other national guidelines groups, including the Caring for
Australians with Renal Impairment (CARI) group [8], have re-
viewed the issue of anemia in CKD in pediatrics. With regard to
anemia and growth in children, the CARI group systematically
reviewed the evidence and determined that no evidence-based
recommendations were possible based on level I or II evidence
in 2005. In suggestions for clinical care, they stated that there
was no evidence to support that treatment of anemia improves
growth in pediatric CKD cases; however, correction of anemia
is indicated to improve quality of life (QoL) and cardiac perfor-
mance (Table 61.3). In 2003, the European Pediatric Peritoneal
Dialysis Working Group published guidelines on the management
of anemia in pediatric peritoneal dialysis patients. These guide-
lines stated that after a thorough diagnostic workup, anemia treat-
ment should aim for a target Hb concentration of at least 11 g/dL
through administration of erythropoietin and iron preparations.

Table 61.2 Recommendations for anemia evaluation in pediatric CKD.

Recommendations for anemia evaluation in pediatric CKD

CBC, including MCH, MCV, MCHC, WBC with differential and platelet counts
Absolute reticulocyte count
Serum ferritin
Transferrin saturation

Source: Adapted from the K/DOQI recommendations [6].
Abbreviations: CBC, complete blood count; MCH, mean corpuscular Hb; MCV, mean
corpuscular volume; MCHC, mean corpouscular Hb concentration, WBC, white blood
cells.

Table 61.3 Published clinical practice recommendations on anemia in pediatric
CKD.

Guideline or CPR Source Year Reference

National Kidney Foundation
K/DOQI clinical practice
recommendations for anemia
in chronic kidney disease in
children

U.S. NKF KDOQI 2006 [6]

The CARI guidelines: nutrition
and growth in kidney disease

Australia CARI 2005 [8]

Management of anemia in
pediatric peritoneal dialysis
patients

European Pediatric
Peritoneal Dialysis
Working Group

2003 [9]

Abbreviations: CPR, clinical practice recommendation.

Iron should preferably be prescribed as an oral preparation, and
there is no place for carnitine supplementation in the treatment of
anemia in pediatric peritoneal dialysis patients (Table 61.4) [9].

Sequelae of anemia in CKD

Risk of death
Studies in adults with ESRD have consistently demonstrated
reduced risk of death and hospitalization when Hb levels are
≥11 g/dL, but the upper limit of target Hb is more controver-
sial [10–12]. In 2004, the Cochrane Renal Group performed a
meta-analysis of randomized clinical trials (RCTs) to evaluate the
harms and benefits of different Hb targets in adult patients with
CKD; they found lower risk of all-cause mortality with Hb of
<12 versus >13 g/dL (relative risk [RR], 0.84; 95% confidence
interval [CI], 0.71–1.00) [13]. This Cochrane review was updated
in August 2006, included 22 RCTs, and had similar results [14].
The authors indicated the need for more adequately powered and
better-designed trials. In November 2006, two additional RCTs
investigating optimal target Hb were published [15,16]. Drueke
et al. randomly assigned 603 patients with estimated GFRs of 15–
35 mL/min/1.73 m2 and Hb of 11–12.5 g/dL to a target Hb of
13–15 g/dL versus Hb of 10.5–11.5 g/dL. Over 3 years, they found
that early complete correction of anemia did not reduce risk of
cardiovascular events in patients with CKD.

Singh et al. conducted an open-label trial of 1432 patients with
CKD assigned to receive epoetin alfa to either a target Hb of
13.5 g/dL or Hb of 11.3 g/dL [16]. In this study, the use of tar-
get Hb of 13.5 g/dL versus 11.3 g/dL was associated with an in-
creased risk of death, myocardial infarction, hospitalization for
congestive heart failure, and stroke. In children, there is less sys-
tematic evidence concerning the risks of anemia in CKD. The NKF
K/DOQI practice guidelines for anemia management were primar-
ily based on adult studies. In the pediatric population, Warady and
Ho demonstrated an association between baseline hematocrit of
<33% at 30 days post-initiation of dialysis and increased risk of

694



BLBK043-Molony September 20, 2008 19:38

Chapter 61 Anemia

Table 61.4 Anemia treatment clinical practice recommendations from K/DOQI.

Parameter ESAs Iron agents

Frequency of monitoring Hb monitored monthly: target, >11 g/dL Iron status tests every month with initial ESA treatment, then every
3 months
Goals: serum ferritin >100 ng/mL, TSAT >20%; if ferritin >500
ng/mL, assess clinical status

Dosing Determined by Hb level, target level, and observed rate of increase Related to iron preparation chosen

Contraindications Hypertension, vascular access occlusion, inadequate dialysis, history
of seizures, or compromised nutritional status are not
contraindications

Risk of acute adverse events: hypotension, anaphylactoid reactions

Route of administration Determined by clinical conditions; convenience favors s.c. in non-HD
and i.v. administration in HD CKD

Prefer i.v. in patient with HD CKD, i.v. or oral in for nondialysis CKD
or PD CKD

Frequency Determined by treatment stage, setting, efficacy considerations, and
class of ESA; convenience favors less frequent administration,
particularly in non-HD CKD

Related to selected iron preparation

Source: Adapted from the K/DOQI recommendations [6].
Abbreviations: s.c., subcutaneous; TSAT, transferrin saturation.

prolonged hospitalization and death in incident ESRD patients less
than 18 years of age from the NAPRTCS registry [17]. Using data
from the US Centers for Medicare and Medicaid Services’ ESRD
Clinical Performance Measures Project (Oct–Dec 1999 and 2000)
linked with the US Renal Data System hospitalization and mor-
tality records, Amaral et al. assessed whether achieving target Hb
levels of >11 g/dL in 677 adolescents on HD was associated with
decreased risk of death. In this retrospective cohort study, 11.7%
with Hb of <11 g/dL at study entry died compared to 5% of those
with initial Hb of ≥11 g/dL (P < 0.0001) [18]. In a multivari-
ate analysis, Hb of ≥11 g/dL was associated with decreased risk
of death (hazard ratio [HR], 0.38; 95% CI, 0.20–0.72). When Hb
was recategorized into Hb levels of <10, ≥10 to <11, ≥11 to ≤12,
and >12 g/dL, risk of mortality declined as Hb level increased.
At Hb levels of 11 to ≤12 g/dL versus <10 g/dL, mortality risk
decreased by 70% (HR, 0.30; 95% CI, 0.19–0.74). Risk of mor-
tality was similar for Hb levels of 11–12 g/dL and >12 g/dL. Hb
of >12 g/dL remained strongly associated with decreased risk of
mortality (HR, 0.20; 95% CI, 0.07–0.56) [18]. This observational
study’s findings are consistent with literature on adults, showing
decreased mortality in ESRD patients who meet Hb targets of >11
g/dL for adolescents on HD.

There are currently no pediatric data to support an Hb target
above the current target of 11 g/dL; furthermore, no pediatric
study to date has weighed the cost of increased use of ESAs with the
benefits of achieving a normalized Hb. Future studies in the form
of RCTs are needed to assess optimal Hb levels for all adolescents
with CKD and ESRD. To this end, the pediatric workgroup of
the K/DOQI committee recommended the lower limit of Hb as
11 g/dL or greater, but in the opinion of the workgroup, there was
insufficient evidence to recommend an upper limit of Hb. These
guidelines were formulated prior to the two recent RCTs in adults,
which were consistent with higher mortality with higher Hb levels,

and the FDA Black Box warning (issued in February 2007), which
advised about the increased risk of death with higher Hb targets.
An upper limit of 12 g/dL is reasonable in this context.

Risk of CKD progression
A number of studies have suggested that anemia may accelerate
decline in kidney function through decreased oxygen delivery to
tissues, accelerating ischemic changes and increasing endothelial
injury. It has been proposed that hypoxia of renal tubule cells
may stimulate extracellular matrix production and release of profi-
brotic cytokines, thereby accelerating kidney disease progression.
Several clinical trials in adults have suggested that erythropoietin
treatment and correction of anemia may ameliorate the progres-
sion of CKD [19]. In children, a recent prospective cohort study
by Furth et al. demonstrated an association between anemia and
accelerated progression of CKD in children, independent of GFR
[20]. However, at the time of this writing, there is insufficient ev-
idence to suggest that treatment of anemia slows progression of
CKD in the pediatric population.

Anemia, QoL, and cognitive function
Anemia associated with CKD has long been associated with a neg-
ative impact on QoL. Several studies have revealed that the treat-
ment of anemia in CKD improves QoL in adults with CKD and
ESRD [21–24]. One single, blind, placebo-controlled crossover
study in 11 children with ESRD showed improvement in exer-
cise tolerance, physical performance, and health and better school
attendance with correction of anemia [25]. Decreasing anemia
using recombinant human erythropoietin in a multicenter pe-
diatric study of 44 children with chronic kidney failure under-
going HD also showed marked improvement in QoL, partic-
ularly in activity levels [26]. Another cross-sectional study, by
Gerson et al., examined the link between QoL and anemia in a
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cross-section of 116 adolescents with renal insufficiency on dialysis
and post-kidney transplantation. The authors found that anemia
was associated with poorer QoL [27]. By caregiver assessment,
adolescents with kidney disease and anemia (defined as hemat-
ocrit of <36%) were less satisfied with their health, participated
less in activities at school and with friends, and were less physically
active. These findings mirrored findings of studies examining the
correlation between anemia and QoL in adults with CKD.

Regarding cognitive function, one multicenter trial of subcu-
taneous erythropoietin showed increased Wechsler intelligence
scores in 11 children with chronic kidney failure who were treated
for anemia over a 12-month period [28]. In the literature on adults,
several studies have demonstrated significant improvement in
electrophysiological markers of cognitive function with improve-
ment of anemia in patients with chronic and end-stage renal dis-
ease [29–34]. Further study in the pediatric population is needed.

Cardiac function
In adults, observational evidence in CKD has shown an associ-
ation between anemia and left ventricular hypertrophy (LVH)
[35,36]. Optimal Hb levels to prevent LVH and cardiovascular
events are not clear, based on the current body of evidence
[37,38]; some studies have suggested increased risk at higher
Hb levels. In 1998, Besarab et al. halted an RCT in adults with
cardiac disease on HD who were receiving Epoetin to achieve
a hematocrit of 42% versus 30%. The group with a higher
hematocrit experienced decreased event-free survival [39]. More
recently, Volkova and Arab performed an evidence-based liter-
ature review of the relationship between Hb and/or hematocrit
and mortality in dialysis patients. They included five trials and
13 observational studies. They showed either no effect or a
benefit of Hb level target higher than 11 g/dL in a general dialysis
population and increased mortality associated with greater Hb
concentration in cardiac patients [40]. They concluded that
“most observational studies supported the increased mortality
associated with Hb levels less than the reference range of Hb 11–
12 g/dL (110–120 g/L)”. . . and that “evidence of risks or benefits of
Hb levels greater than 11–12 g/dL (110–120 g/L) is variable” [40].

Evidence supporting cardiac benefits associated with the treat-
ment of anemia in children with CKD is more limited, although
cardiac-related events and LV remodeling have been reported in
pediatric CKD and ESRD populations, including children post-
kidney transplantation [41–43]. According to the K/DOQI re-
views, a single blinded crossover trial of 11 children aged 2–
12 years on dialysis demonstrated an improvement in cardiac index
by 6 months and significant reduction in LV mass by 12 months in
those treated with ESAs [44]. Two additional observational studies
of patients with severe LVH demonstrated that children with lower
Hb levels had more severe LVH and lower LV compliance [45,46].

Treatment

Anemia therapy in patients with CKD requires the effective use of
ESAs and iron agents to achieve and maintain target Hb levels. In

1989, recombinant human erythropoietin was first introduced to
stimulate bone marrow production of red blood cells. Since then,
other forms of ESAs have been developed. The term ESA refers
to any agent used to enhance erythropoiesis by acting directly or
indirectly on the erythropoietin receptor. Currently available ESAs
include the Epoetins (Epoetin alpha and beta) and darbopoetin,
the hyperglycosolated EPO analog [47]. Epoetins are short-acting
and are generally dosed 1–3 times per week. Darbopoetin is long-
acting and can be dosed once every 2 weeks. A summary of the
clinical practice recommendations of the pediatric workgroup of
the K/DOQI treatment guidelines is included in Table 61.4. There
is little available evidence in the form of RCTs to assess differential
efficacy between ESAs in children or adults with CKD (Tables 61.5
and 61.6). Warady et al. randomized 124 children on stable recom-
binant human erythropoietin to either continue on recombinant
human erythropoietin or convert to darbopoetin. The authors de-
tected no statistically significant difference in mean change in Hb
between the two groups [48]. Thus, because there are some data in
pediatrics supporting the adult findings and no data supporting
differing recommendations, the current practice recommenda-
tions have been adapted from the evidence-based recommenda-
tions in adults. In general, it is recommended that Hb be mon-
itored monthly, with closer monitoring at 1- to 2-week intervals
when initiating and/or making significant changes to the ESA dose.
Initial doses and dose adjustments vary widely in pediatrics. All
pediatric providers are advised to carefully evaluate the individual
patient’s response and to adjust dosing regimens and frequency of
monitoring accordingly. For short-acting ESAs administered in the
dialysis population, reports suggest that peritoneal dialysis patients
require approximately 225 U/kg/week compared to 300 U/kg/week
for HD patients. Younger patients <1 year old require an average of
350 U/kg/week. For the nondialysis population, fewer reports are
available, but doses of 150–450 U/kg/week have been used. Fewer
data are available on dose requirements for long-acting ESAs (dar-
bopoetin alfa) in either dialysis or nondialysis populations. There
is a wide range of recommended dosing, 0.25–0.75 μg/kg/week,
and most frequently 0.45μg/kg/week is recommended [6]. Reports
on acceptable rates of increases of Hb levels in pediatric CKD vary
widely. The European Pediatric Peritoneal Dialysis workgroup rec-
ommended an increase of approximately 0.66 g/dL/month as a
minimally acceptable level [9].

In children with CKD, as in adults with CKD, the most common
reason for poor response to ESA therapy is iron deficiency. Iron
repletion in CKD requires either intravenous (i.v.) or oral iron
therapy. Current i.v. forms of iron supplementation include iron
dextran, sodium ferric gluconate, and iron sucrose. There are cur-
rently no adequately powered trials comparing i.v. agents for adults
or children [49]. Several studies comparing i.v. versus oral iron in
adult HD and CKD patients demonstrated superior efficacy of i.v.
forms of iron in repleting iron stores and minimizing ESA dosing
[50–52]. RCT evidence comparing i.v. versus oral iron in adult
CKD, including nondialysis, HD, and peritoneal dialysis patients,
is presented in Table 61.6. In 2005, Gillespie and Wolf published
a meta-analysis that combined clinical data on i.v. iron use in
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Table 61.5 Pediatric studies examining efficacy of erythropoiesis stimulating agents (ESAs) in anemia of CKD and ESRD for pediatric patients.

Reference* Type Population Intervention Sample Size Follow-up Outcome

Sinai-Trieman
et al, 1989

Prospective cohort Transfusion-
dependent PD
pts

Subcutaneous (SC)
recombinant human
erythropoietin (rHuEpo):
initial dose 150 units/kg
thrice weekly

5 children, 12-18
yrs old

8 mos All pts had increase in Hemoglobin
(Hb) and reticulocyte count and
none required further transfusions.

Offner et al,
1990

Prospective cohort CAPD and CCPD 300 units/kg IV rHuEpo
once weekly

14 children,
6–22 yrs old

One year Mean Hematocrit (HCT) and retic.
count increased within one
month. Dosage was decreased
after 3 mos to keep HCT >30%.

Campos and
Garin, 1992

Prospective cohort HD IV rHuEpo: thrice weekly 11 children, 6
mos-20 yrs old

9 mos HCT rose after 8 wks from 20.3%
(mean) to 31.7%.

Reddingius et al,
1992

Prospective cohort CAPD Intraperitoneal (IP) rHuEpo:
initial dose 300
units/kg/week

16 children 8 mos Mean Hb increased. No pts
required blood transfusions after
initiation of therapy.

Montini et al,
1993

Prospective cohort PD SC rHuEPO: initial dose
25 IU/kg twice weekly

24 children 24 wks 6 pts censored, 18 remaining pts
all had increased Hb.

Brandt et al,
1999

Prospective
randomized study

CKD, PD and
HD pts

IV or SC rHuEPO: low-dose
(150 units/kg/week) vs.
high-dose (450
units/kg/week) divided
thrice weekly

44 children
<21 yrs old: 25
pre-dialysis, 10
PD, 9 HD

12 wks or until
“target’’ Hb was
attained

82% pts reached “target’’ Hb by
8 wks; 95% pts in high-dose
group reached target vs. 66% in
low-dose group.
HD pts required higher doses.

De Palo et al,
2004

Prospective cohort HD pts previously
on epoietin alfa

Darbepoetin 1.59 ±
1.19 mcg/kg/week

7 children 6 mos Increase of >1g/dL Hb in first
month. By 2nd month, dose
reduced. Mean Hb at 3 mos 11.8
± 1.4 g/dL and mean
darbepoietin dose 0.51 ± 0.51
mcg/kg/week.

Geary et al, 2005 Prospective cohort CKD with GFR <30
cc/min/1.73 m2, HD
and PD pts

Darbepoetin alfa
0.45 mcg/kg/week

23 children 28 wks 73% of pts were receiving
darbepoetin less than once weekly
by 12 wks and 87% by 28 wks to
maintain Hb 10–12.5 g/dL.

Durkan et al,
2006

Prospective cohort Infants with CKD
<8 kg

Darbepoetin
0.5 mcg/kg/week

6 infants 20 wks For 3 pts, mean darbepoietin dose
was decreased and dosing interval
increased to 3–4 wks. 3 pts
required increase in weekly dose.

Warady et al,
2006

Randomized
open-label,
non-inferiority study

CKD with GFR <30
cc/min/1.73m2, HD
and PD pts who
were receiving
stable rHuEpo
treatment

Subjects randomized (1:2)
to either continue rHuEpo
or convert to darbepoetin
alfa

124 children,
aged 1–18 yrs,
receiving stable
rHuEpo

28 wks Adjusted mean change in Hb
between baseline and evaluation
period for rHuEpo vs. darbepoetin
groups was not statistically
different. Darbopoetin was found
to be non-inferior to rHuEpo.

*References listed in reference section.57−62

children on HD [53]. They included nine studies that included
eight cohort studies and one prospective trial with historical con-
trols, and they showed increased Hb, ferritin, and transferrin sat-
uration levels and reduced use of ESAs with i.v. iron use. In 2006,
Warady et al. performed an RCT to examine the preferential route

of iron administration for children. The authors prospectively ran-
domized 35 iron-replete children <20 years old with ESRD on
HD to receive either i.v. iron dextran with each dialysis session
(n = 18) or oral iron daily (n = 17) for up to 16 weeks. In both
groups the Hb was stable, but the i.v. iron group experienced a
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Table 61.7 Iron supplements. Evidence-based recommendations for CKD, including Nondialysis, Hemodialysis and Peritoneal Dialysisa. *Data adapted from “Clinical
Practice Recommendations for Adults 3.2: Using Iron Agents’’ Am J Kidney Dis 2006; 47:S58-S70.

Intervention: IV
vs. PO iron

Systematic review Evidence ratingb Comment on rating Recommendationc Comment on
recommendation

IV iron dextran vs.
oral irond

IV iron sucrose vs.
oral irond

IV iron sodium
gluconate vs. oral
irond

3 RCTs:
2 HD pts,
1 ND pts
(2 RCT included placebo
arm, 1 RCT included PD)

3 RCTs:
ND pts

1 RCT:
HD pts

Moderately high to high
for HD pts. Moderately
high for ND and PD pts.

Some inconsistencies
for studies which
examined ND-CKD pts.
Studies in HD pts were
reasonably consistent.
No RCTs with PD pts
only.

The preferred route of iron
administration is IV in pts with
HD-CKD. The route of iron
administration may be either
IV or PO for ND-CKD and
PD-CKD pts.

Final mean Hb ranged higher
0.9-4.5 g/dL (90-450 g/dL) in IV
arms vs. PO for HD pts. Mean final
ESA dose was lower in IV arms in
studies with HD pts. No significant
difference in ESA dosing was
found in nondialysis pts on IV vs
PO iron.

a Nondialysis (ND), Hemodialysis (HD), Peritoneal Dialysis (PD).
b Evidence rating based on study design, study quality, consistency and directness of results.
c Recommendation based on assessment of risks and benefits, quality of evidence, translation of evidence into practice.
d oral iron = ferrous sulfate or iron polysaccharide.

significant increase in serum ferritin and the oral iron group did
not. There was no statistically significant difference in ESA dos-
ing detected between the two groups [54]. Thus, further study is
needed to compare various methods of iron administration for
children. For iron agents and iron dosing, the K/DOQI pediatric
group stated goals of avoiding storage iron depletion, preventing
iron-deficient erythropoiesis, and achieving and maintaining tar-
get Hb levels, as outlined in Table 61.4. Hyporesponse to ESAs
and iron therapy is defined as “a significant increase in the ery-
thropoiesis stimulating agent dose requirement to maintain a cer-
tain Hb level or a significant decrease in Hb levels at a constant
erythropoiesis stimulating agent dose, or a failure to increase the
Hb level to greater than 11 g/dL (110 g/L) despite an erythro-
poiesis stimulating agent dose equivalent to epoeitin greater than
500 IU/kg/week.”

In addition to iron deficiency, there are a few readily reversible
factors that contribute to ESA hyporesponsiveness. Some evidence
suggests that younger children, those with hyperparathyroidism,
and those with more evidence of inflammation are at increased
risk of hyporesponsiveness. Although several pharmacological and
nonpharmacological agents have been studied as potential adju-
vants to ESA and iron treatment for CKD in children, in the opin-
ion of the K/DOQI workgroup there is insufficient evidence to
recommend the use of either l-carnitine or vitamin C in the man-
agement of anemia in children with CKD. Additionally, as in adults,
androgens should not be used as an adjuvant to ESA treatment in
anemic patients with CKD. Red blood cell transfusion should be
used cautiously in patients with CKD because of the potential for
development of sensitivity that would adversely affect future kid-
ney transplantation. There is no evidence to suggest that a single
Hb concentration justifies or requires transfusion.

In summary, anemia is a prevalent and serious problem among
children with CKD. At all stages of CKD, low Hb has been associ-

ated with increased risk of hospitalization and death, more rapid
decline in GFR, lower cognitive function, increased LVH, and de-
creased LV compliance. Guidelines for clinical management of
anemia in children with CKD are primarily based on adult data.
Although the majority of existing pediatric studies do support
the current adult guidelines, more pediatric-based research in the
form of multicentered RCTs is needed to establish valid pediatric-
specific treatment goals. At this time, for children with CKD, the
treatment goal for anemia management should be a target Hb of
≥11g/dL and <12 g/dL, using ESAs and iron as necessary adjuncts
to achieve this target.
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Successful kidney transplantation has been shown to be associated
with less disability and greater well-being compared with either in-
center hemodialysis or continuous ambulatory peritoneal dialysis
in adults [1]e. Despite major advances in pediatric dialysis strate-
gies, kidney transplantation remains the treatment of choice for
children with end-stage renal disease (ESRD) [2,3]e. Indications
for pediatric renal transplantation include the following: 1) symp-
toms of uremia not responsive to conservative therapy; 2) failure
to thrive due to limitations in total caloric intake; 3) delayed psy-
chomotor development; 4) uncontrolled hypervolemia; 5) uncon-
trolled hyperkalemia; and 6) metabolic bone disease due to renal
osteodystrophy. Preemptive transplantation should be performed
whenever it is available, using either living or deceased donors.
Transplantation care of pediatric patients must be provided by a
multidisciplinary team of pediatric health care professionals.

In order to improve standards and results of pediatric kidney
transplantation, several issues should be specifically addressed,
such as patient selection, choice of study end points, standardized
definitions and classification of histopathology, qualification and
quantification of acute and chronic graft dysfunction, strategies for
limiting the number of patients, investigation of surrogate mark-
ers, and new approaches to statistical analysis and decision making
[4]. The CONSORT (Consolidated Standards of Reporting Trials)
and QUOROM (Quality of Reporting of Meta-analyses) criteria
should be integrated in the process of any design and analysis
of further clinical trials, but randomized controlled clinical trials
in pediatrics are scarce. To date, most information about kidney
transplantation in children comes from experience in adults, but
a substantial number of problems are specific to the pediatric age
group [5]e.

Note: Throughout this chapter, reference numbers correspond-
ing to systematic reviews and meta-analyses for adult populations
are followed by a superscript “a,” pediatric study references are
followed by “p,” combined adult and pediatric study references

are followed by “c,” reference numbers corresponding to random-
ized controlled trials (RCTs) are followed by “r,” and reference
numbers for literature reviews and expert opinions are followed
by “e.”

Epidemiology and outcomes
for patient and graft

Trends in pediatric renal transplantation have been changing dur-
ing the last decade [6], with remarkable improvement in the rates
of acute rejection, rejection reversal, short- and long-term sur-
vival, and quality of life. In addition, 1-year graft survival has
become comparable between recipients of deceased donor and
living donor transplants, as well as in infants compared to other
age groups. However, some problems remain, such as nonadher-
ence in adolescents, chronic rejection, and the adverse effects of
immunosuppression.

Patient and graft survival
North American and French reports from 2004 on pediatric trans-
plant activity are summarized in Table 62.1 [7,8]. The North Amer-
ican Pediatric Renal Transplant Cooperative Study (NAPRTCS) is
a voluntary registry, and the French registry includes all children
with ESRD. Causes of graft failure are listed in Table 62.2, and
causes of death are listed in Table 62.3 [8]. Patient survival in
North America is shown on Table 62.4 [8].

Short- and middle-term outcomes
From most recent series in children, 1-, 3-, and 5-year graft survival
rates are 91–95%, 83–87%, and 80–85% for living donor recipients
and 83–92%, 71–75%, and 65–74% for deceased donor recipients,
respectively [8,9]. Current transplantation strategies have brought
the short-term graft survival of deceased donor transplantation
very close to that of living donor transplantation. Even in two
series of 68 and 45 high-risk infant recipients 15 kg or smaller,
graft survival was excellent, with 92% at 1 year and 85% at 5 and
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Table 62.1 Summary of the North American (2005) and French (2004) reports.

% of patients with
indicated characteristic

France North America
Patient characteristic (90 patients)a (8435 patients)b

Primary diagnosis
Glomerulonephritis 25.6 24.8
Malformation 25.6 34.1
Inherited renal disease 16.7 13.5
Chronic tubulo-interstitial nephritis 18.8 7.0
Vascular disease 2.2 4.4
Other/unknown 11.1 16.2

Recipient age (years)
0–2 6.2 5.3
2–10 43.2 35.6
11–15 46.9 31.3
>16 3.7 23.7

Recipient gender
Male 51.9 59.4
Female 48.1 40.6

No. of transplant
Primary transplant 95.1 82.3
Repeat transplant 4.9 17.7

Preemptive transplantation 22.0 24.6
Type of donor
Living 19.8 52.0
Deceased 80.2 48.0

Donor (cadaver) age (years)
0–2 0 1.6
2–10 19.8 20.0
11–15 37.0 15.6
16–29 22.2 30.0
>30 21.0 32.8

Graft survival (years)
1 92.8 (LD + DD) 94.8 (LD), 91.7 (DD)
5 82.9 (LD + DD) 85.0 (LD), 74.2 (DD)

Sources: Agence de la Biomedicne [7] and NAPRTCS [8].
Abbreviations: LD, living donor; DD, deceased donor.
a: annual report
b: cumulative report

10 years in one series [10] and 100% at 2 years and 89.6% at
8 years in the other series [11].

Long-term data
The current overall half-life of kidney transplants is 19–20 years
[12], but there have been few long-term studies in children. Offner
et al. reported a 25-year actuarial survival of 81% for patients and
31% for the first graft, with best results with a living donor, preemp-
tive transplant, and with immunosuppression using cyclosporine
A [13].

Table 62.2 Causes of graft failure among pediatric kidney transplant recipients
in North Americaa.

Cause of graft failure % of all graft failures

Chronic rejection 33.6
Acute rejection 13.1
Vascular thrombosis 10.6
Death with functioning graft 9.2
Recurrence of primary disease 6.9
Patient discontinued medication 4.4
Primary non function 2.2
Bacterial or viral infection 1.8
Accelerated acute rejection 1.7
Other technical 1.3
Malignancy 1.2
Hyperacute rejection 0.7
Renal artery stenosis 0.6
Cyclosporine toxicity 0.4
de novo kidney disease 0.4
Other/unknown 11.9

a In the NAPRTCS 2005 report [8], a total of 2414 graft failures among 9243
transplants (26.1%) were reported.

Table 62.3 Causes of death among pediatric kidney transplant recipients in
North America.

Cause of death % of all deaths

Cardiopulmonary 15.4
Bacterial infection 12.9
Cancer or malignancy 11.1
Viral infection 8.5
Other infection 7.9
Hemorrhage 6.7
Dialysis-related complication 2.8
Disease recurrence 1.6
Other 24.4
Unknown 8.7

a In the NAPRTCS 2005 report [8], a total of 495 deaths among 8420 patients have
been reported.

Table 62.4 Three-year kidney transplant patient survival in North America.

% Survival at 3 years (mean ± SE)

Living donor Cadaver donor
Recipient age (years) (n = 4801) (n = 4427)

0–1 91.90 ±1.54 81.30 ± 4.00
2–5 96.90 ± 0.70 91.70 ±1.27
6–12 97.60 ± 0.42 96.10 ± 0.56
>12 97.10 ± 0.43 97.50 ± 0.55
All ages 96.80 ± 0.26 95.90 ± 0.39

Source: NAPRTCS [8].
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Estimation of graft function
As well as patient and graft survival, pediatric renal transplant
outcomes can be evaluated using surrogate markers, such as
glomerular filtration rate (GFR) and kidney biopsy. GFR closely
correlates with disease progression and interstitial fibrosis, but
the ideal test for GFR assessment remains to be determined. In
transplant patients, GFR is most commonly estimated using inulin
clearance, [125I]iothalamate, EDTA-51Cr, and cystatin-C [14]. In
addition, both surveillance and clinically indicated kidney biopsies
provide relevant information for the care of children with trans-
plants and can be performed with minimal risk. In the NAPRTCS
experience of 212 biopsies from 21 centers, 9 (4.2%) biopsy-related
adverse events were reported (gross hematuria in 6, perinephric
hematoma in 1, and intraperitoneal graft bleeding requiring trans-
fusions and surgical exploration in 2) [15].

Other outcomes of pediatric renal transplant
Organ transplantation has been shown to produce improvements
in physical functioning, mental health and cognitive status, social
functioning, and overall quality of life perceptions [16]c. Com-
pared to other renal replacement therapies in adults, successful
renal transplantation results in less disability and greater well-
being [1]. In addition, a randomized trial showed that exercise
training after kidney transplantation resulted in higher levels of
measured physical functioning (with measurement of peak oxy-
gen uptake and isokinetic muscle testing for muscle strength) and
self-reported physical functioning (via the SF-36 Health Status
Questionnaire); however, exercise alone did not affect body com-
position as assessed by dual-energy X-ray absorptiometry [17]r.

Growth is a major issue in children posttransplant. Several stud-
ies have evaluated the safety and efficacy of recombinant human
growth hormone (rhGH) after pediatric renal transplantation,
with a small number of placebo-controlled randomized trials pub-
lished. One showed a significant improvement in height velocity
without any acceleration in bone maturation, increase in acute re-
jection rate, or change in GFR [18]r. In an open-label randomized
crossover multicenter trial (rhGH vs. no rhGH), growth velocity
was significantly increased (7.7 cm versus 4.6 cm during the first
year of treatment), although an increased risk of rejection was re-
ported in patients with a previous history of more than one acute
rejection episode [19]r. In contrast, another study with compara-
ble design found no significant change in the incidence of acute
rejection [20]r. Most of these trials were small and gave conflict-
ing results, particularly for final height. The largest multicenter
experience is from the NAPRTCS (randomized controlled study
of 68 children), which concluded that rhGH is safe and effective
in relation to growth velocity without an associated increase in
adverse events, including rejection episodes [21]r. Regardless of
their treatment status (chronic renal insufficiency, maintenance
dialysis, or posttransplant), the use of rhGH is recommended at
a dose of 1.4 mg/m2 per day (0.05 mg/kg/day), which provides a
significant increase in growth velocity at least for the first 2 years
of treatment [20,22]. Regarding bone structure, rhGH has been
shown to maintain bone mass but is unable to increase bone for-

mation rate [23]. The use of oral alfacalcidol (0.25 μg/day) in
children with low bone mineral density (BMD) as measured by
dual-energy X-ray absorptiometry seemed to be safe and efficient,
as BMD increased from –2.1 to –0.6 g/cm2 (P < 0.001) in a RCT
of 30 children [24]r.

These favorable results for growth and nutrition in pediatric
kidney transplant patients were in part independent of rhGH and
due to other interventions, such as volunteer bias, steroid-sparing
regiment, optimization of protein and energy intake, and correc-
tion of metabolic acidosis.

Donor and recipient factors affecting outcome

Donor factors
Living kidney donation is an important source of organs for chil-
dren with ESRD, and there has been a major trend to laparoscopic
donor nephrectomy during the last decade. There is limited RCT
evidence supporting this practice, but it is likely to become the
standard method for donor nephrectomy due to greater donor
satisfaction, less morbidity, and equivalent graft outcome [25,26].

Due to organ shortage, kidneys from non-heart-beating donors
have been used increasingly in selected centers during the last
decade. From a case series in adults (72 non-heart-beating donors
vs. 192 heart-beating donors), the 5-year survival was 73% and
65%, respectively (not statistically significant), suggesting that kid-
neys from non-heart-beating donors are a useful source of or-
gans for transplantation [27]. The current experience with non-
heart-beating donors in pediatric recipients is very limited, but
such donors may be considered in the near future for pediatric
recipients.

Recipient factors
The use of kidney-protecting agents to prevent acute tubular
necrosis has been investigated in adults and was summarized in a
large literature review [28]e that concluded that despite the large
number of potentially beneficial drugs (frusemide, dopamine,
theophylline, mannitol, β2-adrenergic receptor agonists, cardiac
glycosides, natriuretic peptides, prostaglandins, and nitric oxide),
volume loading and maintenance of renal perfusion pressure with
pressor agents (catecholamines) appear to be the only reliable pro-
tectors of kidney function in critically ill patients with ischemic
injury to the tubule. High-dose calcium antagonists may have a
benefit following kidney transplantation in adults [29,30].

Evidence for efficacy of primary
immunosuppression regimens for both
induction and maintenance

Induction therapy
Induction therapy is used for prophylaxis against acute rejection
in kidney transplant recipients. A systematic review of RCTs found
that interleukin-2 receptor antagonists were as effective as other
antibody therapies but provided significant fewer side effects; there
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was no apparent difference between basiliximab and daclizumab
[31].

In a multicenter randomized trial in children, OKT3 was
compared to intravenous cyclosporine A. Maintenance im-
munosuppression included oral cyclosporine A (an oil-based
preparation and a microemulsion were randomized, 1:1),
methylprednisolone–prednisone, and either azathioprine or my-
cophenolate mofetil [32]r. Graft failure after 4 years appeared to be
more frequent with OKT3, but results were not significant (27%
vs. 19%; P = 0.15), and the incidence of acute rejection was not
improved by OKT3 induction therapy compared with intravenous
cyclosporine A induction.

Trials of induction therapy are associated with different con-
comitant medications, so that recommendations for pediatric use
may be questionable. Generally, the use of OKT3 is now limited
to patients with steroid-resistant acute rejection. Induction ther-
apy with basiliximab or dacluzimab is still under investigation in
the pediatric population and may help in steroid and calcineurin
inhibitor sparing. Available data about induction therapies in
pediatric renal transplantation are summarized in Table 62.7,
[32–41].

Maintenance immunosuppression
Most standard protocols in current use include three drugs from
different pharmacological groups, each directed to a site in the
T-cell activation and proliferation cascade: a calcineurin inhibitor
(cyclosporine A or tacrolimus), an antiproliferative agent (my-
cophenolate mofetil or azathioprine), and steroids (prednisolone
or prednisone). It is still unclear whether new regimens are more
specific or simply provide more adequate immunosuppression.

When used as primary immunosuppression in adults,
tacrolimus is superior to cyclosporine A microemulsion for both
graft function and graft survival, as shown in an RCT with a
2-year follow-up that aimed at blood level targets of 10–20 and
5–15 ng/mL for tacrolimus and 100–400 and 100–200 ng/mL for
cyclosporine A during months 0–3 and 4–6, respectively [42]. Such
conclusions have been confirmed by systematic reviews, but the
rates of posttransplant diabetes and neurological and gastroin-
testinal side effects are increased with tacrolimus [43]. From the
same review, there was insufficient information to assess the cost
and quality of life of tacrolimus versus cyclosporine A. A ran-
domized multicenter trial in children that compared tacrolimus
and cyclosporine A microemulsion found a lower incidence of
acute rejection (36.9 vs. 59.1%, respectively; P = 0.003) and a
lower incidence of steroid-resistant acute rejection episodes (7.8
vs. 25.8%, respectively; P = 0.001) with tacrolimus. At 1 year, pa-
tient survival was similar (96.1% vs. 96.6%), and the mean GFR
(estimated using the Schwartz formula) was significantly higher
in the tacrolimus group (62 ± 20 vs. 56 ± 21 mL/min/1.73 m2)
[44]r. At 4 years, patient survival was similar but graft survival and
renal function were significantly better in the tacrolimus group
[45]r. There was no difference in the incidence of serious adverse
events (posttransplant lymphoproliferative disease [PTLD], life-
threatening infections, etc.).

The use of tacrolimus in children may be associated with some
specific problems (gastrointestinal disturbances, food allergy, in-
cidence of PTLD, diabetes, or incidence of BK virus nephropa-
thy), and these have not been investigated sufficiently in this age
group. The use of calcineurin inhibitors could therefore be based
on cyclosporine A initially with a later switch to tacrolimus us-
ing lower trough blood concentrations (5–10 ng/mL instead of
10–20 ng/mL). Transplant recipients could be switched from cy-
closporine A to tacrolimus in those at higher risk for chronic renal
allograft failure. In a RCT of 186 adult patients, conversion resulted
in improved renal function and lipid profiles and significantly
fewer cardiovascular events, with no differences in the incidence
of acute rejection or new-onset hyperglycemia [46]. In children,
there have been no RCTs evaluating treatment conversion from
cyclosporine A to tacrolimus.

The experience with sirolimus is still limited in children, and
most information has come from trials in adult recipients [47]a.
In a long-term RCT of tacrolimus–sirolimus (group A) versus
tacrolimus–mycophenolate mofetil (group B) versus cyclosporine
A–sirolimus (group C), the 3-year interim analysis showed the
following: 1) patient and graft survival were not significantly dif-
ferent; 2) group B had a lower rate of biopsy-proven acute rejection
episodes (10, vs. 26% in group A and 20% in group C); 3) there
was a trend for better GFR in groups A (72.8 ± 4.3 mL/min)
and B (721.1 ± 4.1 mL/min) vs. group C (61.8 ± 3.8 mL/min);
and 4) there was less de novo development of posttransplant dia-
betes mellitus and lipid disorders in group B compared to group
A and group C. A combination of tacrolimus and mycopheno-
late mofetil seemed, therefore, superior to other combinations,
including sirolimus [48]r. Everolimus was also compared to my-
cophenolate mofetil in a 3-year randomized, multicenter study,
with comparable efficacy but more adverse events with everolimus
[49]r.

Because maintenance therapy with calcineurin inhibitors is
responsible for some graft nephrotoxicity, various calcineurin
inhibitor-sparing schedules have been proposed. The use of
sirolimus maintenance therapy instead of cyclosporine A may be
an option [50]r, but withdrawal of cyclosporine A from a my-
cophenolate mofetil-containing regimen results in an increased
risk of acute rejection and graft loss despite better 1- and 5-year
posttransplant GFR [51]r.

The question of steroid withdrawal is very relevant to chil-
dren because of the growth, bone, and cosmetic complications of
long-term steroid use. A meta-analysis of six trials (four with cy-
closporine A and two with tacrolimus, all with initiation of steroid
withdrawal at 3–6 months posttransplantation) in both adult and
pediatric patients on triple therapy with a calcineurin inhibitor and
mycophenolate mofetil showed a low but significant risk of acute
rejection after steroid withdrawal (relative risk [RR], 2.28; 95%
confidence interval [CI], 1.65–3.16). However, the risk of subse-
quent early graft failure was not increased (RR, 0.73; CI, 0.42–1.25)
in either the short- or medium-term follow-up [52]a,c. Further re-
ports have been published, including a randomized trial compar-
ing a combination of daclizumab, tacrolimus, and mycophenolate
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mofetil (group A, n = 260) versus tacrolimus, mycophenolate
mofetil, and steroids (group B, n = 278) at 6 months posttrans-
plant [53]a; 88.8% of patients in group A remained free from
steroids, the incidences of biopsy-proven acute rejection (16.5% in
both groups) and renal function (median serum creatinine of 125
μmol/L [1.39 mg/dL] in group A vs. 131 [1.46 mg/dL] in group B)
were comparable, and the overall safety profile was similar in both
groups. In group A, the incidence of new-onset insulin-dependent
diabetes mellitus was significantly reduced (5.4% vs. 0.4%), and
the mean total cholesterol concentration was lower. A comparable
study aimed at avoiding steroids has been designed recently for
the pediatric population and is currently under way. In a random-
ized study of 27 prepubertal patients, deflazacort was shown to be
superior to methylprednisolone for the outcomes of height loss,
bone loss, fat accumulation, and lipoprotein profile [54]r. How-
ever, deflazacort is not widely available, and confirmatory studies
are needed before deflazacort can be recommended as the steroid
of choice in children.

Available data about maintenance therapy in pediatric renal
transplantation are summarized in Table 62.7, [44,45,55–80] .

Evidence for efficacy of treatment of acute
rejection

The evidence base for the treatment of acute rejection in children
is very limited, so that it is not discussed further in this chapter.

Epidemiology, outcomes, and management of
chronic rejection and allograft nephropathy

Chronic rejection is responsible for one-third of all graft failure
in North America [8] (Table 62.2). There has been no pediatric
study on the effects of fish oil supplementation on kidney trans-
plantation, but there have been several RCTs in adults. It has been
concluded that there is no significant change in either 1-year re-
jection rate (RR, 0.91; CI, 0.74–1.10) or overall graft survival (RR,
1.00; CI, 0.96–1.05); there was only a slight benefit on triglyceride
levels [81]a.

Epidemiology, outcomes, and management
of infectious diseases

Cytomegalovirus
Cytomegalovirus (CMV) infection is associated with substan-
tial morbidity and mortality in solid organ transplant recipients,
mainly during the first 6 months after transplantation. Antiviral
drugs against CMV include acyclovir, ganciclovir, valacyclovir, and
valganciclovir. Compared to placebo or no therapy, both universal
prophylaxis (odds ratio [OR], 0.20; CI, 0.13–0.31) and preemptive
strategies (OR, 0.28; CI, 0.11–0.69) reduce CMV organ disease

in solid organ transplant recipients [82]a. In kidney transplant
recipients, prophylactic treatment using acyclovir and/or ganci-
clovir in 100 patients would avoid 18 patients developing CMV
disease and 19 developing CMV infection [83,84]c. Oral versus in-
travenous preemptive treatment showed no significant difference
for the outcomes of CMV disease or all-cause mortality [84]c. The
risk of acute rejection is reduced by both preemptive and prophy-
lactic treatment [82]a,c, and there is no significant difference in
the relative effects of either treatment [84]a,c. All-cause mortal-
ity is comparable between preemptive treatment and prophylaxis,
but confidence intervals are wide, and head-to-head trials are re-
quired to determine the relative benefits and harms of preemp-
tive and prophylaxis therapy [84]a,c. The benefit of prophylactic
strategies has been reported in high-risk organ transplant recipi-
ents (i.e. donors with positive CMV serostatus and recipients with
negative CMV serostatus with or without antibody induction) in
reducing CMV organ disease [82]a. However, two Cochrane re-
views did not find any difference in benefit between high-risk pa-
tients (i.e. CMV-positive recipients and CMV-negative recipients
of CMV-positive organ donors) and other patients [83,84]a,c. In
the Cochrane meta-analysis, ganciclovir was more effective than
acyclovir in preventing CMV disease (RR, 0.37; 95% CI, 0.23–
0.60); valganciclovir and intravenous ganciclovir were as effective
as oral ganciclovir [83]a. Overall, there is a much stronger evidence
base for routine use than preemptive use of antiviral medications.
There are considerably more and larger trials, and some important
outcomes have been demonstrated for routine use—reduction in
graft loss and all-cause mortality—which have not been shown in
preemptive trials. Also, benefit has been shown in all donor groups,
except in the uncommon scenario of a CMV-negative recipient of
CMV-negative donor, in which the risk is very low.

Many meta-analyses and RCTs have included transplantations
of all organs and all recipient ages, which limits conclusions for pe-
diatric renal transplantation, and the specific profile of serological
status in children is rarely considered separately. In addition, sev-
eral studies did not provide information to discriminate between
CMV organ disease and CMV syndrome or data about the timing
of CMV organ disease.

Other viruses
Most PTLD cases are associated with Epstein–Barr virus (EBV)
infection. EBV infection is a major issue in pediatric solid or-
gan transplantation, because many recipients are EBV negative
and many donors are EBV positive, resulting in a high risk of
primary infection (and a relatively low risk of reactivation com-
pared with adults). The risk of incidence of PTLD is significantly
higher in pediatric kidney recipients, 1.2–10.1%, compared to 1.0–
2.3% in adults [85]e. PTLD is related to the total burden of im-
munosuppression. Its treatment includes a reduction in immuno-
suppression, anti-B-cell antibodies (rituximab), and sometimes
chemotherapy. There is no evidence-based information on the
most appropriate management, including prophylactic, preemp-
tive, versus curative treatments for children or adults [85]e.
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BK virus represents a growing cause of chronic graft dysfunc-
tion and graft loss. In the general healthy adult population, sero-
prevalence is 65–90%. In adults after transplantation, 30–60% of
patients develop viruria, 10–20% viremia, and 5–10% BK-
associated nephropathy [86]r. Up to 50% of patients with
BK-associated nephropathy have premature graft loss. A retro-
spective study in 100 children found a 70% seroprevalence for BK
virus before transplantation, a 26% prevalence for viruria, 5% for
viremia, and 3% for BK virus-associated nephropathy [87]. Recipi-
ent seronegativity is a risk factor for BK virus-associated nephropa-
thy. When BK virus-associated nephropathy occurs, viremia and
viruria findings are positive [88]. There is no consensus for treat-
ment of BK virus infection; a decrease in immunosuppression, par-
ticularly calcineurin inhibitors, is often proposed. Small series have
evaluated cidofovir, leflunomide, intravenous immunoglobulins,
and fluoroquinolones; however, further evaluation with prospec-
tive controlled studies is warranted [89]e.

Despite their frequency in transplant patients, there is no avail-
able evidence on the treatment of warts. A systematic review of
studies in nonimmunocompromised patients (only 2 trials are
classified as high-quality among 50 trials) has shown that topical
treatments containing salicylic acid have a therapeutic effect and
there is some evidence for the efficacy of dinitrochlorobenzene; less
evidence was found for the efficacy of other treatments, including
cryotherapy [90]a,c.

Fungal infections
Invasive fungal infections may cause morbidity and mortal-
ity in solid organ transplant recipients. However, unlike liver
transplant recipients, neither fluconazole nor clotrimazole sig-
nificantly reduce invasive fungal infection in renal transplant
recipients [91]c.

Available data about CMV, EBV, and antifungal therapy in pedi-
atric renal transplantation are summarized in Table 62.7, [92–99].

Epidemiology, outcomes, and management of
disease recurrence

The posttransplant recurrence rates of primary diseases are listed
in Table 62.5. Recurrence of the primary disease is responsible for
about 7% of all graft failures in North America [8] (Table 62.2).
This proportion has increased during the last decade, relative to
other causes of graft failure, because of improvements in treatment
for acute rejection during the first months posttransplantation.
Because recurrence of individual diseases is relatively infrequent,
management is mainly based on information obtained from non-
randomized and uncontrolled case series.

Steroid-resistant nephrotic syndrome
Steroid-resistant nephrotic syndrome is the cause of 10–12%
of ESRD in children and is one of the most challenging re-
current diseases to treat posttransplantation. It recurs in about

Table 62.5 Recurrence rates of primary diseases in children and adults after
renal transplantation.

Primary disease Recurrence rate (%)

Steroid-resistant nephrotic syndrome (FSGS) 20–65
FSGS in case of retransplantation 80–100
IgA nephropathy (Berger disease and HSP) 50–60
MPGN type 1 20–80
MPGN type 2 80–100
Atypical HUS 30–80
Systemic lupus erythematosus 30–40
Primary hyperoxaluria type 1 90–100

Abbreviation: HSP, Henoch-Schönlein purpura.
FSGS: Focal segmental glomerulosclerosis
MPGN: membrano-proliferative glomerulonephritis

one-third of recipients with primary focal segmental glomeru-
losclerosis (FSGS), and graft loss occurs in about one-third. The
overall graft survival is 50–55% 6 years after transplantation (Table
62.5) [100,101]e. The presence of a circulating factor(s) and also
T-cell activation have been implicated, so that recurrence usually
occurs immediately after transplantation. Risk factors for recur-
rence have been reported [100,101]eand include the following: ag-
gressive clinical course of primary FSGS with a time interval from
diagnosis to ESRD of less than 3 years, age at onset of nephrotic
syndrome between 6 and 15 years, histopathology of the native
kidney consistent with diffuse mesangial proliferation, Caucasian
background, and first graft failure after recurrence. The influence
of genetic factors (e.g. podocin mutation) is still under investiga-
tion [100,101]e. There is no association between duration of dial-
ysis prior to transplantation, HLA-DR matching, type of donor,
or pretransplant nephrectomy and risk of recurrence [100,101]e.
Several case series reported the efficacy of either high-dose cy-
closporine A (oral dose to maintain a trough level of 200–300
ng/mL) and plasmapheresis–protein adsorption (5–30 sessions)
with or without cyclophosphamide instead of azathioprine or my-
cophenolate mofetil [100,101].e There is no clear benefit of pro-
tein adsorption over plasmapheresis, and cyclosporine A seems to
be more effective than tacrolimus. There is no evidence on the
optimal duration of these two therapeutic options, and no ran-
domized trial has been published. Nevertheless, on the basis of the
current available literature, the use of early plasmapheresis (1–3
days following the onset of posttransplant nephrotic syndrome)
may be recommended for renal transplant patients with recurrent
steroid-resistant nephrotic syndrome [101–103]e. The use of pre-
emptive plasmapheresis in high-risk patients (rapid progression to
renal failure or previous recurrence posttransplantation) was eval-
uated in a prospective nonrandomized study. Ten adult patients
underwent a course of eight plasmaphereses in the perioperative
period. Seven patients were free of recurrence (238–1258 days of
follow-up) [104]. A retrospective pediatric study found similar re-
sults [105]. However, larger randomized and controlled studies are
warranted for the evaluation of preemptive plasmapheresis. The
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use of living donors is debated, because there has been no graft
survival benefit demonstrated in large series from collaborative
studies [106], whereas it may benefit individual patients, provided
that it is associated with pretransplantation cyclosporine A therapy
[101]e.

Other recurrent diseases
The risk of histopathologic recurrence of immunoglobulin A (IgA)
nephropathy (Berger disease and Henoch-Schönlein purpura) is
50–60% and seems to be increased for living donor transplantation
(Table 62.5), but graft loss from recurrence is below 5% and no
specific treatment has been investigated [101]e.

The risk of histopathologic recurrence of membrano-
proliferative glomerulonephritis (MPGN) type 1 is 20–80% in a
first graft (Table 62.6), often leading to progressive graft failure and
recurrence in further grafts. Graft survival after recurrence of pro-
teinuria averages 40 months, and no immunological intervention,
including plasmapheresis, has been successful [101]e. MPGN type
2 has a very high risk of histopathologic recurrence (Table 62.5) but
a relatively low rate of graft loss due to recurrence; no treatment
can reasonably be recommended.

Atypical hemolytic uremic syndrome (HUS) is associated with
variable risk of recurrence according to its pathophysiology, but
time to recurrence is usually less than 1 month (Table 62.5). There is
a 40–80% risk of recurrence and subsequent graft failure in patients
with abnormal complement alternative pathway proteins (factor
H deficiency, presence of anti-factor H autoantibodies, factor I de-
ficiency, or abnormal MCP/CD46 ratio) [101]e; the management
of such a recurrence is rather challenging, and combined liver (fac-
tor H source) and kidney (target organ) transplantation has been
attempted with variable outcomes. In the absence of available pro-
tein substitution (with factor H-enriched plasma fraction, recom-
binant factor H, end-pathway complement inhibitors, liver trans-
plantation, or gene therapy), retransplantation of such patients
should be avoided. In contrast, the management of ESRD patients
with HUS due to von Willebrand factor deficiency (ADAMTS 13) is
easier in case of recurrence, because fresh frozen plasma (10 mL/kg
every 2–4 weeks) is able to provide enough replacement enzyme
protein, and recombinant ADAMTS 13 will be available in the fu-
ture. The use of cyclosporine A has no effect on outcome or HUS
recurrence, but some immunological events, such as CMV infec-

Table 62.6 Posttransplant malignancy rates in North America.

% Malignancy rate
(mean ± SE) at:

Time period
(no. of transplants during period) 1 year 3 years

1987–1991 (2689) 0.62 ± 0.16 0.96 ± 0.21
1992–1995 (2530) 1.30 ± 0.24 2.00 ± 0.30
1996–2004 (4024) 2.00 ± 0.25 3.14 ± 0.34

a In the NAPRTCS 2005 report [8], a total of 232 malignancies (179 lymphoprolif-
erative diseases and 43 nonlymphoproliferative neoplasias) were reported.

tion, allograft rejection, and bacterial infection, may trigger HUS
recurrence [101]e.

Available data about disease recurrence in pediatric renal trans-
plantation are summarized in Table 62.7 [101,105,107–113].

Epidemiology, outcomes, and management
of malignancy

Due to ongoing evolution of immunosuppression strategies, both
long-term graft survival and risk of malignancy have increased,
without any improvements in overall patient survival [8]. Changes
in risks of malignancies are shown in Table 62.6.

Evidence for effects of treatment adherence
on graft outcome

Adherence to medical regimens after kidney transplantation is a
major issue regarding the functional status of the transplanted or-
gan [114]. Nonadherence with medication, medical procedures,
and/or diet is one of the main causes of chronic allograft nephropa-
thy, graft loss, and mortality. The risk of nonadherence is increased
by distance to the treatment center, economic difficulties, degree
of social support, psychological distress, family functioning, and
physiological side effects of drugs. The transition from childhood
to adulthood may be challenging for patients with kidney trans-
plants because of low self-esteem, social adjustment difficulties,
depression, and behavioral disturbances. However, independent
of the immunological rationale and favorable results associated
with treatment adherence, there is no available evidence to corre-
late adherence and graft and patient outcomes.

Conclusions

Pediatric kidney transplantation is characterized by specific pri-
mary diseases (urinary tract malformations, renal dysplasia or
hypoplasia, focal segmental glomerular diseases, inherited renal
diseases, etc.) associated with specific problems posttransplanta-
tion. In addition, kidney transplantation requires special surgical
and postoperative care in small children and special education for
adolescents due to adherence issues. Moreover, due to specific sero-
logical and pharmacokinetic profiles, there are many differences
between adult and pediatric kidney transplantation. Table 62.8
summarizes the evidence rating and recommendations for inter-
ventions in pediatric renal transplant recipients. High evidence
data in pediatric renal transplantation are missing (e.g. use of
mTor inhibitors or corticoid withdrawal, management of acute
rejection, CMV prophylaxis and recurrence, etc.). We are still far
from evidence-based recommendations for all aspects of manag-
ing the pediatric kidney transplant recipient, and so many further
trials are required.
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Introduction

Soon after the introduction of continuous ambulatory peritoneal
dialysis (CAPD) in 1978 [1], PD became the most popular mode of
chronic dialysis for children in most countries. In comparison with
hemodialysis (HD), PD has the social advantage of being a home
treatment with relatively low cost [2]. Especially in small children,
PD is technically more feasible and offers easier metabolic control,
a more liberal diet, and less fluid restriction. Yet, no evidence
exists on the advantage of PD over HD in children with respect to
mortality or end-stage renal disease (ESRD)-related comorbidity,
such as cardiovascular disease and metabolic bone disease. The
apparent advantages of PD in the care of children have led to a
preference for PD over HD for children in most countries, leaving
HD for the more complicated patients. This has made unbiased
comparison of the relative effects of PD and HD very difficult.
Combined with a general policy to keep time on dialysis while
waiting for transplantation to a minimum, this has meant a lack
of studies on the outcome of chronic dialysis treatment in the
pediatric population.

Searching for evidence

We searched the Renal Health Library 2005, produced by The
Cochrane Renal Group for Systematic Reviews, randomized con-
trolled trials (RCTs) on management of PD and, additionally, the
Cochrane Central Register of Controlled Trials, DARE, MEDLINE,
and EMbase for RCTs published more recently. In light of the avail-
able trial evidence, we critically reviewed the most recent guide-
lines on management of PD in children. In the absence of any RCT,
important observational studies were reviewed. Data on mortality

and comorbidity were obtained from registries and cohort studies
published after 1996. Studies published before 1990 were excluded,
as they are not applicable to current practice. We also excluded
studies on additive medication (phosphate binding, erythropoi-
etin [EPO], etc.) in PD, as this is covered in other chapters.

Patient survival and causes of death

Most data were obtained from registry analyses and a few cohort
studies [3–14], and they are summarized in Table 63.1. All studies
suffer from lack of information on ESRD patients who were not
accepted for chronic renal replacement therapy (RRT). Moreover,
most reports concern chronic RRT and not chronic PD, because
transplantation is the preferred RRT in children and, therefore,
time on dialysis is usually kept to a minimum. Two comprehen-
sive nationwide cohort studies both reported a 30-fold-increased
overall mortality risk in children with ESRD [9,11]. Survival rates
had increased over time, especially in very young children, until
the mid 1980s, after which survival has not improved [9,11].

Determinants
Young age at onset of RRT and a prolonged dialysis period (beyond
2 years) are reported by all studies as the most important risk
factors for death [9]. Over time, a trend towards improved survival
is found predominantly among children under the age of 10 years,
especially among the very young, but not in older children [9,11].
Yet, all these studies suffer from the lack of registration of those
children with ESRD who were never accepted for therapy. Because
there has been an increased acceptance of relatively sick children
for RRT over time, these data probably underestimate the progress
that has been made.

PD versus HD
Comparison between outcomes of PD and HD suffers from selec-
tion bias. Some studies found a higher mortality rate with PD than
with HD (Italian Registry, patients ages 0–19 years, onset of RRT,
1989–2000: 17/295 deaths among PD group versus 2/163 in HD
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Table 63.1 Studies on mortality in children on chronic dialysis.

Study and design
[reference] Patients Outcome

Risk factor(s) for
adverse outcome Comments on study quality Clinical implications

Italian Registry, 23
centers, PD & HD [3]

295 CPD 163 HD
(1989–2000)

Overall 5-yr survival: HD
96.9%, PD 90.5% 17 PD
pts died, 10 cardiovascular
deaths

Young age (<5 yrs) + large study
− incomplete data, registry study
− no registration of untreated pts

Advocates more attention
for prevention of
cardiovascular disease

NAPRTCS, 150 centers
[4]

584 HD (1992) & PD
(1992–1998)

MR/100 pt-yrs: 0–2 mos,
15.7; 2–12 mos, 11.5; 1–2
yrs, 8.2; 2–5 yrs, 6.1; 6–12
yrs, 3.5; >12 yrs, 2.2

Young age + large study
− incomplete data, registry study
−no registration untreated pts

No conclusion for clinical
practice

USRDS, 1991–1996 [5] 1454 ESRD, 0–19 yrs
old

MR/100 pt-yrs: 3.84 Young age + large group
− retrospective
− incomplete data
− no registration untreated pts

Advocates more attention
for prevention of
cardiovascular disease

USRDS, all patients,
1990–1996 [6]

1380 ESRD, 0–19 yrs
old, deaths

23% cardiovascular deaths Predictors of cardiac
death: Black race (OR
1.56), dialysis status (Tx
vs. dialysis, OR 0.22)

+ large group
− no data on total cohort
− incomplete data
− no information on methodology

registration cause of death

Advocates early
transplantation

NAPRTCS Registry [7] 2971 PD, 1572 HD
(1992–2001) 0–15 yrs
old

Overall 3-yr survival : 85.7
± 1.4%; 3-yr survival for
0–1 yr, 68.2 ± 3.9%;
infection 24.3%,
cardiovascular 21.5%

Young age + large study
− incomplete data, registry study
− no registration untreated pts
− large group cause of death

unknown’’ (11.7%)

Advocates more attention
for prevention of infections
and cardiovascular disease

Turkish Registry, 12
centers, PD [8]

514 PD (1989–2002)
CAPD

5-yr PD 70% survival,
overall MR/100 pt-yrs 8.3

Young age RR vs >15
yrs old: <2 yrs old, 7.3
(CI 2.8–19.2) ; <1 yr,
9.7 (CI 3.5–26.5)

+ large study of children
commencing RRT with PD -no
completeness check

No conclusion for clinical
practice

ANZDATA Registry [9] 1634 ESRD, 0–19 yrs
old (1962–2002)

MR/100 pt-yrs: HD 4.8
(4.2–5.6), PD 5.9
(4.9–7.2); Tx 1.1 (0.9–1.3);
SMR 30, cardiovascular
cause of death 45% all pts,
43% PD pts

Young age, no
transplantation, RRT
onset before 1983; for
PD vs. HD, delay to Tx
<2 yrs not significant

+ large study
+ complete and comprehensive
+ methodology
+ long-term follow-up
− retrospective
− no registration untreated pts
− no quality check death causes

Advocates transplantation
within 2 yrs after onset RRT
and attention for
prevention of
cardiovascular disease

Japanese Registry,
1981–1997 [10]

807 PD 87 deaths (10.8%) patient
3 y. survival 91%; 5 y..
86% cardiovascular death
39.4% infection 36.6%

Young age + large study
− registry study
− incomplete data

Change from lethal
infections to relatively more
cardiovascular casualties
over time advocates
attention for prevention of
cardiovascular disease

National Cohort study
[11]

249 Dutch patients,
<15 yrs, onset RRT
1972–1992, born
before 1979

Overall survival, 87% 5-yr,
82% 10-yr, 78% 20-yr
survival Overall SMR, 31
(1972–1999), 21
(1992–1999) Causes of
death RRT: cardiovascular
(41%), infection (21%),
cessation of therapy (11%),
malignancies (10%),
complication of treatment
(8%)

Predictors: young age
(<6 yrs old), RRT onset
<1982, hypertension,
HD vs. PD, long
duration dialysis

+ complete data of all Dutch pts
<15 yrs old, no missing data

+ quality check cause of death
+ long follow-up
− no registration for untreated pts
− period/inclusion bias PD vs. HD
− adolescents >14 yrs old not

included

Advocates more attention
for prevention of
cardiovascular disease and
treatment, hypertension,
and early transplantation

(Continued)
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Table 63.1 (Continued)

Study and design
[reference] Patients Outcome

Risk factor(s) for
adverse outcome Comments on study quality Clinical implications

EDTA registry [12] 3184, 0–19 yrs old
(1980–2000)

Adjusted mortality HR
(95% CI): Onset dialysis in
1995–2000 vs.
1980–1984, overall 0.64
(0.41–1.00), age 0–4 yrs
0.21 (0.09–0.51) Causes
of death, PD pts: infection
(23%), cardiovascular
(10%)

Infection most
important cause of
death in PD, large
“unknown’’ group

+ large population
− registry study
− incomplete data from several

countries
− unreliable data on cause of

death

Advocates more attention
for prevention of infections

1 centre [13] 98 (80 PD, 18 HD),
0–16 yrs old;
(1984–2006)

17/98 deceased (7 PD, 3
HD, 7 Tx); survival at 1
yr 92%, 5 yrs 88%, 10
yrs 84%; cardiovascular
deaths in 7/17

Young age Comorbid
condition present in
76%

+ no missing patients
+ long-term follow-up
−only retrospective chart data
−small cohort

PD probably not superior to
HD with respect to
cardiovascular comorbidity

1 centre [14] 20 PD, age 32 wks
(gest.)–1 yr, RRT
1986–1998

Duration PD 17.3 mos
(1–59); 4 deceased, 11
successful transplant, 4 to
HD followed by Tx, 1
continued PD, 14/16
survivors normal
development milestones

Not determined + complete cohort
+ comprehensive
+ data on primary refusal RRT
− small study

CPD feasible in (premature)
infants

Japanese registry [21] 582 ESRD <20 yrs old,
1998

41.5% PD, 17.3% HD,
41.1% Tx Causes of death
all patients: cardiovascular
(56.9%), infection (42.9%)

Young age MR/100
pt-yrs, 0–4 yrs old,
2.22; 5–9 yrs, 3.39;
10–14 yrs, 1.48; 15–19
yrs, 0.10

+ large cohort
+ large PD population
− registry study
− very incomplete response

(61.7%)
−short-term follow-up

Cardiovascular disease
most prominent

Abbreviations: Tx, transplantation; MR, mortality rate; SMR, standardized mortality rate; EDTA, European Dialysis and Transplant Association; USRDS = United States Renal
Data System; ANZDATA = Australia & New Zealand and Transplant Registry.
Sources: References 3 to 14 and 21.

group) [15], but others have found no difference [9] or conflict-
ing results (Dutch cohort, hazard ratio [HR] for HD versus PD,
2.1; 95% confidence interval [CI], 1.0–4.4) [11]. However, in the
Italian study the PD patients were on average much younger than
the HD patients (7.7 ± 4.8 versus 11.4 ± 3.1 years), and nearly
all patients under the age of 5 years were on PD. Sixteen of the
17 deaths in PD patients occurred in those with onset of ESRD
while they were children less than 5 years old, with six occurring
in infancy [15]. No difference in survival was found between PD
and HD patients in the age group 5–15 years. The Dutch analysis
suffers from period and selection bias. During the period with the
highest mortality (1972–1982), very few patients were treated with
PD, and after 1982 most Dutch centers chose PD, leaving the more
complicated patients to receive HD [11].

Adult studies have shown that preservation of residual kidney
function is the most important determinant for survival in PD
patients [16]. As in adults, PD is associated with better preservation
of residual kidney function compared with HD [17], but there are

no data that show a survival benefit in children with PD compared
with HD.

Causes of death
Establishment of the exact cause of death in kidney disease patients
can be troublesome. Apart from the Dutch study, no study defined
the methodology used for cause of death assessment [11]. Cardio-
vascular disease is the most important cause of death in children
on RRT in all studies, followed by infection [5,9–11,18–20]. Data
on PD-associated causes of death are difficult to interpret, because
most studies do not mention explicitly if patients had been treated
only with PD during their RRT history. According to most studies,
cardiovascular disease is also the most important cause of death
in PD-treated children. Most comprehensive and reliable studies
indicate a high burden of cardiovascular deaths in PD-treated chil-
dren. In the Italian Registry study, 10 of 17 cardiovascular deaths
occurred on PD. In the Japanese Registry study, cardiovascular dis-
ease was the cause of 56.9% of all deaths, 80% of which occurred
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on PD. In the Australian cohort study 43% of cardiovascular deaths
occurred on PD, but there was no mention of the other causes of
death in PD patients [9,15,21]. Two other registry studies with
incomplete data have reported infection as the most important
cause of death in PD patients [7,12].

Technique survival

Large European studies on PD in children reported catheter sur-
vival rates of 82–80% and 57–58% after 1 and 4 years, respectively
[22,23]. The North American Pediatric Renal Transplant Coop-
erative Study (NAPRTCS) has reported a 20% transition (194 of
994 incident patients) from PD to HD [4]. The most common
reasons were infection (43%), patient choice (7%), access failure
(7%), and ultrafiltration failure (7%) [4,24].

Technique failure occurs more commonly with PD than HD
(Italian Registry: 14.9% modality failure for PD, 7.4% for HD
patients; patients aged 5–15 years; PD vs. HD technique failure
rates of 40% vs. 5%; P = 0.002). Infection (peritonitis and/or exit
site infection) accounted for 65.9% of all modality switches to HD
[15]. Data on the association between age and technique failure are
conflicting and often biased by unequally divided early cessations
of PD in various age groups [15,24].

Comorbidity

Growth retardation, cardiovascular disease, metabolic bone dis-
ease causing pathological fractures, pain, impairment of move-
ment, and cognitive impairment are the most important comor-
bidities in children and young adults with ESRD [5,18,25–30].
A prolonged period of dialysis is the most important risk fac-
tor for most of these complications, but the exact roles of PD
versus HD remain to be elucidated. There is evidence that hyper-
tension is an important determinant for cardiovascular disease,
as in adults [11,31]. Observational studies in young adults with
pediatric ESRD suggest that, among other factors, a high parathy-
roid hormone and high calcium–phosphate product might be re-
sponsible for early life-threatening vascular calcification [32]. After
follow-up of 6–30 years, a 10-fold-increased incidence in malig-
nancies was found among children with ESRD [19].

Hospitalization

In a multicenter Italian study, the hospitalization rates of a cohort
of 149 PD and 111 HD patients in the period 1989–1994 were
compared. Patients more than 5 years old on PD had a significantly
higher hospitalization rate than age-matched HD children (days
per dialysis month, 1.87 vs. 0.92; P < 0.01) [33].

Clinical implications with respect to
choice of RRT

Early transplantation remains the ultimate goal in the treatment of
children with ESRD. Currently there is no evidence in favor of PD
over conventional HD treatment three times per week with respect
to mortality or comorbidity. A recent small study by Fischbach et al.
showed promising results of extended 5–6 times per week HD for
the prevention of cardiovascular and metabolic bone disease, as
well as improved a general well feeling [34]. This is in line with
our own experience, but these data have to be confirmed in larger
prospective studies.

Use and placement of PD catheter

Guidelines
An Ad Hoc Committee for elective chronic PD in pediatric patients
that includes representatives of 12 European countries has formu-
lated guidelines regarding the initiation of PD in children on be-
half of the European Pediatric Peritoneal Dialysis Working Group.
These guidelines are largely based on expert opinion [35]. The
most important recommendations regarding the use and place-
ment of the PD catheter are given in Table 63.2.

Available evidence
Most guidelines aim to prevent mechanical and, in particular, in-
fectious complications. The recommendations for partial omen-
tectomy and intraperitoneal heparin at PD catheter insertion to
avoid catheter obstruction are not supported by evidence from pe-
diatric RCTs. There are only data from retrospective observational
studies to support the recommendation for partial omentectomy
(no omentectomy versus omentectomy, 7/27 obstructions vs. 4/62
obstructions [Macchini], and 4/10 obstructions vs. 0/11 obstruc-
tions [Pumford]) [22,36]. Several studies in adults show evidence
for anti-inflammatory, membrane-protective, and improved ul-
trafiltration properties of intraperitoneal heparin [37,38]. Yet, the
protective effects of heparin against catheter obstruction by fibrin
clot formation are based solely on clinical experience and have not
been shown in studies.

In a nonrandomized prospective study in 42 children age 0.1–
19 years, Daschner et al. found less leakage and similar rates of
obstruction after laparoscopic implantation compared to conven-
tional implantation of Tenckhoff catheters, despite the fact that pa-
tients with preexistent intra-abdominal adhesions were preferen-
tially allocated to the laparoscopic procedure [39]. A retrospective
study showed a favorable effect of delayed (>14 days) compared
to early (<14 days) catheter use after placement on incidence of
dialysate leakage but no effect on malfunction or infection rates
[40]. In a single-center, open-label RCT of 45 CPD children with
52 catheter placements, application of fibrin glue to the peritoneal
cuff suture resulted in a significantly lower incidence of leakage
during the first 60 days after implantation compared to no sealant.
No effect was seen on incidence of infection [41] (Table 63.3).
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Table 63.2 Guidelines on inititation of PD and management of peritonitis.

Guideline

Implantation catheter
• Double-cuff, swan neck designed, curled Tenckhoff catheter
• Exit site downward; partial omentectomy
• Luer lock connections
• A disconnect “flush-before-fill” system
• Irrigation of catheter in-theater until dialysate is clear
• Heparin at 500 IU/L i.p. until clear effluent
• Immobilization of catheter and no application of keyhole dressing
• If possible, leave catheter for 2 weeks until patient returns for training, otherwise only use low volumes (10 mL/kg/cycle)
• Cephalosporin prophylactic antibiotic at time of catheter insertion.

Diagnosis of infection
• Peritonitis: cloudy effluent and effluent white blood cell count of >100/mm3, >50% polymorphnuclear leukocytes
• Catheter exit site infection: purulent discharge from sinus tract or marked pericatheter swelling, redness, and/or tenderness, with or without pathogenic organism cultured

from exit site

Treatment of peritonitis
• Empirical start with antibiotics as soon as peritonitis is suspected
• Fever and/or severe abdominal pain, recent methicillin-resistant S. aureus infection, recent or current exit site or tunnel infection or nasal exit site colonization with

S. aureus, patients <2 years: glycopeptide (vancomycin or teicoplanin) and ceftazidime i.p.
• All other patients: cephalosporin and ceftazidime
• Modification according antibiogram (see Figure 63.1)
• 2 week treatment for all organisms, unless S. aureus, Pseudomonas or Stenotrophomonas species, multiple organisms, and/or anaerobes, then treatment for 3 weeks
• For fungal peritonitis, amphotericin B i.v. or a combination of imidazole–triazole and flucytosine; early catheter removal recommended; always if improvement does not

occur with 3 days of treatment initiation; treatment duration following catheter removal for all patients should be at least 2 weeks

Indications for catheter removal and replacement
• Relapse of treated S. aureus or Pseudomonas peritonitis with an S. aureus/Pseudomonas catheter-related infection, fungal peritonitis, refractory (at 72–96 h) peritonitis,

refractory (at 72–96 h) anaerobic peritonitis, refractory catheter exit site, tunnel infection.

Prophylactic antibiotic therapy
• S. aureus nasal carriage (single dose of antibiotics at time of catheter implantation), accidental intraluminal contamination, prior to dental procedures, and prior to

procedures involving the gastrointestinal or urinary tract

Treatment of catheter exit site infection
• Treatment after culture results have been obtained, unless signs of severe infection
• Treatment duration 2–4 weeks

Sources: ISPD guidelines [35,47; www.peritonitis.org].

Clinical implications
There is weak evidence that omentectomy at implantation may
reduce the risk for obstruction. Intraperitoneal heparin does no
harm, but its benefit has not been proven. Laparoscopic catheter
implantation might be advantageous over conventional implanta-
tion. Fibrin glue application on the peritoneal cuff at implantation
may reduce the risk for leakage.

PD-associated infections

Epidemiology
Peritonitis and catheter-related infections are the major causes of
morbidity and treatment failure of peritoneal dialysis in children.
The control of infectious complications is particularly relevant

to pediatric patients, because peritoneal adhesions and fibrosis
caused by severe or recurrent peritonitis may prevent further use
of the peritoneal membrane [42]. Exit site and tunnel infections
occur in approximately one-third of pediatric PD patients after
1 year on PD and are the main reason for catheter removal [43].
Reported rates of peritonitis worldwide vary, with one episode
every 13–70 patient PD months [7,15,24,43–45].

The incidence of peritonitis in pediatric patients is higher than
that seen in adults and is highest in infants and younger children
[7,43,44]. Data from NAPRTCS show an increasing frequency of
exit site and tunnel infections and peritonitis with time on PD
[43]. Exit site and tunnel infections increase the risk of peritonitis
and access revision twofold and of hospitalization for access com-
plications almost threefold [43]. Nasal carriage of Staphylococcus
aureus in patients and caregivers is a risk factor for catheter-related
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Table 63.3 Evidence ratings and recommendations for interventions to treat and prevent exit site and tunnel infections and peritonitis in pediatric PD patients.

Evidence ratinga Recommendationc

Intervention SR Moderate Low Comment [reference(s)] I II III Comment

Antibiotic treatment of peritonitis
Intermittent vs continuous
glycopeptide (vancomycin or
teicoplanin)/ceftazidime, i.p.

− � 1 RCT, relatively large sample
size (152 pts, 168 episodes);
suboptimal methodological
quality [47]

� Gram-positive peritonitis: Success rate (overall
95%) not different between intermittent and
continuous or between vancomycin and teicoplanin
treatment; 3 pts with vancomycin oversensitivity, 1
pt with ototoxicity vs. 0 pts teicoplanin side effects

Gram-negative peritonitis: Intermittent treatment
less effective than continuous according to clinical
judgment (success rate, 3/11), but not according to
DSS (10/14); no ceftazidime side effects

More evidence needed for gram-negative
peritonitis; teicoplanin has some advantages over
vancomycin regarding side effects and reliability of
blood levels after intermittent administration

Ceftazidime, cefazolin
combination, i.p.

− � 1 case series (27 pts, 50
episodes) [53]

� Effective in 90% of episodes, no mention of
adverse effects

Advantage of this combination is that harms of
aminoglucosides are avoided; disadvantage is that
methicillin-resistant staphylococci are resistant to
this combination

Further evidence required.

Fluconazole and catheter removal
for treatment of fungal peritonitis;
adjunct amphotericin B in case of
clinical sepsis

− � 2 case series (6 and 12 pts)
[54,55]

� Success rate 4/6 and 9/12, respectively

More data needed

Technique-related treatment of peritonitis
Endoluminal brushing − � 1 case serie (3 pts) [56] � Peritonitis resolved in 2 of 3 cases; no adverse

effects

More data needed
Antimicrobial prophylactic interventions
Mupirocin vs. placebo, intranasal
in patients and caregivers with
S. aureus carriage

− � 1 RCT (92 families of CPD
pts), double blind, placebo
controlled; results not yet
published [46]

� Significant protective effect of mupirocin
prophylaxis on ESI rate; S. aureus strains are shared
among family members and transmission from
parental noses to exit sites is common (Schaefer,
pers. commun. 2006)

Risk of resistance; trial not yet published; low
likelihood that trial will show harm; evidence from
adult studies shows benefit

Mupirocin intranasal in patients
with S. aureus carriage

− � 1 single-arm trial (47 pts)
with historical controls (77
pts), 1 case series (13 pts);
inconsistent results [65,66]

� Both no benefit and benefit reported

More data needed

Prophylactic treatment of both patient and
caregivers with S. aureus carriage suggested (see
above)

Oral rifampin and topical
bacitracin vs. no treatment in
patients with S. aureus carriage

− � 1 small RCT (15 pts),
suboptimal quality [57]

� Infection rate in treated vs no treatment group, 0/7
vs. 4/8; rate diff −50% (95% CI, −79 to −0.05)

More data needed
(Continued)
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Table 63.3 (Continued)

Evidence ratinga Recommendationc

Intervention SR Moderate Low Comment [reference(s)] I II III Comment

Perioperative antibiotics at
surgical catheter placement vs. no
treatment

− � 1 retrospective cohort study
(73 pts, 29 CPD pts) [58]

� Postoperative peritonitis rate 6/61 in antibiotic
group vs. 7/16 in no-treatment group

Low likelihood that trials will show harm; evidence
from SR of adult RCTs shows benefit for
perioperative antibiotics

Povidone iodine (PI) vs.
chlorhexidine (CH) exit site care

− � 2 retrospective cohort studies
(130 and 33 pts), inconsistent
results [45,63]

� Increases and no increases in ESI rates reported for
PI vs. CH; no difference in peritonitis rates; adverse
effects for PI reported; CH occasionally causes skin
irritation

Inconsistent evidence; more data needed

3% amuchina vs. 50% amuchina
exit site care

− � 1 single-arm trial (27 pts)
(case series) with historical
controls (18 pts) [64]

� Similar ESI rates in both groups; no side effects

More data needed

Technique-related prophylactic interventions
Flush-before-fill APD − � 1 RCT (121 pts), suboptimal

methodological quality [59]

� Uncertain benefit; only benefit shown in women
was peritonitis rate, flush vs no-flush group 1/44.7
vs. 1/12.4 pt-mos; no expected harm in men

Further data needed

Fibrin glue vs. no sealant − � 1 RCT (45 pts, 52 catheters),
small sample size, suboptimal
methodological quality, one
case series (8 pts) [41,60]

� RCT: ESI (3/26) and peritonitis rates (1/26) similar;
leakage with fibrin glue vs. no sealant, 3/26 vs.
14/26, rate diff −42% (95% CI, −61 to −17%);
no side effects

Use to prevent leakages suggested, more evidence
needed regarding prevention of infections

Double vs. single cuff − � NAPRTCS Registry (2971 pts),
1 retrospective cohort study
(78 pts), 1 pseudo-controlled
trial (two consecutive groups)
(40 pts); inconsistent results
[7,22,61]

� Both increased and decreased infection rates of
single vs. double cuff have been reported

Inconsistent evidence, more data needed. No
benefit of single or double cuff shown in SR of
adults RCTs

Two disconnect vs. spike − � One retrospective cohort
study (53 pts)67

� Peritonitis rate two-disconnect vs. spike, 1/58 vs.
1/10

Superiority of two disconnect shown in SR of adult
RCTs; low likelihood that trials will show harm

Exit sites pointing downward vs.
upward or lateral

− � NAPRTCS Registry (2971 pts),
one retrospective cohort
study (130 pts). Inconsistent
evidence7,45

� Both decreased and similar infection rates of
downward vs. upward and lateral reported

Low and inconsistent evidence base, more data
needed

Delayed vs. early catheter use
postplacement

− � 2 retrospective observational
studies (90, 53 pts)40,62

� No difference in infection rates (ESI, TI, peritonitis)
between both groups; different definitions of early
and delayed use (14 vs. 7 days)

More data needed

Abbreviation: ESI, TI,
a Evidence rating based on study design, study quality, consistency, and directness of results. No intervention was rated with a high evidence rating.
b Recommendations based on trade-offs between benefits and harms, quality of evidence, translation into clinical pratice, uncertainty about the baseline risk of the disease in
the population. I, recomend; II, suggest; III, no recommendation possible.
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Gram positive organism on culture

Gram-negative organism on culture

Anaerobes or 
multiple gram-negative 

organisms

Consider intra-abdominal pathology
Include metronidazole in regimen

E. coli, Proteus, or other 
cefazidime-sensitive

organisms

Discontinue ceftazidime

Discontinue glycopeptide 
or first-generation cephalosporin

Continue ceftazidimeContinue ceftazidime 
Add second agent based on sensitivity

Pseudomonad

Other gram positive non-MRSA

Modify empiric regimen 
Continue or substitute first- 
generation cephalosporin

MRSA

Discontinue impiric regimen 
Addampicillin

Enterccoccus
Streptococcus

Modify empiric regimen 
Continue or subsitute 

vancomycin, teicoplanin, 
or clindamycin

Figure 63.1 Proposed therapeutic strategy of peritonitis in gram-positive and gram-negative organisms on culture. From the ISPD Guidelines (www.ispd.org) published by
Warady [48].

infections [46]. S. aureus peritonitis is responsible for the most se-
rious episodes of infection [47].

Guidelines
The International Society for Peritoneal Dialysis (ISPD) guide-
lines, which are largely expert opinion-based, for the management
of peritonitis in pediatric PD patients are currently the most spe-
cific, clinically useful guide to the appropriate treatment of these
patients [48]. Recently, an International Pediatric Peritonitis Reg-
istry has been established among pediatric PD centers worldwide
to evaluate the impact of these guidelines (www.peritonitis.org)
[49]. The most important issues are summarized in Table 63.2
and Figure 63.1.

Available evidence
Our search identified three Cochrane systematic reviews of RCTs
on antimicrobial and technique-related strategies to prevent PD-
related infections that included both adult and pediatric patients
[50–52]. However, pediatric data could not be separated from most
individual trial data. Moreover, numbers were far too small to al-
low subgroup analyses. Only a few pediatric RCTs have been con-
ducted, with most of them including a small number of patients
and of suboptimal methodological quality to allow evidence-based
treatment recommendations. Most pediatric studies are retrospec-
tive observational studies or case series. Table 63.3 summarizes the
evidence on interventions to treat and prevent PD-associated in-

fections [7,22,40,41,45,46,47,53–67]. We have focused on only the
most important studies.

Treatment of peritonitis and catheter-related infections
The best pediatric evidence has been provided by a multicenter
RCT in a relatively large pediatric sample of 152 children with
CPD-associated peritonitis that compared continuous versus in-
termittent intraperitoneal glycopeptide–ceftazidime treatment on
treatment response [47]. This RCT showed that a combination of a
glycopeptide with ceftazidime as first-line treatment is efficacious
and safe. Intermittent and continuous treatment, either with van-
comycin or teicoplanin, are equally efficacious and safe when mea-
sured by objective clinical criteria (DSS score). In gram-negative
peritonitis, intermittent treatment was less successful than con-
tinuous treatment according to clinical judgment (27% vs. 73%)
but not according to DSS (73% vs. 86%). Hence, more evidence
is needed for this subgroup. These findings are in line with results
in adults [68] and support the ISPD guidelines. Pediatric RCTs
evaluating the efficacy of interventions to treat exit site and tunnel
infections are lacking.

Preventive antibiotic interventions
S. aureus is the most frequent microorganism involved in
catheter-related infections [69]. We identified two RCTs [46,57]
on antibiotic preventive strategies in pediatric PD patients. In
line with evidence from adult studies [52], a recently completed
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placebo-controlled RCT showed that the use of intranasal
mupirocin in nasal S. aureus carrier families, that is, patients and
caregivers, had a significant protective effect on|exit site|infection
rate in the first treatment year (F. Schaefer, personal communica-
tion, 2006). It also showed that S. aureus strains are shared among
family members and that transmission from parental noses|to exit
sites is common. Up to 50% of patients and/or caregivers were colo-
nized with S. aureus within 6 months [46]. These findings support
ISPD recommendations to use prophylactic antibiotic therapy for
S. aureus carriers. Widespread use of mupirocin carries the risk
of emergence of mupirocin-resistant S. aureus strains (MuRSA).
The emergence of high-level MuRSA was reported in 4 of 149 adult
CPD patients of one dialysis unit after 4 years of prophylactic use
of mupirocin at the exit site. Therefore, large PD centers using
mupirocin in CPD patients should have periodic surveillance, at
least yearly, to detect the emergence of MuRSA [70].

The recommendation by the Ad Hoc Committee [35] of pro-
phylactic antibiotic treatment prior to PD catheter insertion is
only supported by one retrospective analysis in pediatric CPD pa-
tients. This study showed a peritonitis rate, within 14 postoperative
days, of 44% in untreated patients versus 10% in prophylactically
treated patients [58]. A meta-analysis of RCTs in adult PD patients
showed a significantly reduced risk of early peritonitis in patients
who received perioperative antibiotics compared to no treatment.
No effect was seen on exit site infections and peritonitis at 1 month
after catheter insertion (RR, 0.15; 95% CI, 0.15–0.80) [52].

Technique-related preventive strategies
RCTs in pediatric PD patients to evaluate the effect of technique-
related preventive strategies are scarce. We identified one RCT of
121 children on APD that evaluated the impact of the flush-before-
fill technique on peritonitis frequency [59]. Overall, no difference
in peritonitis rate was seen between patients in the flush and no-
flush groups. Gender-stratified analysis showed a significant im-
provement in peritonitis rate in the flush compared to no-flush
group in female patients but no difference in male patients. Because
this subgroup analysis was not based on an a priori hypothesis and
there is no biological plausibility for this finding, confirmation of
this result is needed. Use of fibrin glue, compared with no sealant,
prevented catheter leakage in an RCT of 45 CPD children. No ef-
fect was seen on incidence of catheter infections or peritonitis [41].
Studies evaluating the effect of catheter type (double- vs. single-
cuffed catheters; downward- vs. upward- or lateral-pointing exit
sites) in children have shown conflicting results [7,22,45,61]. Ev-
idence from two systematic reviews of adult RCTs on technique-
related preventive interventions showed that the only technique-
related measure that reduced infection rate was the use of discon-
nect rather than conventional spike systems. Because many studies
have been small and follow-up is often short, the possibility of a
type 2 statistical error cannot be excluded [50,51].

Recommendations regarding proper training were supported
by an ISPD survey [71]. This survey found that the peritonitis
rate was significantly lower in programs with longer training time
dedicated to theory and practical, technical skills [71]. Also, the

low peritonitis rates reported by Japanese centers with long and
rigorous training programs support these recommendations [45].
Observational studies in children report improvement of catheter
survival over time, suggesting that routine and local skills with
respect to the technical procedure might be of more importance
than the specific type of catheter used [15,24].

Clinical implications
There is a lack of good-quality evidence from studies on the preven-
tion and treatment of PD-related infections in children on which
to base definitive treatment recommendations. There is a need for
better-designed RCTs in this area.

The skills of the surgeons who place the catheters, and also the
nurses and caregivers in achieving aseptic technique, may be of
more importance in the prevention of PD-associated infections
than the type of catheter or the several proposed prophylactic an-
tibiotic strategies. There is no evidence supporting the superiority
of any specific catheter design. Intravenous antibiotics at implan-
tation may reduce the incidence of early peritonitis and can be
recommended. The use of mupirocin may reduce the incidence
of S. aureus infections, but possibly at the cost of an increase in
resistance. A strategy to start mupirocin prophylactically after the
first S. aureus infection is reasonable. Vancomycin or teicoplanin
can be safely administered intermittently in case of peritonitis.

Adequacy of Dialysis

It is difficult to define outcomes of adequate dialysis in children, be-
cause most children remain on dialysis for a relatively short period
and, although the death rate for children on RRT is high in relation
to children without RRT, in absolute terms it is low. Only two ob-
servational studies have assessed the association between adequacy
of PD treatment and clinical outcome. Höltta et al. compared the
outcome of 10 PD patients less than 5 years old, who were treated
between 1995 and 1999, with 27 age-matched patients who had
been treated between 1989 and 1995 [72,73]. Peritoneal equilibra-
tion tests (PET), urea Kt/V , and creatinine clearance assessments
were added to the program, and the optimal dialysis regimen was
calculated using the PD ADEQUEST program (Baxter Health-
care). Targets for total weekly urea Kt/V and normalized creati-
nine clearance were >1.7 and >40 L/week, respectively, between
1995 and 1997 and >2.0 and >60 L/week, respectively, after 1997.
Other treatment guidelines and the care team were unchanged.
They found a 37% reduction in hospitalization, a 30% reduction
in peritonitis rate, and a reduction from 41% to 0% of pulmonary
edema in the 1995–1999 group compared to the 1989–1995 co-
hort. Metabolic control was significantly better in the 1995–1999
group with respect to serum mean phosphate levels (1.51 ± 0.48
vs. 2.01 ± 0.42; P = 0.004) with a lower calcium supplementation
(836 ± 558 vs. 3641 ± 1717 mg/day; P < 0.0001). Schaefer et al.
prospectively evaluated growth velocity, nutritional status, dial-
ysis adequacy, and peritoneal membrane characteristics in a co-
hort of 51 CPD patients, ages 0.1–15.7 years, during an 18-month

731



BLBK043-Molony September 12, 2008 16:39

Part 10 Pediatrics

period [74]. A high transporter state appeared associated with
poor growth velocity and a high creatinine clearance. Moreover,
high transporters appeared to be at risk for obesity.

In 2002, the Ad Hoc committee published guidelines, based
largely on clinical experience, on adequacy of PD prescription in
children [75]. The committee identified 15 clinical studies that
evaluated the effects of strategies aimed at increasing adequacy.
Only surrogate outcomes were studied, such as metabolic control,
ultrafiltration, Kt/V , and creatinine clearance [73,76–89]. Details
of these studies are summarized in Table 63.4 and will briefly
be discussed below in the context of the European Workgroup
guidelines.

Bicarbonate-buffered versus lactate-buffered dialysate
Three trials comparing the effects of bicarbonate-buffered ver-
sus lactate-buffered dialysate in children on PD and that used
surrogate outcomes have been carried out [76–78]. Two of these
studies were of moderate quality [76,77]. Results of a random-
ized crossover trial in 28 children on APD showed that neu-
tral pH bicarbonate-buffered PD provided more effective correc-
tion of metabolic acidosis than conventional lactate dialysate after
12 weeks of treatment. Younger age appeared to be associated with
increasing pH towards alkalosis on bicarbonate dialysis. Addition-
ally, a twofold increase in carcinogen antigen-125 appearance rate
in the effluent during bicarbonate dialysis was seen, suggesting a
higher mesothelial regeneration rate during bicarbonate-buffered
sessions (Table 63.4). A crossover RCT compared peritoneal trans-
port in one PET using bicarbonate dialysate versus one PET using
lactate PD in 25 children on APD [77]. Creatinine and phosphate
clearances were 10% lower with bicarbonate dialysate compared
to lactate dialysate. No other differences in peritoneal transport
kinetics were found [76–78].

A small crossover trial in six children on APD showed less
intraperitoneal pressure at a given intraperitoneal volume with
combined bicarbonate–lactate–buffered dialysis compared to pure
lactate-buffered dialysis [78], but these findings were not con-
firmed by others [80]. None of the studies reported differences in
adverse effects between the two fluids. To clarify the clinical sig-
nificance of the buffer choice in biocompatible PD fluids, a mul-
ticenter European RCT in 60 CPD children (EPPS) comparing
10 months of use of bicarbonate- versus lactate-buffered dialysate
on the preservation of the peritoneal membrane, metabolic con-
trol, and peritonitis rate, is ongoing [79]. No intervention stud-
ies are reported on the combination of bicarbonate dialysis and
daytime icodextrin. One observational retrospective analysis re-
ported a rise in mean blood bicarbonate from 23 ± 2 mmol/L up
to 27 ± 2 mmol/L (P < 0.05) in 12 children 14 days after con-
version from lactate-based dialysis to partly bicarbonate-buffered
and partly lactate-buffered dialysate (Physioneal; Baxter) in com-
bination with a daytime dwell with icodextrin [20].

Icodextrin
Five crossover trials have been performed in order to investigate
the use of icodextrin dialysate on adequacy and safety aspects in

children [80–82,84]. Although these studies were of insufficient
methodological quality (small sample sizes, not randomized, short
observation period), they support results of adult studies with re-
spect to ultrafiltration and solute clearances [90], at least in chil-
dren older than 2 years of age.

In a crossover study in eight children, 2–12 years old, under-
going nocturnal intermittent PD (NIPD), the addition of a day-
time dwell with icodextrin increased weekly Kt/V from 1.99 to
2.54, phosphate clearance by 23%, and ultrafiltration by 44%. At
the same time, a significant increase in peritoneal loss of essen-
tial amino acids was observed [83]. Although lower serum levels
of amino acids were not found, the follow-up period was only
2 weeks, so studies with longer follow-up are necessary. Ultrafil-
tration was found to be much higher with daytime icodextrin than
with a daytime 1.36% dextrose dwell and were comparable with
a daytime 3.86% dextrose dwell in a crossover trial in 11 children
ages 2.8–15.5 years [84].

Amino acid dialysate
Only three trials have been performed on the use of amino acid
dialysis in children. In a randomized crossover study in seven chil-
dren treated with CCPD for 3 months, amino acid dialysis ap-
peared comparable to dextrose dialysis regarding peritoneal trans-
port and metabolic control, except for higher urea levels. Improved
appetite was the only benefit observed [86]. The amino acid dialysis
was well-tolerated. No differences were found in growth velocity
or nutritional status, although the follow-up was only 3 months.
The same research group found similar results in a study of similar
design in eight children on CAPD [85] treated with pure dextrose
dialysate for 6 months and subsequently for 6–12 months with 1%
amino acid dialysate substitution for one dwell per day. Correc-
tion of low blood levels of some essential amino acids (histidine,
leucine, phenylalanine, valine, and isoleucine) was seen, but no
change in anthropometric measures was found [87].

Fill volume, Kt/V , and creatinine clearance
In the previously discussed study by Schaefer et al. on adequacy
in 52 CPD children, they found low fill volumes to be associated
with low creatinine clearance and impaired growth and a hyper-
permeable state to be associated with impaired growth [74]. RCTs
are needed to confirm this association.

The area of the peritoneal membrane is twofold larger in infants
than in adults if expressed per kg body weight (533 vs. 284 cm2/kg)
but independent of age if expressed per square meter of body
surface. This implies that fill volumes should be prescribed per
body surface and not by body weight. De Boer et al. compared
the effect of dwell volume prescription by body weight (40 mL/kg)
with prescription by body surface area (1,200 mL/m2) on peri-
toneal transport within the same patients. An association was
observed between age and net ultrafiltration when patients were
treated with a dwell volume of 40 mL/kg body weight (r = 0.68;
P < 0.01) but not when they were treated with a dwell volume
of 1200 mL/m2 body surface area [88]. The Ad Hoc Committee
advises a maximal target of 1400 mL/m2 fill volume in supine
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Table 63.4 Evidence ratings and recommendations for interventions to enhance the adequacy of treatment in paediatric PD patients.

Evidence ratinga Recommendationb

Intervention SR Moderate Low Comments [reference(s)] I II III Comments

Bicarbonate 34 m M vs.
lactate 35 mM dialysate

− � 3 multicenter RCTs (28, 25, and 60
pts); relatively large pt numbers,
suboptimal methodological quality;
consistent results; 1 trial ongoing
[76,77,79]

� Favors bicarbonate dialysate
*Better treatment acidosis
*Less mesothelial damage
*Small children alkalosis (?)
*Equal transport, lower phosphate clearance not of
clinical relevance
*Well-tolerated
*Less acidotic dialysate

No clinical outcomes; insufficient follow-up time; more
data needed

Bicarbonate/lactate vs.
lactate dialysate (Physioneal
vs. Dianeal, [Baxter])

− � 1 single-center RCT, crossover (6 pts);
small study, suboptimal
methodological quality [78]

� Favors bicarbonate dialysate
*Less inflow pain
*Less intraperitoneal pressure, enhanced fill volume
tolerance
*Less capillary recruitment, better preservation
membrane

No clinical outcome, except dialysis comfort; more data
needed

Icodextrin 7.5% vs. dextrose
3.86%

− � 3 small open trials (9, 9, and 11 pts);
suboptimal methodological quality;
consistent results [80,82,84]

� Icodextrin can replace dextrose 3.86 and is
safe
Icodextrin: long dwells needed for adequate UF

Short follow-up; no small children; clinical implications
maltose/icodextrin in serum not known; more data
needed

Icodextrin 7.5% vs. dextrose
1.36%

− � 2 open trials (5, 9 pts); very small
studies, wide age range, insufficient
methodological quality; consistent
results [81,82]

� Icodextrin better UF and phosphate &
clearance clear but caution because of
protein loss

No small children; very short observation period; more
data needed

Icodextrin 7.5% vs. no last
bag

− � 1 crossover trial (8 pts); small sample
size; insufficient methodological
quality; no information on serum AA
levels at midterm (intervention stopped
after 2 wks of increasing AA loss) [83]

� Increased loss of amino acids by icodextrin
daytime dwell vs. no daytime dwell

More data needed; monitoring serum levels of essential
amino acids, indicated especially in young children

Amino acid (AA) daytime
dwell vs. dextrose daydwell
in CCPD (1) & CAPD (2,3)

− � 3 open trials (7, 7, and 8 pts); small
studies; insufficient methodological
quality; consistent results [85–87]

� Amino acid is probably safe and could
enhance appetite in children on PD
No hard clinical outcome or apparent advantage; more
data needed

Dwell volume 1200 m/m2

vs. 40 mL/kg
− � 1 open trial (4/4 pts.); small study; no

mention of age of study group;
insufficient methodological quality [88]

� Dwell volumes scaled by kg body wt may lead to
underdialysis with respect to UF in small children

More data needed
Tidal vs. CCPD: 50% TD vs.
CCPD, both overnight 1000
mL/m2 fill volume & daytime
dwell, 500 mL/m2

− � 1 crossover trial (17 pts); suboptimal
methodological quality [73]

� Tidal higher dialysate flow rate and lower glucose
concentration dialysate; both groups same Kt/V urea

Tidal dialysis indicated in patients with high transport
and reduced UF
More data needed

Supine vs. upside posture − � 1 trial (6 pts); small study; insufficient
methodological quality [89]

� NIPD might be advantageous over CAPD as result of
lower IPP and consequently superior solute transport.

More data needed

a Evidence rating based on study design, study quality, consistency, and directness of results. No intervention was rated with a high evidence rating.
b Recommendations based on trade-offs between benefits and harms, quality of evidence, translation into clinical pratice, and uncertainty about the baseline risk of the disease in
the population. I, recommend; II, suggest, III, no recommendation possible.
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position and 1000–1200 mL/m2 in the upright position [75]. This
was suggested by the mass transfer area coefficient and ultrafiltra-
tion outcomes under various fill volumes in an observational study
by Fischbach et al. in which fill volumes over 1400 mL/m2 were
associated with decreased phosphate clearance and clinical intol-
erance [91]. Apart from the prospective cohort study of Schaefer
et al. [74], there are no pediatric data that support the adult rec-
ommendations of a weekly Kt/V of >2.0–2.2 or a weekly creatiine
clearance of >60–66 L/1.73 m2.

CCPD/NIPD CAPD tidal PD
Automatic PD is mostly prescribed for its obvious social advan-
tages over CAPD in children. No studies exist that have compared
the outcomes of CAPD and continuous cycling PD (CCPD) in
children. Fischbach et al. studied the effects of supine versus up-
right position on peritoneal transport in six children. The use of
the same dialysis prescription in the supine position compared
to the upright position resulted in an approximately 17% higher
equilibration of creatinine and phosphate as well as urea, lower loss
of protein, a higher glucose absorption rate, and a lower intraperi-
toneal pressure. The net ultrafiltration was equal in both positions
[89]. In theory, these outcomes favor the supine position, that is,
NIPD over CAPD. However, the clinical significance of these out-
comes is unclear, and the quality of the study is insufficient for
clinical decision making. Höltta et al. compared tidal peritoneal
dialysis and CCPD in a randomized, crossover trial in 17 children
and found better clearances and lower glucose exposure in patients
on tidal PD, especially in “high transporters” [73].

Clinical implications of the evidence on adequacy
of PD in children
There is sufficient evidence that dialysate buffered with bicarbon-
ate or combined bicarbonate–lactate is well-tolerated in children,
at least in older children. In young children, at least in combina-
tion with an icodextrin daytime dwell, overt alkalosis may occur,
which could lead to low ionized calcium levels. Phosphate clear-
ances may be somewhat lower than with lactate-buffered dialysate,
but not to an extent that has clinical implications. There is indirect
evidence that, compared to lactate, pure bicarbonate-buffered or
partly bicarbonate-buffered dialysate causes less mesothelial dam-
age. Whether this will also lead to a more prolonged preservation
of the peritoneal membrane still must be proven in long-term
studies. There is sufficient evidence that icodextrin is as effective
as 3.86% dextrose with respect to ultrafiltration and solute clear-
ance. Because of the avoidance of high glucose exposure to the
peritoneal membrane, icodextrin can be recommended in chil-
dren over 2 years of age. Little data exist on its use in children less
than 2 years of age.

Further studies are warranted to explore the possible harm of
extensive loss of essential and nonessential amino acids, as well as
the impact of high blood pH, that might occur in small children
on icodextrin in combination with bicarbonate-buffered NIPD. A
daytime dwell with amino acid dialysate might correct low blood

levels of amino acids and enhance the appetite and caloric intake
in undernourished children on PD, but more data are warranted to
prove its real benefit in the long term. There is only very weak evi-
dence that increasing creatinine clearance due to PD is associated
with better clinical outcome in children; there is even more un-
certainty with urea Kt/V . Optimal fill volumes are associated with
optimal ultrafiltration and offer the possibility for use of dextrose
concentrations as low as possible, which may enhance peritoneal
membrane preservation. There is moderate evidence that tidal PD
is advantageous over NIPD in high transporters. There is no evi-
dence that NIPD is superior to CAPD.
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Introduction

Provision of evidence-based pediatric hemodialysis recommenda-
tions is hampered by a number of epidemiological issues. Kidney
transplantation remains predominant and the preferred renal re-
placement therapy modality for children, peritoneal dialysis is a vi-
able modality option for many pediatric patients [1], and children
with end-stage renal disease (ESRD) exhibit significantly better
survival rates compared to adult patients [2]. Thus, no long-term
pediatric outcome study comparable to the HEMO study [3] or
the National Cooperative Dialysis Study [4] would be adequately
powered to detect an effect of delivered hemodialysis dose on pe-
diatric patient outcome.

Technological advances and professional expertise specific for
pediatric patients with kidney failure have developed relatively
slowly. In the past 10 years, however, the hemodialysis procedure
has become increasingly sophisticated, and many of the theoreti-
cal and technological advances studied previously in adult patients
have been applied to children receiving hemodialysis. In fact, the
most recent US Renal Data System report revealed that more chil-
dren receive hemodialysis than peritoneal dialysis for their main-
tenance dialysis modality [1].

Data to support the recommendations cited in this chapter,
therefore, are generally limited to reports from large, multicenter
registries or government-sponsored databases and single-center
reports. Specifically, pediatric data related to small-solute clear-
ance measurement, vascular access placement and surveillance,
ultrafiltration management, and nutrition provision will be re-
viewed. Recommendations and consensus guidelines from vari-
ous working groups will be presented in each section, but they are
collated together in a single table (Table 64.1).

Physiology of hemodialysis: pediatric issues

The factors that govern the physiology of hemodialysis, namely,
diffusion and convection, are the same for pediatric and adult
patients. Currently, most pediatric patients receive maintenance
hemodialysis on a thrice-weekly in-center schedule, but recent
data suggest that home nocturnal hemodialysis or more frequent
hemodialysis may lead to improved blood pressure control and
growth, a decreased need for dietary and fluid restrictions, and im-
proved health-related quality of life [5,6]. Most pediatric-specific
issues arise in hemodialysis provision to infants and small chil-
dren, for whom the size of the extracorporeal circuit and blood
pump flow rates can affect hemodynamic stability.

The hemodialysis circuit is comprised of the patient’s blood
compartment access in the form of an arteriovenous fistula (AVF)
or graft (AVG) or a venous catheter, polyethylene tubing through
which the patient’s blood travels to and from the dialyzer, and the
dialyzer itself. Blood tubing is produced in a variety of sizes and
should be matched to allow for optimal blood flow while minimiz-
ing the volume of the extracorporeal circuit, which is the sum of
the blood tubing volume and hollow fiber dialyzer volume. To pre-
vent excessive repeated blood loss in the circuit and hemodynamic
instability, the extracorporeal circuit should not exceed 10% of
the patient’s calculated blood volume [7]. Neonatal lines with a
volume of 40 mL are available for use in children weighing less than
15 kg.

In order to prevent hypovolemia during initiation of dialysis
treatment, the circuit should be primed with either saline or col-
loid. In some infants, for whom even the smallest blood tubing and
dialyzer volumes would exceed 10% of patient blood volume, the
circuit should be primed with colloid (5% albumin or packed red
blood cells diluted with albumin to a measured hematocrit of 35%)
instead of crystalloid. Weekly serum hematocrit values should be
obtained to monitor for anemia resulting from excessive blood loss
in the hemodialysis circuit for infants less than 10 kg maintained
on chronic hemodialysis. The blood pump flow rate (Qb) should
be prescribed to provide optimal clearance of solute safely. Use of
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Table 64.1 Current guidelines and clinical practice recommendations for pediatric patients receiving maintenance hemodialysis.

Country or
Guideline Region Year Recommendations

Hemodialysis Adequacy
K/DOQI USA 2006 spKt/V, calculated either by formal UKM or by the second-generation natural logarithm formula

should be used for month-to-month assessment of delivered hemodialysis dose.
Pediatric patients should receive at least the delivered dialysis dose recommended for the adult
population.
For younger pediatric patients, prescription of higher dialysis doses and higher protein intake at
150% of the RNI for age may be important.
Dialysis dose prescription should not only be a urea dialysis dose. Removal of the other uremic toxins
should be considered, not only middle molecules but overall phosphate.

European Pediatric
Dialysis Working Group

Europe 2005 Urea kinetic assessment enables not only urea dialysis dose calculation, i.e.Kt/V, but also estimation
of protein intake by use of nPCR. Fasting to enable a short-duration three times/week dialysis
schedule is inadequate care management.

Ultrafiltration Management
K/DOQI USA 2006 Accurate assessment of patient intravascular volume during hemodialysis treatment should be

provided to optimize ultrafiltration.

Vascular Access Management
K/DOQI USA 2006 Permanent access in the form of an AVF or AVG is the preferred form of pediatric vascular access.

Circumstances under which a central venous catheter may be acceptable for chronic access include
lack of local surgical expertise to place permanent vascular access in small children, patient size too
small to support a permanent vascular access, bridging hemodialysis for peritoneal training or
peritoneal catheter removal and expectation of expeditious kidney transplantation.
If surgical expertise to place permanent access does not exist in the patient’s pediatric setting,
efforts should be made to consult vascular access expertise among local adult-oriented surgeons to
either supervise or place permanent vascular access in children.
Serious consideration should be given to placing permanent vascular access in children >20 kg who
are expected to wait more than 1 year for kidney transplant.

a maximum Qb of less than 400 mL/min/1.73 m2 of patient body
surface area minimizes the risk of cardiovascular compromise.

Hemodialysis adequacy

Definition and background
The term hemodialysis adequacy is derived from the National Co-
operative Dialysis Study, which aimed to control dialysis treatment
dosing in adult patients and correlate a particular dose with pa-
tient outcome [4]. Formal urea kinetic modeling (UKM) solves
two unique, but interrelated, differential equations for two vari-
ables: patient total body water (V , in milliliters) and urea gener-
ation rate (G , in milligrams per minute). Values for V and G are
then used to calculate normalized urea clearance during a dialysis
treatment and the patient protein catabolic rate (PCR). The PCR
is then divided by the postdialysis patient weight (in kilograms) to
yield a normalized protein catabolic rate (nPCR). The fractional
urea mass removed during hemodialysis is affected by the follow-
ing factors: dialyzer urea clearance coefficient (K , in milliliters
per minute), pre- and posttreatment blood urea nitrogen (BUN),
treatment duration (t, in minutes), patient total body water (V , in
milliliters), the amount of plasma water removed during dialysis

(ultrafiltrate), and the intradialytic G . Pre- and postdialysis mea-
sured BUN levels, the dialyzer K for urea at the delivered blood
pump flow rate, time of treatment, and pre- and postdialysis pa-
tient weight are provided to the UKM algorithm. The difference
between the pre- and postdialysis weights yields the ultrafiltration
volume obtained during the treatment.

Pediatric-specific issues
Subsequent studies, such as the HEMO trial [3], which assessed the
effect of small-solute clearance and increased convective clearance
on mortality in adult maintenance hemodialysis patients, have
not been performed in pediatric patients because relatively few
children receive hemodialysis. Nevertheless, some recent pediatric
data exist to describe the most accurate methods for quantifying
urea removal, correlate delivered dose of dialysis with inflamma-
tion, and looking at other components of the dialysis prescription,
including ultrafiltration and nutrition provision. These data can
serve as a basis for clinical practice recommendations in caring
for children receiving hemodialysis [8]. Although no current data
exist to recommend a minimally acceptable hemodialysis dose for
children, measurement of Kt/V is important in order to control
for hemodialysis dose in outcome studies. For instance, Tom and
colleagues demonstrated that improved growth could be achieved
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Table 64.2 Pediatric hemodialysis adequacy studies.

Study ID Assessment No. of measurements

spKt/V
Goldstein 1999

Goldstein 2001

eqKt/V
Smye 1994

Goldstein 1999

Sharma 2000

Goldstein 2000

Marsenic 2004

Goldsteina 2006

Comparison of Daugirdas II to UKM

Comparison of Daugirdas II to UKM

Mid-dialysis BUN sample to estimate eqBUN

Logarithmic extrapolation of a 15-min post-BUN sample to estimate eqBUN

Use of a variable volume two-pool UKM to estimate eqKt/V

Logarithmic extrapolation of a 15-min post-BUN sample to estimate eqBUN

Linear regression equation

Comparison of eqKt/V and spKt/V to determine if 0.20 expected difference would lead to
prescription changes

21 patients, 103 measurements

39 patients, 367 measurements

14 patients, 14 measurements

6 patients, 6 measurements

17 patients, 17 measurements

21 patients, 21 measurements

15 patients, 38 measurements

1513 measurements

a Conducted as part of the Center for Medicare and Medicaid Services Clinical Performance Measures (CMS CPM) project.

in patients with intensive hemodialysis (Kt/V of 2) and nutrition
[9]. Goldstein showed that the proinflammatory cytokine concen-
trations were inversely proportional to Kt/V[10].

Current recommendations from the Kidney Disease Outcomes
Quality Initiative (K/DOQI) suggest that children undergoing
thrice-weekly maintenance hemodialysis receive at least the same
minimum amount of urea clearance recommended for adults,
namely, a single-pool Kt/V (spKt/V) of 1.2 [11]. No other guide-
line committee has offered pediatric-specific hemodialysis dose
recommendations to date.

The K/DOQI recommendations are based on a number of
single-center studies, which mostly focus upon urea clearance
measurement methods. Substantial investigation has been per-
formed to develop and validate Kt/V measurement methods more
simple than UKM. Of these, only the natural logarithm formula
of Daugirdas [12] garnered acceptance for spKt/V approximation
in adults and children. The Daugirdas natural logarithm formula
(Daugirdas II) is as follows: Kt/V = −ln(C1/C0 − 0.008 × t) +
[4 − 3.5 × C1/C0)]× UF/W, where C0 is the predialysis BUN, C1

is the postdialysis BUN, t is the session duration (in hours), UF is
the ultrafiltration volume (in milliliters), and W is the postdialysis
weight (in kg). The accuracy of the Daugirdas II equation resides in
the accounting for dialysis treatment duration and urea removed
by ultrafiltration.

Goldstein demonstrated Daugirdas II to be a reliable and prac-
tical alternative to formal UKM for estimation of Kt/V in a large
group of pediatric patients receiving hemodialysis [13,14]. A total
of 367 dual Kt/V analyses comparing UKM Kt/V to Daugirdas II
Kt/V demonstrated less than a 6% difference in every treatment,
and the difference did not vary with patient size. K/DOQI guide-
lines recommend a prescription for Kt/V of 1.3 to ensure Kt/V
delivery of 1.2 and allow for the use of Daugirdas II to calculate
spKt/V [15].

The Kt/V calculation is based upon sampling the pre- and post-
treatment BUN levels. In adults and children, the posthemodial-

ysis BUN concentration rises in a logarithmic fashion until equi-
libration occurs 30 to 60 min after a hemodialysis treatment, a
phenomenon termed urea rebound. As the BUN rises with equili-
bration posthemodialysis, the resultant calculation of Kt/V yields
a lower value. Calculation of Kt/V by single-pool kinetics using
the immediate, 30-s postdialysis BUN (BUN30s) sample does not
take urea rebound into account and leads to overestimation of
the true urea mass removed during dialysis. Calculation of Kt/V
by double-pool kinetics (eqKt/V) is based on a postdialysis BUN
level actually drawn or estimated after the completion of urea re-
bound. Numerous studies in both children and adults have demon-
strated that urea rebound ranges from 7.6% to 24% and accounts
for a 12.3–16.8% difference between spKt/V and eqKt/V values
[16–21]. It is impractical to wait 1 h after a treatment to obtain
an equilibrated BUN (eqBUN) level for calculation of eqKt/V.
Many formulas have been devised to estimate eqKt/V by apply-
ing a cofactor to spKt/V and relying solely on a pretreatment and
30-s posttreatment BUN levels. Smye and colleagues used a mid-
dialysis BUN sample 80 min after treatment initiation and used
the following approximation formula to estimate eqBUN: Ceq
= C0 × e−�T , where � = (1/T − S) ln(Cs /Ct ) and C0 is the pre-
hemodialysis urea concentration, T is the duration of the dialysis
session, S is the time into the hemodialysis session that the urea
sample Cs was drawn, Cs is the BUN concentration at time S, and
Ct is the BUN concentration at the end of hemodialysis [17]. In 14
patients, an average error in the calculation of Kt/V of 35% (range,
19–75%) by the single-pool UKM was reduced to 13% (range,
1–55%, but eight measurements were <7%) using the approxi-
mate technique. Marsenic has derived linear regression equations
to describe a relationship between spKt/V and eqKt/V in children,
demonstrating a mean difference of 0.26 + 0.18 and an excellent
correlation (R2 = 0.76; P < 0.0001) [22]. However, this regres-
sion equation has not been validated in a different patient group.

Sharma developed a pediatric-specific variable volume dou-
ble pool kinetic model with measurements from a cohort of
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15 patients and then applied that model to predict measured
eqKt/V in 17 different measurements [16]. Results from this
study demonstrated a very low difference in measured versus esti-
mated eqKt/V (0.06 + 0.07) and performed better than the Smye
method, variable-volume, and fixed-volume single-pool methods.
Because urea rebound is primarily characterized by a first-order
logarithmic, concentration-dependent intercellular fluid (ICF)-
to-extracellular fluid (ECF) urea movement, Goldstein evaluated
a more recent method for estimating eqBUN by extrapolating the
rise in BUN from 30 s to 15 min posttreatment (�BUN) [19].
Since urea rebound is 69% complete at 15 min postdialysis [21],
eqBUN can be estimated (estBUN) using the following formula:
estBUN = [(BUN15min− BUN30s)/0.69] + BUN30s.

The difference between eqKt/V based on a measured eqBUN
and estimated eqKt/V based on estBUN by logarithmic extrap-
olation was less than that of other published eqKt/V estimation
methods used in adult and pediatric patients.

A recent pediatric study evaluated potential differences in
hemodialysis treatment prescription using the Center for Medi-
care and Medicaid Services Clinical Performance Measures data
sets [23]. An expected difference in Kt/V (�Kt/V = spKt/V −
eqKt/V) of 0.20 was set based on results of the HEMO study [3].
Adequacy discordance was defined as a �Kt/V of >0.20, because
such a discordance could lead to an adequate spKt/V but an in-
adequate eqKt/V, thereby resulting in different clinical actions.
A total of 1513 paired spKt/V and estimated eqKt/V results were
available for comparison. Examination of the different spKt/V and
estimated eqKt/V pairings revealed a greater adequacy discordance
rate between a 0.20 difference in spKt/V and estimated eqKt/V at
higher Kt/V values, but Kt/V discordance rates only varied from
0.3 to 5.5%, depending on the paired Kt/V values used. The au-
thors suggested that these low discordance rates supported the use
of spKt/V as acceptable for patient management.

The K/DOQI hemodialysis guidelines do not recommend
eqKt/V as essential in the measurement of month-to-month pa-
tient hemodialysis adequacy, stating that spKt/V assessment of
urea clearance is sufficient for patient management. However, the
guidelines recommend use of eqKt/V to control for hemodialysis
dose in outcome studies [11].

Target dry weight assessment
and ultrafiltration management

Accurate determination of patient target weight is a challenging
task when treating hemodialysis patients. Symptoms of hypov-
olemia may be difficult to assess, as the behavior of small chil-
dren receiving dialysis is often difficult to interpret. Furthermore,
children are growing and have variable appetites, so that real
weight loss and weight gain may occur more frequently than in
adults.

Accurate determination of pediatric target weight is critical, be-
cause an underestimation of dry weight can lead to hypovolemia
with acute symptoms, whereas chronic overestimation of target

weight can lead to chronic volume overload with resultant hy-
pertension, pulmonary edema, congestive heart failure, and left
ventricular hypertrophy. Ultrafiltration-associated symptoms may
occur with an appropriately determined dry weight, especially
in patients with large interdialytic weight gains. Approaches to
minimize ultrafiltration-associated symptoms include sequential
ultrafiltration and dialysis (or isolated ultrafiltration at the start
of a treatment), sodium modeling, and noninvasive monitoring
(NIVM) of hematocrit.

Sodium modeling
Sodium modeling is a machine-programmed algorithm that
varies the dialysate sodium concentration during the treatment.
Most modeling programs utilize hyperosmolar dialysate sodium
concentrations at the beginning of treatment, which are designed
to offset the decrease in serum osmolarity resulting from urea
removal during dialysis. Sadowski demonstrated sodium mod-
eling to be effective in decreasing both intra- and interdialytic
symptoms in a prospective study of 16 adolescent and young
adult patients [24].

NIVM of hematocrit
Because red blood cell volume remains constant during dialysis,
changes in hematocrit will be inversely proportional to changes
in intravascular volume. Continuous optical methods of NIVM
for hematocrit take advantage of this relationship to demonstrate
a real-time association between fluctuating hematocrit and in-
travascular volume during the hemodialysis treatment.

NIVM has been studied recently in pediatric patients receiving
hemodialysis. Jain conducted a retrospective single-center review
of ultrafiltration-associated event rates (hypotension, headache,
or cramping that required a nursing intervention) in 200 matched
treatments with and without NIVM. Event rates were lower, es-
pecially for patients less than 35 kg, when NIVM was performed,
without a sacrifice in target weight achievement [25]. When NIVM
was performed, symptom events in the first 90 min of a treat-
ment occurred only with a blood volume change of greater than
8%/h. Seventy-one per cent of events occurring after 60 min of
treatment initiation were associated with a blood volume change
greater than 4%/h. Michael employed these treatment time and
event observations to prospectively model ultrafiltration rates to
lessen the need for antihypertensive medications and minimize
intra- and interdialytic patient symptoms [26]. That model pre-
scribes half of the total treatment ultrafiltration volume to be re-
moved in the first 60 min of treatment with a maximum of a
total 12% blood volume change as depicted on the NIVM. The
remainder of the ultrafiltration volume is then removed during
the final 2–3 h of treatment. Goldstein conducted a retrospective
review before and after institution of this NIVM-guided UF algo-
rithm and found a significant reduction in patient hospitalizations
and additional treatments for fluid overload and hypertension
[27]. The current K/DOQI guidelines now recommend NIVM
for ultrafiltration modeling in children receiving maintenance
hemodialysis [11].
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Table 64.3 Semipermanent hemodialysis catheter and patient size guidelines.

Patient size (kg) Catheter option(s)

<10 Made on case-by-case basis
10–20 8-French dual lumen

20–25 7 French twin Tesio®

25–40 10 French dual lumen

10 French Ash Split®

10 French twin Tesio®

>40 10 French twin Tesio®

11.5 or 12.5 French dual lumen

Source: National Kidney Foundation [11].

Nutrition management

The important relationship between nutrition status and outcome
for patients with ESRD prompted the K/DOQI to create guidelines
to assess and treat malnutrition in both children and adults with
ESRD [28]. The pediatric K/DOQI guidelines recommend mea-
surement of serum albumin, height or length, dry weight, midarm
circumference, skinfold thickness, fronto-occipital circumference,
and height Z-score to monitor nutrition status and intensive en-
teral nutrition administration to treat protein energy malnutrition
(PEM). There are also data on prealbumin being a more sensitive
measure of current nutritional status than anthropomorphic in-
dices. Although these measures may be important to monitor for
and treat PEM, they may not be sufficient in all cases. Investigation
into the validity of nPCR has been performed since the early 1980s
and has demonstrated a positive correlation between dietary pro-
tein intake and nPCR [29]. These studies suggested that positive

nitrogen balance, which is essential for growth, can be achieved
with moderate protein intake and without an increase in dialysis
requirements. A recent investigation has shown nPCR to be more
sensitive and specific than serum albumin as a marker for nutrition
status in malnourished pediatric hemodialysis patients [30,31].

Provision of adequate nutrition is essential to delivering opti-
mal dialysis. Tom performed a prospective study of 12 patients and
showed that increased protein administration (150% of the rec-
ommended daily allowance for protein) and urea clearance (Kt/V,
2.0) led to improved growth in children receiving hemodialysis
who did not receive growth hormone [9]. Krause [32], Goldstein
[30], and Orellena [31] have used intradialytic parenteral nutrition
to treat severe PEM in a total of 13 children receiving hemodialysis.

Vascular access

Adequate provision of hemodialysis depends upon a properly
functioning vascular access. Current maintenance hemodialysis
access options are divided into two categories: permanent access
in the form of an AVF or AVG and semipermanent access in the
form of catheters with a subcutaneous cuff.

Permanent vascular access in the form of an AVF or AVG can
function for many years and is preferred over indwelling catheters
for most children. The majority of children receiving maintenance
hemodialysis in the USA are dialyzed via a catheter [33,34]. Rea-
sons for high catheter use include small patient size, lack of local
surgical experience of permanent access creation in smaller pa-
tients, anticipation of a short dialysis course prior to transplanta-
tion, or a dialysis unit philosophy to decrease painful procedures
(i.e. repeated needle sticks for children with AVF or AVG). The
2006 K/DOQI Vascular Access update featured pediatric-specific

Table 64.4 Evidence ratings and recommendations for hemodialysis prescription to improve outcomes in pediatric patients.

Evidence ratinga,b Recommendationc

Intervention SRa Moderate Low Comment I II III Comment

eqKt/V and spKt/V
vs UKM

— � 8 studies (767 patients); generally
consistent results

� Simple, convenient, consistent
measurements

Increased Kt/V
(>1.2)

— � 2 studies (12 patients for growth, 13
for inflammation)

� Increased growth; reduced risk of
inflammation, no separation of dialysis
dose vs duration

Sodium modeling — � 1 study (16 patients) � Reduced intra- and interdialytic symptoms
NIVM — � 3 studies (74 patients); generally

consistent results

� Reduced hospitalization, hypertension, and
intradialytic event rates

Ultrasound
dilution to predict
access stenosis

— � 2 studies (22 patients); generally
consistent results

� Reduced flow predicts thrombosis

a Systematic review of randomized controlled trials.
b Evidence rating based on number of studies, study design, study quality, and consistency of results. No intervention was rated with a high evidence rating.
c Recommendations based on efficacy, trade-offs between benefits and harms, quality of evidence, and availability of intervention. I, recommend; II, suggest; III, no recommendation
possible.
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recommendations for the first time [11]. While the K/DOQI guide-
lines advocate permanent access placement in children >20 kg in
size, Bourquelot has demonstrated successful AVF placement in
children <10 kg in size by using microsurgical techniques [35,36].
The main drawback for AVF creation in such small children is an
extended maturation time of up to 6 months.

Thrombosis of permanent access is a significant cause of mor-
bidity for the hemodialysis patient population [37]. In many in-
stances, thrombosis results from decreased access flow caused by
a stenosis of the access venous outflow tract [38,39]. Many meth-
ods for assessing outflow stenosis in adult patients have signifi-
cant drawbacks that preclude routine use. Ultrasound dilution is
a practical, noninvasive, and reliable indicator of vascular access
flow (QA, in milliliters per minute) and has been used effectively
to identify venous stenosis in adult patients receiving hemodialysis
[40–42]. The hemodialysis lines are temporarily reversed (to create
recirculation), and a 20-mL bolus of saline is injected quickly into
the venous line proximal to a sensor. The sensors are attached to
a computer that interprets the changes in Doppler velocity within
each line as the hematocrit changes in relation to dialyzer blood
flow to report QA.

Goldstein has shown that a QA corrected for patient size (QAcorr)
of <650 mL/min/1.73 m2 is extremely sensitive and specific for
predicting AVG and AVF stenosis in pediatric patients receiving
hemodialysis [43]. Furthermore, when patients with a QAcorr of
<650 mL/min/1.73 m2 were referred for venography and balloon
dilatation angioplasty within 48 h of ultrasound dilution measure-
ment, a 90% reduction in the vascular access thrombosis rate was
realized, compared to an aggressive surveillance venography pro-
tocol [44]. The reduction in thrombosis rate was associated with
decreased patient hospitalization and a 40% reduction in unit cost
per patient for vascular access management [27].

Chand assessed the ability of increased dynamic venous pres-
sure to detect AVG venous stenosis and decrease thrombosis rates.
She found increased venous pressures to be poorly predictive of
stenosis and did not correlate with thrombotic events [45].

Sheth evaluated long-term AVG and AVF survival in pediatric
patients [48]. One, 3-, and 5-year pediatric AVF survival was 90,
60, and 40%, respectively. One-, 3-, and 5-year pediatric AVG sur-
vival was 90, 50, and 40%, respectively [46]. These data demon-
strated that although 5-year AVG and AVF survival rates are not
significantly different, AVG rates do exhibit higher thrombosis and
surgical intervention rates. However, this cohort was studied prior
to institution of the ultrasound dilution venous stenosis surveil-
lance protocol, so current AVG survival potential may be extended
in the future.

Although catheters are not preferred for hemodialysis vascular
access, a patient size of <20 kg and expectation of kidney trans-
plantation in less than 1 year are acceptable reasons for provision of
hemodialysis to children with catheters [11]. Table 64.3 lists some
of the available cuffed hemodialysis catheter options and provides a
guideline for matching catheter size and type with patient size [11].

A few pediatric cross-sectional descriptive studies have assessed
the survival rates and complications for pediatric hemodialysis

catheters [47–49]. The most common complications observed in-
clude infection (either tunnel infection or line sepsis), kinking of
the catheter, and thrombosis. Gram-positive organisms, especially
Staphylococcus species, are the most common causative organisms
in hemodialysis catheter infections.

Pediatric studies have demonstrate a dual-lumen hemodialy-
sis catheter median survival of 204–280 days. Sheth conducted
a single-center comparison of Tesio catheters versus dual-lumen
catheters and found Tesio catheters exhibited significantly longer
survival and provided adequate hemodialysis more reliably than
dual-lumen catheters of similar size [49].

Evidence table

An evidence table summarizing the research base for various as-
pects of hemodialysis prescription in children is provided at the
end of the chapter (Table 64.4). The most extensive research has
occurred in hemodialysis dose measurement and vascular access
management. No randomized controlled trials have been con-
ducted in the pediatric hemodialysis population, but moderate ev-
idence exists to support the routine measurement of hemodialysis
dose in terms of Kt/V , and more specifically as eqKt/V , to control
for hemodialysis dose in interventional trials. Further study is war-
ranted to determine if more frequent, shorter-duration hemodial-
ysis would lead to improved outcomes in pediatric patients.
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Introduction

Urinary tract infection (UTI), vesicoureteric reflux (VUR), and
incontinence are the most commonly encountered problems in
pediatric nephrology. The treatment of these conditions is impor-
tant yet often controversial.

Urinary tract infection

Clinical presentation
UTIs can be grouped into asymptomatic bacteruria, cystitis, and
acute pyelonephritis. Cystitis is most commonly seen in girls over
2 years of age and is an infection limited to the urethra and blad-
der. Patients usually present with localizing symptoms, which may
include pain on urination (dysuria), frequency, urgency, cloudy
urine, and lower abdominal discomfort.

A positive urine culture can be found in children without symp-
toms of illness (asymptomatic or covert bacteriuria), and antibi-
otics are not required because long-term outcomes appear similar
in treated compared with untreated patients [1,2].

Pyelonephritis is the most severe form of UTI in children and
is associated with systemic features such as high fever, vomit-
ing, malaise, abdominal pain or tenderness, poor feeding, irri-
tability in infants. Diagnosis may be assisted by imaging of the
kidneys with a technetium 99m-labeled dimercaptosuccinic acid
(DMSA) scan and assessment of inflammatory markers in the
blood, for example, erythrocyte sedimentation rate and C-reactive
protein.

Diagnosis
The diagnosis of UTI is based on the culture of a pure growth of
bacteria in an uncontaminated sample of urine in the presence of

symptoms of illness. Microbiological criteria for diagnosis of UTI
are provided in Table 65.1.

Urine collection methods in children are important for the di-
agnosis, because of the problems with contamination and false-
positive tests. The method least likely to involve contamination,
the suprapubic bladder tap, may be impractical in some settings.
Transurethral catheterization, the collection method second to a
bladder tap for false positivity, also presents technical challenges,
and both of these tests are invasive. Voided samples are more fea-
sible but can be problematic. Some clinicians use a urine bag,
but contamination rates are too high for this method to be rec-
ommended [3]. The clean catch method is reasonable but requires
patience and cooperation from parents. Across health care settings,
collection methods vary widely because time, skill, attitudes, and
facilities, as well as contamination rates, are all influential.

The preferred method for urine collection in children who can-
not void upon request is catheterization, after weighing criteria
of contamination, technical feasibility, and invasiveness. For chil-
dren above 2 years of age who are toilet trained, a midstream urine
sample is recommended.

Urine culture requires a minimum of 18 h before a result is
known, and this may be longer in some situations. Clinicians of-
ten use rapid tests to guide initial diagnosis and management de-
cisions. Urinalysis, or dipsticks, and urine microscopy for white
cells or visible bacteria are widely used. Dipsticks are quick, easy,
and inexpensive and can be used in any setting. Microscopic ex-
amination usually requires specialized technical personnel. A sys-
tematic review of the literature [4] demonstrated that a dipstick
result showing positive findings for both leukocyte esterase and
nitrite is reasonably good for identifying UTI (LR+, 28.2). A dip-
stick negative for both generally rules out UTI (LR−, 0.20). The
more common finding of a single positive result is considerably
less helpful for guiding decisions (leukocyte esterase LR+, 5.5; ni-
trite LR+,15.9). When available, combined positive microscopy
findings perform well at ruling in the diagnosis (LR+, 37.0), and
two negative microscopy results also perform reasonably well at
excluding UTI (LR, −0.21). A single positive microscopy result is
less helpful in guiding management (pyuria LR+, 5.9; bacteriuria
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Table 65.1 Microbiological criteria for diagnosis of UTI in children.

Definite UTIa Probable UTIb

Collection method No. of organisms (species) CFU/L No. of organisms (species) CFU/L

Suprapubic bladder tap 1 Any 2 Any
Transurethral catheter 1 ≥107 1 ≥106

2 ≥107

Voided samples (clean catch, midstream, bag) 1 ≥108 1 ≥107

2 ≥108

CFU, colony-forming unit(s).
a Based on review of 85 studies comparing urine screening tests with urine culture for diagnosis of UTI in children.
b Based on consensus opinion of three senior staff specialists in infectious disease, general medicine and nephrology (Children’s Hospital at Westmead).

LR+, 14.7). Urine culture is always needed to confirm the
diagnosis.

Epidemiology
Precise estimates of rates of UTI are difficult to ascertain; however,
a large population-based study, with a verified outcome of UTI,
showed that 8% of girls and 2% of boys had at least one UTI by
7 years of age [5]. Rates of disease in subgroups of the population
have been studied more readily, with one systematic review of 12
studies of febrile children showing that approximately 5% of febrile
infants (0–2 months) had had a UTI [6]. A similar rate was found
in studies that included older children (0–5 years) with fever [7,8].

Pathogenesis
UTIs are more common in girls after the first year of life, whereas
boys are 5–10 times more susceptible to UTIs in the neonatal pe-
riod. The increased rate in infant boys is highest in uncircumcised
males [9,10].

Infection of the urinary tract is likely to be related to host and
bacterial factors. Bacterial virulence factors that have been well-
studied in UTI include adherence, growth factors, and features
that allow the bacteria to avoid destruction by the human immune
response [11]. Characteristics of bacteria only partly explain the
differential colonization of the urinary tract, because healthy vol-
unteers inoculated with virulent Escherichia coli rapidly eradicate
the bacterium [12]. Characteristics of the human immune system
are likely to contribute to disease risk. With so many components
involved, any of which can vary with genetic and environmental
factors, identifying attributable risk for each is difficult. Studies
looking at some of these components have found inconsistent re-
sults [13–16]. Study design limitations are likely to explain the
variability.

Children with lesions of the spinal cord and neurologic abnor-
malities have increased risk of UTI, but the management issues are
different and thus are not discussed here.

Recurrence
Ten to 30% of children with UTI will have at least one more infec-
tion [17,18]. The majority occur within the first 12 months after

the primary infection, and risks for recurrence include age less than
6 months at first UTI (odds ration [OR], 2.9; 95% confidence inter-
val [CI], 1.4–6.2), presence of dilating VUR (OR, 3.6; CI, 1.5–8.3),
and renal damage detected at primary UTI [18], which may be
congenital in origin.

Acute treatment
Evidence on which to base specific treatment choices is limited in
very young children, because they are often excluded from ran-
domized controlled trials. However, clinical experience suggests
infants aged 1 month or less with UTI require intravenous antibi-
otics, because there is an approximately 10% risk of concomitant
bacteremia [19,20] and a significant chance of finding uropathol-
ogy [21], such as posterior urethral valves or obstructed duplex sys-
tems. E. coli and Enterococcus faecalis are the most likely pathogens
in this age group [22], indicating empirical treatment with a
β-lactam antibiotic and an aminoglycoside. Intravenous treat-
ment is usually continued until systemic signs have resolved (2–3
days), after which time an oral antibiotic is given for 7–10 days.

Evidence supporting treatment for children over the age of
1 month with pyelonephritis includes 18 randomized controlled
trials and was summarized in a Cochrane review [23]. Two well-
designed trials of 693 children compared oral antibiotics (cefixime,
amoxicillin-clavulinic acid) with intravenous (IV) antibiotics for
3 days, or until defervescence, followed by oral antibiotics. No
differences in time to fever resolution (weighted mean difference,
1.54 days; 95% CI, 1.67–4.76), recurrence of UTI (relative risk
[RR], 0.67; 95% CI, 0.27–1.67), or frequency of renal parenchy-
mal defect at 6–12 months (RR, 1.45; 95% CI, 0.63–3.03) were
demonstrated (Figure 65.1). Four trials involving 480 children
compared oral with IV administration of antibiotic after 3–4 days
of IV treatment for both groups. Although antibiotic type varied,
there was no difference in recurrence of UTI (Figure 65.1) or renal
parenchymal defects between the long-duration IV antibiotics and
the short-duration IV plus oral antibiotic groups. These findings
provide good evidence that oral antibiotics are an effective treat-
ment choice for children with a diagnosis of acute pyelonephritis
(Table 65.2). Intravenous treatment can be reserved for children
who present seriously ill or have persistent vomiting. Optimal
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Review: Antibiotics for acute pyelonephritis in children 
Comparison: 01 Pral (14 days) versus intravenous (3 days) followed by ora (11 days) therapy 
Outcome: 01 Time to fever resolutioin (hours) 

Review: Antibiotics for acute pyelonephritis in children
Comparison: 02 short duration (3–4 days) versus long duration (7–14 days) intravenous therapy 
Outcome: 02 Recurrent UTI within 6 months

Review: Short versus standard duration oral antibiotic therapy for acute urinary tract infection in children
Comparison: 01 Short duration versus standard duration
Outcome: 01 UTI at end of treatment

Study
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n/N
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Relative Risk (Random)
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Hoberman 1999
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Test for heterogeneity chi-square = 0.13 df = 1 p = 0.72 l2 = 0.0%
Test for overall effect z = 0.94 p = 0.3
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Total events: 13 (Oral then IVtherapy), 12 (IVtherapy only) 
Test for heterogeneity chi-square = 2.11 df = 3 p = 0.55 l 2 = 0.0%
Test for overall effect z = 0.35 p = 0.7

Total (95% Cl)
Total events: 34 (Short duration), 27 (Standard duration)
(Test for heterogeneity chi-square = 5.27 df = 5 p = 0.38 l2 = 5.1%
Test for overall effect z = 0.24 p = 0.8
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Short versus long initial IV treatment for acute pyelonephritis 

Short (2-4 days) versus standard (7−10 days) duration of antibiotics for cystitis

Oral vs IV for initial treatment of acute pyelonephritis

Figure 65.1 Acute antibiotic treatment options for UTI in children.
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Table 65.2 Evidence ratings and recommendations for acute treatment and prophylaxis of UTI in children.

Recommendationb
Treatment Evidence

Intervention type ratinga Comment I II III Comments

Oral vs IV initial treatment Acute High 2 trials, 693 children, good design � oral Oral cefixime as effective as IV

Short (3–4 days) vs long (10–18
days) initial IV treatment

Acute Moderate 4 trials, 480 children, reasonable
design

� Short 3–4 days initial IV

Duration of antibiotic therapy for
cystitis (lower tract UTI)
2–4 days vs 7–14 days
Single dose vs 7–14 days

Acute Moderate 3 systematic reviews

11 trials, 652 children

9 trials, 383 children, �
inconsistent quality

� 2–4 days sufficient; single
dose less effective

Duration of antibiotic therapy for
pyelonephritis

Acute Low 1 trial 10 vs 42 days
2 trials 1dose vs 7–10 days

� Suggest standard therapy
7–14 days

Renal tract imaging
For localization of infection
For detection of VUR
For detection of renal scarring

Acute Low Included studies poorly reported;
primarily cross-sectional design, no
long-term follow-up

� Suggest ultrasound after first
UTI (inexpensive, noninvasive,
readily available, will detect
gross abnormalities); consider
DMSA if recurrence

Prophylactic antibiotics vs no
prophylaxis (<50% participants
with VUR)

Prophylactic Low 2 trials had outcome of symptomatic
UTI, inconsistent results
4 trials had outcome of repeat
positive urine culture, antibiotics
were beneficial

� Possible benefit, may elect to
try after second infection

Prophylactic interventions for
children with VUR
Antibiotics vs no treatment
Antibiotics vs surgery +
antibiotics

Prophylactic Moderate 2 trials, showed no difference in
effect
7 trials, showed little difference in
effect

� Possible benefit, may elect to
try antibiotics after second
infection

Cranberries for prevention of
recurrent UTI

Prophylactic Moderate, but
uncertain
applicability

Most trials were adults, 2 trials in
children with neuropathic bladder

� Harmless intervention, possible
benefit in children, uncertainty
about dose

Circumcision for prevention
of UTI

Prophylactic Low 1 trial, 4 cohort studies, ORs
concordant

� (restricted
application)

Suggested for boys with
recurrent UTI or high-grade
(≥3) VUR

aRating of systematic reviews: “high,’’ included trials are good quality and applicable; “moderate,’’ included trials are of moderate quality and applicability; “low,’’ included
trials are of low quality and are not directly applicable.
bI, recommend; II, suggest; III, evidence does not support a recommendation.

duration of antibiotic treatment for children with acute
pyelonephritis is poorly supported by evidence because the
existing trials have not compared short-course with standard
therapy [23].

A large evidence base (22 trials and three systematic reviews)
[24–26] (Table 65.2; Figure 65.1) supports the treatment op-
tions for children presenting with symptoms suggestive of cysti-
tis. Findings show that short-duration therapy (2–4 days) is as
effective as standard treatment (7–14 days) in eradicating uri-
nary bacteria at 0–10 days posttreatment and 1–15 months post-
treatment [25]. Further trials have demonstrated than single-
dose therapy may be insufficient to successfully treat cystitis in
children [26].

Prevention of recurrence
Good evidence exists to show that children who have had one
UTI are at considerable risk (10–30%) for recurrence [17]. With-
out proper understanding of causality, it is not possible to reliably
prescribe methods to prevent recurrence of UTI. However, many
people recommend avoidance of constipation, complete bladder
emptying, good intake of fluids, and avoidance of possible irri-
tation from underclothing or bubble baths. These measures are
supported by a weak evidence base.

A systematic review [27] of five trials, including one with a
crossover design, that have compared prophylactic antibiotics with
placebo or no treatment in a group of children where the major-
ity did not have VUR is summarized in Table 65.2. One trial,
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Review:             Long-term antibiotics for preventing recurrent urinary tract infection in children 
Comparison:     01 Antibiotic treatment versus placebo/no treatment 
Outcome:          01 Recurrent of symptomatic UTI

Review:             Long-term antibiotics for preventing recurrent urinary tract infection in children 
Comparison:     01 Antibiotic treatment versus placebo/no treatment 
Outcome:          02 Repeat positive urine culture

Study
or sub-category

Study
or sub-category

Treatmen
 n/N

Control
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01 All studies
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20.49

0/12
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Subtotal (95% Cl)
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7/29
11/21
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16/75
    153
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31.79
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30.35
100.00

0.35 [0.18, 0.70]
0.97 [0.56, 1.67]
0.03 [0.00, 0.52]
0.44 [0.23, 0.84]
0.44 [0.19, 1.00]

Savage 1975 7/29 4/32

32

0.1 0.2 0.5 1 2 5

Favours controlFavours treatment

10

0.1 0.2 0.5 1 2 5

Favours placeboFavours antibiotic

10

29

100.00

100.00

1.93 [0.63, 5.92]

1.93 [0.63, 5.92]

Antibiotic
n/N

Placebo/no treatment 
n/N

RR (Random) 
95%  Cl

RR (Random) 
95%  Cl

RR (Random) 
95%  Cl

Weight
%

Weight
%

RR (random) 
95%  Cl

Total (95%  Cl) 
Total events: 7 (Treatment), 4 (Control) 
Test for heterogeneity: not applicable 
Test for overall effect z = 1.15 (p = 0.25)

Total events: 33 (Antibiotic), 64 (Placebo/no treatment) 
Test for heterogeneity chi2 = 12.36 df = 3(P = 0.006), l2 = 75.7%
Test for overall effect z = 1.96 (P = 0.05)

Total events: 0 (Antibiotic), 13 (Placebo/no treatment) 
Test for heterogeneity: not applicable 
Test for overall effect z = 1.95 (P = 0.05)

Total events: 11 (Antibiotic), 26 (Placebo/no treatment) 
Test for heterogeneity chi2 = 6.47 df = 1 (P = 0.01), l2 = 84.5%
Test for overall effect z = 0.68 (P = 0.50)

Figure 65.2 Antibiotic prophylaxis to prevent recurrent UTI in children, of whom the majority do not have VUR.

involving 61 children, in which repeat symptomatic UTI was the
primary outcome, found that twice as many repeat infections oc-
curred in the antibiotic arm compared to the placebo group [28]
(Figure 65.2). In the crossover trial, 14 of 18 children had recurrent
symptomatic infections, and all occurred during the placebo phase
[29]. This rate of recurrence (78%) is large, very different from the
findings of other studies, and suggests considerable selection bias
in trial participants. The other four trials, which utilized repeat
positive urine culture as the primary outcome, demonstrated a re-
duced risk of 0.44 (95% CI, 0.19–1.0) of repeat positive culture in
the antibiotic prophylaxis group [28,30–32] (Figure 65.2). Three
trials, including one with a crossover design, compared different
antibiotic types [33–35]. Findings were variable, and without clear
evidence that antibiotics are effective in preventing recurrent UTI,

it is potentially misleading to recommend one antibiotic over an-
other. The evidence to support the use of prophylactic antibiotics
to prevent recurrent UTI in children without reflux is weak and
probably not generalizable to children experiencing their first UTI.

Other interventions for prevention that have been studied in
randomized controlled trials include cranberry products [36],
immuno-active agents (e.g. Uro-vaxom) [37], and probiotics [38].
Most trials demonstrating benefit have not focused on children,
and thus the applicability of their results is questionable. Despite
the absence of appropriate studies in children, cranberry products
are harmless, readily available, beneficial in adults, and may pre-
vent recurrent UTI in children (except in those with spina bifida).

Circumcision as a treatment for prevention of recurrent UTI
has been evaluated in studies of various designs. A meta-analysis
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of randomized trials and observational studies [39] identified one
randomized controlled trial, four cohort studies, and seven case–
control studies that addressed this issue. Circumcision significantly
reduced the risk of UTI (OR, 0.13; 95% CI, 0.08–0.20), but im-
portantly, 111 circumcisions would need to be done to prevent
1 UTI. In boys with a considerably greater risk of recurrent UTI
(high-grade VUR, recurrent UTIs), the number of circumcisions
needed to prevent 1 UTI drops to less than 11 circumcisions. In
summary, there is a net benefit of the intervention only in boys at
greater risk than those presenting with first UTI.

Renal tract evaluation and imaging
Available guidelines [40,41] recommend renal tract imaging for
very young children with UTI. However, a systematic review has
shown that the evidence for improved outcomes for children is
weak [42]. Renal ultrasound reveals anatomical information about
the kidneys and urinary tract. It is noninvasive, inexpensive, and
readily available, but results rarely change management. Micturat-
ing or voiding cystourethrogram (VCUG) is performed to detect
VUR. VCUG is a traumatic imaging technique, and in the ab-
sence of good evidence for improved outcomes through better
management of children with VUR, it is not justifiable in children
presenting with a first UTI. A DMSA scan demonstrates renal focal
abnormalities and determines differential renal function. Identi-
fication of renal focal abnormalities in many cases does not alter
management.

Imaging by ultrasound can be justified where there is easy access
to qualified sonographers, as it is a noninvasive procedure and it has
a high sensitivity for renal tract obstruction. Strong observational
evidence demonstrates that surgical treatment of children with
obstructive uropathy improves outcome. Accordingly, almost all
pediatricians report they recommend ultrasonography for all chil-
dren with UTI [43]. Considerable variability in the use of DMSA
and VCUG reflects the uncertainty about whether these tests do
more good than harm in children with UTI.

Vesicoureteric reflux

Definition and diagnosis
VUR is the retrograde flow of urine from the bladder into the
ureter and towards the kidney. Severity is graded using the five-
grade International Reflux Study system, which includes domains
such as height of retrograde flow and dilatation and tortuosity of
the ureters [44]. The reference standard test for diagnosis of VUR
is a VCUG.

Epidemiology
VUR is common in children with UTI. There have been numerous
case series of children with UTI, and they have consistently shown
that 25–30% of children with UTI have VUR [45–48]. Incidence
in the wider population is less clear, although most review articles
suggest a rate of less than 1% in “well” children [49–51].

Clinical spectrum
VUR may be an isolated finding, primary VUR, or it may be associ-
ated with other urological abnormalities, such as posterior urethral
valves or a neurogenic bladder, in which case it is referred to as sec-
ondary VUR [52–55]. VUR may also occur as part of multiorgan
malformation syndromes [56–59]. The appearance of VUR with
other abnormalities of kidney and ureteric development within
families has led to the collective classification of these as CAKUT
(congenital abnormalities of the kidney and ureteric tract) [60–
62]. Although most well-designed, prospective studies are small,
follow-up of children with primary VUR suggests that the ma-
jority have resolution of the VUR without further morbidity. In
follow-up studies VUR is a poor predictor of kidney damage and
longer-term hypertension [63–66].

VUR as an inherited trait
Many groups have studied reflux in the context of an inherited dis-
order, because sibling recurrence, parent–child transmission, and
twin concordance rates support this theory [67–73]. The major-
ity of reported pedigrees have shown dominant inheritance pat-
terns [73–77], but cases of recessive [75] and X-linked inheritance
[78,79] have also been reported. Clinical characteristics of VUR
cases can differ within families [80,81]; therefore, the same genetic
change can result in different disease expression. This suggests
other factors also influence expression of the VUR phenotype,
and these may include other genes, environmental exposures, and
the interaction of genes with environmental factors.

Screening
An antenatal ultrasound finding of renal dilatation of ≥4 mm is
commonly suggested as an indication of VUR. It is, however, a non-
specific screening tool for VUR, as fewer than 10% of VUR cases are
diagnosed by subsequent VCUG [82–84]. Some clinicians advo-
cate testing asymptomatic siblings of children with VUR, because
VUR can be familial [85]. However, given the insufficiency of evi-
dence for the benefits of early treatment for VUR, early detection
cannot be justified.

Prognosis
From a comparison of the frequency of VUR overall and end-
stage kidney disease attributed to VUR [86], it is evident that the
outcome for the vast majority of children with VUR is excellent.
Assuming that about 3% of children (or 30,000 per million chil-
dren) have reflux, only about 1 in 6,000 (or 5 per million) will
ultimately develop end-stage kidney disease. VUR is a relatively
common condition, and end-stage kidney failure due to reflux
nephropathy is a very rare problem. For around 5–7% of people
entering end-stage kidney failure programs, reflux nephropathy is
nominated as the primary cause [86–90].

Management
Management of a child with VUR is controversial. The use of
low-dose prophylactic antibiotics to prevent recurrent UTI and
kidney damage has been the standard of care for many children
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Figure 65.3 Interventions to prevent recurrent UTI in children with VUR.
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with VUR. A recent systematic review highlighted the very weak
basis for this practice [91]. Two trials, of 247 children, found no
significant difference in risk of UTI or of renal parenchymal ab-
normality between the antibiotic group and the surveillance group
[92,93] (Figure 65.3). Six trials compared ureteric reimplanta-
tion by open surgery plus antibiotic prophylaxis with antibiotic
prophylaxis alone, and two trials compared subureteric injection
plus antibiotics with antibiotics alone. Combining these studies
demonstrates that the risks of UTI at 1–2 and 5 years (Figure 65.3)
and of new or progressive renal parenchymal abnormality at 5 years
are not significantly different between the surgery plus antibiotic
groups compared to the antibiotics-alone group (RR of new renal
parenchymal damage at 5 years, 1.09; 95% CI, 0.79–1.49; RR of
progression of renal parenchymal damage at 5 years, 0.99; 95%
CI, 0.69–1.42). The only difference was a lower risk (RR, 0.43;
95% CI, 0.27–0.70) of febrile UTI over 5 years in the surgery plus
antibiotic group. This means that nine children would undergo
surgery and take prophylactic antibiotics to prevent one febrile
UTI over 5 years. In 2006, 10-year follow-up data on 252 of an
original group of 306 trial participants were published [94]. These
data showed that renal growth, UTI recurrence, somatic growth,
and renal function did not differ between the antibiotic and the
surgery plus antibiotic groups.

Two trials compared different subureteric injection substances,
and numerous case series of this intervention have been published
[91,95]. Common to most of these studies is the absence of the
clinically relevant outcome, symptomatic UTI. Case series suggest
subureteric injection frequently resolves the physical abnormality,
VUR, but the effect on recurrence of UTI is not known. In sum-
mary, the trial data that support the use of prophylactic antibiotics,
reimplantation surgery, and subureteric injection to prevent recur-
rent UTI in children with VUR is weak and inconclusive. Given
that the risk of harm for no treatment is small, interventions to
prevent recurrence of infection after first UTI are unjustifiable.

Urinary incontinence

Definition, clinical presentation, and diagnostic tests
Urinary incontinence may present as nocturnal enuresis, daytime
incontinence, or both.

Nocturnal enuresis
Nocturnal enuresis is the involuntary loss of urine at night in the
absence of organic disease by the developmental age of 5 years [96].
Nocturnal enuresis is classified as primary (no consistent night
dryness) or secondary (bedwetting after a previous dry period of
at least 6 months). It is also classified as monosymptomatic (with
no daytime urinary symptoms) or non-monosymptomatic.

Epidemiology
Nocturnal enuresis occurs in up to 20% of school-aged children,
with 2.4% wetting at least nightly [97]. The prevalence is ap-
proximately 20% in 5-year-olds, 10% in 10-year-olds, and 3%

in 15-year-olds [98]. Younger children tend to outgrow noctur-
nal enuresis, with a spontaneous remission rate of approximately
14% annually, while 3% remain enuretic as adults [98]. Nocturnal
enuresis is more common in boys.

Risk factors
The etiology of nocturnal enuresis is a complex interaction of
genetic and environmental factors. Secondary nocturnal enuresis
is likely to be associated with recognizable psychological or organic
causes. Non-monosymptomatic nocturnal enuresis (with daytime
urinary symptoms) suggests an underlying bladder dysfunction
[99,100].

Reported risk factors for primary nocturnal enuresis include
nocturnal polyuria and a deranged circadian rhythm of antid-
iuretic hormone (ADH) [101], defects in sleep arousal [102],
nocturnal detrusor overactivity with reduced functional bladder
capacity [103], upper airway obstruction [104], and sleep ap-
nea [105]. Nocturnal enuresis has also been linked to chromo-
somes 8, 12, 13, and 22 with an autosomal dominant inheritance
[98]. Risk factors for secondary nocturnal enuresis include UTIs
(which may cause temporary detrusor and/or urethral instability),
diabetes mellitus and insipidus, stress, sexual abuse, and other
psychopathology. Risk factors for both primary and secondary
nocturnal enuresis include constipation [106], attention deficit
hyperactivity disorder [107], and developmental delay and other
neurological dysfunction [108]. Reported risk factors for non-
monosymptomatic nocturnal enuresis are the same as those for
daytime incontinence.

Assessment and investigation
Thorough history taking (from child and parents) and physical
examination are essential for differentiating the type of noctur-
nal enuresis and directing management. Few investigations are
required for children with monosymptomatic nocturnal enuresis.
A urine culture to exclude UTI is recommended [109].

Management
Timing of when to seek treatment for bedwetting should be de-
termined by the age of the child (at least 7 years), the severity of
symptoms, and the child’s level of concern. There are a number
of Cochrane systematic reviews on the management of nocturnal
enuresis (Table 65.3). First-line treatment for monosymptomatic
nocturnal enuresis is the enuresis alarm, which is activated by
micturition. Common alarm types include the bell and pad alarm
(where a large mat is placed on the bed) and a personal alarm
(which is clipped onto the child’s underpants). There is insuffi-
cient evidence to draw conclusions on the relative effectiveness
of the different types of alarms, but children generally prefer a
personal alarm to a bell and pad alarm, and alarms using elec-
tric shock are unacceptable to children (Figure 65.4). Alarms are
commonly used until 14 consecutive dry nights are achieved, with
treatment beyond 16 weeks being unlikely to produce a cure [110].
Two-thirds of children become dry during alarm training (RR for
failure, 0.38; 95% CI, 0.33–0.45), and one-half maintain dryness
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Table 65.3 Evidence ratings and recommendations for treatment of nocturnal enuresis.

Overall evidence rating
Existing systematic

Intervention reviews Moderate Low Comment Recommendationa Comments

Enuresis alarm vs no
treatment

� � I Alarms more effective than no treatment;
insufficient evidence to compare different types
of alarms (e.g. bed or personal alarms); alarms
using electric shock not acceptable

Enuresis alarm vs
desmopressin

� � I Alarms and desmopressin equally effective;
desmopressin more immediate effect than
alarm, but alarm more prolonged effect
compared with desmopressin

Overlearning with alarm
training

� � Few studies,
poor quality

II Lower relapse rates after alarm training with
overlearning

Desmopressin vs no
treatment

� � II Desmopressin more effective than no treatment

Tricyclics � � Not recommended Risk of significant side effects in children;
treatment no longer recommended

Other drugs � � III Although some other drugs more effective than
no treatment, there is insufficient evidence to
recommend use of other drugs

Behavioral interventions � � Few studies II Some simple methods such as rewards, lifting,
and waking worked better than no treatment,
but not as effective as alarm training; penalties
reduced likelihood of success

Complementary
therapies

� � Poor quality III Weak evidence to support hypnosis,
psychotherapy, acupuncture, and chiropractic
adjustment

Combination therapy � � Few studies II Uncertainty whether combination therapy may
be more effective than alarm alone

a I, recommend; II, suggest; III, evidence does not support a recommendation.

after completion of treatment compared with almost none after no
treatment (RR of failure or relapse, 0.56; 95% CI, 0.46–0.68) [111].
Relapse can be halved, from about 50% to about 25%, with “over-
learning” with extra bedtime fluids while continuing alarm train-
ing after initial success (RR, 1.92; 95% CI, 1.27–2.92) [112,113].

Desmopressin (an ADH analog) is a second-line therapy and
is effective in 60% of children with monosymptomatic nocturnal
enuresis. Desmopressin has a more immediate effect (RR, 0.71;
95% CI, 0.50–0.99) (Figure 65.5) and can be used for short-
term overnight sleep-overs, but it has limited sustained effect
compared with alarm training (RR, 0.27; 95% CI, 0.11–0.69)
(Figure 65.6).

Although tricyclics and related drugs are effective in about
20% of cases, they are no longer recommended for the treatment
of nocturnal enuresis because of their potentially serious car-
diotoxic adverse effects [114,115]. In children with upper airway
obstruction, treatment of the obstruction may improve nocturnal
enuresis [116].

Although other therapies are often more effective than no treat-
ment, studies comparing alarms to other therapies, including

other pharmacological interventions [117], behavior interven-
tions (such as reward systems, bladder training, lifting, and sched-
uled wakening) [118, 119], fluid deprivation, and complementary
therapies such as hypnosis, psychotherapy, acupuncture, and chi-
ropractic [111], were either inconclusive or showed alarm therapy
to be superior. However, supplementing alarm therapy with other
behavior interventions, such as dry bed training, reduced the re-
lapse rate from 63% to 27% (RR, 2.0; 95% CI, 1.25–3.20), whereas
penalties after wetting appear to reduce success [111].

For nonresponders to monotherapy with alarm or desmo-
pressin, combination therapy with alarm and desmopressin can
be tried [99]. Although combination therapy decreased the initial
number of wet nights, success rates while on treatment or after
treatment were not significantly different from alarm alone [111].
Antimuscarinics (oxybutynin) can be added to desmopressin in
those who do not respond to monotherapy [120], although there
is insufficient evidence to assess the effectiveness of this treatment.

Children with non-monosymptomatic enuresis should be
treated for their daytime incontinence before addressing their noc-
turnal enuresis, as treatment failure rates for nocturnal enuresis
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Review:            Alarm interventiions for noctumal enuresis in children 
Comparison:    01 ALARM vs CONTROL 
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Figure 65.4 Alarm versus control for nocturnal enuresis in children.

are higher in the presence of daytime symptoms and nocturnal
enuresis sometimes resolves with treatment of daytime symptoms
alone [109].

Daytime urinary incontinence
Epidemiology
Daytime urinary incontinence is defined as any uncontrollable
leakage of urine during the daytime [99]. Becoming continent

usually occurs between 2 and 3 years of age, with most children
achieving full bladder control by the age of 4.

Prevalence
Daytime urinary incontinence is more common in girls than in
boys [121–124]: 6% of girls compared to 4% of boys have at least
one episode of wetting in the previous 3 months, and 2% of 7-
year-old boys and 3% of 7-year-old girls wet every week [125].
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Figure 65.5 Desmopressin versus placebo for nocturnal enuresis in children.
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Review:            Desmopressin for noctumal enuresis in children 
Comparison:    05 DESMOPRESSIN VS PLACEBO 
Outcome:         01 Number of wet nights per week during treatment
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Figure 65.6 Alarm versus desmopressin for nocturnal enuresis in children.

Daytime urinary incontinence has been reported in 7% of boys
and 17% of girls in the 11- to 12-years age group, a difference that
is statistically significant [123]. The majority of these children wet
occasionally.

Risk factors
In most children the cause(s) for their daytime urinary conti-
nence is unknown. Daytime urinary incontinence is commonly
associated with other symptoms of bladder dysfunction (urgency,
frequency, squatting to prevent incontinence, or incomplete blad-
der emptying), with constipation, fecal soiling, attention deficit
hyperactivity disorder, and with UTI. From cross-sectional data,
likely risk factors for daytime incontinence are family history of
daytime incontinence, especially in the male lineage [126], low
birth weight [127], developmental delay [127], a frightening or
emotional stressful event [126], and psychiatric disorders [128].
One such study found that family history and emotional stres-
sors accounted for up to 60% of the attributable risk for day-
time incontinence in multivariate analysis [126]. None of these
studies had a longitudinal component, so determining causality is
difficult.

Natural history
Little is known about the natural history of daytime incontinence,
and more prospective longitudinal studies are necessary. One study
reported that daytime urinary incontinence decreased with age
when children from 5 to 9 years of age were followed [129]. A study

of 1176 healthy adolescent school children assessed the prevalence
of daytime urinary incontinence at two ages, 11–12 years and 15–
16 years [130]. This study reported prevalence rates of daytime
urinary incontinence of 12% at 11–12 years and 3% at 15–16
years. A Swedish cohort study reported that the point prevalence
of daytime urinary incontinence decreased in girls from 6% at age
7 to 4% at age 17 [131].

Assessment
According to the recommendations of the International Children’s
Continence Society [99], initial assessment of daytime inconti-
nence should include history taking, physical examination, and
urinalysis to detect anatomical or neurological abnormalities, UTI,
and diabetes mellitus. Noninvasive diagnostic investigations in-
volve a frequency volume chart, which gives a detailed recording
of fluid intake and urine output over a 24-h period, a 12-h pad
test, which evaluates the quantity of urine lost, plain X-ray of the
abdomen to quantify the grade of constipation, assessment of uri-
nary flow patterns, and ultrasound of the upper and lower urinary
tracts. Ultrasound of the urinary tract is an important noninvasive
test to identify children who have renal tract abnormalities, resid-
ual urine, or thickening of the bladder wall. Based on the results of
these tests, other invasive procedures, such as VCUG, urodynam-
ics, renal scans, or intravenous urography or cystourethroscopy,
may be required. Urodynamic investigations are invasive and usu-
ally performed on children who do not respond to conservative
treatments, such as bladder training, education about how and
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Table 65.4 Evidence rating and recommendations for treatment of daytime urinary incontinence.

Overall evidence rating
Existing systematic

Intervention reviews Moderate Low Comment Recommendationa Comments

Bladder training None • No available RCT I Noninvasive technique that offers effective
first-line treatment and is less costly

Oxybutynin vs
biofeedback

1 • 1 RCT II Adequately powered trial required to reveal
effectiveness of intervention

Oxybutynin vs
placebo

1 • 1 RCT II Adequately powered trial required to reveal
effectiveness of intervention

Imipramine vs
placebo

1 • 1 RCT Not recommended Historical interest only due to its side effects

Terodiline vs placebo 1 • 2 RCTs Not recommended Withdrawn due to serious cardiac side
effects, hence historical interest only

Tolterodine vs
placebo

None • 2 large RCTs; limited
evidence in children;
reduction in wetting
episodes and fewer side
effects noted compared
to oxybutynin

II 2 large RCTs did not show a difference in
efficacy between the two treatment arms

Biofeedback vs
standard therapy

1 • 1 RCT II Adequately powered trial required to reveal
effectiveness of intervention

Electrical stimulation None • Insufficient data
available

II Controlled trials needed to test efficacy of
this treatment

Alarm treatment 1 • 1 RCT comparing
contingent and with a
noncontingent alarm

II Adequately powered trial required; with
current evidence does not appear useful for
daytime incontinence

a I, recommend; II, suggest, III, evidence does not support a recommendation.

when to void, treatment of constipation, and management of
UTI.

Management of daytime urinary incontinence
Bladder training is the first-line therapy for the management of
daytime urinary incontinence, but the evidence about the efficacy
of this treatment is variable [99]. Bladder training is a behavior
therapy in which rehabilitation of the bladder and pelvic floor
muscles is applied using different modalities, such as explanation
and instructions for timed toileting [99]. When conservative treat-
ment is not successful, more active treatments, including pharma-
cotherapy, pelvic floor muscle relaxation techniques, biofeedback,
and electrical stimulation, are introduced.

Pharmacotherapy involves the use of antimuscarinics, which re-
duce detrusor overactivity. Oxybutynin has been shown to reduce
daytime incontinence in uncontrolled studies. The randomized
controlled study that compared oxybutynin with biofeedback and
placebo did not show any decrease in the proportion of children
with no improvement in the frequency of daytime incontinence
after either biofeedback or oxybutynin treatment [132]. Side ef-
fects (headache, blurred vision, constipation, dry mouth, flushed

cheeks, and incomplete bladder emptying) limit adherence. Other
commonly used antimuscarinics include propantheline bromide
and tolterodine. Recent studies, including two large randomized
controlled studies, have shown that tolterodine is safe in children
and has fewer side effects than oxybutynin [133,134]. Other drug
therapies include imipramine and terodiline. The results of the
imipramine trial showed that there was no significant increase in
maximum functional bladder capacity [135]. Although the two
terodiline trials [136,137] showed a small decrease (0.5–0.8) in the
frequency of daily incontinent episodes compared with placebo,
it is no longer used due to serious cardiac side effects. Table 65.4
summarizes the evidence for management of daytime urinary in-
continence.

Several other interventions have been inadequately evaluated
to allow recommendation. One randomized clinical trial evalu-
ated the use of a contingent alarm (sounded when the children
wet) versus a noncontingent alarm (sounded at intermittent in-
tervals) and showed no difference in the proportion of children
with persistent daytime wetting in the two alarm groups (RR, 0.67;
95% CI, 0.29–1.56) [138]. Many uncontrolled studies suggest that
biofeedback using electromyograms may be a useful treatment for
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daytime urinary incontinence [139,140]. Similarly, oxybutynin
with biofeedback may also be a useful intervention [141]. Neuro-
muscular electrical stimulation is an invasive, experimental treat-
ment modality and can be used to stimulate the pelvic floor or the
detrusor muscle [142,143].

Conclusions

UTI, VUR, nocturnal enuresis, and daytime incontinence are com-
mon problems in pediatric patients. Diagnosis and management
can be controversial and difficult. Evidence supporting clinical
practice is frequently suboptimal in quality or absent, and clini-
cians increasingly require critical appraisal skills to determine what
evidence should be utilized and which should be ignored.

References

1 Verrier JK, Asscher AW, Verrier Jones ER, Mattholie K, Leach K,

Thomson GM. Glomerular filtration rate in schoolgirls with covert

bacteriuria. Br Med J Clin Res Ed 1982; 285: 1307–1310.

2 Cardiff-Oxford Bacteriuria Study Group. Sequelae of covert bacteriuria

in schoolgirls. Lancet 1978; i: 889–893.

3 Al-Orifi F, McGillivray D, Tange S, Kramer MS. Urine culture from bag

specimens in young children: are the risks too high? J Pediatr 2000; 137:

221–226.

4 Whiting P, Westwood M, Watt I, Cooper J, Kleijnen J. Rapid tests and

urine sampling techniques for the diagnosis of urinary tract infection

(UTI) in children under five years: a systematic review. BMC Pediatr

2005; 5: 4.

5 Hellstrom A, Hanson E, Hansson S, Hjalmas K, Jodal U. Association

between urinary symptoms at 7 years old and previous urinary tract

infection. Arch Dis Child 1991; 66: 232–234.

6 Slater M, Krug SE. Evaluation of the infant with fever without source:

an evidence based approach. Emergency Med Clin North Am 1999; 17:

97–126.

7 Trainor JL, Hampers LC, Krug SE, Listernick R. Children with first-time

simple febrile seizures are at low risk of serious bacterial illness. Acad

Emergency Med 2001; 8: 781–787.

8 Hoberman A, Chao HP, Keller DM, Hickey R, Davis HW, Ellis D. Preva-

lence of urinary tract infection in febrile infants. J Pediatr 1993; 123:

17–23.

9 Wiswell TE, Roscelli JD. Corroborative evidence for the decreased inci-

dence of urinary tract infections in circumcised male infants. Pediatrics

1986; 78: 96–99.

10 Fussell EN, Kaack MB, Cherry R, Roberts JA. Adherence of bacteria to

human foreskins. J Urol 1988; 140: 997–1001.

11 Roberts JA. Factors predisposing to urinary tract infections in children.

Pediatr Nephrol 1996; 10: 517–522.

12 Cox CE, Hinman EJ. Experiments with induced bacteriuria, vesical

emptying and bacterial growth on the mechanism of bladder defense

to infection. J Urol 1961; 86: 739–748.

13 Lichodziejewska-Niemierko M, Topley N, Smith C, Verrier-Jones K,

Williams JD. P1 blood group phenotype, secretor status in patients

with urinary tract infections. Clin Nephrol 1995; 44: 376–379.

14 Jantausch BA, Criss VR, O’Donnell R, Wiedermann BL, Majd M,

Rushton et al. Association of Lewis blood group phenotypes with uri-

nary tract infection in children. J Pediatr 1994; 124: 863–868.

15 Albarus MH, Salzano FM, Goldraich NP. Genetic markers and acute

febrile urinary tract infection in the 1st year of life. Pediatr Nephrol

1997; 11: 691–694.

16 Winberg J, Bollgren I, Jacobson S, Kallenius G, Mollby R, Roberts JA

et al. Host-bacteria interactions in the pathogenesis of urinary tract

infections. Acta Paediatr Jpn 1986; 28: 129–147.

17 Panaretto K, Craig JC, Knight JF, Howman-Giles R, Sureshkumar P,

Roy LP. Risk factors for recurrent urinary tract infection in preschool

children. J Paediatr Child Health 1999; 35: 454–459.

18 Travis LB, Brouhard BH. Infections of the urinary tract. Prentice Hall

International, Stamford, CT, 1996.

19 Hsiao AL, Chen L, Baker D. Incidence and predictors of serious bacterial

infections among 57–180 day old infants. Pediatrics 2006; 117: 1695.

20 Pantell RH, Newman TB, Bernzweig J, Bergman DA, Takayama JI, Segal

M et al. Management and outcomes of care of fever in early infancy.

JAMA 2004; 291: 1203–1212.

21 Navarro M, Espinosa L, de las Heras JA, Garcia Meseguer MC, Pena

MC, Larrauri M. Symptomatic urinary infection in infants less than 4

months old: outcome in 129 cases. An Esp Peditr 1984; 21: 564–572.

22 Garcia FJ, Nager AL. Jaundice as an early diagnostic sign of urinary tract

infection in infancy. Pediatrics 2002; 109: 846–851.

23 Bloomfield P, Hodson EM, Craig JC. Antibiotics for acute pyelonephritis

in children. Cochrane Database Syst Rev 2003; 3: CD003772. (Updated

in Cochrane Database Syst Rev 2005; 1: CD003772.)

24 Keren R, Chan E. A meta-analysis of randomized, controlled trials com-

paring short- and long-course antibiotic therapy for urinary tract in-

fections in children. Pediatrics 2002; 109: E70.

25 Michael M, Hodson EM, Craig JC, Martin S, Moyer VA. Short versus

standard duration oral antibiotic therapy for acute urinary tract infec-

tion in children. Cochrane Database Syst Rev 2003; 1: CD003966.

26 Tran D, Muchant DG, Aronoff SC. Short-course versus conventional

length antimicrobial therapy for uncomplicated lower urinary tract in-

fections in children: a meta-analysis of 1279 patients. J Pediatr 2001;

139: 93–99.

27 Williams GJ, Lee A, Craig JC. Long-term antibiotics for preventing

recurrent urinary tract infection in children. Cochrane Database Syst

Rev 2006; 3: CD001534.

28 Savage DC, Howie G, Adler K, Wilson MI. Controlled trial of therapy

in covert bacteriuria of childhood. Lancet 1975; i: 358–361.

29 Lohr JA, Nunley DH, Howards SS, Ford RF. Prevention of recurrent

urinary tract infections in girls. Pediatrics 1977; 59: 562–565.

30 Stansfeld JM. Duration of treatment for urinary tract infections in chil-

dren. Br Med J 1975; 3: 65–66.

31 Smellie JM, Katz G, Gruneberg RN. Controlled trial of prophylactic

treatment in childhood urinary tract infection. Lancet 1978; ii: 175–

178.

32 Montini G, Rigon L, Gobber D, Zucchetta P, Murer L, Calderan A et al.

A randomised controlled trial of antibiotic prophylaxis in children with

a previous documented pyelonephritis. Pediatr Nephrol 2004; 19(9):

70.

33 Carlsen NL, Hesselbjerg U, Glenting P. Comparison of long-term, low-

dose pivmecillinam and nitrofurantoin in the control of recurrent uri-

nary tract infection in children. An open, randomized, cross-over study.

J Antimicrob Chemother 1985; 16: 509–517.

34 Brendstrup L, Hjelt K, Petersen KE, Petersen S, Andersen EA, Daugbjerg

PS et al. Nitrofurantoin versus trimethoprim prophylaxis in recurrent

759



BLBK043-Molony September 12, 2008 16:52

Part 10 Pediatrics

urinary tract infection in children. A randomized, double-blind study.

Acta Paediatr Scand 1990; 79: 1225–1234.

35 Lettgen B, Troster K. Prophylaxis of recurrent urinary tract infections

in children. Results of an open, controlled, randomised study about

the efficacy and tolerance of cefixime compared to nitrofurantoin. Klin

Padiatrie 2002; 214: 353–358.

36 Jepson RG, Mihaljevic L, Craig J. Cranberries for preventing uri-

nary tract infections. Cochrane Database Syst Rev 2004; 1: CD001321.

(update of Cochrane Database Syst Rev 2004; 1: CD001321.)

37 Bauer HW, Rahlfs VW, Lauener PA, Blessmann GS. Prevention of re-

current urinary tract infections with immuno-active E. coli fractions:

a meta-analysis of five placebo-controlled double-blind studies. Int J

Antimicrob Agents 2002; 19: 451–456.

38 Dani C, Biadaioli R, Bertini G, Martelli E, Rubaltelli FF. Probiotics

feeding in prevention of urinary tract infection, bacterial sepsis and

necrotizing enterocolitis in preterm infants: a prospective double-blind

study. Biol Neonate 2002; 82(2): 103–108.

39 Singh-Grewal D, Macdessi J, Craig JC. Circumcision for the prevention

of urinary tract infection in boys: a systematic review of randomised

trials and observational studies. Arch Dis Child 2005; 90: 853–858.

40 American Academy of Pediatrics, Committee on Quality Improvement,

Subcommittee on Urinary Tract Infection. Practice parameter: the di-

agnosis, treatment, and evaluation of the initial urinary tract infection

in febrile infants and young children Pediatrics 1999; 103(4): 843–852

41 Guidelines for the management of acute urinary tract infection in child-

hood. Report of a Working Group of the Research Unit, Royal College

of Physicians. J R Coll Physicians Lond 1991; 25: 36–42.

42 Westwood ME, Whiting PF, Cooper J, Watt IS, Kleijnen J. Further inves-

tigation of confirmed urinary tract infection (UTI) in children under

five years: a systematic review. BMC Pediatr 2005; 5: 2.

43 Williams G, Sureshkumar P, Chan S, Macaskill P, Craig JC. Ordering

of renal tract imaging by pediatricians after urinary tract infection.

J Paediatr Child Health 2007; 43: 271–279.

44 Lebowitz RL, Olbing H, Parkkulainen KV, Smellie JM, Tamminen-

Mobius TE. International system of radiographic grading of vesi-

coureteric reflux. International Reflux Study in Children. Pediatr Radiol

1985; 15(2): 105–109.

45 Craig JC, Irwig LM, Knight JF, Sureshkumar P, Roy LP. Symptomatic

urinary tract infection in preschool Australian children. J Paediatr Child

Health 1998; 34(2): 154–159.

46 Chand DH, Rhoades T, Poe SA, Kraus S, Strife CF. Incidence and sever-

ity of vesicoureteral reflux in children related to age, gender, race and

diagnosis. J Urol 2003; 170: 1548–1550.

47 Cleper R, Krause I, Eisenstein B, Davidovits M. Prevalence of vesi-

coureteral reflux in neonatal urinary tract infection. Clin Pediatr

(Philadelphia) 2004; 43: 619–625.

48 Siegel SR, Siegel B, Sokoloff BZ, Kanter MH. Urinary infection in in-

fants and preschool children. Five-year follow-up. Am J Dis Child 1980;

134(4): 369–372.

49 Eccles MR, Jacobs GH. The genetics of primary vesico-ureteric reflux.

Ann Acad Med Singapore 2000; 29(3): 337–345.

50 Mak RH, Kuo HJ. Primary ureteral reflux: emerging insights from

molecular and genetic studies. Curr Opin Pediat 2003; 15: 181–185.

51 Lama G, Russo M, De Rosa E, Mansi L, Piscitelli A, Luongo I et al.

Primary vesicoureteric reflux and renal damage in the first year of life.

Pediatr Nephrol 2000; 15: 205–210.

52 Hassan JM, Pope JC, Brock JW, III, Adams MC. Vesicoureteral reflux in

patients with posterior urethral valves. J Urol 2003; 170(4 Pt 2): 1677–

1680.

53 Kass EJ, Koff SA. The management of vesicoureteral reflux in children

with neurogenic bladders. Zeitschrift Kinderchirurgie 1981; 34(4): 379–

383.

54 Puri P, Kumar R. Endoscopic correction of vesicoureteral reflux sec-

ondary to posterior urethral valves. J Urol 1996; 156(2 Pt 2): 680–

682.

55 Upadhyay J, Bolduc S, Braga L, Farhat W, Bagli DJ, McLorie GA et al. Im-

pact of prenatal diagnosis on the morbidity associated with ureterocele

management. J Urol 2002; 167(6): 2560–2565.

56 Ahmed S. Vesico-ureteric reflux in Down’s syndrome: poor prognosis.

Aust N Z J Surg 1990; 60(2): 113–116.

57 Chou IC, Tsai FJ, Yu MT, Tsai CH. Smith-Magenis syndrome with bi-

lateral vesicoureteral reflux: a case report. J Formosan Med Assoc 2002;

101(10): 726–728.

58 Grisaru S, Ramage IJ, Rosenblum ND. Vesicoureteric reflux associated

with renal dysplasia in the Wolf-Hirschhorn syndrome. Pediatr Nephrol

2000; 14(2): 146–148.

59 Yildizdas D, Antmen B, Bayram I, Yapicioglu H. Klippel-Trenaunay-

Weber syndrome with hydronephrosis and vesicoureteral reflux: an un-

usual association. Turk J Pediatr 2002; 44(2): 180–182.

60 Ichikawa I, Kuwayama F, Pope JC, Stephens FD, Miyazaki Y. Paradigm

shift from classic anatomic theories to contemporary cell biological

views of CAKUT. Kidney Int 2002; 61(3): 889–898.

61 Miyazaki Y, Ichikawa I. Ontogeny of congenital anomalies of the kidney

and urinary tract, CAKUT. Pediatr Int 2003; 45: 598–604.

62 Godley ML, Desai D, Yeung CK, Dhillon HK, Duffy PG, Ransley PG.

The relationship between early renal status, and the resolution of vesico-

ureteric reflux and bladder function at 16 months. BJU Int 2001; 87(6):

457–462.

63 Smellie JM, Prescod NP, Shaw PJ, Risdon RA, Bryant TN. Childhood

reflux and urinary infection: a follow-up of 10–41 years in 226 adults.

Pediatr Nephrol 1998; 12(9): 727–736.

64 Goonasekera CD, Shah V, Wade AM, Barratt TM, Dillon MJ. 15-year

follow-up of renin and blood pressure in reflux nephropathy. Lancet

1996; 347(9002): 640–643.

65 Gordon I, Barkovics M, Pindoria S, Cole TJ, Woolf AS. Primary vesi-

coureteric reflux as a predictor of renal damage in children hospitalized

with urinary tract infection: a systematic review and meta-analysis.

J Am Soc Nephrol 2003; 14(3): 739–744.

66 Hampel N, Levin DR, Gersh I. Bilateral vesico-ureteral reflux with

pyelonephritis in identical twins. Br J Urol 1975; 47(5): 535–537.

67 Noe HN, Wyatt RJ, Peeden JN, Jr., Rivas ML. The transmission of vesi-

coureteral reflux from parent to child. J Urol 1992; 148: 1869–1871.

68 Fried K, Yuval E, Eidelman A, Beer S. Familial primary vesicoureteral

reflux. Clin Genet 1975; 7: 144–147.

69 Connolly LP, Treves ST, Connolly SA, Zurakowski D, Share JC, Bar-

Sever Z et al. Vesicoureteral reflux in children: incidence and severity in

siblings. J Urol 1997; 157(6): 2287–2290.

70 Wan J, Greenfield SP, Ng M, Zerin M, Ritchey ML, Bloom D. Sibling

reflux: a dual center retrospective study. J Urol 1996; 156(2 Pt 2): 677–

679.

71 Kaefer M, Curran M, Treves ST, Bauer S, Hendren WH, Peters CA et al.

Sibling vesicoureteral reflux in multiple gestation births. Pediatrics 2000;

105(4 Pt 1): 800–804.

72 Noe HN. The long-term results of prospective sibling reflux screening.

J Urol 1992; 148: 1739–1742.

73 Devriendt K, Groenen P, Van Esch H, van Dijck M, Van de Ven W, Fryns

JP et al. Vesico-ureteral reflux: a genetic condition? Eur J Pediatr 1998;

157: 265–271.

760



BLBK043-Molony September 12, 2008 16:52

Chapter 65 UTI, VUR, and Incontinence

74 Chapman CJ, Bailey RR, Janus ED, Abbott GD, Lynn KL. Vesicoureteric

reflux: segregation analysis. Am J Med Genet 1985; 20: 577–584.

75 Malaga S, Santos F, Nuno F, Fernandez TJ, Matesanz JL, Crespo M.

Familial vesicoureteral reflux. An Esp Pediatr 1979; 12: 493–500.

76 Lewy PR, Belman AB. Familial occurrence of nonobstructive, nonin-

fectious vesicoureteral reflux with renal scarring. J Pediatr 1975; 86:

851–856.

77 Frye RN, Patel HR, Parsons V. Familial renal tract abnormalities and

cortical scarring. Nephron 1974; 12(3): 188–196.

78 Middleton GW, Howards SS, Gillenwater JY. Sex-linked familial reflux.

J Urol 1975; 114(1): 36–39.

79 Tobenkin MI. Hereditary vesicoureteric reflux. South Med J 1964; 57:

139–147.

80 Feather SA, Malcolm S, Woolf AS, Wright V, Blaydon D, Reid CJ et al.

Primary, nonsyndromic vesicoureteric reflux and its nephropathy is

genetically heterogeneous, with a locus on chromosome 1. Am J Hum

Genet 2000; 66(4): 1420–1425.

81 Heale WF. Hereditary vesicoureteric reflux: phenotypic variation and

family screening. Pediatr Nephrol 1997; 11: 504–507.

82 Ismaili K, Hall M, Piepsz A, Wissing KM, Collier F, Schulman C et al.

Primary vesicoureteral reflux detected in neonates with a history of fetal

renal pelvis dilatation: a prospective clinical and imaging study. J Pediatr

2006; 148: 7.

83 Lim DM, Park J-Y, Kim JH, Paick SH, Oh S-J, Choi H. Clinical char-

acteristics and outcomes of hydronephrosis detected by prenatal ultra-

sonography. J Korean Med Sci 2003; 18: 859–862.

84 Hiraoka M, Kasuga K, Hori C, Sudo M. Ultrasonic indicators of ureteric

reflux in the newborn. Lancet 1994; 343: 519–520.

85 Chertin B, Puri P. Familial vesicoureteral reflux. J Urol 2003; 169: 1804–

1808.

86 Craig JC, Irwig LM, Knight JF, Roy LP. Does treatment of vesicoureteric

reflux in childhood prevent end-stage renal disease attributable to reflux

nephropathy? Pediatrics 2000; 105(6): 1236–1241.

87 Fenton S, Desmeules M, Copleston P, Arbus G, Froment D, Jeffery J

et al. Renal replacement therapy in Canada: a report from the Canadian

Organ Replacement Register. Am J Kidney Dis 1995; 25(1): 134–150.

88 Broyer M, Chantler C, Donckerwolcke R, Ehrich JH, Rizzoni G, Scharer

K. The paediatric registry of the European Dialysis and Transplant As-

sociation: 20 years’ experience. Pediatr Nephrol 1993; 7(6): 758–768.

89 Gusmano R, Perfumo F. Worldwide demographic aspects of chronic

renal failure in children. Kidney Int Suppl 1993; 41: S31–S35.

90 Incidence and prevalence of ESRD. Am J Kidney Dis 1999; 34(2 Suppl

1): S40–S50.

91 Wheeler D, Vimalachandra D, Hodson EM, Roy LP, Smith G, Craig

JC. Antibiotics and surgery for vesicoureteric reflux: a meta-analysis of

randomised controlled trials. Arch Dis Child 2003; 88: 688–694.

92 Reddy PP, Evans MT, Hughes PA, Dangman B, Cooper J, Lepow ML

et al. Antimicrobial prophylaxis in children with vesico-ureteral reflux:

a randomized prospective study of continuous therapy vs intermittent

therapy vs surveillance. Pediatrics 1997; 100(Suppl): 555–556.

93 Garin EH, Olavarria F, Garcia Nieto V, Valenciano B, Campos A, Young

L. Clinical significance of primary vesicoureteralreflux and urinary an-

tibiotic prophylaxis after acute pyelonephritis: a multicenter, random-

ized, controlled study. Pediatrics 2006; 117: 626–632.

94 Jodal U, Smellie JM, Lax H, Hoyer PF. Ten-year results of randomised

treatment of children with severe vesicoureteral reflux. Final report of

the International Reflux Study in Children. Pediatr Nephrol 2006; 21:

785–792.

95 Elder JS, Diaz M, Caldamone AA, Cendron M, Greenfield SP, Hurwitz

R et al. Endoscopic therapy for vesicoureteral reflux: a meta-analysis. I.

Reflux resolution and urinary tract infection. J Urol 2006; 175: 716–722.

96 Pichot P. DSM-III: the 3rd edition of the Diagnostic and Statistical

Manual of Mental Disorders from the American Psychiatric Association.

Rev Neurol (Paris) 1986; 142(5): 489–499.

97 Bower WF, Moore KH, Shepherd RB, Adams RD. The epidemiology of

childhood enuresis in Australia. Br J Urol 1996; 78(4): 602–606.

98 Hunskaar S, Burgio K, Diokno A, Herzog AR, Hjalmas K, Lapitan MC.

Epidemiology and natural history of urinary incontinence in women.

Urology 2003; 62(4 Suppl 1): 16–23.

99 Nijman RJM, Butler R, Van Gool J, Yeung CK, Bauer W, Hjalmas K.

Conservative management of urinary incontinence in childhood. In:

Abrams P, Cardozo L, Khoury S, Wein A, editors. Incontinence. Health

Publication Ltd., Paris, 2002; 513–551.

100 Norgaard JP, van Gool JD, Hjalmas K, Djurhuus JC, Hellstrom AL.

Standardization and definitions in lower urinary tract dysfunction in

children. International Children’s Continence Society. Br J Urol 1998;

81(Suppl 3): 1–16.

101 Rittig S, Knudsen UB, Norgaard JP, Pedersen EB, Djurhuus JC. Ab-

normal diurnal rhythm of plasma vasopressin and urinary output in

patients with enuresis. Am J Physiol 1989; 256(4 Pt 2): F664–F671.

102 Kawauchi A, Imada N, Tanaka Y, Minami M, Watanabe H, Shirakawa

S. Changes in the structure of sleep spindles and delta waves on elec-

troencephalography in patients with nocturnal enuresis. Br J Urol 1998;

819(Suppl 3): 72–75.

103 Yeung CK, Sit FK, To LK, Chiu HN, Sihoe JD, Lee E et al. Reduction

in nocturnal functional bladder capacity is a common factor in the

pathogenesis of refractory nocturnal enuresis. BJU Int 2002; 90(3): 302–

307.

104 Weider DJ, Hauri PJ. Nocturnal enuresis in children with upper airway

obstruction. Int J Pediatr Otorhinolaryngol 1985; 9(2): 173–182.

105 Brooks LJ, Topol HI. Enuresis in children with sleep apnea. J Pediatr

2003; 142(5): 515–518.

106 O’Regan S, Yazbeck S, Hamberger B, Schick E. Constipation, a com-

monly unrecognized cause of enuresis. Am J Dis Child 1986; 140(3):

260–261.

107 Duel BP, Steinberg-Epstein R, Hill M, Lerner M. A survey of voiding

dysfunction in children with attention deficit-hyperactivity disorder. J

Urol 2003; 170(4 Pt 2): 1521–1523.

108 Jarvelin MR. Developmental history and neurological findings in

enuretic children. Dev Med Child Neurol 1989; 31(6): 728–736.

109 Hjalmas K, Arnold T, Bower W, Caione P, Chiozza LM, von Gontard A

et al. Nocturnal enuresis: an international evidence based management

strategy. J Urol 2004; 171(6 Pt 2): 2545–2561.

110 Forsythe WI, Redmond A. Enuresis and the electric alarm: study of 200

cases. Br Med J 1970; 1(690): 211–213.

111 Glazener CM, Evans JH, Cheuk DK. Complementary and miscellaneous

interventions for nocturnal enuresis in children. Cochrane Database Syst

Rev 2005; 2: CD005230.

112 Taylor PD, Turner RK. A clinical trial of continuous, intermittent and

overlearning ‘bell and pad’ treatments for nocturnal enuresis. Behav Res

Ther 1975; 13(4): 281–293.

113 Young GC, Morgan RT. Overlearning in the conditioning treatment

of enuresis: a long-term follow-up study. Behav Res Ther 1972; 10(4):

419–420.

114 Moulden A. Management of bedwetting. Aust Family Physician 2002;

31(2): 161–163.

761



BLBK043-Molony September 12, 2008 16:52

Part 10 Pediatrics

115 Glazener CM, Evans JH, Peto RE. Tricyclic and related drugs for noctur-

nal enuresis in children. Cochrane Database Syst Rev 2003; 3: CD002117.

116 Weider DJ, Hauri PJ. Nocturnal enuresis in children with upper airway

obstruction. Int J Pediatr Otorhinolaryngol 1985; 9(2): 173–182.

117 Glazener CM, Evans JH. Drugs for nocturnal enuresis in children

(other than desmopressin and tricyclics). Cochrane Database Syst Rev

2000; 3: CD002238. (Updated in Cochrane Database Syst Rev 2003; 4:

CD002238.)

118 Glazener CM, Evans JH. Simple behavioural and physical interventions

for nocturnal enuresis in children. Cochrane Database Syst Rev 2002; 2:

CD003637.

119 Glazener CM, Evans JH, Peto RE. Complex behavioural and educational

interventions for nocturnal enuresis in children. Cochrane Database Syst

Rev 2004; 1: CD004668.

120 Radvanska E, Kovacs L, Rittig S. The role of bladder capacity in an-

tidiuretic and anticholinergic treatment for nocturnal enuresis. J Urol

2006; 176(2): 764–769.

121 Bakker E, van Sprundel M, van der Auwera JC, van Gool JD, Wyndaele JJ.

Voiding habits and wetting in a population of 4,332 Belgian schoolchil-

dren aged between 10 and 14 years. Scand J Urol Nephrol 2002; 36(5):

354–362.

122 Lee SD, Sohn DW, Lee JZ, Park NC, Chung MK. An epidemiological

study of enuresis in Korean children. BJU Int 2000; 85(7): 869–873.

123 Swithinbank LV, Carr JC, Abrams PH. Longitudinal study of urinary

symptoms in children. Longitudinal study of urinary symptoms and

incontinence in local schoolchildren. Scand J Urol Nephrol Suppl 1994;

163: 67–73.

124 Meadow SR. Day wetting. Pediatr Nephrol 1990; 4(2): 178–184.

125 Hellstrom A-L, Hanson E, Hansson S, Hjalmas K, Jodal U. Micturition

habits and incontinence in 7-year-old Swedish school entrants. Eur J

Pediatr 1990; 149(6): 437.

126 Sureshkumar P, Craig JC, Roy LP, Knight JF. Daytime urinary inconti-

nence in primary school children: a population-based survey. J Pediatr

2000; 137(6): 814–818.

127 Jarvelin MR, Vikevainen-Tervonen I, Moilanen I, Hutteunen NP. Enure-

sis in seven-year-old children. Acta Paediatr Scand 1988; 77: 148–

153.

128 Kodman-Jones C, Hawkins L, Schulman SL. Behavioural characteristics

of children with daytime wetting. J Urol 2001; 166: 2392–2395.

129 McGee R, Makinson T, Williams S, Simpson A, Silva PA. A longitudinal

study of enuresis from five to nine years. Aust Paediatr J 1984; 20(1):

39–42.

130 Swithinbank LV, Brookes ST, Shepherd AM, Abrams P. The natural

history of urinary symptoms during adolescence. Br J Urol Suppl 1998;

81(3): 90–93.

131 Hellstrom A, Hanson E, Hansson S, Hjalmas K, Jodal U. Micturition

habits and incontinence at age 17: reinvestigation of a cohort studied at

age 7. Br J Urol 1995; 76(2): 231–234.

132 Sureshkumar P, Bower W, Craig JC, Knight JF. Treatment of daytime

urinary incontinence in children: a systematic review of randomized

controlled trials. J Urol 2003; 170(1): 196–200.

133 Ayan S, Kaya K, Topsakal K, Kilicarslan H, Gokce G, Gultekin Y. Effi-

cacy of tolterodine as a first-line treatment for non-neurogenic voiding

dysfunction in children. BJU Int 2005; 96(3): 411–414.

134 Bolduc S, Upadhyay J, Payton J, Bagli DJ, McLorie GA, Khoury AE et al.

The use of tolterodine in children after oxybutynin failure. BJU Int 2003;

91(4): 398–401.

135 Meadow R, Berg I. Controlled trial of imipranine in diurnal enuresis.

Arch Dis Child 1982; 57(9): 714–716.

136 Hellstrom AL, Hjalmas K, Jodal U. Terodiline in the treatment of chil-

dren with unstable bladders. Br J Urol 1989; 63(4): 358–362.

137 Elmer M, Norgaard JP, Djurhuus JC, Adolfsson T. Terodiline in the

treatment of diurnal enuresis in children. Scand J Primary Health Care

1988; 6(2): 119–124.

138 Halliday S, Meadow SR, Berg I. Successful management of daytime

enuresis using alarm procedures: a randomly controlled trial. Arch Dis

Child 1987; 62(2): 132–137.

139 Yamanishi T, Yasuda K, Murayama N, Sakakibara R, Uchiyama T, Ito H.

Biofeedback training for detrusor overactivity in children. J Urol 2000;

164(5): 1686–1690.

140 Dolezal J, Zenisek J. The results of the treatment of voiding dysfunction

by pelvic floor EMG biofeedback in children. Br J Urol 1997; 80(Suppl

2): 18.

141 van Gool JD, De Jong TPVM, Winkler-Seinstra P et al. A compari-

son of standard therapy, bladder rehabilitation with biofeedback, and

pharmacotherapy in children with non-neuropathic bladder sphinc-

ter dysfunction. 2nd Annual Meeting of the International Children’s

Continence Society, Denver, CO, 1999; 89.

142 Hoebeke P, De Paepe H. Percutaneous electrical nerve stimulation in

children with therapy resistant nonneuropathic bladder sphincter dys-

function: a pilot study. J Urol 2002; 168(6): 2605–2608.

143 Hoebeke P, Van Laecke E, Everaert K, Renson C, De Paepe H, Raes A et al.

Transcutaneous neuromodulation for the urge syndrome in children: a

pilot study. J Urol 2001; 166(6): 2416–2419.

762



BLBK043-Molony September 12, 2008 16:53

66 Epidemiology and General Management of
Childhood Idiopathic Nephrotic Syndrome

Nicholas J. A. Webb
Department of Nephrology, Royal Manchester Children’s Hospital, Manchester M27 4HA, UK

Introduction

Nephrotic syndrome develops when an abnormality of glomerular
permeability results in the development of heavy proteinuria, hy-
poalbuminemia, and generalized edema. The nephrotic syndrome
can occur in the course of many different glomerular diseases.
Nephrotic syndrome not associated with systemic disease is termed
primary or idiopathic nephrotic syndrome, and where it occurs as
part of a systemic disease or is related to a drug or other toxin it is
termed secondary nephrotic syndrome. The list of causes of child-
hood nephrotic syndrome is extensive (Table 66.1), although the
large majority of children have primary disease. Within this group,
two histological subgroups predominate: minimal change disease
(MCD) and focal segmental glomerulosclerosis (FSGS). There has
been debate whether these should be considered distinct entities
or whether they represent different ends of a single spectrum of
disease, as there have been reports of transformation from MCD
to FSGS histology [1]. In their typical presentation, they behave
differently in their response to steroid therapy and the likelihood
of progression to end-stage renal disease (ESRD). Furthermore,
recent advances in genetics have revealed that a substantial pro-
portion of children with FSGS have an underlying genetic basis
for their disease.

Biopsy studies in the 1970s reported MCD to be the predom-
inant cause of nephrotic syndrome, occurring in around 80% of
cases [2,3]. This is in contrast to adult series, where MCD accounts
for only around 25% of cases [4]. FSGS and mesangiocapillary
glomerulonephritis (MCGN) were responsible for the majority of
the remaining cases, along with a small number of cases of mem-
branous nephropathy (MN) and a variety of other histological
diagnoses [2,3]. Overall, 80% of children achieved remission with
a standard 8-week course of corticosteroid (prednisone or pred-
nisolone) therapy. Response varied according to histology, with

over 90% of children with MCD responding compared with only
17–30% of those with FSGS [3,5]. Of steroid-sensitive children,
91.8% had MCD and 8.2% had other histological diagnoses [5].
Consequently, the majority of children now receive an empiric
course of steroid therapy, with biopsy being reserved for those with
atypical presenting features (suggestive of non-MCD histology)
or where the child is steroid unresponsive. As such, most children
with nephrotic syndrome do not have a histological diagnosis but
are classified according to their steroid responsiveness: so-called
steroid-sensitive nephrotic syndrome (SSNS) and steroid-resistant
nephrotic syndrome (SRNS).

Epidemiology

Incidence
The incidence of childhood idiopathic NS is reported to be
around 2 cases/100,000 child population/year [6–10]. A recent
study in Yorkshire, UK, reported an incidence of 2.3 cases/100,000
patient-years in children below 15 years of age [11]. Of these,
2.0 cases/100,000 had SSNS and 0.3 cases/100,000 had SRNS. Al-
though the overall incidence of childhood nephrotic syndrome
has been relatively stable, the incidence of FSGS appears to be in-
creasing in children and adults [12–14], particularly in the African
American and Hispanic populations in the USA.

Gender
Nephrotic syndrome is more common in boys, with a male/female
ratio of 1.6:1 (1.7:1 for SSNS and 1.2:1 for SRNS) [11].

Age
The incidence of nephrotic syndrome and SSNS peaks in the 1- to
4-year-old age group (Table 66.2) [11]. In the International Study
of Kidney Diseases in Children (ISKDC), the median ages at pre-
sentation with MCD, FSGS, and MCGN were 3, 6, and 10 years,
respectively [2]. The age of the child at presentation is therefore
a strong predictor of the likely underlying cause of the nephrotic
syndrome. Children aged below 1 year generally have Finnish-type
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Table 66.1 Causes of childhood nephrotic syndrome.

Primary (idiopathic) nephrotic syndromes
MCD
FSGS
McGNa

MN
Genetic causes of nephrotic syndromes
Congenital nephrotic syndrome of Finnish type
FSGS
Diffuse mesangial sclerosis
Denys Drash syndrome
Frasier syndrome
Schimke immuno-osseous dysplasia
Secondary nephrotic syndromes
Systemic disease

Systemic lupus erythematosus
Henoch-Schoenlein purpura
Sickle cell disease
IgA nephropathy
Postinfectious glomerulonephritis

Infection
Hepatitis B and C
HIV/AIDS
Malaria
Syphilis
Toxoplasmosis

Drugs
Penicillamine
Gold
NSAIDsb

Pamidronate
Interferon
Mercury
Heroin
Lithium

Immunologic or allergic disorders
Castleman’s disease
Kimura’s disease
Bee sting
Allergy

Malignancy
Lymphoma
Leukemia

aMore commonly presents as an acute nephritic syndrome.
bNSAIDs, nonsteroidal anti-inflammatory agents.

congenital nephrotic syndrome, or variants thereof, congenital in-
fections, and a variety of genetic disorders (Table 66.1). This group
of disorders is outside the scope of this chapter.

Ethnic variation
The incidence of nephrotic syndrome and the underlying histolog-
ical causes vary among ethnic groups. The incidence of SSNS in the
UK South Asian population (Indian, Pakistani, and Bangladeshi) is
four to six times higher than in the UK white population [9,11,15]
(7.4 versus 1.6 per 100,000 children, respectively; P < 0.01). The

incidences in the Hungarian gypsy population, who migrated to
Europe from the Indian subcontinent, and in the Arab population
are also higher than in the white population [16,17]. The patterns
of histological disease and steroid sensitivity in Indian children
are similar to that seen in the ISKDC, and UK studies, and in
white South Africans [18–20]. In black Africans, fewer cases of
nephrotic syndrome are due to MCN [21–24]. Instead, the pre-
dominant causes are quartan malaria and MCGN in West Africa
and MN (predominantly hepatitis B-associated) in South Africa.
In the USA, African American and Hispanic children are more
likely to have steroid-resistant FSGS than white children [25], with
rates of FSGS as high as 69% in one series from Texas [13]. In this
series the incidence of FSGS had risen in African Americans, His-
panics, and whites from 23% before 1990 to 47% after 1990. The
differences in histological diagnoses between the different age and
ethnic groups were further exemplified in a biopsy study in a pre-
dominantly African American group of adolescents, of whom only
20–30% had MCD histology [26].

Genetics
SSNS is more common in first-degree relatives of affected indi-
viduals. Of 1877 children with nephrotic syndrome (excluding
congenital nephrotic syndrome), 63 (3.3%) had a positive family
history [27]. Idiopathic nephrotic syndrome has been reported in
identical twins [28]. Recent genetic family studies have identified a
possible locus for the so-called SSNS1 gene at 2p12-p13.2 [29]. The
congenital nephrotic syndromes are associated with mutations in
the NPHS1 (nephrin), NPHS2 (podocin), and WT-1 genes. Fa-
milial and sporadic SRNS may be associated with NPHS2 muta-
tions. Studies investigating children with SSNS have all failed to de-
tect evidence of homozygous or compound heterozygous NPHS2
mutations [30,31].

SSNS

Definitions
Commonly used definitions in idiopathic nephrotic syndrome are
shown in Table 66.3. These definitions are largely based upon those
used in the ISKDC studies.

Indications for renal biopsy in childhood idiopathic
nephrotic syndrome
Presenting episode
Because most children presenting with nephrotic syndrome will
be steroid responsive, a therapeutic trial of steroids without prior
biopsy is justified. Biopsy is generally restricted to those presenting
with atypical clinical and laboratory features, who are more likely
to have alternative histological diagnoses, such as MCGN or MN.
Atypical presenting features include age of <12 months (congen-
ital and infantile nephrotic syndrome), age of >16 years (adult
pattern of disease), family history of nephrotic syndrome, im-
paired renal function unresponsive to volume correction, persis-
tent hypertension, macroscopic hematuria, low C3, and evidence
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Table 66.2 Nephrotic syndrome in Yorkshire, UK,
1987–1998. All primary

SSNS SRNS nephrotic syndromes

Age group Incidencea 95% CI Incidence 95% CI Incidence 95% CI

0–<1 0.5 0.0–1.1 0.2 0.0–0.5 0.5 0.0–1.1
1–4 4.1 3.3–5.0 0.5 0.2–0.8 4.6 3.7–5.5
5–9 1.7 1.2–2.3 0.2 0.0–0.4 1.9 1.4–2.5
10–15 0.9 0.6–1.2 0.2 0.1–0.4 1.1 0.7–1.5
Total 2.0 1.7–2.3 0.3 0.2–0.4 2.3 2.0–2.6

Source: McKinney et al. [11].
a Incidence per 100,000 person.

of systemic disease (rash, arthropathy, etc). Isolated microscopic
hematuria may be present in one-fourth of children with MCD
histology [2] and is not an indication for biopsy. Steroid resistance
is widely accepted as an absolute indication for renal biopsy before
commencing alternative noncorticosteroid therapy, but there is no
consistent definition of steroid resistance. Some define resistance
as failure to respond to 4 weeks of daily steroid therapy, and others
use the term after failure to respond to 4 weeks of daily and 4 weeks
of alternate-day steroids. Although lacking in any evidence base,

Table 66.3 Definitions used in idiopathic nephrotic syndrome [2,5].

Classification Definition

Nephrotic syndrome Edema, proteinuria >40 mg/m2/h or
protein/creatinine ratio >0.2 g/mmol;
hypoalbuminaemia <25 g/L

Remission Urinary protein excretion ≤4 mg/m2/h or 0-trace
of protein on urine dipstick or protein/creatinine
ratio <0.02 g/mmol for 3 consecutive days

Initial responder Attainment of complete remission within initial
8 weeks of steroid therapy

Initial
nonresponder/steroid
resistance

Failure to achieve remission during initial 8
weeks of steroid therapya

Relapse Urinary protein >40 mg/m2/h or
protein/creatinine ratio >0.2 g/mmol or 2+
protein on urine dipstick for 3 consecutive days,
having previously been in remission

Frequent relapse Two or more relapses within 6 months of initial
response or four or more relapses within any
12-month period

Steroid dependence Two consecutive relapses during steroid therapy
or within 14 days of ceasing therapy

Late nonresponder Proteinuria for >8 weeks following one or more
remissions

aThere is a lack of a consistent definition of steroid resistance both in the literature
and in clinical practice, with some using this term after failure to respond to 4 weeks
of daily steroid therapy, but others using the term after failure to respond to 4 weeks
of daily and 4 weeks of alternate-day steroids.

children in the UK resistant to 4 weeks of daily steroids are com-
monly given 3 days of intravenous methylprednisolone [32]. Those
who respond appear to follow a typical course for steroid-sensitive
patients. Biopsy is only performed in those who remain unrespon-
sive to this additional therapy. There is evidence that prolonging
oral steroid therapy beyond 8 weeks results in an additional 3.3%
of children with MCD entering remission [33].

Frequently relapsing and steroid-dependent
nephrotic syndrome
Biopsy of children with frequently relapsing and steroid-
dependent disease was recommended previously, prior to giving
an alkylating agent, because some studies suggested that the post-
biopsy clinical course was strongly dependent upon histology. Per-
manent remission and long periods of remission occurred more
frequently in those with MCD, compared with those with FSGS or
a mesangioproliferative lesion [34–37]. Most children with SSNS
have a favorable response to an alkylating agent irrespective of
their histology [38–43]. Furthermore, response to therapy ap-
pears to correlate well with the prior pattern of relapses, as shorter
post-alkylating agent remission periods occur in those with steroid
dependency compared to those with non-steroid-dependent fre-
quent relapses [44]. Among 75 children with steroid-dependent
nephrotic syndrome treated with alkylating agents, the response to
therapy did not differ between those who had or who had not un-
dergone renal biopsy [45]. In Australia, the UK, and many other
European countries, biopsy of the child with SSNS is no longer
routine before alkylating agent therapy. Surveys of US and Span-
ish pediatric nephrologists indicate that about 60% would biopsy
children with SSNS prior to alkylating agents [46–47]. It is the au-
thor’s opinion that, given the good response to alkylating agents
seen in the large majority of children with frequently relapsing or
steroid-dependent disease, the inconvenience and risks of biopsy
are not justified given the small amount of useful additional infor-
mation that will be obtained by making a histological diagnosis.

Secondary steroid resistance
When steroid resistance occurs following relapse in a pre-
viously steroid-sensitive child, so-called secondary steroid
resistance, biopsy is indicated. While most such cases will respond
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to further immunosuppressive therapy [42,48], a small number
of children will remain steroid resistant, in association with the
presence of FSGS on biopsy, and the rate of progression to ESRD
is high.

Calcineurin inhibitor therapy
Chronic ciclosporin nephrotoxicity, characterized by arterio-
lar lesions (ciclosporin-associated arteriolopathy) and tubulo-
interstitial lesions, has been reported in some series in up to 50%
of patients after 2 years of therapy [49,50]. Biopsy is therefore
frequently recommended for children receiving calcineurin in-
hibitors for steroid-dependent nephrotic syndrome after 2 years
of therapy. When the biopsy is normal, then treatment can be safely
continued, although the biopsy should be repeated after a further
1–2 years.

Relapses of SSNS
At least 70% of children with SSNS will relapse following treatment
of their first episode. The early ISKDC studies reported that after
8 weeks of corticosteroids, 45% of children were relapse-free at 6
months and 28% at 2 years [51]. Longer-term follow-up studies
have shown the overall rate of relapse to be closer to 85% [52,53].
Of those children who experience relapses, approximately 50% will
develop frequently relapsing or steroid-dependent disease [54].

Factors at presentation predicting subsequent
pattern of relapse
The ISKDC reported that, among 218 steroid-responsive children,
no correlation was found between the frequency of relapse follow-
ing presentation and the different histological subtypes of MCD,
baseline clinical and laboratory characteristics, time of initial re-
sponse to corticosteroids, or the time to first relapse [51]. Simi-
larly, no correlations were found with the presence of microscopic
hematuria [52]. Young age at disease presentation was predictive
for a higher number of relapses and longer disease duration [55–
57]. Frequent relapses during the first 6 months after initial steroid
therapy were predictive for frequent relapses over the subsequent
18 months [51,52]. In one study, time to remission of 9 or more
days with steroid therapy was associated with an increased risk of
steroid dependency [58]. There is emerging evidence that the rate
of subsequent relapse can be reduced by the use of a longer initial
corticosteroid regimen [59].

Triggers of relapses
Upper respiratory tract infections precede 71% of relapses; respira-
tory syncytial virus is the most commonly encountered pathogen
[60]. In this same study, four children were exposed to varicella-
zoster virus, all of whom developed relapses. Paradoxically, ex-
posure to measles virus is known to induce permanent disease
remission [61].

When to treat relapses
The ISKDC definition (Table 66.2) of relapse is 3 days of signif-
icant proteinuria. Exacerbation of proteinuria may be transient,

with spontaneous remission occurring in 23% of frequently relaps-
ing and 10% of steroid-dependent patients. Proteinuria resolves
within 4–14 days in 79% of such cases [62]. It is generally ac-
cepted practice to defer commencement of corticosteroid therapy
until after 5 days or so of proteinuria, although it is important to
avoid the development of generalized edema. Although no defini-
tive data exist on this subject, it is the author’s observation that
some individuals are more likely to consistently undergo sponta-
neous remission and others rapidly develop generalized edema and
hypovolemia. With knowledge of the natural history of previous
relapses, it is possible to individualize the timing of the commence-
ment of relapse therapy.

Long-term outcome of SSNS
Early follow-up studies suggested that the long-term prognosis for
children with SSNS was excellent, with all retaining normal renal
function and over 90% achieving long-term remission at the end
of puberty [53,57]. However, more recent follow-up studies have
reported substantially higher rates of disease relapse occurring
during adult life and have provided data on morbidity in adults
treated for SSNS during childhood. In four studies from Finland
[63], the UK [55], Switzerland [64], and France [65], the rate
of relapse during adult life was reported to be 14%, 19%, 33%,
and 42%, respectively. Of the 43 patients with disease continuing
into adult life in the French series, 28 were receiving steroids, 3
were receiving cytotoxic agents, and 3 were receiving ciclosporin.
These reports might imply that a change is occurring in the natural
history of the disease, but it is more likely that these findings have
arisen because of more complete follow-up [55,63] and tertiary
center follow-up of a select group of patients with a more severe
disease course [64,65].

Consistent risk factors for relapses continuing into adult life
include very frequent relapses during childhood and adolescence
and the use of either cytotoxic agents or ciclosporin. One study
reported an increased risk with young age at presentation [65], al-
though two other studies did not [55,64]. In patients in whom per-
manent remission was achieved during childhood, this appeared
to occur in the majority at 13–16 years of age [65]. Renal function
was preserved in almost all. Of the 309 patients followed in these
four studies, only 2, who relapsed in adult life, developed abnormal
renal function, 1 with ESRD [65] and the other with a creatinine
clearance of 63 mL/min [63]. Other series have reported the inci-
dence of renal failure in children with initial SSNS to be less than
1% and limited to those who develop secondary steroid resistance
unresponsive to cytotoxic and other therapies in association with
the presence of FSGS on biopsy [48,52].

The existing data on long-term follow-up of children with SSNS
are insufficient to conclude that their outcome is universally good
into adult life. Although sophisticated modern imaging modali-
ties, such as electron beam computer tomography scanning, have
not been used to identify early vascular changes, there is no
evidence yet that this population has an increased rate of pre-
mature cardiovascular disease [64,66]. Similarly, the rate of ma-
lignancy in adult life does not appear to be increased [64,67].
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A Finnish study reported an increased rate of diabetes mellitus,
asthma, and ulcerative colitis compared with an age-matched pop-
ulation [63]. Hegarty et al. reported a decrease in forearm trabec-
ular volumetric bone mineral density as measured by peripheral
quantitative computed tomography in adult survivors at a median
age of 35.5 years [68], although Leonard et al., who used dual X-
ray absorptiometry of the whole body and spine in 60 children
with relapsing disease at a mean age of 9.0 years, did not detect
any significant abnormalities during childhood [69]. Long-term
side effects of corticosteroid therapy were present in 19 of 36 pa-
tients with proteinuria persisting into adulthood in the French
series [65].

General management of nephrotic syndrome

Introduction and epidemiology
Children with nephrotic syndrome are at increased risk of bacte-
rial infection because of edema, urinary losses of immunoglob-
ulins and complement alternative pathway components factors B
and D, impaired neutrophil function, immunosuppressive ther-
apy, and other factors. Large follow-up series have reported an
overall mortality rate for childhood SSNS of 1–7%, with deaths
being largely due to sepsis and thrombosis [53,55,57]. Many
of these deaths occurred in patients treated in the 1960s and
1970s, and current mortality rates are thought to be substan-
tially lower, although there are no definitive data to support this
view.

Peritonitis, bacteremia, and cellulitis remain the most common
infections, and they are caused by bacteria with a polysaccharide
capsule, particularly Streptococcus pneumoniae and gram-negative
organisms, including Escherichia coli. There is a relatively high
rate of bacteremia associated with peritonitis in children with
nephrotic syndrome, in contrast to those on peritoneal dialysis
[70]. Series from India have reported urinary tract infections and
tuberculosis to be common [71,72]. Varicella is a highly contagious
disease that is usually benign but may have serious and potentially
fatal consequences in children with nephrotic syndrome receiving
immunosuppressive agents.

Available evidence
No randomized controlled trials (RCTs) have investigated the use
of prophylactic antibiotics or vaccination against pneumococ-
cus or varicella-zoster virus. Five RCTs from China have inves-
tigated intravenous immunoglobulin (IVIG), thymosin, and Chi-
nese herbs (Tiaojining).

Pneumococcal vaccination for prevention of infection
Two types of pneumococcal vaccine currently exist. The older 23-
valent pneumococcal polysaccharide vaccine (23PS; Pneumovax),
which was introduced in the early 1980s, is known to induce a
good antibody response to S. pneumoniae serotypes 1, 2, 3, 4, 5,
6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20,
22F, 23F, and 33F in healthy adults and older children, but the

geometric mean antibody response is lower and of shorter dura-
tion in children with immunological impairment, including those
with nephrotic syndrome [73–77]. The vaccine is not licensed for
use in children less than 2 years of age, in whom the burden of
the disease is highest, because it does not stimulate effective long-
lasting immunity in this age group [78,79]. The newer heptavalent
pneumococcal conjugate vaccine PCV7 (Prevnar in the US and
Prevanar in the UK) contains polysaccharide from seven common
capsular types (4, 6B, 9V, 14, 18C, 19F, and 23F) and is estimated
to provide coverage against 82% of invasive infections in UK chil-
dren under 5 years of age [80]. In the US, universal vaccination
with PCV7 has been recommended in all children under 2 years
of age at 2, 4, 6, and 12–15 months of age. The US guidelines
for children at risk of invasive pneumococcal infection, including
those with nephrotic syndrome, are shown in Table 66.4 [81,82].
The 23PS vaccine is administered after 2 years of age to boost the
antibody concentrations of serotypes present in both PCV7 and
23PS vaccines and to broaden the serotype coverage. No efficacy
data and limited safety and immunogenicity data are available re-
garding the use of PCV7 in children 5 years of age and older, and
UK guidelines state that a single dose of 23PS should be adminis-
tered. No RCTs of either vaccine have been performed specifically
for this disease population to support these recommendations. In
children with sickle cell disease, nine RCTs involving 547 children
have compared a polysaccharide or conjugate pneumococcal vac-
cine regimen with a different regimen or no vaccination [83]. The
risk of pneumococcal disease (reported in only one trial) was not
significantly reduced by the polysaccharide pneumococcal vaccine
PPV14 in children younger than 3 years [84]. Antibody responses
were increased compared to control groups, including those in in-
fants, in three trials of conjugate vaccines, but clinical outcomes
were not measured.

Table 66.4 American Academy of Pediatrics recommendations for pneumococcal
vaccination in children 24–59 months old with nephrotic syndrome [81].

Previous
vaccination Further vaccination

4 doses of PCV7 1 dose of 23PS at 24 months of age, at least 6–8
weeks after last dose of PCV7

1–3 doses of PCV7
before 24 months

1 dose of PCV7 at least 6–8 weeks after last dose
of PCV7, then a dose of 23PS 6–8 weeks later; an
additional dose of 23PS should be given no earlier
than 3–5 years after the initial dose of 23PS

1 dose of 23PS 2 doses of PCV7 to be given at an interval of 6–8
weeks, commencing no earlier than 6–8 weeks
after the last dose of 23PS; further dose of 23PS
3–5 years after first PS dose

No previous dose 2 doses of PCV7 at interval of 6–8 weeks,
followed by single dose of 23PS no less than 6–8
weeks after the last dose of PCV7; an additional
dose of 23PS is recommended 3–5 years after the
last dose

767



BLBK043-Molony September 12, 2008 16:53

Part 10 Pediatrics

Prophylactic antibiotics for prevention of infection
Many nephrologists routinely use prophylactic phenoxymethyl-
penicillin when a child is edematous or has heavy proteinuria. No
RCTs have been performed to evaluate the efficacy and safety of
this therapy for this condition. Penicillin has been shown to reduce
the risk of infection in children with sickle cell disease (three RCTs,
857 children; odds ratio, 0.37; 95% confidence interval [CI], 0.16–
0.86) [85]. Adverse effects of therapy were rare and minor in nature.
It has been estimated that 110 children with nephrotic syndrome
would need to be treated with penicillin for 1 year to prevent one
episode of pneumococcal infection [86].

IVIG for prevention of infection
Three RCTs (208 children) compared IVIG with no specific therapy
in children with nephrotic syndrome [87–89]. The dosage and
duration of IVIG varied considerably, and the quality of the studies
was generally poor. There was a consistent positive effect of IVIG
on preventing nosocomial infection or unspecified infection in
children with nephrotic syndrome (relative risk [RR], 0.39; 95%
CI, 0.18–0.82; P = 0.01) [90].

Thymosin for prevention of infection
Thymosin is an immunomodulating agent that can influence T-cell
maturation and antigen recognition, the stimulation of interferon
and cytokine production, and the activity of NK cell-mediated
cytotoxicity [91]. Thymosin reduced the risk of infection com-
pared to no specific therapy in children with nephrotic syndrome
(one RCT, 40 patients; RR, 0.50; 95% CI, 0.26–0.97; P = 0.04)
[92]. There was no significant difference in the types of infection
observed in the treatment and control groups.

Chinese herbal preparations for prevention of infection
A single RCT showed a significant effect of Chinese herbs
(Tiaojining) on preventing infections in children with nephrotic
syndrome compared with no specific therapy (60 children; RR,
0.59; 95% CI, 0.43–0.81; P = 0.001) [93]. There was no signifi-
cant difference in the range of infections between the two groups.

Strategies for the prevention of varicella-zoster infection
The current standard of care in the UK and Australia is that
immunocompromised children should receive varicella-zoster
immunoglobulin (VZIG) following exposure to varicella-zoster
virus. VZIG significantly reduces morbidity and mortality, al-
though breakthrough infection is well-recognized [94]. VZIG
is no longer available in the USA. Postexposure acyclovir pro-
phylaxis reduces the transmission rate of varicella in immuno-
competent children [95]. In a RCT of eight patients (10 expo-
sures) given acyclovir prophylaxis (10 mg/kg 6 hourly) and VZIG
(12.5 U/kg of body weight; minimum of 125 U and maximum of
625 U), none developed varicella compared with one case in four
controls given VZIG alone [96]. In two recent studies of varicella
vaccines in children with SSNS, protective antibody levels devel-
oped in 85–100%. Three children developed mild varicella dur-
ing the follow-up period. Thirteen children received alternate-day

steroids; none developed skin lesions secondary to replication of
the vaccine strain. Studies were not powered to determine whether
vaccination resulted in an increased risk of disease relapse [97,98].
Where vaccination is contraindicated because of the administra-
tion of high-dose steroids or other immunosuppressive agents,
vaccination of household contacts is recommended.

Influenza vaccination for prevention of infection
UK guidelines recommend an annual influenza vaccination in
children with nephrotic syndrome. This has been shown to be
immunogenic [99,100], although no large-scale trials investigat-
ing efficacy and safety have been performed in this population.
A single case report exists that describes an adult who developed
MCD following the use of this vaccine [101].

Adverse effects of routine childhood vaccination
A single study has reported an association between the admin-
istration of the meningococcal C conjugate vaccine and relapse
[102]. In the 12 months prior to the introduction of the vaccine
in the UK, 63 relapses occurred in a population of 106 children
with nephrotic syndrome compared with 96 relapses in the equiv-
alent time period following the introduction of vaccination (P =
0.009). These findings have not been replicated elsewhere.

Thrombosis

Introduction and epidemiology
The reported incidence of symptomatic thromboembolic compli-
cations is as high as 50% in adults [103] and 2–4% in children
[104–106]. The risk of thrombosis appears to be greater in chil-
dren with SRNS who have persistent proteinuria, compared with
children with SSNS who have intermittent proteinuria; 9 of 17
cases of thrombosis in two published series had SRNS [104,105].
Subclinical episodes of thrombosis are common. Of 26 children
with nephrotic syndrome in remission who were examined via
a ventilation perfusion scan, 7 had abnormal scans and 10 were
found to have abnormal or suspicious changes [107].

Thromboembolic complications have been found to be more
frequent in the venous rather than arterial system in some but
not all series [104,105]. The deep leg veins are most frequently af-
fected, except in congenital nephrotic syndrome, where renal vein
thrombosis and thrombosis of the inferior vena cava predominate.
Other reported sites of vascular thrombosis include the superior
vena cava, the mesenteric artery, hepatic veins, the saggital sinus,
and middle cerebral arteries. No single laboratory test can reliably
predict thrombotic risk, although fibrinogen concentration has
been proposed as a surrogate marker [108].

Prevention of thromboembolic complications
A number of general measures can be undertaken to reduce
the risk of thromboembolic events. Bed rest should be avoided,
sepsis prevented or adequately treated, and factors which cause
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Table 66.5 Evidence ratings and recommendations for interventions to prevent infection and thromboembolic complications in childhood nephrotic syndrome.

Evidence ratinga,b Recommendationc

Intervention SRa Moderate Low Studies peformed I II III Comment

Prevention of bacterial infections
Pneumococcal
vaccination

— • No RCTs in NS patients; 9 RCTs (547
patients) in children with sickle cell
disease

• Benefit in well children; in children with
sickle cell disease the conjugate vaccine
has been shown to be immunogenic,
although clinical outcomes were not
measured; no significant harms.

Prophylactic
antibiotics

— • No RCTs in NS patients; 3 RCTs (857
patients) in children with sickle cell
disease

• Odds of infection reduced (OR 0.37)
with penicillin prophylaxis in children with
sickle cell disease; adverse effects few and
minor

IVIG + • 3 RCTs (208 patients); consistent
results

• Expensive medication; requires IV
administration; dose unclear

Thymosin + • 1 RCT (40 patients) • Need more information on harms; not
generally available

Chinese herbs + • 1 RCT (60 patients) • Need more information on harms; not
generally available

Prevention of viral infections

Varicella
vaccination

— • No RCTs; 5 case series (238 patients)
in NS patients

• 100% seroconverted with two-dose
schedule; no significant harms; uncertain
impact on disease relapses

VZIG + acyclovir — • 1 RCT (12 patients) • Uncertain benefit; no significant harms

Prevention of thromboembolic complications
Anticoagulants — • No RCTs • Risk of anticoagulant treatment likely to

exceed benefit

Antiplatelet agents — • No RCTs • Little value to prevent venous thrombosis

aSystematic reviews of RCTs;
bEvidence rating based on number of studies, study design, study quality, and consistency of results. No intervention was rated with a high evidence rating.
cRecommendations based on efficacy, trade-offs between benefits and harms, quality of evidence, and availability of medication. I, recommend; II, suggest; III, no recommendation
possible.

hemoconcentration, such as dehydration from acute gastroenteri-
tis and injudicious use of diuretic therapy, should also be avoided.
Central venous catheters should not be used unless essential. Stud-
ies in adults have suggested that prophylactic oral anticoagulation
may be of benefit in MN [109], but no RCTs or other studies
have investigated the prophylactic use of any anticoagulant or an-
tiplatelet agent to prevent thomboembolic complications in chil-
dren with nephrotic syndrome. Possible approaches include the
use of warfarin or subcutaneous low-molecular-weight heparin,
although the latter is only likely to be effective where antithrom-
bin III levels are adequate. Platelet function is consistently in-
creased, and platelet aggregation inhibitors, such as low-dose as-
pirin and/or dipyridamole, are logical choices, although no data
from controlled studies are available.

It is unclear how long prophylactic therapy should be contin-
ued following an episode of thrombosis: the use of prophylactic

warfarin has been recommended for at least 6 months and per-
haps during future relapses by some [110], but others have sug-
gested that treatment with warfarin should continue for as long as
nephrotic-range proteinuria is present [111].

Established thromboembolic complications
The treatment of thromboembolic complications in children with
nephrotic syndrome has never been subjected to a RCT or other
form of prospective clinical trial. Studies in adult patients have
shown treatment with heparin and warfarin for renal vein throm-
bosis to be effective and safe, but this has not been assessed in RCTs
[112]. In patients in whom thrombosis has been more extensive,
involving both renal veins, the inferior vena cava, or where the
vascular supply of other key organs is compromised, case reports
describe successful therapy with anticoagulation and thrombolytic
therapy with streptokinase [113] and tissue plasminogen activator
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[114] therapy. This therapy is reserved for cases where critical or-
gan function is compromised because of the risk of bleeding.

Edema

For some children, a modest fluid restriction alone may suffice,
but in others oral diuretic therapy is necessary to induce diuresis.
A combination of a loop diuretic such as furosemide, given two to
three times daily, in combination with a potassium-sparing agent
(spironolactone), is frequently used, particularly where there is
significant ascites. The child should be regularly assessed for signs
of intravascular volume depletion. The use of diuretic therapy in
children with SSNS is controversial because of the risk of unrec-
ognized hypovolemia once urine output increases.

Resistance to loop diuretics may occur because of a combina-
tion of hypoalbuminemia, which results in decreased delivery of
protein-bound loop diuretic to the proximal tubules, increased
volume of distribution, and intraluminal binding of secreted loop
diuretics [115]. Increasing the dose of the diuretic may increase
tubular delivery but may also increase the risk of toxicity. Where
edema is unresponsive to diuretic therapy and there is risk of skin
breakdown (the scrotum is a particularly vulnerable area), intra-
venous albumin given in conjunction with intravenous furosemide
may be indicated. This intervention may cause acute pulmonary
edema [116]. No studies have been performed to investigate the
optimum dose and duration of intravenous 20% albumin, and
some worldwide variation in practice exists. In the UK, a dose of
1 g/kg (5 mL/kg of 20% albumin) is generally given over 4 h, with
furosemide given midway through the infusion. Elsewhere, others
are more cautious, giving the same dose over 8 h, and others may
use doses as large as 2 g/kg.

Evidence-based recommendations

On the basis of the available evidence, it is difficult to make strong
evidence-based recommendations regarding the use of drug ther-
apy, antibody therapy, or vaccination for the prevention of in-
fection in children with nephrotic syndrome (Table 66.5). The
routine use of IVIG for this indication is very infrequent in West-
ern nations, and both thymosin and Chinese herbal preparations
are unlicensed, making widespread adoption of their use unlikely.
The evidence of efficacy of both pneumococcal and varicella vac-
cination based upon uncontrolled case series and RCTs in other
disease groups suggests that their use should be recommended,
although further studies are necessary to determine the optimal
vaccine schedule. Following a similar rationale, the use of prophy-
lactic phenoxymethylpenicillin for prevention of pneumococcal
infection is suggested.

It is not possible to make any evidence-based recommendations
for the use of anticoagulants or antiplatelet agents for the preven-
tion or treatment of thrombosis.
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Introduction

The majority of children with idiopathic nephrotic syndrome have
minimal change nephrotic syndrome, but 10% have mesangio-
proliferative glomerulonephritis or focal and segmental glomeru-
lonephritis [1]. The response to corticosteroids is highly predictive
of histology, with 93% of children with minimal change nephrotic
syndrome achieving remission following an 8-week course of
prednisone [2]. Between 25 and 50% of children with mesangio-
proliferative glomerulonephritis or focal and segmental glomeru-
lonephritis on biopsy also responded to prednisone [2,3]. Children
with idiopathic nephrotic syndrome are now classified accord-
ing to their initial response to corticosteroids as having either
steroid-sensitive nephrotic syndrome (SSNS) or steroid-resistant
nephrotic syndrome, as the majority are steroid sensitive and do
not undergo renal biopsy at diagnosis.

Of children with SSNS, 75–90% will have one or more relapses,
and about half will relapse frequently or become steroid dependent
[4,5]. The majority will continue to respond to corticosteroids
throughout their subsequent disease course [4–6], and the long-
term prognosis for complete resolution with normal renal function
is good. In the International Study of Kidney Disease in Children
(ISKDC), the proportion of children without relapse reached 80%
by 8 years of follow-up [5]. About 10% of patients overall [7,8] and
30–40% of patients with steroid-dependent or frequently relapsing
SSNS will continue to relapse as adults [6,9].

In children with SSNS, the aim of corticosteroid therapy is to
induce and then maintain remission while minimizing adverse
effects. Corticosteroid-sparing agents are used to achieve pro-
longed remissions in children with frequently relapsing or steroid-
dependent disease who have significant adverse effects from pred-
nisone therapy. In this chapter the current evidence base for cor-

ticosteroid therapy and corticosteroid-sparing agents in children
with SSNS will be reviewed.

Treatment of the first episode of nephrotic
syndrome with corticosteroids

Because of the clear benefits of corticosteroids compared with
no treatment, no randomized controlled trials (RCTs) compar-
ing prednisone with placebo have been performed in children
with nephrotic syndrome. The ISKDC agreed on a standard cor-
ticosteroid regimen for the first episode of SSNS [10], and sub-
sequently researchers have used this regimen or similar regimens
as the standard comparator when testing other regimens. In the
ISKDC regimen children received prednisone at 60 mg/m2/day
(maximum dose, 80 mg) in divided doses for 4 weeks followed by
40 mg/m2/day (maximum, 60 mg/day) in divided doses on three
consecutive days out of 7 days for 4 weeks. During the second
month of therapy alternate-day prednisone is now preferred [11].

Table 67.1 lists the characteristics of study populations and in-
terventions in relevant RCTs of prednisone in an initial episode
of SSNS [12]. A single trial demonstrated that prednisone given
for 8 weeks was more effective than a shorter duration of treat-
ment (one trial, 60 patients; relative risk [RR], 1.46, 95% con-
fidence interval [CI], 1.01–2.12) [13]. To investigate if longer
courses of prednisone could reduce the 70% risk of relapse at
12–24 months seen in the control group after 2 months of therapy,
six RCTs [14–19] compared 2 months of prednisone with periods
of 3–7 months. A meta-analysis [12] of these trials demonstrated
that the risk of relapse was reduced by 30% at 12–24 months
(Figure 67.1a). In addition, there were significant reductions in
the number of children who relapsed frequently (six trials; RR,
0.63; 95% CI, 0.46–0.84) and in the mean number of relapses per
year (four trials; weighted mean difference [WMD], −0.65; 95%
CI, −1.29 to 0.00). There was no significant difference in the cu-
mulative prednisone dose (three trials; WMD, 0.71; 95% CI, −0.67
to 2.09), but significant heterogeneity between studies was found.
In four trials [17,20–22], prednisone therapy for 6 months was
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Table 67.1 Characteristics of populations and interventions in randomized trials of prednisone in the initial episode of SSNS.

Study ID No. of Follow-up
[reference] patients Experimental intervention Control intervention (months)

1 month of prednisone vs 2 months
APN 1988 [13] 61 60 mg/m2/day to remission, 40 mg/m2 alt days till

albumin >35 g/L
60 mg/m2/day for 4 weeks and 40 mg/m2 alt days for
4 weeks

12

3–7 months of prednisone versus 2 months
APN 1993 [14] 71 60 mg/m2/day for 6 weeks and 40 mg/m2 alt days for

6 weeks
60 mg/m2/day for 4 weeks and 40 mg/m2 alt days for
4 weeks

12

Bagga 1999 [15] 45 60 mg/m2/day for 4 weeks, 40 mg/m2/day for 4 weeks, 40
mg/m2 alt days for 4 wks, and 30 mg/m2 alt days for 4 wks

60 mg/m2/day for 4 weeks and 40 mg/m2 alt days for
4 weeks

12

Jayantha 2004a [16] 122 60 mg/m2/day for 4 weeks, taper dose alt days for
6 months

60 mg/m2/day for 4 weeks and 40 mg/m2 alt days for
4 weeks

24

Ksiazek 1995* [17] 116 40–60 mg/m2/day for 4 weeks, taper dose alt days for
5 months

40–60 mg/m2/day for 4 wks and 30 mg/m2 alt days for
4 weeks

24

Norero 1996 [18] 56 60 mg/m2/day for 6 weeks and 40 mg/m2 alt days for
6 weeks

60 mg/m2/day for 4 weeks and 40 mg/m2 alt days for
4 weeks

18

Ueda 1988 [19] 46 60 mg/m2/day for 4 weeks, taper dose alt days for
6 months

60 mg/m2/d for 4 weeks and 40 mg/m2 on 3 of 7 days for
4 weeks

12

6 months of prednisone versus 3 months
Hiraoka 2003 [20] 70 60 mg/m2/day for 4 weeks, taper dose alt days for

5 months
60 mg/m2/day for 6 weeks and 40 mg/m2 alt days for
6 weeks

24

Ksiazek 1995* [17] 140 40–60 mg/m2/day for 4 weeks, taper dose alt days for
5 months

40–60 mg/m2/day for 4 weeks, taper dose alt days for
8 weeks

24

Pecoraro 2004* [21] 32 60 mg/m2/day for 6 weeks, taper dose alt days for
4.5 months

60 mg/m2/day for 4 weeks, taper dose alt days for
8 weeks

24

Sharma 2000 [22] 140 60 mg/m2/day for 6 weeks, taper dose alt days for
4.5 months

60 mg/m2/day for 6 weeks and 40 mg/m2 alt days for
6 weeks

12

12 months of prednisone versus 5 months
Kleinknecht 1992 [23] 58 60 mg/m2/day for 4 weeks, taper dose alt days for

11 months
60 mg/m2/day for 4 weeks, taper dose alt days for
4 months

15

High dose of prednisone compared with low dose given for same duration
Hiraoka 2000 [24] 68 60 mg/m2/day for 6 weeks and 40 mg/m2 alt days for

6 weeks
40 mg/m2/day for 6 weeks and 40 mg/m2 alt days for
6 weeks

12

Pecoraro 2004* [21] 16 60 mg/m2/day for 6 weeks, taper dose alt days for 4.5
months

IV MP 20 mg/kg for 3 days; 30 mg/m2/day for 6 weeks,
taper to alt days for 4.5 months

24

Other combinations of therapies
APN 2006 [28] 104 Cyclosporine, 150 mg/m2/day for 8 weeks Prednisone, 60

mg/m2/day for 6 weeks and 40 mg/m2 alt days for 6 wks
Prednisone, 60 mg/m2/day for 6 weeks and 40 mg/m2 alt
days for 6 weeks

24

*Trials with three arms; only two of the three arms are included in each comparison.
Abbreviations: MP, methylprednisolone; IV, intravenous.

compared with 3 months of treatment. A meta-analysis [12] of
these trials demonstrated that 6 months of therapy significantly re-
duced the risk for relapse compared with 3 months (Figure 67.1b).
In addition, there were significant reductions in the number of chil-
dren with frequent relapses (four trials; RR, 0.55; 95% CI, 0.39–
0.80) and in the relapse rate per year (three trials; WMD, −0.44;
95% CI, −0.82 to −0.07). No additional benefit was demonstrated
in one trial of treatment for 12 months compared with 5 months

[23]. In the six trials comparing 2 months of treatment with 3–
7 months, the risk of individual prednisone-related adverse ef-
fects did not differ significantly between experimental and control
groups of the RCTs [12], although there was heterogeneity between
trials (Figure 67.2).

Increased duration of corticosteroid therapy results in an in-
creased total dose of corticosteroid, making the effects of dura-
tion and dose difficult to separate. Compared with the standard
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Study
or sub-category

Ueda 1998 
Norero 1996 
APN 1993 
Jayantha 2004 
Ksiazek 1995 
Bagga 1999

5/17
15/29
13/34
16/35
36/72
16/22

18/29
13/27
24/37
43/53
32/44
21/23

5.06
10.60
12.05
17.95
26.65
27.69

0.47 [0.22, 1.04] 
1.07 [0.63, 1.82] 
0.59 [0.36, 0.96] 
0.56 [0.38, 0.83] 
0.69 [0.51, 0.62] 
0.80 [0.60, 1.06]

3 months or more 
n/N

2 months 
n/N

RR (Random)
95% Cl

RR (Random)
95% Cl

Weight
%

Total (95% Cl) 209 213

0.1

3 months of more    2 months

0.2 0.5 1 2 5 10

100.00 0.70 [0.58, 0.84]
Total events: 101 (3 months or more), 151 (2 months) 
Test for heterogeneity chi2 = 6.23 df = 5 (P = 0.28), l2 = 19.8%
Test for overall effect z = 3.85 (P = 0.0001)

Pecoraro 2004 

Hiraoka 2003 

Sharma 2000 

Ksiazek 1995

6/16

15/36

18/70

36/72

12/16

21/34

44/70

54/68

9.66

19.60

22.07

48.66

0.50 [0.25, 1.00] 

0.67 [0.42, 1.08] 

0.41 [0.26, 0.63] 

0.63 [0.49, 0.82]

Study
or sub-category

6 months 
n/N

3 months 
n/N

RR (Random) 
95% Cl

RR (Random) 
95% Cl

Weight
%

Total (95% 00.001881491)lC 

0.1

6 months      2 months

0.2 0.5 1 2 5 10

Total events: 75 (6 months), 131 (3 months) 
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0.57 [0.45, 0.71]

Figure 67.1 Meta-analyses of RR (95% CI) for relapse of nephrotic syndrome by 12–24 months after the initial episode of SSNS in (a) six trials comparing prolonged
prednisone therapy (3–7 months) versus 2 months and in (b) four trials comparing 6 months versus 3 months of prednisone therapy in children. Results are shown ordered by
trial weights. The test statistic Z indicates that an increased duration of prednisone was significantly more effective than 2 or 3 months of prednisone. (Reproduced from
Hodson et al. [12] with permission from John Wiley and Sons.)

induction dose of prednisone of 2240 mg/m2, administered doses
of 2922–5235 mg/m2 significantly reduced the risk for relapse
at 12–24 months (seven trials [14–19,24], 481 children; RR,
0.69; 95% CI, 0.59–0.81). Plotting the RR for relapse against
the dose/duration ratio suggested that duration was more im-
portant than dose [12]. Two trials [21,24] have now examined
different total doses of prednisone administered for the same du-
ration (3 or 6 months). A meta-analysis of these studies showed
that the risk of relapse was reduced by 40% with higher doses
of corticosteroids (two trials; RR, 0.59; 95% CI, 0.42–0.84), sug-
gesting that both an increased dose and prolonged duration of
corticosteroids are important determinants of the risk of relapse
[12].

There is an inverse linear relationship between the risk for re-
lapse and duration of induction therapy, suggesting an increase
in benefit with treatment for up to 7 months (RR = 1.26 − 0.112
duration; r 2 = 0.56; P = 0.03) [12,25]. With each increase of 1
month of therapy beyond 2 months, the RR for relapse falls by
11%. With a relapse rate of 70% with treatment for 2 months, the
calculated number of children relapsing by 12–24 months will fall
by 8% for every increase by 1 month in the duration of therapy,
so that treatment for 6 months would reduce the risk of relapse

by 32% (4 × 8%), to 38%. In populations with lower relapse rates
following 2 months of therapy, the benefit of longer courses of
prednisone will be smaller.

These data suggest that to reduce the risk of relapse following
the first episode of SSNS, prednisone therapy should be given for
3 months or more, with increased benefit with up to 6 months of
therapy. Despite the available data from RCTs, a survey of pedi-
atric nephrologists in North America demonstrated considerable
variation among respondents in their approach to the first episode
of idiopathic nephrotic syndrome, although about 70% used du-
rations of therapy exceeding the ISKDC’s 8-week regimen [26].
Pediatric nephrologists may have been reluctant to increase the du-
ration of prednisone therapy because data on benefits and harms
have come from relatively small trials of varied methodological
quality. Nevertheless, these trials have provided consistent results,
demonstrating that increased duration and dose of corticosteroids
reduces the risk for relapse without an increase in harm. The results
of a well-designed adequately powered and placebo-controlled
RCT comparing 2 months versus 4 months of prednisone ther-
apy with an emphasis on adverse effects, which has recently com-
menced in the United Kingdom, are expected to help clarify this
issue [27].
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Figure 67.2 Meta-analyses of Risk Difference (RD) (95% CI) for adverse effects of corticosteroids from six trials comparing prolonged prednisone therapy (3–7 months)
versus 2 months. Results are shown ordered by trial weights. The test statistic Z indicates that there were no significant differences in the risks of adverse effects with
prolonged prednisone therapy (3–7 months) compared with 2 months. (Reproduced from Hodson et al. [12] with permission from John Wiley and Sons.)
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Treatment of the first episode of nephrotic
syndrome with corticosteroids and cyclosporine

Based on the hypothesis that increased immunosuppression re-
duces the risk for relapse further, but with physicians unwilling
to use longer courses of corticosteroids because of the adverse
effects, the Arbeitsgemeinschaft für Pädiatrische Nephrologie
(APN) compared 12 weeks of prednisone alone with 12 weeks
of prednisone plus 8 weeks of cyclosporine [28]. The risk of re-
lapse was significantly lower in the cyclosporine group at 6 months
(104 children; RR, 0.33; 95% CI, 0.13–0.83) but not at 12 or 24
months. The mean relapse rate per patient was significantly lower
in the cyclosporine group at 6 and 12 months but not at 24 months.
Blood pressure and renal function did not differ between groups.
Psychological disturbances, hirsutism, and gum hypertrophy were
more common during cyclosporine treatment but resolved when
cyclosporine was ceased. The authors concluded that because of the
attenuation of benefit after 1 year, the side effects of cyclosporine,
and the need for monitoring of blood levels, this experimental pro-
tocol could not be recommended as a replacement for protocols
using prednisone alone in the first episode of SSNS.

Treatment of relapsing SSNS
with corticosteroids

There are few data from RCTs on corticosteroid regimens for chil-
dren with relapsing SSNS, with individual trials addressing differ-

ent questions. The trial populations and interventions are listed in
Table 67.2. Alternate-day prednisone was more effective in main-
taining remission than prednisone given on three consecutive days
out of 7 days (48 children; RR, 0.60; 95% CI, 0.36–1.02) [11]. There
were no significant differences in the time to remission (94 chil-
dren; WMD, −0.30; 95% CI, −1.64 to –1.04) or risk for relapse
(RR, 1.07; 95% CI, 0.77–1.50) between single daily doses and di-
vided daily doses of prednisone. Prednisone can be administered
as a single daily dose during daily therapy, which should improve
adherence [29]. Deflazacort given for 12 months was significantly
more effective than equivalent doses of prednisone in reducing
the risk for relapse (40 children; RR, 0.44; 95% CI, 0.25–0.78)
in children with steroid-dependent SSNS without differences in
adverse effects [30], but deflazacort is not widely available. Pred-
nisone given for 7 months reduced the risk of relapse by 1 year
compared with 2 months of therapy (76 children; RR, 0.43; 95%
CI, 0.29–0.65) [31]. No significant reduction in the risk of re-
lapse at 1 year could be demonstrated with high-dose intravenous
methylprednisolone followed by oral prednisone for 6 months
compared with oral prednisone alone (64 children; RR, 1.06; 95%
CI, 0.75–1.52) [32]. The total dose of oral prednisone adminis-
tered was higher in the control group than in the group receiving
intravenous prednisone. Children with steroid-dependent SSNS
averaged three fewer relapses during 2 years of follow-up if they
received daily rather than alternate-day therapy during intercur-
rent upper respiratory tract infections (38 children; WMD, −3.30;
95% CI, −4.03 to −2.57) [33].

Table 67.2 Characteristics of populations and interventions in randomized trials of corticosteroids in relapsing SSNS.

Trial ID No. of Follow-up
[reference] patients Experimental intervention Control intervention (months)

Alternate-day prednisone versus intermittent therapy in frequently relapsing patients
APN 1979 [11] 64 60 mg/m2/day until remission, 35 mg/m2 alt days for 6

months
60 mg/m2/day till remission days, 40 mg/m2 on 3 of 7
days for 6 months

12

Deflazacort versus prednisone in steroid-dependent patients
Broyer 1997 [30] 40 Deflazacort equivalent to prednisone 60 mg/m2/day until

remission, tapering dose alt days for 12 months
Prednisone 60 mg/m2/day until remission, tapering
dose alt days for 12 months

12

Daily prednisone as single daily dose versus divided doses
Ekka 1997 [29] 106 60 mg/m2/day in single dose for 4 weeks, 40 mg/m2 alt days

for 4 weeks
60 mg/m2/day in 3 doses for 4 weeks, 40 mg/m2 alt
days for 4 weeks

9

IV MP and oral prednisone versus oral prednisone alone in infrequently relapsing patients
Imbasciati 1985 [32] 67 IV MP 20 mg/kg for 3 days, prednisone 20 mg/m2/day for 4

weeks, tapering dose alt days for 5 month
Prednisone 60 mg/m2/day for 4 weeks, tapering dose
alt days for 5 months

24

Daily prednisone versus daily followed by alternate-day prednisone in patients relapsing <6 months after initial episode
(7 months prednisone versus 2 months)
Jayantha 2004b [31] 90 60 mg/m2/day until remission, tapering dose alt days for

6 months
60 mg/m2/day until remission and 60 mg/m2 alt days
for 4 weeks

24

Daily versus alternate-day prednisone during URTI in frequently relapsing patients
Mattoo 2000 [33] 36 15 mg/m2/day for 5 days in URTI and then 15 mg/m2 alt days 15 mg/m2 alt days continued in URTI 24

Abbreviations: IV, intravenous; MP, methylprednisolone; URTI, upper respiratory tract infection(s).
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Table 67.3 Characteristics of populations and interventions in randomized trials of alkylating agents in SSNS.

Study ID No. of Follow-up
[reference] patients Experimental intervention Control intervention (months)

Alkylating agents versus placebo or no treatment
Barratt 1970 [34] 30 CPA 3 mg/kg/day for 8 weeks, prednisone for 16 weeks Prednisone for 8 weeks 24
Chiu 1973 [35] 23 CPA 2.5 mg/kg/day for 16 weeks, prednisone for 16 weeks Prednisone for 16 weeks 20
ISKDC 1974 [36] 53 CPA 5 mg/kg/day till leukopenia; 1–3 mg/kg/day; total

6 weeks
Prednisone for 26 weeks 6

Alatas 1978 [37] 20 CHL 0.3 mg/kg/day, prednisone for 8 weeks Placebo. Prednisone for 8 weeks 12
Grupe 1976 [38] 21 CHL 0.1–0.2 mg/kg/day and increased till leukopenia

(6–12 weeks); prednisone for 12 weeks
Prednisone for 12 weeks 12

Different durations or doses of alkylating agents
Barratt 1973 [42] 32 CPA 3 mg/kg/day for 8 weeks, prednisone for 16 weeks CPA 3 mg/kg/day for 2 weeks, prednisone for 16 weeks 12
Ueda 1990 [43] 73 CPA 2 mg/kg/day for 12 weeks CPA 2 mg/kg/day for 8 weeks 24
IV versus oral cyclophosphamide
Prasad 2004 [45] 47 IV CPA 500 mg/m2 monthly for 6 doses, prednisone for

10–12 weeks
Oral CPA 2 mg/kg/day for 12 weeks, prednisone for
10–12 weeks

12

Cyclophosphamide versus chlorambucil
APN 1982 [41] 50 CPA 2 mg/kg/day for 8 weeks, prednisone for 4 weeks CHL 0.15 mg/kg/day for 8 weeks, prednisone for

4 weeks
24

Abbreviations: CPA, cyclophosphamide; CHL, chlorambucil; IV, intravenous.

Corticosteroid-sparing agents in frequently
relapsing and steroid-dependent SSNS

Alkylating agents, cyclosporine, and levamisole have been demon-
strated in RCTs to be effective in reducing the risk for relapse in
frequently relapsing and steroid-dependent SSNS. There are no
data demonstrating any differences in efficacy between alkylat-
ing agents, levamisole, and cyclosporine, so their use depends on
availability and patient and physician preferences.

Alkylating agents
The characteristics of clinical trials with alkylating agents are
shown in Table 67.3. A meta-analysis of five trials [34–38] demon-
strated that cyclophosphamide or chlorambucil reduced the risk
for relapse at 6–12 months by 70% in children with frequently
relapsing SSNS compared with prednisone alone (Figure 67.3a)
[39,40]. There was no significant difference in efficacy between
cyclophosphamide and chlorambucil (50 children; RR, 1.15; 95%
CI, 0.69–1.94) [41]. Cyclophosphamide therapy for 8 weeks was
significantly more effective than administration for just 2 weeks
in reducing the risk of relapse at 12 months (22 children; RR,
0.25; 95% CI, 0.07–0.92) [42]. There was no significant difference
in the risk of relapse at 12 months between therapy lasting for 8
versus 12 weeks (73 children; RR, 1.04; 95% CI, 0.75–1.44) [43],
although an APN study using historical controls had suggested
that 12 weeks was superior [44]. Monthly intravenous cyclophos-
phamide given for 6 months reduced the risk of relapse at the
end of therapy compared with oral cyclophosphamide given for
12 weeks (47 children; RR, 0.56; 95% CI, 0.33–0.92), but there was

no difference after 2 years [45]. To determine long-term outcomes,
26 studies of cyclophosphamide and chlorambucil usage in SSNS
were analyzed [46]. Overall relapse-free survival after 5 years was
below 40%. For frequently relapsing SSNS, relapse-free survivals
were 72% and 36% after 2 and 5 years, respectively. For steroid-
dependent children, relapse-free survival was 40% and 24% after
2 and 5 years, respectively.

Adverse effects with alkylating agents are frequent and may be se-
vere. Latta and coworkers identified adverse effects from 38 reports
on frequently relapsing SSNS that involved 866 children who re-
ceived 906 courses of cyclophosphamide and 638 children who re-
ceived 671 courses of chlorambucil [46]. With cyclophosphamide,
0.8% of children died, 1.5% suffered serious infections, 32% de-
veloped leukopenia, 2.2% had hemorrhagic cystitis, and 18% had
hair loss. With chlorambucil therapy 1% of children died, 6.3%
suffered serious infections, 33% developed leukopenia, and 5.9%
had thrombocytopenia. Alkylating agents may cause gonadal dys-
function in men, but most reports observed little or no toxicity
in women treated for SSNS [46]. With cyclophosphamide treat-
ment in SSNS, there is a dose-dependent relationship between
the number of men with sperm counts below 106/ml and the cu-
mulative dose of cyclophosphamide. Some individuals have de-
veloped oligospermia at cumulative cyclophosphamide doses of
200 mg/kg, suggesting that single courses of cyclophosphamide at a
dose of 2 mg/kg/day should not exceed 12 weeks (cumulative dose,
168 mg/kg) and that second courses should be avoided. There are
few data on gonadal toxicity with chlorambucil in SSNS. However,
in male patients treated for lymphoma, azoospermia occurred with
cumulative doses of 10–17 mg/kg, which are equivalent to doses
used in SSNS treatment [47].
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Figure 67.3 Meta-analyses of the RR (95% CI) for relapse of nephrotic syndrome at 6–12 months in children with frequently relapsing SSNS following (a) alkylating agents
(cyclophosphamide [CPA] or chlorambucil [CHL]) compared with prednisone or placebo and (b) cyclosporin compared with alkylating agents. Results are shown ordered by trial
weights. The test statistic Z indicates that alkylating agents are more effective than prednisone alone and that the efficacy of cyclosporine and alkylating agents is not
significantly different. (Reproduced from Durkan et al. [40] with permission from John Wiley and Sons.)

Cyclosporine
Single trials [48,49] (Table 67.4) have demonstrated no significant
difference in efficacy during treatment between cyclosporine
(6 mg/kg/day in divided doses) and cyclophosphamide or chlo-
rambucil (Figure 67.3b) [40]. The majority of children treated
with cyclosporine relapse when therapy is ceased. Adverse effects
are significant, with 4% of children developing hypertension,
9% reduced renal function, 28% gum hypertrophy, and 34%
hirsutism [40]. In long-term studies remissions of 1 and 2 years
are achieved in 60% and 40% of children, respectively. However,
40% of children require low-dose long-term alternate-day
prednisone to maintain remission despite adequate blood levels
of cyclosporine [50]. Cyclosporine is usually commenced at
5 mg/kg/day in two divided doses with subsequent dosing altered
to achieve predose blood levels of 50–100 ng/mL (measured
by fluorescence polarization immunoassay). The dose of cy-
closporine required to maintain trough levels can be reduced
by one-third by administering ketoconazole as a cyclosporine-
sparing agent [51]. Glomerular filtration rate was significantly
better in the group receiving ketoconazole. Recently, using a 2-h
postdose level of 300–400 ng/mL to guide dosage, lower doses
of cyclosporine could be used without changes in relapse rate
[52].

Cyclosporine-induced tubulo-interstitial lesions on renal
biopsy are reported in 30–40% of children who have received
cyclosporine for 12 months or more [53, 54], with 80% having
interstitial fibrosis when treated for 4 or more years. Cyclosporine-
associated arteriopathy is uncommon. Risk factors for fibrosis are
more than 3 years of cyclosporine therapy, age below 5 years at the
start of therapy, and having heavy proteinuria for more than 30
days during therapy [53,55]. Arteriopathy, but not interstitial fi-
brosis, improves after cyclosporine has been ceased for 12 months
or more [56]. Because of these histological changes, it is recom-
mended that children with SSNS receive cyclosporine for periods
of only 2–3 years [53,55] or undergo annual renal biopsies if cy-
closporine is continued [53], particularly as interstitial changes
may occur in the absence of renal impairment [57].

Levamisole
The efficacy of levamisole in SSNS has been demonstrated in many
studies [58] and evaluated in four RCTs [59–62] (Table 67.4). Cur-
rently, levamisole is not available because its manufacturer ceased
production [58]. Levamisole reduced the risk of relapse by 40% in
comparison with prednisone alone in three trials (137 patients;
RR, 0.60; 95% CI, 0.45–0.79) [40,59–61]. It was ineffective in
a fourth trial [62] in which children with frequently relapsing
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Table 67.4 Characteristics of populations and interventions in randomised trials of other corticosteroid sparing agents in relapsing steroid sensitive nephrotic syndrome

Patient Follow up
Study ID numbers Experimental intervention Control intervention (months)

Cyclosporin compared with alkylating agents
Niaudet 199248 40 Cyclosporin 6 mg/kg/d × 3 mth, taper × 3 mth Chlorambucil 0.2 mg/kg/d × 40 days 24
Ponticelli 199349 55 Cyclosporin 6 mg/kg/d × 9 mth Cyclophosphamide 2.5 mg/kg/d × 8 wk 24
Levamisole compared with placebo/no treatment
BAPN* 199159 61 Levamisole 2.5 mg/kg on alt days × 16wk Placebo on alt days × 16wk 6
Dayal 199460 37 Levamisole 2–3 mg/kg twice a week × 52 wk No treatment × 52 wk 12
Rashid 199661 40 Levamisole 2.5 mg/kg on alt days & prednisone × 26 wk Prednisone × 26 wk 12
Weiss 199362 49 Levamisole 2.5 mg/kg on 2 consecutive days/wk × 26 wk Placebo on 2 consecutive days/wk × 26 wk 12
Levamisole compared with intravenous cyclophosphamide
Donia 200563 40 Levamisole 2.5 mg/kg on alt days × 26 wks IV cyclophosphamide 500 mg/m2 mthly × 26 wk 18
Azathioprine compared with placebo/no treatment
Abramowicz 197067 36 Azathioprine 60 mg/m2/d × 26 wk, prednisone × 26 wk Placebo × 26 wk, prednisone × 26 wk 6
Barratt 197768 24 Azathioprine 2 mg/kg/d × 8 wk, prednisone × 16 wk Prednisone × 16 wk 8
Mizoribine compared with placebo
Yoshioka 200069 197 Mizoribine 4 mg/kg/d × 48 wk, prednisone × 12 wk Placebo × 48 wks, prednisone × 12 wk 18

*British Association for Paediatric Nephrology

and/or steroid-dependent SSNS received a total levamisole dose of
20 mg/kg/month, compared with the 35-mg/kg/month dose used
in the other two trials [59,61] that enrolled children with frequently
relapsing and/or steroid-dependent SSNS. In addition, levamisole
was administered on two consecutive days of seven in the Weiss
trial compared with alternate-day dosing in the other two trials.
These data suggest that lack of efficacy in the Weiss trial [62] could
have resulted from inadequate total dose and/or inappropriate dos-
ing intervals. In an RCT comparing levamisole with intravenous
cyclophosphamide, there was no significant difference in the risk
of relapse at 12 months after the end of therapy (40 children; RR,
0.89; 95% CI, 0.68–1.16) [63]. Similarly, in a retrospective analysis
of children with steroid-dependent SSNS treated with levamisole
for 6 months or oral cyclophosphamide for 8–12 weeks, the pro-
portion of children who were relapse-free after 1 year did not differ
between treatment groups [64]. Adverse effects of levamisole are
uncommon but include leukopenia, gastrointestinal effects, and
occasionally vasculitis [65,66].

Other corticosteroid-sparing agents
In RCTs (Table 67.4), no significant reduction in the risk of relapse
has been demonstrated with azathioprine compared with pred-
nisone alone (two trials, 60 children; RR, 0.90; 95% CI, 0.59–1.38)
[67,68]. There was no significant difference in relapse rates in an
RCT comparing mizoribine with placebo (Table 67.4). The hazard
ratio of cumulative remission rate was 0.79 (95% CI, 0.57–1.08)
[69]. Sixteen percent of treated patients developed hyperuricemia.

Mycophenolate mofetil (MMF) is now widely used in children
with SSNS as a corticosteroid-sparing agent, but to date no data
on its efficacy are available from RCTs, although a crossover trial
comparing MMF and cyclosporine is in progress through the APN
[70]. Three prospective studies involving 76 children who were

treated with MMF for 6–12 months reported reductions in relapse
rates of 50–75% during treatment [71–73]. Prednisone dose could
be reduced in many patients, but most children relapsed when
MMF was ceased. Studies have used 900–1200 mg/m2/day in two
divided doses. Trough levels of mycophenolic acid, measured by
enzymatic immunoassay, below 2.5 μg/mL were associated with a
slightly but not significantly greater risk of relapse, suggesting that
dose regimens should be guided by therapeutic drug monitoring
[73]. Kidney function improved on transfer from cyclosporine to
MMF [73]. The main adverse effects of MMF in kidney transplant
patients are abdominal pain, diarrhea, anemia, leukopenia, and
thrombocytopenia, although to date MMF has been well-tolerated
in children with SSNS, with only mild abdominal pain reported
[71,73]. In children who relapse on MMF alone, a combination of
cyclosporine and MMF may maintain remission with the potential
for using lower cyclosporine doses [73].

There are few data on the use of tacrolimus, another calcineurin
inhibitor, in children with steroid-dependent SSNS. A retrospec-
tive study reported data on 10 children who were transferred to
tacrolimus because of a poor response to or adverse effects of cy-
closporine, and it compared the therapy periods on cyclosporine
versus tacrolimus therapy in these children [74]. There was no dif-
ference between the therapy periods in the rate of relapse per year,
corticosteroid dose, glomerular filtration rate, need for antihyper-
tensive agents, or calcineurin inhibitor toxicity on renal biopsy.
One child on tacrolimus developed insulin-dependent diabetes
mellitus. A second study of five children with steroid-dependent
SSNS reported that only one patient improved substantially with
tacrolimus and two children developed insulin-dependent dia-
betes mellitus [75]. Thus, to date there are no data suggesting
that tacrolimus offers any additional benefits over cyclosporine in
children with SSNS.
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Table 67.5 Evidence rating and recommendations for corticosteroid therapy in steroid sensitive nephrotic syndrome.

Evidence ratinga,b Recommendationsc

Intervention Moderate Low Comment Id IIe IIIf Comment

Corticosteroids in the initial episode of steroid sensitive nephrotic syndrome
Prednisone 3–7 mths vs 2 mths � 6 RCTs (422 patients), 3 trials of

poor quality, consistent results

� RDg −0.23 (95% CI −0.33 to −0.13).
NNTh 4. Moderate evidence base, no
excess harms documented.

Prednisone 6 mths vs 3 mths � 4 RCTs (382 patients), 2 trials of
poor quality, consistent results

� RD −0.31 (95% CI −0.41 to −0.22).
NNT 3. Moderate evidence base, no
excess harms documented.

Prednisone high vs low dose � 2 RCTs (91 patients), one trial of
poor quality, consistent results

� RD −0.32 (95% CI −0.51 to −0.13).
Low evidence base. Need more data on
harms.

Corticosteroids in relapsing steroid sensitive nephrotic syndrome
Prednisone alt day vs 3/7 days � 1 RCT (64 patients); wide 95% CI � RD −0.29 (95% CI −0.55 to −0.02).

NNT 3.5. Moderate evidence base, no
excess harms documented.

Prednisone daily vs divided
dose

� 1 RCT (106 patients); wide 95% CI � No differences in efficacy or harms.
Moderate evidence base. Could improve
compliance.

Prednisone 7 mths vs 2 mths � 1 RCT (90 patients); 20% lost to
follow up

� RD −0.50 (95% CI −0.68 to −0.32).
NNT 2. Moderate evidence base. Further
RCTs required.

Daily prednisone dose for URTI � 1 small RCT (36 patients); poor
quality

� 3 relapses fewer/yr. Low evidence base.
Further RCTs required.

Deflazacort vs prednisone � 1 small RCT (40 patients) � RD −0.50 (95% CI −0.75 to −0.25).
NNT 2. Moderate evidence base. Further
RCTs required. Deflazacort not generally
available.

aEvidence rating based on study design, study quality, consistency and directness of results. All data from systematic reviews of randomized controlled trials.
b No intervention was rated with a high evidence rating.
c Recommendations based on trade-off between benefits and harms, quality of evidence, translation of evidence into practice in a specific setting including availability of
medication and any uncertainty about the baseline risk of the disease in the population.
d Recommend, e Suggest, f No recommendation possible.
g Risk difference (95% confidence intervals).
hNumber needed to treat.

Conclusions

The evidence ratings (based on numbers of trials, study design,
study quality, and consistency of results) and recommendations
(based on the trade-offs between benefits and harms, the quality
of the evidence, and the ability to translate into clinical practice) for
use of corticosteroids and corticosteroid-sparing agents in children
with SSNS are listed in Tables 67.5 and 67.6.

For an initial episode of SSNS, the overall evidence rating is
classified as moderate for the recommendation to use prednisone
therapy for durations of 3–7 months compared with 2 months and
for durations of 6 months compared with 3 months. Although
the trials evaluating prolonged duration of prednisone are small

and of variable quality, the benefits are consistent across trials: the
effect size is large (RR, 0.70; 95% CI, 0.58–0.84), and no significant
differences in harm has been documented, although there is some
heterogeneity among trials. The number needed to treat (NNT)
is four, indicating that only four children need to be treated with
prednisone for 3–7 months compared with 2 months to prevent
one child from relapsing and avoiding the morbidity associated
with relapse. The evidence rating for high total dose compared
with lower total dose is low, so that no recommendation can be
given for this medication schedule at present.

In relapsing SSNS, the evidence rating is classified as moder-
ate for the recommendations to use single daily doses rather than
divided doses to induce remission and to use alternate-day pred-
nisone rather than three consecutive days out of seven to maintain
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Table 67.6 Evidence ratings and recommendations for corticosteroid sparing agents in frequently relapsing steroid sensitive nephrotic syndrome

Evidence ratinga,b Recommendationsc

Intervention Moderate Low Comment Id IIe IIIf Comment

Alkylating agents
Alkylating agents for 8 wks vs
prednisone

� 5 RCTs (134 patients), some of poor
quality. Consistent results.

� RDg −0.61 (95% CI −1.00 to −0.23).
NNTh 2. Moderate evidence base for
efficacy and safety.

Cyclophosphamide vs
chlorambucil

� 1 RCT (50 patients). � No differences in efficacy or harms.
Moderate evidence base.

Intravenous vs oral
cyclophosphamide

� 1 RCT (47 patients). � No obvious difference in efficacy/harms by
2 yrs. Moderate evidence base.

Cyclosporin
Cyclosporin vs alkylating
agents

� 2 RCTs (95 patients). Consistent
results.

� No difference in efficacy between agents
during treatment. Moderate evidence
base.

Levamisole
Levamisole for 4–12 mths vs
prednisone

� 3 RCTs (137 patients) show benefit.
Consistent results. 1 RCT (48
patients) using lower dose no effect.

� RD −0.31 (95% CI −0.46 to −0.16)
(3 RCTs). NNT 3. Moderate evidence
base. No excess harms documented.
Levamisole not currently available.

Levamisole vs
cyclophosphamide

� 1 RCT (40 patients); poor quality � Sparse data; no obvious difference in
efficacy. Levamisole not currently
available.

Mycophenolate mofetil
Mycophenolate mofetil � 3 prospective studies (76 patients);

consistent results

� Poor evidence base. No RCTs. Apparent
benefit in 50–75% patients.

Tacrolimus
Tacrolimus � 2 studies (15 patients); consistent

results

� Sparse data; no demonstrable benefit
over cycloporin.

a Evidence rating based on study design, study quality, consistency and directness of results. All data from systematic reviews of randomized controlled trials.
b No intervention was rated with a high evidence rating.
c Recommendations based on trade-off between benefits and harms, quality of evidence, translation of evidence into practice in a specific setting including availability of
medication and any uncertainty about the baseline risk of the disease in the population.
d Recommend, e Suggest, f No recommendation possible.
g Risk difference (95% confidence intervals). hNumber needed to treat.

remission. There is no biological reason why these regimens should
not be equally effective in the initial episode of SSNS, although
this has not been evaluated in RCTs. It is suggested that prolonged
duration of prednisone treatment can also be used for relapsing
SSNS, but further RCTs are required to document the adverse ef-
fects of corticosteroids in children, who require multiple courses of
prednisone. No recommendation can be made for deflazacort or
for daily prednisone during upper respiratory infections without
further RCTs to examine the benefits and harms.

In children with frequently relapsing or steroid-dependent
SSNS, the evidence rating is classified as moderate for use of alky-
lating agents compared with prednisone or no treatment, with no
difference demonstrated in efficacy between cyclophosphamide
and chlorambucil. Alkylating agents can be recommended for chil-
dren with frequently relapsing or steroid-dependent SSNS who

have serious adverse effects from corticosteroids. Significant harm
is associated with alkylating agents, with about a 3% risk of se-
rious infections and 1% risk of death. Alkylating agents reduce
the risk of relapse by 70% (NNT, 2), so one can estimate that 3
serious infections and 1 death due to treatment will occur per 100
patients avoiding a relapse. The evidence rating for using intra-
venous compared with oral cyclophosphamide is moderate, but
no recommendation for its routine use can be made because of
the additional potential harm related to intravenous access and
treatment costs, which were not considered in the study. The evi-
dence rating for using cyclosporine is classified as moderate, and
this agent can be recommended as an alternative to alkylating
agents as no difference in efficacy between cyclosporine and these
agents has been demonstrated. The evidence rating is classified as
moderate for the efficacy of levamisole compared with prednisone
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or placebo, but no recommendation can be made for its use, as
this medication is no longer manufactured. The evidence rating for
MMF and tacrolimus is classified as low, and no recommendations
can be made for their use.

Although the evidence base from randomized trials in the treat-
ment of SSNS is relatively large, many of the trials performed
have been small and/or of inadequate quality. Further information,
particularly on potential harms, is required to determine the opti-
mal duration and total dose of prednisone in the initial episode of
SSNS, with clarification of the relative contributions of dose and
duration. In frequently relapsing and steroid-dependent SSNS,
more information is required on the relative efficacies of alky-
lating agents, cyclosporine, MMF, and levamisole (assuming that
production of levamisole is resumed). In addition, information is
needed on the relative efficacies of corticosteroid-sparing agents
in children with steroid-dependent or frequently relapsing SSNS.
These important questions can be answered with well-designed
and adequately powered international multicenter trials.
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Nephrologie.” Lancet 1979; i(8113): 401–403.

12 Hodson EM, Knight JF, Willis NS, Craig JC. Corticosteroid therapy for

nephrotic syndrome in children. Cochrane Database Syst Rev 2005; 1:

CD001533.

13 Short versus standard prednisone therapy for initial treatment of

idiopathic nephrotic syndrome in children. Arbeitsgemeinschaft für
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Introduction

Steroid-resistant nephrotic syndrome (SRNS) is a heterogeneous
disease characterized by the persistence of proteinuria after 4–
8 weeks of corticosteroid therapy [1,2]. The incidence of new-
onset childhood SRNS is about 0.3 cases/100,000 patient years [3].
Approximately 15% of children treated for new-onset nephrotic
syndrome are steroid resistant [4–6]; some patients are corticos-
teroid resistant after the first corticosteroid course, whereas others
become corticosteroid resistant after receiving two or more treat-
ment courses. Steroid resistance is more common in South Asians
[3], African Americans [4], older children [4], and those children
who relapse more rapidly [4].

Most pediatric nephrologists perform a renal biopsy to de-
termine the glomerular histology prior to initiating a non-
corticosteroid-based therapy in SRNS [7]. The International Study
of Kidney Diseases in Children (ISKDC) reported that focal seg-
mental glomerulosclerosis (FSGS) was responsible for 7% of new-
onset nephrotic syndrome cases [1]. A recent study suggested
that the number of children with FSGS may be increasing to 0.5
cases/100,000 children/year [8]. A retrospective study of 42 chil-
dren with SRNS at Stanford University reported 24% with minimal
change disease (MCD), 17% with mesangial proliferative glomeru-
lonephritis (MesPGN), 24% with FSGS, and 36% with FSGS and
mesangial proliferation [9].

The treatment of SRNS can be directed toward abrogating the
causes of the proteinuria through the use of additional corticos-
teroids, alkylating agents, and calcineurin inhibitors or by inhibit-
ing the damaging effects of the proteinuria and nephrotic syn-
drome through the use of statins and angiotensin converting in-
hibitors. The stakes are high, as patients who respond to ther-
apy regain a sense of well-being and are less likely to progress to
end-stage renal disease (ESRD) [10,11]. Treatment failure, even af-
ter achieving an initial remission, correlates with poor long-term

outcome. Overall, children with MCD-associated SRNS tend to
respond best to therapy, whereas those with FSGS comprise the
majority of those who progress to ESRD [9,12]. Despite one case
report of successful treatment of familial FSGS [13], patients with
familial (genetic) forms of SRNS generally do not respond to ther-
apy, and so this form of the disease will not be considered further
in this chapter.

Treatment of SRNS: methods

A MEDLINE search was conducted to develop evidence-based
treatment guidelines for children with SRNS. Pediatric studies
were preferentially selected. However, if pediatric data could be
extracted from a study population that also included adults, the
information was added to the analysis. For consistency, the results
reported reflect initial, not final or long-term, responses to ther-
apy. Patients respond to therapy either completely, where urinary
protein/creatinine (UProt/UCreat) ratios return to normal (<0.20
mg/mg; <0.02 g/mmol), partially with at least a halving of the
proteinuria (UProt/UCreat, <2 mg/mg, or <0.2 g/mmol), or not at
all (treatment failure).

There is controversy regarding the nomenclature of MesPGN,
as some pathologists consider MesPGN to be an early form of
FSGS. Because a significant number of the pediatric studies have
characterized their patients as having MesPGN, the term MesPGN
is used in the tables found in this chapter.

Calcineurin inhibitor therapy

Cyclosporine
There is more literature supporting calcineurin inhibitor therapy
in SRNS than any other medication [14,15] (Table 68.1). Although
both cyclosporine (CsA) and tacrolimus have been used to treat
SRNS in children, there are substantially more data regarding the
outcomes of patients treated with CsA. Twenty-four retrospective
and prospective uncontrolled studies, with a total of 531 patients
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Table 68.1 Evidence ratings and recommendations for interventions to achieve remission in SRNS.

Evidence ratingb Recommendationc

Intervention SRa Moderate Low Studies conducted I II III Benefit–risk trade-offs

Calcineurin inhibitors
(vs standard care)

+ � 3 small RCTs (46 patients); 21 case
series (507 patients); generally
consistent results

� Benefits exceed harms; RR −0.26
(95% CI −0.49 to −0.04); NNT 4

Oral steroids (vs oral
alkylating agents)

+ � 2 RCTs (88 patients) with consistent
results; 11 case series (104 patients)
with inconsistent results

� No evidence of benefit in FSGS in RCTs;
significant harms

ACEi (vs standard
care)

+ � 3 RCTs (87 patients) with consistent
results; 6 case series (46 patients)
with inconsistent results

� Benefits exceed harms; proteinuria
reduced by 0.95 g/day (95% CI −1.21
to −1.05) in 1 RCT; few harms reported

Pulse intravenous
steroids

� 3 case series (94 patients), generally
consistent results

� Remission in 30–60%; need more data
on harms

Intravenous alkylating
agents

� 5 case series (71 patients), generally
consistent results

� Remission in 30–100%; need more
data on harms

Combined therapy
(PMT + CPA)

� 8 case series (204 patients), generally
consistent results

� Remission in 50–80%; need more data
on harms

aSR,systematic review(s) available on RCT(s).
bEvidence rating based on study design, study quality, consistency, and directness of results. No intervention received a high evidence rating.
cRecommendation based on trade-off between benefits and harms, quality of evidence, and translation of evidence into practice in a specific setting, including availability
of medication and any uncertainty about the baseline risk of the disease in the population. I, recommend to give or not to give; II, suggest to give or not to give; III, no
recommendation possible; NNT, number needed to treat.

(497 treated with a calcineurin inhibitor) have been conducted
to evaluate the effectiveness of CsA in the treatment of SRNS
(Table 68.2) [13,16–33]. The response to CsA is variable, with
complete remission rates that range from 7 to 100%. The
recent Cochrane review of randomized controlled trials (RCTs)
concluded that CsA, compared with placebo or no treatment,
significantly increased the number of children who achieved
complete remission (three RCTs, 49 children; relative risk [RR]
for persistent nephrotic syndrome, 0.64; 95% confidence interval
[CI], 0.47–0.88) [34].

The dosing regimen of CsA varies widely and has changed
over time. Although lower-dose CsA therapy (100 mg/m2/day)
has been advocated [25], most current treatment regimens em-
pirically start with a dose of 5–7 mg/kg/day [22,24,31,32]. In-
guilli et al. suggested that the CsA dose and trough level should
be titrated upwards when patients have higher cholesterol levels
[24]. Most regimens report twice-daily dosing; however, single-
daily dosing of CsA has also been effective [16,21]. When starting
with a higher dose, tapering of the CsA to 3–4 mg/kg is frequently
undertaken after treatment response [31,35]. CsA trough levels
effective in inducing remission have ranged from 50 to 300 ng/mL
[22,24,28,32,36,37].

CsA-induced side effects include hirsutism [30,32], gingival hy-
perplasia [16,30,32,36], hypertension [16,22,32,33,36,38–40], and
nephrotoxicity characterized by tubular atrophy and progressive
interstitial fibrosis [16,22,25,28,29,36,41,42]. Investigators have
reported that CsA reduces the glomerular filtration rate (GFR)

and causes significant nephrotoxicity [36,43]. Some children have
reversible arteriopathy [42], with recovery of GFR when CsA is
ceased [43], but about 15% have irreversible changes [22,28].

Relapses of nephrotic syndrome after withdrawal of CsA
therapy are common, affecting approximately 50% of patients
[16,18,23,25,28,29,32,36,44]. It is unclear how relapses impact
long-term kidney function, how long patients can reasonably con-
tinue to receive therapy, whether resistance to treatment develops
over time [45], and how frequently renal biopsies should be per-
formed to monitor CsA nephrotoxicity.

Tacrolimus
Two pediatric case series have demonstrated that tacrolimus has an
antiproteinuric effect similar to CsA and may be effective in achiev-
ing remission in CsA-resistant SRNS children [39,46]. Tacrolimus
therapy does not induce hirsutism or gingival hyperplasia, which
are common with CsA, but it dose cause insulin resistance and di-
abetes (in 2–3% of pediatric kidney transplant recipients) [47,48].
The lack of an RCT means that tacrolimus therapy cannot be rec-
ommended until further data are available.

Corticosteroid therapy

Oral corticosteroid therapy
Oral corticosteroid therapy remains a therapeutic “cornerstone”
in the management of SRNS. Given that children with SRNS are,
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by definition, resistant to steroid therapy, resuming or continuing
oral corticosteroid therapy may seem counterintuitive. Yet, there
is evidence that some patients with SRNS can respond to oral
corticosteroids.

There have been two prospective RCTs in children with SRNS
in which oral corticosteroid therapy was selected as the control
treatment arm [49,50]. Children with MCD-induced SRNS may
have higher remission rates [49] than those with FSGS [50]. Studies
of children with FSGS have reported complete remission rates
of 0–28% [49–51]. Yet, oral corticosteroid therapy alone may be
insufficient to maintain remission, as 25% subsequently relapsed
and progressed to ESRD [50,51].

Despite their well-known adverse effect profile, 3–6 months of
oral corticosteroids has been recommended in the therapy of SRNS
when combined or used in sequence with other therapies [52]. The
current NIH-funded SRNS FSGS study is using alternate-day oral
corticosteroid therapy at a dose of 0.5 mg/kg/day for 6 months.

Short course of high-dose (pulse) intravenous
corticosteroid therapy
Early reports of successful treatment of glomerular diseases with
pulse methylprednisolone therapy (PMT) [53,54] led to PMT
studies in children with SRNS. Whereas some investigators used
three consecutive doses or alternate-day doses [55–57], others used
six doses of intravenous PMT (1 g/1.73 m2or 30 mg/kg with a max-
imum dose of 1 g) or dexamethasone (5 mg/kg) [54,58–60].

Ninety-four children were treated with intravenous corticos-
teroids in three prospective, nonrandomized studies [54,58,60]
(Table 68.3). When intravenous PMT or dexamethasone therapy
was used alone, 33–63% of patients achieved complete remission.
Equivalent remission rates have been achieved using intravenous
dexamethasone or methylprednisolone [59,60] (P = 1.00; RR,
0.958; 95% CI, 0.335–2.461). Although patients may go into remis-
sion, most require another agent to maintain remission [54,58,60].

The adverse effects of pulse intravenous methylprednisolone
or dexamethasone therapy can include dysrhthymias [61], hyper-
glycemia (3%) [60], hypokalemia (48%) [60], nausea and vomit-
ing (9%) [62], mood swings (18%) [62], and posterior lenticular
cataracts (9%) [62]. Hypertension has been reported to occur in
about 50% of children [60].

An RCT examining the efficacy of pulse intravenous corticos-
teroid therapy in the treatment of SRNS is needed.

Purine synthesis inhibitors

Azathioprine
Abramowicz et al. conducted an RCT comparing azathioprine
(60 mg/m2/day) plus intermittent prednisone (40 mg/m2/day for
three consecutive days per week) versus intermittent prednisone
alone [2]. There was no difference in outcomes (12.5% achieved
remission) between the azathioprine and prednisone alone groups
(P = 1.00). White et al. reported the use of high-dose azathio-
prine therapy (4–14 mg/kg/day for 4–60 weeks) in combination

with steroid therapy to treat children with SRNS [63]. Although
38% of those treated with high-dose azathioprine improved, two
patients died. The remission rate for azathioprine treatment is so
low that it cannot be recommended in the treatment of SRNS.

Mycophenolate mofetil
No RCTs have evaluated the effect of mycophenolate mofetil
(MMF) in childhood SRNS. A retrospective analysis of five pe-
diatric patients with SRNS who were treated with MMF, with or
without subsequent weaning of CsA, reported fewer relapses per
year on treatment (1.4 ± 1.1) compared to the 12 months prior
to MMF (2.8 ± 1.3) [64]. Only two patients were weaned off CsA,
and two had the same number of relapses pre- and posttreatment
with MMF. A cohort study of five patients with cyclophosphamide
(CPA)-resistant and CsA-resistant SRNS reported only one MMF-
induced remission [65]. A study conducted by Ulinski et al. eval-
uated treatment conversion from CsA to MMF in children with
steroid-dependent nephrotic syndrome and SRNS [43]. Overall,
the calculated GFR increased while the amount of corticosteroid
therapy needed to retain the remission decreased.

The current NIH-sponsored FSGS study is comparing MMF
(25–36 mg/kg/day) and dexamethasone in one group and CsA
treatment in the other group [41]. An RCT of MMF is needed to
determine its efficacy for this indication.

Mizoribine
The mechanism of action for mizoribine is similar to that of MMF.
Although studies conducted in Japan reported that mizoribine
was effective in the treatment of a limited number of children with
SRNS [66,67], there have been no RCTs. In a study of patients with
SRNS due to FSGS, 7 of the 15 (47%) children achieved remission
[67]. Doses of 3–10 mg/kg have been used without significant
adverse effects [66,68,69].

Alkylating agents

Oral CPA
Two RCTs concluded that children with SRNS respond poorly to
alkylating agents, with only 17–25% of patients achieving remis-
sion [50,70]. The RCT performed by Tarshish et al. reported that
there was no significant difference between the outcomes in chil-
dren with FSGS treated with cyclophosphanide (CPA) (P = 1.00;
RR, 1.050; 95% CI, 0.750–1.470) compared to oral prednisone
alone. In addition, those study authors reported that 9/25 subjects
receiving prednisone and 20/35 on CPA had kidney dysfunction
(P = 0.13; RR, 1.59; 95% CI, 0.87–2.88). The ISKDC study, which
included children with MCD or FSGS, reported a somewhat higher
complete remission rate with CPA and intermittent prednisone
(56%) than with intermittent prednisone alone (40%), but there
was no significant difference in outcomes between the treatments
(P = 0.718; RR, 0.714; 95% CI, 0.158–3.231) [49]. When the two
RCTs are combined in a meta-analysis for the outcome of failure
to achieve remission, results are no different (P = 1.00; RR, 1.01;
95% CI, 0.74–1.36). A large observational study by Martinelli et al.
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[51] reported comparable outcomes for children treated with CPA
compared to those treated with prednisone, but CPA-induced re-
mission rates were still low (27%).

There may be a differential response to alkylating agents that
depends on the underlying renal pathology in children with SRNS
(Table 68.4). Oral CPA appears to be more effective in children
with MCD-associated SRNS, with short-term remission rates of
50–100% [71–75].

Both chlorambucil and CPA have been successfully used to treat
children with SRNS. Elzouki and Jaiswal [76] reported chlorambu-
cil responsiveness despite CPA resistance in five SRNS patients. Be-
cause 4–8% of patients treated with chlorambucil develop seizures
[77,78] and reported outcomes are similar, there appears to be no
advantage to using chlorambucil compared with CPA.

Dosing for CPA in children has been based on studies per-
formed by Barrett and Soothill. Patients who received 3 mg/kg/day
for 8 weeks had longer remissions and fewer relapses [79]. Most
of the current studies report using 2–3 mg/kg for 8–12 weeks
[8,51,77,80,81]. Some investigators reported using a second, or
even third, course of alkylating agent when the first course was not
effective [75]. The study by Drummond et al. reported excellent
results with longer-term therapy (up to 1 year) with CPA [82].

All patients receiving oral alkylating therapy should be advised
of the risks of infertility [83–85], alopecia [86], leucopenia
[77,87], and hemorrhagic cystitis [49]. Alkylating agent-induced
infertility is particularly concerning. In the meta-analysis by
Latta et al., there was no safe threshold CPA cumulative dose for
men; greater cumulative doses correlated with a greater risk of
infertility [77]. Conversely, women rarely develop oral alkylating
agent-induced infertility [77]. A recent study by Ruth et al.
reported that only 8 of 42 adults who had received CPA therapy
for nephrotic syndrome as children had borne children, although
it was uncertain whether CPA-induced fertility was the cause
[84]. Etledorf et al. reported that four men who received CPA
at 2–4 mg/kg/day for 49–60 days had normal semen, whereas
four other men who received 2–5 mg/kg for 89–489 days were
azoospermic [88]. Trompeter et al. found lower ejaculate volumes
and sperm densities with a higher percentage of immotile and
abnormal forms in 19 men who received CPA at 3 mg/kg for
8 weeks [83], but the abnormalities were not severe enough
to suggest infertility. Sperm banking may be offered to older
adolescent men as a hedge against the possibility of sterility.

Intravenous CPA
Reports of excellent outcomes in patients with lupus nephritis
treated with intravenous CPA have encouraged some investigators
to attempt intravenous pulse CPA therapy in children with SRNS.
Intravenous CPA has been used by clinicians in settings where
frequent visits for therapy are not feasible. There have been six
studies (involving a total of 71 patients) in which children received
monthly pulse CPA (in doses ranging from 500 to 750 mg/m2 per
dose) for 6 months with concurrent oral corticosteroid therapy
(Table 68.5) [86,89–92]. One RCT was performed that compared
intravenous versus oral CPA [91]. All of the subjects (n = 7) who

received intravenous CPA achieved remission, whereas only one
(25%) of the subjects (n = 4) who received oral CPA responded
to therapy. However, small numbers led to imprecision of results,
so that the difference was not significant (RR, 0.09; 95% CI, 0.01–
1.39), and further RCTs are required.

Intravenous pulse CPA therapy has been described as well-
tolerated, safe, and effective, but with some increase in the risks of
infection [90], alopecia [86,89,90], and transient vomiting [86,89].
Although not reported in any intravenous CPA SRNS studies, pa-
tients treated with intravenous CPA may develop hemorrhagic
cystitis [93], which may recur with reintroduction of intravenous
CPA [94]. The use of 2-mercaptoethane sodium sulfonate (Mesna)
has been shown to reduce the risk of hemorrhagic cystitis due to
intravenous CPA [94–98].

The long-term effects on fertility of intravenous pulse CPA are
concerning. Women with systemic lupus erythematosus treated
with intravenous pulse CPA are at risk of ovarian toxicity. In a study
by Park et al., logistic regression analysis showed that older age,
high damage index at initiation of therapy, and high cumulative
dose were the independent risk factors of ovarian failure [85].

Because of small patient numbers, diverse histology, and ex-
treme variability of treatment responses, it is not possible to make
a recommendation regarding intravenous CPA.

Other antineoplastic and immunosuppressant
medications

Nitrogen mustard therapy (mechlorethamine)
and vincristine
There have been no RCTs of mechlorethamine. Mechlorethamine
therapy with corticosteroids or adrenocorticotropic hormone was
advocated as an effective treatment for SRNS from the 1950s to
the 1980s. All patients achieved partial or complete remission in
the study conducted by Fine et al. [99], in which mechlorethamine
was infused intravenously for four consecutive days. A subsequent
study by Armugan et al. [100] did not report encouraging results.
None of the seven patients achieved a complete remission.
Vomiting was a common adverse effect of mechlorethamine
therapy [99,101].

Although primarily used as an antineoplastic drug in the treat-
ment of malignancies, there have been two small cohort studies of
vincristine treatment in children with SRNS [102,103]. Response
rates to therapy, defined as combined complete and partial remis-
sions, were 38% [102] and 43% [103]. Both studies concluded
that vincristine was relatively ineffective in inducing remission.
However, patient selection for both studies appeared to be biased
towards unresponsiveness to any therapy. There is insufficient ev-
idence to make a recommendation regarding vincristine therapy.

Combination therapy

The use of combination therapy, consisting of two or three dif-
ferent medications, has been advocated by many investigators
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[38,59,92,104–108] (Table 68.6). There have been at least 10 studies
with a total of 204 patients treated with combination therapy,
but no RCT has been conducted. The mean complete remission
rate for all combination therapies is 58%. Nearly all patients with
MCD respond to combination therapy, whereas only 47% of FSGS
patients achieve a complete remission.

Triple therapy: PMT + alternate-day oral
corticosteroids + CPA
One of the most common combinations, a triple therapy with
a combination of intravenous PMT, oral CPA, and alternate-day
prednisone therapy, was first described by Griswold et al. [104].
Large doses, 30 mg/kg methylprednisolone up to a maximum of
1 g, were infused intravenously three times per week for 2 weeks
(six doses) and then weekly for at least 4–6 weeks. Decreasing the
frequency of the PMT dose to every other week and monthly oc-
curred when UProt/UCreat levels decreased to near normal levels. For
patients who did not respond to pulse intravenous corticosteroid
therapy (PICT) alone, oral CPA at 2 mg/kg/day was prescribed for
75–90 days. Alternate-day oral corticosteroid dosing was decreased
relative to the patient’s response.

In the six triple therapy studies (150 patients), 50–75% of pa-
tients achieved a complete or partial remission [57,59]. African
American patients may be less responsive to triple therapy than
other ethnic groups [109], and outcomes in patients who have
failed treatment with calcineurin inhibitors have been disappoint-
ing [57]. A long-term analysis of FSGS patients by Tune et al.
reported that 9% of patients progressed to ESRD [107].

Adverse effects, including transient hypertension, vomiting,
steroid-induced cataracts, and headaches, are reported to be self-
limited [38,59,104–108]. RCTs are needed to determine the effec-
tiveness and safety of this therapy.

Other combination therapies
Waldo et al. conducted a prospective cohort study in which PMT
and CsA therapy was combined in 10 children with FSGS, 80% of
whom achieved remission [38]. Four of the patients were African
American, and all four responded to therapy. Yorgin et al. also re-
ported the use of combined PMT, angiotensin converting enzyme
inhibitor (ACEi), and CsA therapy in a subset of study subjects
[13]. CsA therapy was used to maintain remission after it had
been achieved by PMT.

Kano et al. reported the successful use of combination therapy
with PMT, intravenous immunoglobulin and a statin [110], with
77% achieving a complete or partial remission.

The study by Mori et al. prospectively evaluated the use of hep-
arin therapy and PMT administered for three consecutive days
[57]. The combination therapy was given 14 times over 2 years.
The patient group consisted of children who were expected to have
a poor prognosis due to their resistance to CPA or CsA, and 60%
achieved a partial or complete remission.

El-Reshaid et al. reported a 100% remission rate in 21 children
with SRNS in a sequential protocol consisting of a calcineurin in-

hibitor followed by the addition of MMF and then by monthly
intravenous CPA for three consecutive months [92]. All patients
required antihypertensive therapy after starting calcineurin in-
hibitor therapy.

Nonimmunosuppressant therapy

ACEi therapy
A recent Cochrane review [34] concluded that ACEi signifi-
cantly reduced proteinuria in children with SRNS (two RCT trials
[111,112] with 70 children in total). The RCTs and a small number
of prospective and retrospective uncontrolled studies [113–117]
reported a 40–80% reduction of proteinuria (Table 68.7). In the
RCT by Yi et al., children with SRNS were randomized to receive
fosinopril and prednisone treatment for 12 weeks or to receive
prednisone alone for the same duration [111]. Fosinopril-treated
subjects consistently had lower 24-h urinary protein excretion. Af-
ter 12 weeks of treatment, fosinopril reduced proteinuria by 0.95
g/24 h (95% CI, −1.21 to −0.69).

ACEi therapy appears to have a dose-dependent effect. In
a randomized crossover trial evaluating low-dose versus high-
dose enalapril [112], patients who received enalapril at a dose
of 0.6 mg/kg/day had an almost twofold greater reduction in
the Ualbumin/Ucreat ratio compared with patients who received
0.2 mg/kg/day. Investigators had initiated enalapril at a low dose
of 0.2 mg/kg/day and then gradually increased the dose to 0.5–
0.6 mg/kg/day. Careful monitoring of GFR and serum potassium
values is necessary when using ACEi therapy.

Statin therapy
Patients with nephrotic syndrome typically have apoB overpro-
duction, with high levels of very-low-density lipoproteins and
low-density lipoproteins (LDL) in plasma. HMG-CoA reduc-
tase inhibitors (statins) have been evaluated in both animal and
adult studies to ameliorate hypercholesterolemia associated with
nephrotic syndrome [118,119]. Two small uncontrolled trials eval-
uated the efficacy of statin therapy in children with SRNS. Cole-
man et al. evaluated the efficacy of simvastatin in seven pediatric
patients with SRNS and reported that study participants who re-
ceived a median simvastatin dose of 10 mg/day had 41% and 44%
reductions in cholesterol and triglycerides, respectively [120]. One
patient who was concurrently treated with prednisolone experi-
enced complete remission.

Sanjad et al. reported that statin therapy significantly reduced
plasma levels of total cholesterol, LDL cholesterol, and triglyc-
erides [121]. Statin therapy did not result in a significant reduc-
tion in the level of proteinuria or increase serum albumin lev-
els. The rate of progression to ESRD was not affected by statin
therapy.

RCTs of statin therapy in a larger population of patients with
SRNS are necessary to evaluate if statins have renoprotective and/or
cardioprotective roles.
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Pheresis-based therapies

The efficacy of plasma exchange (TPE) in children is thought to
be due to the removal of the focal segmental permeability factor
described by Savin et al. [122–124] and other nephrotic syndrome-
inducing permeability factors. The successful use of TPE in
treatment-resistant FSGS in nontransplanted children has been
reported in a limited number of patients [125–129]. The largest
series conducted is the multicenter prospective study by Franke
et al., who treated seven children with FSGS using 2.5 volume
TPE, PMT, CsA, and replacement intravenous immunoglobulin.
Four of the seven patients (57%) achieved a remission. One patient
developed Streptococcus pneumonia sepsis after two TPE sessions.

Hattori et al. were the first to report decreased proteinuria and
improved renal function in FSGS with LDL apheresis (LDL-A)
[130]. Lipoprotein pheresis systems use a dextran sulfate cellu-
lose column, which binds LDL cholesterol. Brunton used LDL-A
to treat 20 patients with nephrotic syndrome. Two patients expe-
rienced a remission while receiving the therapy, and LDL-A was
effective in reducing LDL cholesterol and was deemed safe [131].
In a multicenter trial, 17 patients with SRNS due to FSGS were
treated with corticosteroid therapy and LDL-A twice a week for
3 weeks and then weekly for 6 weeks [132]. In addition to a rapid
improvement in hyperlipidemia, 71% achieved remission or par-
tial remission. In a retrospective study, where LDL-A was com-
pared to corticosteroid treatment alone in patients with FSGS,
the LDL-A treatment group experienced a decrease in phospho-
lipid, cholesterol, and proteinuria [133]. Hattori et al. conducted
a prospective study of LDL-A in which 7 of 11 nephrotic chil-
dren with steroid- and CsA-resistant primary FSGS achieved re-
mission [134]. In a retrospective study by Muso et al., patients
in one group (n = 17) received LDL-A twice a week for 3 weeks
and then weekly for 6 weeks, whereas the other group (n = 10)
was only treated with corticosteroids. The length of time required
to achieve a UProt/UCreat ratio was shorter in the LDL-A group.
Seven patients in the LDL-A group (41%) experienced remission
of nephrotic syndrome.

Antibody therapy

Rituximab (anti-CD20)
There are two case reports of remission in response to rituximab
therapy. Benz et al. reported a 16-year-old boy with SRNS due to
FSGS who responded to CPA and CsA therapy but had relapses
whenever therapy was withdrawn. After an episode of idiopathic
thrombocytopenic purpura treated with rituximab, the patient no
longer experienced relapses while on CsA therapy [135]. Nozu
et al. reported the case of a 12-year-old kidney transplant recipient
with recurrent FSGS who developed posttransplant lymphoprolif-
erative disorder [136]. After treatment of the posttransplant lym-
phoproliferative disorder with rituximab, the patient’s nephrotic

syndrome completely resolved. Insufficient data exist to recom-
mend this treatment.

Bone marrow transplantation

Shueng-Wai Chan et al. reported a case of a 13-year-old with mem-
branous glomerulopathy, which on rebiopsy showed FSGS; the pa-
tient achieved remission after bone marrow transplantation [137].

Conclusions

Children with SRNS have access to reasonably effective empiric
therapy. Calciuneurin inhibitor therapy and ACEi therapy are rec-
ommended therapies for the treatment of SRNS (Table 68.1). Oral
CPA may be helpful in the treatment of SRNS due to MCD. Other
therapies, including combination therapy, intravenous alkylating
agents, MMF, statins, and a brief course of pulse methylpred-
nisolone, may hold promise but due to their low evidence base
cannot be recommended. Children with SRNS who experience a
sustained remission have better outcomes.

A “one size fits all” approach to immunosuppressive medica-
tions has yielded a less-than-optimal record of treatment success.
Children with primary steroid resistance due to FSGS are a chal-
lenging population, as treatment outcomes are generally inferior
to those with MCD [138]. When treating a child who does not
respond to a first-line and then second-line of therapy, consider-
ation should be given to performing podocin gene (NPHS2) and
the focal segmental permeability factor laboratory studies.

The pediatric nephrology community will need to cooperate to
a far greater extent than in the past to effectively assess treatment
strategies. Most articles reviewed for this chapter concluded with a
statement that, “prospective randomized studies are needed.” No
single center or regional cooperative group has sufficient numbers
to conduct a meaningful RCT. The current slow enrollment for the
FSGS NIH study is concerning and indicates that either there are
far fewer patients to be studied than originally thought or there is
insufficient nephrologist “buy-in” to the multicenter investigative
process or the specific treatment regimen offered. The pediatric
nephrology community must work cooperatively to answer the
pressing challenges of SRNS treatment.
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69 Henoch-Schonlein Nephritis and
Membranoprolifertive Glomerulonephritis

Sharon Phillips Andreoli
Department of Pediatrics, James Whitcomb Riley Hospital for Children,
Indiana University Medical Center, Indianapolis, USA

Introduction

The clinical manifestations of Henoch-Schonlein purpura (HSP),
including the typical rash, arthralgias, arthritis, gastrointestinal in-
volvement, and renal involvement, have been well-described. Less
common manifestations include testicular inflammation and pul-
monary and central nervous system, as well as other organ, involve-
ment [1–5]. The occurrence of kidney disease has been estimated
to be as low as 20% in some studies and up to 50% in other studies
[1–4]. The renal disease in HSP is quite variable, with the majority
of patients demonstrating spontaneous resolution of the nephritis.
Treatment strategies are based on the risk of progressive disease
[2–5]. HSP is a very common disorder in pediatric patients and is
less common in adults, but the development of HSP nephritis is
more common and more severe in adolescent and adult patients
[6–12]. Treatment strategies for HSP are based on very few ran-
domized controlled trials (RCTs) with prednisone to prevent the
development of renal disease in HSP, and there have been virtually
no RCTs for therapy of severe HSP nephritis. Although there are
no controlled trials of therapy for HSP nephritis, there are multiple
case series and anecdotal reports of successful immunosuppressive
therapy for HSP nephritis.

Membranoproliferative glomerulonephritis (MPGN) types I, II
(also known as dense deposit disease), and III are also common
forms of glomerulonephritis in pediatric and adult patients [5,13–
15]. In contrast to HSP nephritis, the natural history of all types
of MPGN is progression to chronic kidney disease in the major-
ity of patients [5,13–15]. However, the natural history and rate
of progression within and between types I, II, and III are quite
variable. Treatment strategies in MPGN are also based on reports
of series of patients treated with immunosuppressive therapy and
very few controlled trials of therapy. This chapter reviews the eti-

ology, epidemiology, natural history, and treatment strategies for
HSP nephritis and idiopathic MPGN.

Etiology, epidemiology, and natural history
of HSP nephritis

Etiology
Although the clinical manifestations of HSP are well-known, the
specific pathogen(s) that triggers the clinical features of HSP is
unknown. Associations with group A beta-hemolytic streptococ-
cal infections, infections with viruses including hepatitis B, herpes
simplex, human parovovirus B, and influenza viruses, other infec-
tions, and other agents have been reported by many investigators
[16]. However, the large majority of the reports associating specific
infectious agents, drugs, or immunizations with HSP are anecdo-
tal reports, and despite extensive investigation, there is no clear
pathogen that is accepted as a trigger for the clinical manifesta-
tions of HSP. Given the lack of a single etiological agent identified
for HSP, it is likely that the disease is caused by multiple agents
and that the immune responses to different agents are similar in
individuals who develop HSP. Recent studies suggest genetic sus-
ceptibility to the development of HSP, and it is also likely that
genetic and environmental factors play a role in the development
of HSP and HSP nephritis.

HSP is a leukocytoclastic vasculitis that affects small vessels.
The pathology demonstrates white blood cell infiltration, small
vessel inflammation, and deposition of immunoglobulin A (IgA)
in vessels obtained from skin biopsies and in kidney biopsies. Since
infections, particularly respiratory infections, are associated with
HSP, it has been suggested that abnormal mucosal IgA produc-
tion following infection may precipitate the vasculitis. Reported
findings of IgA-containing immune complexes in the kidney and
extrarenal sites, of IgA rheumatoid factor in some patients, and of
IgA fibronectin complexes and mesangial cell autoantigens sup-
port immune dysregulation as a cause of the vasculitis [17]. Ab-
normalities in the O-linked glycosylation of IgA1 may contribute
to the abnormal IgA in HSP and in IgA nephropathy [16].
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Epidemiology of HSP nephritis
Whereas HSP and HSP nephritis have been described in all age
ranges, HSP is most common in children, with a peak incidence
at ages 4–6 years. Age has a major influence on the development
of HSP nephritis; multiple studies have demonstrated that the
incidence of renal disease in HSP and the severity of the renal
disease increase with age. The large majority of children with HSP
in the first decade of life do not develop serious renal involvement,
but significant renal disease occurs commonly in adolescents and
adults with HSP [7–12].

The incidence of HSP has been reported in several population
studies. In Taiwan, the annual incidence of HSP was 12.9/100,000
children less than 17 years of age [18]. In a study of 78 children in
Spain, the incidence of HSP was also noted to be the highest in the
fall and winter months. The median age at the onset of symptoms
was 5.5 years, and the annual incidence was 10.45/100,000 children
aged 14 and younger [19]. In a study of 150 Italian children, the
male/female ratio was 1.8:1, the mean age was 6.1 years, and renal
involvement occurred in 54%, with 7% of the children demon-
strating severe nephritis and 2% with acute renal failure [20].

Several interesting studies have demonstrated that genetic poly-
morphisms may predispose individuals to the development of HSP
and/or to the pathogenic evolution to HSP nephritis. In a study
of 57 patients with HSP, no significant differences in the allele
or genotype frequencies for two vascular endothelial cell growth
factor polymorphisms between patients with HSP and control pa-
tients were found, but the high vascular endothelial growth factor
producer allele was increased in patients with HSP nephritis com-
pared to healthy controls [21]. Polymorphisms of the interleukin-
1β gene were not different in patients with HSP compared to con-
trols, but each of the 5 patients who developed severe nephropathy
carried the rare T allele, compared with 16 of the remaining 44 pa-
tients [22]. Other interesting studies have demonstrated that the
TT genotype of the C-509T polymorphism of the transforming
growth factor β gene was significantly more common in children
with HSP than in control children, and the TT genotype was more
common in children with severe HSP [23]. Polymorphisms of the
renin–angiotensin system have also been associated with the devel-
opment of HSP and possibly the development of renal disease [24].
Patients with familial Mediterranean fever have a higher incidence
of HSP, with approximately 5% of patients with familial Mediter-
ranean fever developing HSP [25]. Other studies have demon-
strated no association with uteroglobin gene polymorphism in
childhood HSP [26]. Similarly, polymorphisms in thrombophilia
genes, including methylenetetrahydrofolate reductase, prothrom-
bin, and factor V genes, did not differ in patients with HSP and
controls [27]. Although more studies need to be performed, these
early studies suggest that there may be a genetically determined
susceptibility to risk and increased severity of HSP nephritis.

Natural history of HSP nephritis
The majority of children with HSP have mild to no renal disease,
and when renal disease occurs it usually resolves spontaneously
without need for therapy [1–5]. Older children, adolescents, and

adults with HSP have a higher incidence of renal disease, and when
renal disease occurs it is more severe than in younger children [6–
12]. Children with HSP nephritis who were followed for several
years were found to have a high incidence of renal disease in adult-
hood compared to those that did not have initial renal disease,
and there was a high incidence of complications during pregnancy
even in the absence of active kidney disease [4,28].

The majority of patients with HSP who are destined to de-
velop nephritis will demonstrate renal disease within a few months
of the onset of HSP, but unusual cases of the late occurrence of
HSP nephritis also have been described [29]. A systematic review
of 12 studies of 1,133 patients found that 34.2% developed re-
nal involvement, of whom 85% developed renal disease within
4 weeks, 91% within 6 weeks, and 97% within 6 months [30]. The
most common manifestation is hematuria alone, which generally
resolves spontaneously and does not require therapy. Some pa-
tients also develop proteinuria in addition to hematuria, and in
the majority of such patients the nephritis will also resolve spon-
taneously. Proteinuria that is increasing in quantity and/or has
evolved into nephrotic syndrome, and/or evidence of rapidly pro-
gressive glomerulonephritis, is highly suggestive of more severe
pathology and a worse long-term prognosis. Although there are
many notable exceptions, in general the severity of the clinical pre-
sentation, including laboratory values, correlates with the severity
of the pathologic findings [5,31–34]. Among 1,133 children, per-
sistent renal impairment did not occur in any child with a normal
urinalysis. Persistent renal impairment developed in 1.6% of chil-
dren with minor urine abnormalities, and 19.5% of children with
nephritic and/or nephrotic syndrome developed renal impairment
[30].

Evidence for the efficacy of therapies in HSP nephritis
In this section we review two aspects of therapy for HSP nephritis.
First, we review evidence that therapy can alter the development
of nephritis in patients with HSP; second, we review the evidence
that therapy can alter established HSP nephritis.

Evidence that therapy can alter the development
of HSP nephritis
Steroid therapy has been used to treat the abdominal symptoms
and joint pain of HSP, and it has been suggested that steroid
therapy may prevent the development of nephritis. Four trials
and other retrospective studies have been performed to address
this issue [35–39] (Table 69.1). Two well-designed randomized,
double-blind, placebo-controlled trials did not demonstrate any
benefit of prednisone over placebo in preventing renal disease at
6–12 months after diagnosis. In one RCT 40 children with HSP
seen in an emergency room were randomized to receive placebo
or oral prednisone at 2 mg/kg/day for 1 week with weaning of the
prednisone over the next week. At 1 year, there was no difference in
the incidence of renal involvement between the two groups [35].
In a larger RCT, 84 children were treated with 1 mg/kg/day pred-
nisone for 2 weeks with a tapering dose of prednisone over the next
2 weeks, while 87 children received placebo [36]. The investigators
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Table 69.1 Evidence for therapy to prevent the the development of HSP Nephritis.

Study Therapy Number of patients and patient characteristics Outcome

Mollica, 1992
randomised controlled study

1mg/kg/day prednisone for
two weeks

84 patients treated with prednisone
84 patients not treated with prednisone (age not
reported)

No treated patient developed nephritis
10 (11.9%) control patients developed
nephritis

Saulsbury, 1993
retrospective study

any prednisone therapy 50 children without nephritis 20% of patients who received predisone and
20% who did not receive prednisone
developed nephritis

Islek, 1999
randomized controled trial

1 mg/kg/day for 10 days and
weaning dose for one week

70 patients treated with prednisone and
50 not treated with prednisone aged 9.2 +/− 2.7 yrs

21% (15/70) of treated patients and 36%
(18/50) control patients developed nephritis

Huber, 2004
randomized placebo
controlled, double blind trial

2 mg/kg/day prednisone for one
week and weaning dose for one
week

21 treated patients and 19 placebo patients treated
aged 2-15 years

No difference in rate of renal involvement;
3/21 treated and 2/19 placebo developed
nephritis

Ronkainen, 2006
randomized placebo controled
double blind trial

1 mg/kg/day prednisone for two
weeks and weaning dose for two
more weeks

84 treated patients and 87 placebo children ages 1.7
to 15.6 years

No difference in rate of renal symptoms
38/84 treated and 36/87 control patients
had renal symptoms

concluded that prednisone did not prevent the development of
renal symptoms, although prednisone may be effective in treat-
ing HSP nephritis. A retrospective study of 50 children with HSP
without renal disease at the time of diagnosis demonstrated that
prednisone therapy did not prevent the development of nephritis
[38]. In contrast, two poorly designed controlled studies of early
administration of prednisone in children with HSP and no signs of
renal involvement demonstrated that, in the two studies, respec-
tively, 0% and 21% of children treated with prednisone compared
with 12% and 36% not treated developed nephropathy within 2–6
weeks after the acute episode of HSP [37,38].

Evidence for whether therapy can alter established
HSP nephritis
There are very few trials of therapy for established HSP nephritis
(Table 69.2). In the study described above, to determine if pred-
nisone therapy prevented the development of HSP nephritis, the
investigators found that in those who developed nephritis and were
treated with prednisone, renal symptoms resolved significantly
more rapidly in the patients in the prednisone group compared
to the placebo group [36]. However, this finding was the result of
a post hoc analysis, and further trials are needed to determine if
steroids are beneficial for HSP nephritis.

In a randomized trial of cyclophosphamide and supportive ther-
apy or supportive therapy alone, 28 children received support-
ive therapy and 28 received supportive therapy plus cyclophos-
phamide at 90 mg/m2/day for 42 days [40]. The clinical status at
last follow-up (mean, 6.93 years) demonstrated that there was no
difference in outcome between the two groups. In a study (pub-
lished as a meeting abstract) of 19 patients with severe HSP, 10 of 10
(100%) cyclosporine A-treated patients achieved remission com-
pared with 5 of 9 (56%) patients who received pulse solumedrol
[41].

Although there is a dearth of high-quality studies to provide
evidence-based recommendations for therapy in HSP nephritis,
there are numerous retrospective case studies of therapy for HSP
nephritis (Table 69.2) [34,42–52]. A case series of prednisone treat-
ment, with or without methylprednisolone, found improvement in
the majority of the children [44]. Similar studies of prednisone and
other immunosuppressive agents, including cyclophosphamide
and azathioprine, have also described improvement in most chil-
dren [34,42,43,45,46]. Finally, at least two retrospective case stud-
ies have demonstrated that therapy with cyclosporine in severe
HSP nephritis is beneficial [47,48]. Additional therapies, including
intravenous immunoglobulin therapy, plasmapheresis, and ton-
sillectomy, have been reported to improve a patient’s response to
immunosuppressive therapy [49–52].

Recommendations for therapy of HSP and HSP nephritis
Two randomized double-blind controlled trials and one retrospec-
tive study of therapy with prednisone in patients with HSP did not
demonstrate a benefit of therapy in preventing the development
of HSP nephritis, whereas two RCTs with poor methodological
quality demonstrated a benefit of prednisone therapy in prevent-
ing HSP nephritis. Although these studies are not conclusive, the
body of evidence suggests that prednisone therapy should not be
used to prevent the development of HSP nephritis in patients with
HSP (Table 69.3).

The study described above that was conducted to determine
if prednisone therapy was beneficial for the prevention of HSP
nephritis found, as a secondary outcome, that prednisone was
beneficial for HSP nephritis, but this was determined from a post
hoc analysis and so further studies are needed [36]. A controlled
trial of cyclophosphamide therapy did not demonstrate a benefit
of therapy, but these patients did not receive pulse solumedrol or
prednisone therapy [40]. Other than a very small trial with short
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Table 69.2 Evidence that therapy can alter established HSP nephritis.

Study Therapy Number of patients and patient characteristics Outcome

Oner, 1995
case reports

pulse SM, cyclophosmaide,
dipyridamole, oral prednisone

12 patients, 6-14 years of age 7 patients complete remission
4 patients partial remission
1 patient persisent nephrotic syndrome

Faedda, 1996
case reports

pulse SM, oral cyclophosmide,
oral prednisone

8 patients, ages 13-61 years of age 7 patients complete remission

Niaudet, 1998
prospective uncontrolled study

pulse SM followed by oral
prednisone

38 children ages 3 to 14 years of age with severe
HSP nephritis

27 children recovered normally
7 children had residial abnormalities
4 children had ESRDl

Bergstein, 1998
retrospective study

pulse SM followed by oral
prednisone and azathihoprine

21 children ages 1 to 16 years with severe HSP
nephritis

19 children improved
2 progressed to ESRD

Iijima, 1998
retrospective study

prednisone, cyclophosphamide,
heparin/warfarin, and
dipyridamole

14 children ages 5 to 17 years with severe HSP 9 children were normal
3 had minor abnormalites, 1 heavy
proteinuria no child had ESRD

Foster, 2000
retrospective study

prednisone 1-2 mg/kg/day and
azathioprine 1-2 mg/kg//day

17 children ages 4 to 19 years with severe HSP 15 of 17 (88%) had a favorable outcome

Tanaka, 2003
retrospective study

prednisone 1.5 mg/kg/day and
cyclophosphosmide 2mg/kg/day

9 children ages 6 to 16 years with severe HSP At last folowup (78 months) 7 were normal
and two had protieniura, no ESRD

Ronkainen, 2003
retrospective study

cyclosporin A 7 children ages 7 to 15 with severe HSP 4 in remission off cyclosporin, 3 in remission
on cyclospirin and are dependent

Tarshish, 2004
prospective randomized trial

supportive therapy with or with
out 90mg/m2/day cyclophosmide

56 children; 28 treated 28 control No difference in renal outcome

Shin, 2005
retrospective study

cyclopsorin A 7 children ages 3.9 to 13.8 years with severe HSP all patients improved with reduction in
proteinuria

Shin, 2005
retrospective study

comparision of prednisone alone
or prednisone and azathioprine

10 children in each group children treated with prednisone and
azathioprine did better than children treated
with prednisone alone

Ronkainen, 2006
randomized placebo
controled double

1 mg/kg/day prednisone for two
weeks and weaning dose for two
more weeks

84 treated patients and 87 placebo children ages
1.7 to 15.6 years

61% of prednisone treated renal symptoms
resolved 34% of placebo treated renal
symptoms resolved

follow-up that compared cyclosporine with methylprednisolone
treatment, there are no other trials to guide evidence-based treat-
ment recommendations. Although there are no other clinical trials
on which to make treatment recommendations, there are several
retrospective case series reports that have described a benefit of
immunosuppressive therapy in established HSP nephritis. Given
the well-described poor outcome of severe HSP nephritis, RCTs of
therapy versus placebo are unlikely to be conducted, but trials to
compare specific therapies are needed. Until such studies have been
performed, evidence-based treatment recommendations cannot
be formulated, but steroids (pulse solumedrol followed by oral
prednisone or oral prednisone alone, depending upon the severity
of the nephritis) with or without other immunosuppressive agents
are reasonable therapies for severe disease. Since HSP nephritis is
a variable disease, individual risk factors for progressive renal dis-
ease need to be taken into consideration when formulating therapy
for patients with HSP.

Etiology, epidemiology, and natural
history of MPGN

MPGN can be secondary to infections, such as hepatitis B or C
virus or human immunodeficiency virus infection, or it may be
secondary to collagen vascular diseases [53,54]. Idiopathic MPGN
occurs in the absence of infections or other known causes of sec-
ondary MPGN. When MPGN is secondary to another infection
or disease, therapy needs to be directed at the underlying cause of
MPGN, such as interferon therapy for hepatitis or immunosup-
pressive therapy for collagen vascular diseases.

Etiology
The precise etiologies of the various types of MPGN are unknown.
MPGN also has been called mesangiocapillary glomerulonephritis
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Table 69.3 Evidence rating and recommendations for therapy in Henoch-Schonlein Purpura

Evidence ratinga,b Recommendationsc

Intervention Moderate Low Comment Id IIe IIIf Comment

Corticosteroids in the prevention of nephritis
Prednisone compared with
placebo/no treatment

� 4 RCTs (499 patients),
2 trials of poor quality,
inconsistent results

� No significant benefit for preventing
nephritis in 2 trials; 2 trials of poor
quality suggested benefit

Corticosteroids in the treatment of nephritis
Corticosteroids compared
with placebo

Solumedrol and oral
prednisone

� 1 RCT (171 children);
Post hoc analysis

1 Case series
(38 children)

� Among children with nephritis,
reduction in symptoms more rapid
with prednisone

Normal recovery in the majority of
children

Cyclophosphamide in the treatment of nephritis
Cyclophosphamide
compared with supportive
treatment

Cyclophosphamide and
prednisone with or without
dipyridamole

� 1 RCT (56 patients);
wide 95% CI

4 Case series
(43 children)

� No significant benefit in reducing risk
of any renal involvement or ESRD in
RCT

Majority of children improved and
majority returned to normal in case
series

Cyclosporin in the treatment of nephritis
Cyclosporin compared with
methylprednisolone

Cyclosporin

� 1 RCT (19 patients); small
numbers

2 Case series
(14 patients)

� More patients on cyclosporine
achieved remission in RCT.

Majority of children improved in case
series

Prednisone and azathioprine in the treatment of nephritis
Prednisone and
azathioprine compared to
prednisone alone

Prednisone and azathiopine

�
�

1 Retrospective study
(20 children)

2 Case series
(38 children)

� Combined therapy was better than
prednisone alone

Treated patients improved more than
historic controls

a Evidence rating based on number of studies, study design, study quality and consistency of results.
b No intervention was rated with a high evidence rating
c Recommendations based on efficacy, trade off between benefits and harms and quality of evidence and availability of medication
d Recommend
e Suggest
f No recommendation possible

or peripheral lobular glomerulonephritis. Type II MPGN is also
called dense deposit disease, due to the characteristic deposits seen
on electron microscopy. Although there are three types of MPGN,
types I and III share similar clinical and pathologic features; in
contrast, type II MPGN (dense deposit disease) has distinct clin-
ical and pathological features. The pathologic features of MPGN
include an inflammatory infiltrate with increased mesangial cel-
lularity and increased mesangial matrix leading to an accentuated
lobular appearance of the glomerular tuft, hence, the name periph-
eral lobular glomerulonephritis. Immunofluorescence studies in
type I and type III MPGN are usually positive for several comple-
ment components and immunoglobulins, whereas immunofluo-
rescence findings in type II MPGN are remarkable for the absence

of immunoglobulin deposition but with intense complement de-
position [13–15,54]. The electron microscopic findings are dis-
tinct for each type of MPGN, and these findings provide the basis
for the division of MPGN into three subtypes. Type I MPGN is
characterized by prominent subendothelial deposits, whereas type
III MPGN has subendothelial and subepithelial deposits. Electron
microscopy findings in type II MPGN include characteristic dense
deposits within the lamina densa and the basement membranes
[13–15,54].

In MPGN types I and III complement C3 and C4 levels are
usually depressed, suggesting that the classical pathway is prefer-
entially activated, whereas in type II MPGN the C3 level is de-
pressed and the C4 level is normal, suggesting activation of the
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Table 69.4 Evidence that therapy can alter MPGN - randomized controled trials.

Study Therapy Number of patients Outcome

Mota-Hernandez, 1985
double blind controlled trial

Prednisone vs lactose 18 children, biopsies performed at
diagnosis, 3 and 5 years

At 6.5 years, 4 patients in control group and none in
treatment group developed ESRD; two in control and
one in treated in remission; decreased activity and
increased chronic changes on biopies in all patients.

Tarshish, 1992
randomized, double blind
controlled trial RTC

Prednisone 40mg/m2 every other
day vs lactose (47 treatment, 33
controls)

80 children ages 5.2 to 16.9 years 42
type I, 14 type II, 17 type III mean
duration of therapy was 41 months

Treatment failure 55% in controls, 40% in treated
group; of types I and III, treatment failure 58% in
controls and 33% in treated group. eatd

Zimmerman, 1983
prospective trial

warfarin and dipyridamole 18 completed a control or treatment
year 13 completed both a control and
treatment year

Renal function stable during year of therapy, renal
function declined with no therapy, proteinuria
decreased during therapy

Donadio, 1984
RCT

Dipyridamole 225 mgs and aspirin
975 mg for 1 year

40 adult patients, 21 treated, 19 control GFR better in treated group, rate of decline in
treated 1.3 ml/min per 1.73m2 compared to
19.6 ml/min/1.73m2 in control, fewer treated pateints
progressed to ESRD

Cattran, 1985
RCT

cyclophosphamide, coumadin and
dipyradimole vs control

59 patients (27 treated, 32 control) with
greater than 2gm/day proteinuria

At 6, 12, and 18 months no difference in renal
function, serum creatinine, slop of creatinine clearance,
or proteinuria

Zauner, 1994
randomized trial RCT

aspirin and dipyridamole vs
supportive therapy

18 adults (15 type I, 3 type II) with
nephrotic syndrome followed for
36 months

No change in renal function both groups, proteinujria
decrease more in the treated group (8.3 ± 1.4 to 1.6
± 0.7 treated vs 7.1 ± 1.6 to 4.3 ± 1.1 gm/day
controls)

Giri, 2002
RCT

All patients received diuretics &
beta-blockers, 1/3 treated with
ACEI, 1/3 treated with CCB, 1/3 no
additional therapy (control)

30 adults, 28 completed nine months of
therapy

Serum creatinine and proteinuria significantly
increased in controls, ACEI group had decrease in
serum creatinine proteinuria, CCB group had decrease
in serum creatinine and increase in proteinuria

alternative pathway. C3 nephritic factor is present in all types but
is more common in type II MPGN [14]. Because a low serum level
of C3 is the laboratory hallmark of MPGN, abnormal regulation
of the complement system in particular is thought to be central
to the pathogenesis of MPGN [13–15,54,55]. Aberrant comple-
ment regulation is due to the presence of C3 nephritic factor, an
autoantibody directed against the C3 convertase of the alternative
pathway [55]. The binding of this antibody protects C3bBb from
enzymatic inactivation so that there is continued C3 breakdown
[56,57]. Genetic mutations of the factor H genotype have been im-
plicated in the pathogenesis of type II MPGN [58,59]. Factor H is a
soluble complement regulatory protein that has a primary role in
regulating the activity of alternative complement pathway MPGN
[59]. Factor H gene mutations result in a lack of plasma factor H or
in a functional defect in factor H proteins. Loss of factor H func-
tion can also be caused by inactivating factor H autoantibodies,
C3 mutations preventing interaction between C3 and factor H, or
autoantibodies against C3 [59].

Epidemiology
MPGN occurs more commonly in children and young adults than
in adults. All types of MPGN can occur in pediatric patients and
are usually idiopathic and rarely associated with hepatitis B or C

virus infections. In adults, types I and III of MPGN are more com-
mon, and MPGN is frequently associated with hepatitis infections
and mixed cryoglobulinemia [53,54,60]. Type II MPGN can occur
in patients with partial lipodystrophy and may be associated with
retinal changes [61,62]. Types I and III reoccur in renal transplant
patients in approximately 20–30% of renal transplant recipients
[63]. Graft loss due to recurrent disease is approximately 30–40%
[64]. Type II MPGN reoccurs in renal transplant patients in up to
100% of cases, but graft loss due to recurrent disease is quite vari-
able, with reports ranging from 10 to 50% [64,65]. In a large retro-
spective study, 5-year graft survival for patients with type II MPGN
was significantly worse than for those transplanted for other causes
(50.0% ± 7.5% versus 74.3% ± 0.6%, respectively) [66].

Natural history of MPGN
Since MPGN was first described in 1965, it has been recognized
to be a progressive glomerulonephritis, and the natural history
is progression to end-stage renal disease in the majority of cases
[13–15,54,67]. In a series of 105 children with MPGN, 67% pre-
sented with nephrotic syndrome, 88% had hematuria, 33% had
renal insufficiency, and 25% had hypertension [68]. After 5.75
years of follow-up, 34 patients had kidney failure or were dead, 8
had chronic kidney failure, 7 had hypertension with normal renal
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Table 69.5 Evidence that therapy can alter MPGN - uncontrolled trials and case series.

Study Therapy
Number of patients and patient
characteristics Outcome

McEnery PT, 1990
uncontroled trail

Alternate day prednisone in 50 children
additional agents in 21 children

71 children treated for a mean of
7.7 years and followed for a mean of
10.6 years

Cummulative renal survival 75% at 10 years and 59%
at 20 years

Ford, 1992
uncontroled trial

oral predinisone in all, pulse
methylprednisolone in those more severe

19 children with type I MPGN
followqed up for a mean of 6.5 years

Biopsy at two years showed decreased activity in 88%
of children, Eight children have normal urinalysis

Bergstein, 1995
uncontroled trial

Pulse methylprednisolone followed by
alternate day prednisone

16 children ages 5 to 14 years mean
follow up 52 months

Improvement in serum albumin and creatinine
clearance, decrease in proteinuria and hematuria;
repeat kidney biopsies decreased active disease
increased chronic changes

Iitaka, 1995 Low dose alternate prednisone, low dose
followed by high dose alternate day
prednisone, or high dose alternate day
prednisone

41 children ages 3 to 15 years
identified by school screening

Remission of urinary abnormalities was highest in
those treated with high dose alternate day prednisone

Arslan, 1997
uncontrolled trail

All received oral steroids; those who
did not respond received pulse MP and/ or
cyclophosphamide

96 children, ages 2 to 17 years Renal survival was 81.9% and 61% at 5 and 10 years
respectively

Braun, 1999
retrospective comparison
studies

Comparison of alternate day prednisone
therapy in type I and type III MPGN

21 children with type I and 25
children with type III MPGN

At last follow-up, type I patients had improved GFR,
type III had decreased GRF; type I had hematuria in
38%, type III had hematuria in 72%, type I had
proteinuria 0% type III had proteinuria 28%.

Yanagihara, 2005
Case series

Prednisone 2mg/kg/day after pulse
solumedrol (n = 16) or cyclophosamide
(n = 3)

19 children ages 7 to 16 followed for
more than 10 years, mean 14.6 ±
4.6 years

At last observation, 15 had normal UA, normal renal
function, normal C3 levels; 4 had residual proteinuria,
no ESRD

Ronkainen, 2006
RCT

cyclosporine or pulse solumedrol 19 children ages , 10 treated with
cyclosporine and 9 treated with pulse
solumedrol followed for three months

10 od 10 (100%) cyclosporine treated patients
achieved remission compared with 5 of 9 (56%) pulse
solumedrol treated patients

Orlowski, 1988
uncontroled trial

prednisone, azathioprine, chlorambucil
and/or cyclophosphamide

40 adults mean age at diagnosis
23.5 ± 1.6 years followed for an
average of 10.6 years

Triple therapy was more effective in reducing
proteinuria.

Jones, 2004
retrospective study

Comparison of oral prednisolone and
mycophenolate with no therapy

5 adults received therapy and 6
received no therapy

Significant protein reduction in the treated group from
5.09 to 2.59 at 18 months while there was no
reduction in the untreated group; serum creatinine
increased in controls and did not in treated patients

function, 50 had residual proteinuria, and 6 were protein free [68].
Thus, 95% of children had evidence of disease and only 5% were
normal. In another large series of 104 adults and children with
MPGN, follow-up of 2–21 years with a mean of 8 years demon-
strated that only 7 (6.5%) of the patients were in clinical remission
whereas 38% of the patients with type I and 49% of type II patients
required dialysis or had died [14].

In a study of 53 children with MPGN, the mean age of presenta-
tion was 8.8 years, and these children were followed for a median
of 3.5 years; 31 children had type I disease, 14 had type II dis-
ease, and 2 had type III disease (the others could not be classified)
[13]. Those with nephrotic syndrome at presentation had a mean
renal survival of 8.9 years compared to 13.6 years in those with-

out nephrotic syndrome [13]. A review of 273 patients in Norway
with a mean age of 40 ± 17 years with a diagnosis of MPGN (some
of whom had IgA deposits possibly representing IgA nephropa-
thy) showed that 3 years after diagnosis, 7% had developed kidney
failure and 8% had died [69]. Similar to other studies, clinical
and laboratory variables associated with progressive disease were
increased serum creatinine, high-grade proteinuria, hypertension,
depressed serum albumin, focal sclerosis on biopsy, and interstitial
fibrosis [69].

Evidence for efficacy of therapies in MPGN
Because the natural history of idiopathic MPGN is usually progres-
sion to chronic kidney failure, several therapies have been proposed
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Table 69.6 Evidence rating and recommendations for therapy in MPGN

Evidence ratinga,b Recommendationsc

Intervention Moderate Low Comment Id IIe IIIf Comment

Corticosteroids in the treatment of MPGN
Alternate day prednisone
compared with
placebo/no treatment

� 2 RCT (98 children)
Uncontrolled trials, retrospective
studies and case series (309
children)

� Each RCT showed benefit of
therapy, uncontrolled trials,
retrospective studies and case
series support therapy, perhaps
benefit is best in MPGN type I

Pulse methylprednisolone
followed by alternate day
prednisone therapy

� 4 uncontrolled trials,
retrospective studies or case
series. Indications for pulse
methylprednisolone variable

� Children with more severe
MPGN treated with pulse
methylprednisolone

Corticosteroids with other immunosuppressive agents in the treatment of MPGN
Prednisone, azathioprine,
chlorambucil or
cyclophosphamide

� 1 Uncontrolled trial (40 adults) � Triple therapy reduced
proteinuria

Prednisone and
mycophenolate

� 1 Retrospective study (5 adults),
small numbers

� Proteinuria decreased and
creatinine remained stable

Antiplatelet therapy in the treatment of MPGN
Warfarin and
dipyridamole

� 1 RCT (31 adults) small
numbers, poor quality study

� Beneficial effect of therapy

Dipyridamole and aspirin � 2 RCTs (58 adults),small
numbers, inconsistent results

� One trial supports therapy, one
does not

Cyclophosphamide,
coumadin and
dipyridamole

� 1 RCT (adults)
∗All performed prior to the
association of hepatitis C with
MPGN

� No benefit of therapy

a Evidence rating based on number of studies, study design, study quality and consistency of results.
b No intervention was rated with a high evidence rating
c Recommendations based on efficacy, trade off between benefits and harms and quality of evidence and availability of medication
d Recommend
e Suggest
f No recommendation possible

to alter the natural history of MPGN (Tables 69.4 and 69.5) [70–
84]. Antiplatelet therapy and immunosuppressive therapy have
been tested in RCTs (Table 69.4) and in several uncontrolled tri-
als, retrospective studies, and cases series (Table 69.5). Unfor-
tunately, several of these trials and studies were performed be-
fore MPGN was known to be strongly associated with hepatitis
C in adult patients, and the relevance of these trials to recom-
mendations for current therapy is problematic. Three controlled
trials have tested antiplatelet therapy, and an additional trial has
tested antiplatelet therapy in combination with cyclophosphamide
therapy [70,71,73,75]. Two studies concluded that antiplatelet
therapy was beneficial, and two did not demonstrate efficacy of
antiplatelet therapy (Table 69.4), but all of these studies probably
included some patients with hepatitis C. Two controlled trials of
prednisone versus placebo in children concluded that prednisone

therapy was beneficial, and follow-up biopsies in one study demon-
strated decreased active disease (Table 69.4) [72,74]. In a trial of
three groups that received either angiotensin converting enzyme
(ACE) inhibitor therapy, calcium channel blocker therapy, or no
additional therapy, in the patients with MPGN (also treated with
diuretic therapy and beta blocker therapy), proteinuria and serum
creatinine decreased with ACE inhibitor therapy, only creatinine
decreased with calcium channel blocker therapy, and creatinine
and proteinuria increased in the group that received no additional
therapy [76].

Seven uncontrolled trials, retrospective studies, and case series
using alternate-day prednisone therapy concluded that therapy
was beneficial (Table 69.5) [77–84]. Four of these trials also incor-
porated pulse methylprednisolone into the treatment regimen for
many patients [79–81,84]. An uncontrolled trial of prednisone,
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azathioprine, chlorambucil, and/or cyclophosphamide concluded
that triple therapy was more effective in reducing proteinuria [77].
A recent retrospective study that compared patients treated with
oral prednisone and mycophenolate to patients that received no
therapy reported that proteinuria decreased more in the treatment
group [82]. A retrospective comparison of alternate-day pred-
nisone therapy in children with type I or type III MPGN concluded
that therapy was more effective in type I MPGN [84].

Recommendations for therapy of MPGN
Controlled trials, uncontrolled trials, retrospective studies, and
case series have demonstrated that alternate-day prednisone ther-
apy is beneficial in MPGN (Table 69.6). Thus, alternate-day pred-
nisone therapy is indicated in children with MPGN and could be
considered in adults with idiopathic MPGN. Because the studies to
test the efficacy of antiplatelet therapy were performed before the
association of MPGN with hepatitis C was known and because the
results of these trials demonstrated mixed findings, recommen-
dations for antiplatelet therapy are difficult to formulate, but an-
tiplatelet therapy is probably not indicated in patients with MPGN.
A previous review of evidence-based treatment recommendations
concluded that a trial of antiplatelet therapy is indicated in adult
patients [85]. Adequate control of blood pressure and therapy to
decrease residual proteinuria with ACE inhibitors should be used
in patients with MPGN when indicated.
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William G. van’t Hoff
Nephro-Urology Unit, Great Ormond Street Hospital for Children, London, United Kingdom

Introduction and clinical course

Cystinosis is a disorder characterized biochemically by excess ac-
cumulation of cystine due to defective lysosomal efflux and clin-
ically as the most common inherited cause of generalized prox-
imal tubular dysfunction (renal Fanconi syndrome) in young
children [1]. It is inherited in an autosomal recessive manner and
is due to defective or absent function of cystinosin, the lysosomal
proton-dependent cystine transporter, secondary to mutations in
the CTNS gene [2,3]. Cystinosis is a rare condition, averaging ap-
proximately 1/150,000 births in the UK, but the incidence varies
according to geographic region and ethnicity, being more common
in populations with increased consanguinity.

Children typically present with slow weight gain, poor feed-
ing, recurrent vomiting, and features of dehydration and rickets.
These features are not present at birth, possibly related to the nor-
mally low glomerular filtration rate in newborn babies, but de-
velop progressively from 4 to 6 months of life. Rarely, patients can
present in adolescence or adult life with proteinuria or chronic
renal failure [1]. Laboratory findings include hypokalemia,
hypophosphatemia, and a hyperchloremic metabolic acidosis.
Urinary data include generalized aminoaciduria, proteinuria
(characteristically including large amounts of low-molecular-
weight proteins), phosphaturia, and bicarbonaturia [4]. The di-
agnosis can be confirmed clinically by demonstration of cystine
crystals in the cornea via slit lamp examination; the fundus is of-
ten characteristically “blond.” However, these ocular signs may be
missed, and all suspected cases should have the leukocyte cystine
concentration determined. This is a specialized assay, and careful
coordination with accredited laboratories is necessary to provide
an accurate result.

The effects of the Fanconi syndrome are profound. Children
require huge volumes of water, electrolyte supplements, and
medications to try to normalize their biochemical and volume

status. Feeding difficulties and vomiting exacerbate the problem.
Without specific treatment, children suffer progressive growth
failure, bone deformity from rickets, and chronic kidney failure
(the median age of renal replacement therapy for untreated
children is between 9 and 10 years) [1]. Kidney transplantation
is highly successful and cystinosis does not recur in the graft,
although cystine may be seen in interstitial cells within graft
biopsies as cystine continues to accumulate in the rest of the
body. Virtually every body system is affected in the long term, and
in untreated patients, death occurs in early adulthood, usually
secondary to neurological involvement [1].

Treatment

The treatment of cystinosis can be divided into general and spe-
cific measures. The aims of general treatment are to replace the
deficits and normalize the biochemical homeostasis. Specific ther-
apies address the underlying metabolic disorder or its progress.

In the context of evidence-based therapy for conditions affecting
many thousands of patients, many treatments used in cystinosis
would be regarded as having “poor” evidence. Most importantly,
the disorder is extremely rare, so that studies are difficult to un-
dertake. This review will not address the use of replacement elec-
trolyte supplements, such as sodium and/or potassium chloride,
sodium bicarbonate, sodium and/or potassium citrate, and phos-
phate preparations. Administration of combinations of these are
essential, often in large volumes, to make up for the severe urinary
losses.

Cysteamine acts by undergoing disulfide exchange with cystine
to form a mixed disulfide, which exits the lysosome via the lysine
transporter [5]. This effect was discovered during an investigation
of a range of sulfhydryl agents, and its mechanism of action con-
firmed its utility in cystinosis. It has not been subject to a random-
ized controlled trial (which, in addition to the rarity of cystinosis,
would be hampered by the taste and smell of cysteamine), but
there is other considerable evidence for its efficacy (Table 70.1).
What remains unclear is whether the efficacy is purely related to
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Table 70.1 Evidence ratings and recommendations for cystinosis studies.

Evidence rating Recommendation

Intervention SR High Moderate Low Comments I II III Comment

Cysteamine
(Mercaptamine)

— � 4 case series (approx 376 patients, some possible
duplications); very consistent reduction in
progression renal damage; small number case
reports with inconsistent results

� Only available
treatment at present

Topical cysteamine eye
drops

— � 4 RCTs (64 patients, 34 vs. placebo, 30 vs. other
agents); cysteamine improved symptoms and
objective score of corneal cystine density

� Only available
treatment at present

Cysteamine for
nonrenal tissues

— � 3 case series (>100 patients; likely marked overlap)
studying thyroid function, swallowing dysfunction,
and neurological status; clear preservation of
thyroid function, reduced score for swallowing
dysfunction; Possible effect on neurological status

� Only available
treatment at present

Growth hormone — � Case series in children with very severe growth
reduction (78 patients: 52 CRF, 7 dialysis, 15
transplanted); increased height SDS in CRF
prepubertal group

� 10 RCTs for other CKD
show benefit, increased
risk with impaired
glucose intolerance

Indomethacin to reduce
urinary losses

— � 1 RCT and 2 case reports; RCT (39 patients)
showed no significant effect on polyuria or growth
(over 6 months); RCT underpowered; case reports
indicated improved electrolyte status

� Used in approximately
50% UK patients
pretransplant

Carnitine replacement — � 2 case series, 11 and 6 patients; improved plasma
(short term) and muscle levels (long term)

� Low toxicity, unproven
clinical benefit

ACE inhibitor for
proteinuria

— � Case series (5 patients); 43% reduction in
albuminuria, reduction in systolic BP

� Effective for other CKD,
increased risks of
hypotension in
cystinosis

Proton pump inhibitor
(omperazole,
esomeprazole)

— � 2 case series (23 children); improved symptom
score and reduced cysteamine-induced gastric acid
hypersecretion

� Vomiting and feeding
symptoms often worse
with cysteamine, proton
pump inhibitors
well-tolerated

Ineffectiveness of
ascorbic acid

— � 1 RCT (64 patients vs. placebo); stopped after 2
years, as no benefit and 8/11 deaths or ESRD on
ascorbic acid, RR of adverse event 2.7, CI 0.8–11.5

� No evidence of efficacy

* Systematic review of randomised controlled trials (RCT).
a Evidence rating based on number of studies, study design, study quality, and consistency of results. No intervention was rated with a high evidence rating.
c Recommendations based on efficacy, trade-offs between benefits and harms, quality of evidence, and availability of medication. I, recommend; II, suggest; III, no recommendation
possible.

cystine depletion or to other mechanisms as well (cysteamine is a
radio-protective agent, and it may affect free radical production
and other thiols in cystinotic cells). Cysteamine (Cystagon) has
been licensed for use in cystinosis.

Cystinosis is a multisystem disorder, so responses to drugs
shown to be beneficial in other chronic kidney disease (CKD)
cannot necessarily be extrapolated. For instance, the bone disease
in cystinosis children is caused by a combination of profound hy-
pophosphataemic rickets, renal osteodystrophy, endocrinopathy,
and potentially a direct effect of cystine accumulation on bone.

The ctns−/− mouse manifests severe bone disease but has no evi-
dent renal tubulopathy. The multisystem dysfunction needs to be
considered when assessing the risk–benefit ratio of a drug, such as
growth hormone. Likewise, angiotensin converting enzyme (ACE)
inhibition can have profoundly adverse effects in cystinosis due to
the chronic intravascular volume depletion.

Cystinosis patients who develop end-stage renal failure receive
dialysis or transplantation as with other noncystinosis conditions.
Graft survival is good in cystinosis; the disease cannot recur in the
graft, although cystine crystals may be detected in the interstitium
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of graft biopsies [5-7]. However, because cystine continues to ac-
cumulate in other nonrenal tissues, cysteamine therapy is generally
advised in posttransplant patients [1].

Recommendations for optimal management

Optimal management should initially correct the biochemical and
intravascular volume abnormalities evident at presentation. How-
ever, achieving stable biochemistry can take months, and cys-
teamine should be started as soon as the diagnosis is confirmed.
Cysteamine should be given in four divided doses throughout 24 h;
better cystine depletion occurs in those who can manage a strict
6-h regimen, but this may not be realistic for all families [8,9]. The
recommended dose is 1.3 g/m2/day, but new patients should be
commenced at lower doses (e.g. one-fourth of the maintenance
dose) with increases every week. Breath smell, nausea, and vomit-
ing are frequent adverse effects, but tolerance can develop. A pro-
ton pump inhibitor can reduce the gastrointestinal effects [10,11].
The leukocyte cystine level is considered the best marker of tissue
cystine depletion, and the aim is a level (taken 4–6 h after the last
dose) of <1 nmol 1/2 cystine/mg of protein [1]. The determination
of leukocyte cystine is difficult. Careful discussion with a special-
ized metabolic laboratory is vital, as difficulties with the assay tend
to cause artificially low results, which may lead to inadequate dos-
ing [7]. After stabilization, the cystine level should be checked 3–
4 times/year. The maximal dose is 1.95 g/m2/day. For patients over
12 years old or over 50 kg, the recommended dose is 2 g/day. A
small number of European patients (six so far, and mostly on high
doses) have experienced an Ehlers Danlos-like skin reaction, in
one case with fatal complications. Families should be asked to re-
port immediately to their physician any unexpected circumscribed
hemorrhagic or bruising rash.

Expert nutritional support is needed in view of the extreme
fluid requirement, poor feeding, and vomiting that are so
prevalent with cystinosis. In Europe, many physicians advocate
indomethacin (2–3 mg/kg/day in divided doses) to reduce
urinary losses and use of growth hormone in those who fail to
respond to conventional treatments. Cysteamine eye drops are
clearly beneficial and may even reverse corneal crystal deposition.
After transplant, cysteamine therapy is logical to minimize the
long-term sequelae of cystinosis.
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intradialytic parenteral nutrition, 659–660, 660

nasogastric/gastronomy feeds, 659

nutritional supplementation, 657–658, 659, 659

recombinant human growth hormone (rhGH), 661,

662

steroid issues, 661, 663, 670

table for all interventions, 663

children, prevalence/severity/natural history of growth

disorders in kidney disease

chronic kidney failure

childhood phase, 655

prenatal/infantile phases, 655

pubertal phases, 655

dialysis

childhood phase, 656

infantile phase, 655–656

pubertal phase, 656

final height (FH), 656, 661

posttransplantation

childhood phase, 656

infantile phase, 656

obesity, 656

pubertal phase, 656

steroid-sensitive nephrotic syndrome, 654–655

chlorambucil, 151, 153

chlorhexidine (topical antiseptic), 444

chlorthalidone, 351

Choices for Healthy Outcomes in Caring for End-State

Renal Disease (CHOICE) study, 391, 393, 395,

396

cholecalciferol, for CKD/ESRD, 357. See also vitamin D

chronic allograft nephropathy (CAN)

ALERT study, 601, 604

BK virus nephropathy, 601

clinical factors/progression of, 601

CNI nephrotoxicity, 601

CONVERT trial, 604

course/development of, 599–600

defined, 599

DIRECT study, 603

immunological injury

acute rejection episodes, 600
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antibody-mediated rejection, 600–601

subclinical rejection, 600

impact of, 604–605

prevention/treatment of

BK virus infection, 604

immunosuppressive agents, 604

modalities of, 602

primary, 602–603

secondary, 603–604

statins, 604

switch studies, 604

SYMPHONY study, 603

TRANCEPT observational study, 604

chronic glomerulonephritis

chronic proteinuric nephropathy and, 36

effectiveness of ACEi for, 220

MPGN association, 183

organic solvent exposure and, 297

during pregnancy, 302, 303

chronic kidney disease (CKD). See also mineral and bone

disorder (MBD) of CKD/ESRD; pediatric

chronic kidney disease (CKD); renal damage,

from hypertension

ACEi/ARBs for, 246

acidosis in, 614

anemia treatment in, 323–330

antiviral therapy promotion of, 259

blood pressure/hypertension goals, 347

characteristics of, 3

and CKD stages, complications of, 7–8

cost-effective analysis for screening

diabetic nephropathy, 51–52

nondiabetic nephropathy, 52

defined

functional abnormalities, 4

structural abnormalities, 3–4

due to diabetes mellitus, 209, 231

dyslipidemia in, 333–340

epidemiology (descriptive)

incidence trends, 11–12

race and CKD, 9–10

stage 1-4 prevalence, 7–8

stage 5 comorbidities, 12–13

stage 5 incidence/prevalence, 10–11

etiological/functional diagnoses for, 6

GFR decline in, 239

hemoglobin targets in, 324–327

high-risk populations/risk factors for, 46–51

cardiovascular disease, 46–48, 47

diabetes, 47, 48

elderly, 46

family history, 48, 48

hypertension, 46, 47

race/ethnicity, 48–49, 50

stages 1-4 CKD, 49–51

HIV-1 infection and, 253, 260

hypertension in (See hypertension in chronic kidney

disease (CKD))

mortality/ESRD risk associated with, 61–64

NKF staging definitions, 5

NSAIDs promotion of, 289

practice-based screening/quality management, 26–27

in pregnancy, 301

prevalence of, in U.S., 4

progression to, 150, 170

IgAN, 173

proteinuria, 231

stages of, prognostic importance of, 6, 7

types of, 219–220

chronic kidney disease (CKD), growth disorders natural

history

chronic kidney failure

childhood phase, 655

prenatal/infantile phases, 655

pubertal phases, 655

dialysis

childhood phase, 656

infantile phase, 655–656

pubertal phase, 656

final height (FH), 656

posttransplantation

childhood phase, 656

infantile phase, 656

obesity, 656

pubertal phase, 656

steroid-sensitive nephrotic syndrome, 654–655

chronic kidney disease (CKD), treatment strategies for

delay/prevention

ACEi, 313, 316

aldosterone antagonists, 317

beta blockers, 317

blood pressure control, 31–33, 313, 314, 315

correction of severe anemia, 318

dihydropyridine CCB avoidance, 316

diuretic therapy, 316–317

herbal therapy, avoidance of, 318

hyperphosphatemia/hyperparathyroidism control, 318

metabolic syndrome control, 317

NAHCO3, 318

NDHCCB therapy, 317

NSAIDs avoidance, 318

obesity, 36

protein intake control, 37, 316

RAAS blockade, 35–36

reduction of proteinuria, 33–34

renin inhibition, 318

restriction of salt intake, 37, 316–317

smoking/smoking cessation, 36, 318

uric acid level control, 318

water intake control, 37

chronic pyelonephritis, 303

chronic thrombotic microangiopathies, 183

cidofovir, 259, 280

CIN. See contrast-induced nephropathy (CIN)

ciprofloxacin, as cause of crystalline nephropathies, 127

cirrhosis (of liver)

ARF and, 81, 83

HRS pathogenesis in, 89

hyponatremia in, 621

citrate for kidney stones, 646

CKD-CVD complex (risk stratification of CKD/CVD

risk), 218–220

dyslipidemia, 220

proteinuria, 219

race and ethnicity, 220

stages of CKD, 219

types of CKD, 219–220

Clinical Modification of ICD-9 (ICD-9-CM), 5

Clostridium difficile in CKD/RRT populations, 442

cloudy effluent, with peritoneal dialysis, 510

coagulation abnormalities, evaluation in living donors,

546

Cochrane Database review

of aminoglycoside-based treatment regimens, 99

antibiotic prophylaxis for UTI prevention, 566

antimicrobial agents, 512

comparison of HD, HF, HDF, AFB, 416

dialysis recommendations

PD vs. HD, 471, 472

reuse issues, 456

low-dose aspirin/fish oil for AVG, 463

plasma-derived recombinant vaccines trial reviews, 456

statin efficacy in hemodialysis populations, 416

study of biocompatible membranes, 142

Cochrane Renal Group, 177, 178

Cockcroft-Gault creatinine clearance equation, 4

as aid to dialysis start determination, 404

GFR association with, 208

limitations of, 58–59

in lupus nephritis, 244

performance analysis, 59

during pregnancy, 301

Collaborative Transplant Study (CTS), 594

congenital adrenal hyperplasia, 202

congestive heart failure (CHF)

hyponatremia in, 621

incidence in dialysis patients, 535

posttransplantation incidence and prognosis, 569

septicemia and, 452

Consolidated Standards of Reporting Trials

(CONSORT), 703

continuous ambulatory peritoneal dialysis (CAPD), 405,

426, 478

ACEi/ARBs for hypertensive patients, 483

dyslipidemia and, 334

increased exchanges in small solute clearance, 482

sodium removal during APD and, 493

survival benefits, 479

continuous RRT (CRRT), 137, 138

for AKI, 137, 138

critically ill patient trials, 143

dialysate buffer for, 143–144

IHD vs., 139–140

lactate buffered vs. bicarbonate-buffered fluid in, 143

continuous venovenous hemofiltration (CVVH), 138,

140

contrast-induced nephropathy (CIN)

ARF caused by, 110

defined, 110

disease burden, 110–111

fluid therapy trial comparisons, 114

patient risk stratification, 111, 111

preventive interventions

bicarbonate, 112, 115

contrast agent, 112

fluid administration, 112

N-acetylcysteine, 114, 115, 116–117

other agents, 115

prophylactic RRT, 115, 118

theophylline, 115

risk reduction recommendations, 118

trial comparisons, 113
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COOPERATE study, 174, 219

Cooperative North Scandinavian Enalapril Survival

Study (CONSENSUS), 84

Core Indicators Project (ESRD), 19

CORR. See Canadian Organ Replacement Register

(CORR)

corticoid-sparing agents in frequently

relapsing/steroid-dependent SSNS

alkylating agents, 779

cyclosporine, 780

levamisole, 780–781

mycophenolate mofetil (MMF), 781

tacrolimus, 781

corticosteroids. See also steroids

for acute interstitial nephritis, 125–126

benefits of discontinuation, 593

demineralization issues, 375

for FSGS, 152–153

for HBV-associated nephropathy, 265

for HSP, 811

for idiopathic membranous nephropathy

with CsA, 165

with cytoxic agents, 161, 162

high-risk patients, 162

medium-risk patients, 160–162

for IgAN, 175–177

as immunosuppression maintenance standard,

592–593

maintenance immunosuppression without, 593–594

for MCD, 150–151

for membranous nephropathy, 265

with MMF and CsA, 593

for MPGN, 814

with type II cryoglobulinemia, 275

for pediatric nephrotic syndrome, 774–776, 778

with cyclosporine, 778

oral corticosteroids, 788, 792

short course/high-dose IV, 792

for proteinuria reduction, 177, 787

for reduced ESRD risk, 177

SSNS relapse prevention in children, 766, 774, 776

usage determination, 125–126

COX-1 cyclooxygenases, 286

COX-2 cyclooxygenases, 286. See also nonsteroidal

anti-inflammatory drugs (NSAIDs)

clinical syndromes associated with

acute tubulo-interstitial nephritis, 288–289

ARF/ATN, 288

chronic kidney failure, 289

glomerulonephritis, 289

hyperkalemia/hypoaldosteronism, 289–290

hypertension, 289

renal papillary necrosis, 289

salty/water retention, 289

effects on renal prostaglandins, 287

inhibition of renin secretion, 288

proteinuria reduction for nephrotic syndrome, 290

renal dysfunction in trials of, 288

COX-2 mRNA/inducible COX-2 mRNA, 286

C-reactive protein (CRP), 218

crescentic Immunoglobin A nephropathy (IgAN),

175

crush injuries, as causative for hyperkalemia, 634

cryoglobulinemia, 272

crystalline nephropathies, 127–128

clinical features, 128

course/management, 128

defined/etiology/pathogenesis, 127–128, 129–130

laboratory findings, 128

crystalloid vs. colloid fluids, for ARF, 83

CsA. See cyclosporine A (CsA)

cuffed central venous catheter (CVC), 460

cuffed CVC-related bacteremia (CRB), 460

prevention of, 464–465

RCTs of in hemodialysis patients, 464

cuprophane, 143

cyclophosphamide

evaluation for MPGN, 187, 189

for FSGS, 153

for IgAN (with/without azathioprine), 177–179

for lupus nephritis

with azathioprine, 247, 248

IV administration, 247

for MCD, 151

in MPGN with type II cryoglobulinemia, 275

cyclosporine A (CsA)

for CAN, 603

for idiopathic membranous nephropathy, 162, 165

for maintenance immunosuppression, 592–596, 706

with MMF and corticosteroids, 593

vs. azathioprine with corticosteroids, 592

vs. tacrolimus, 593

withdrawal strategies, 594–595

for MCD, 151

for pediatric steroid-resistant nephrotic syndrome,

787–788

for relapsing/steroid-dependent SSNS, 780

side effects of, 151

use of during pregnancy, 155

cystatin C, 74

as biomarker of renal tubule injury, 75–76

as endogenous filtration marker, 59

vs. serum creatinine, for GFR assessment, 74

cysteamine for cystinosis, 820

cystinosis

evidence ratings/recommendations, 819

optimal management recommendations, 820

treatment, 818–820

cystinuria, 648–649

cytomegalovirus (CMV)

acyclovir for, 707

ganciclovir for, 707

and transplantation, 539, 563, 566, 566

valaciclovir for, 707

cytomegalovirus (CMV), and transplantation, 539, 563,

566, 566

in pediatric patients, 707

daclizumab monoclonal antibody, 577, 706

darbepoetin (ESA), 327, 328, 328, 697

DASH studies. See Dietary Approaches to Stop

Hypertension (DASH) studies

DATT. See dialysis adequacy and transport test (DATT)

Daugirdas equation, 427, 740

dCCBs. See dihydropyridine calcium channel blockers

(dCCBs)

delayed graft function (DGF), kidney transplantation

available evidence, 577, 581–582

definitions, 574

guidelines, 575–576

prevention strategies, 581

Depner-Daugirdas equation, 427

Die Deutsches Diabetes Dialyse (4D) study, 437

diabetes mellitus, 231–240. See also Appropriate Blood

Pressure Control in Diabetes (ABCD) study;

Bergamo Nephrologic Diabetes Complication

Trial (BENEDICT) study; Die Deutsches

Diabetes Dialyse (4D) study; United Kingdom

Prospective Diabetes Study (UKPDS)

ACEi (captopril) for, 346

albuminuria for prediction of, 31

anemia and, 324

as cause of ESRD, 12

CHF and, 407

as CKD risk factor, 47, 48, 209

comorbid to peritonitis development, 509

creatinine clearance measurement for, 111

DGF and, 575–576

donor issues, 554

ESRD association, 48

HD/PD and, 406, 473

from HIV-1 drug-induced nephrotoxicity, 236

hypertension and, 200, 208, 209–210, 214–220,

551

kidney disease prevention and, 239–240

K+ supplementation and, 639

management of in dyslipidemia, 335, 336

in MCD, 150–151

in membranous nephropathy, 160

from NRTIs, 259

obesity association with, 554

organ protection in, 235–236

during pregnancy, 301–302

and race/ethnicity, 49

renovascular disease and, 225, 226

risk factor for secondary nocturnal enuresis, 753

sevelamer and, 372

as side effect

of antiretroviral agents, 258, 259

of beta blockers, 317

of steroids, 190

stone formation and, 642–644, 648

transplantation issues, 335, 339, 535–536, 546, 562,

706

Vitamin D replacement therapy for, 359

diabetes mellitus, type 2. See also Reduction of Endpoints

in Non-Insulin-Dependent Diabetes Mellitus

with the Angiotensin II Antagonist Losartan

(RENAAL) study

ACEi for, 346

donor issues, 554

hypertension and, 203

and idiopathic membranous nephropathy, 233

intensified blood pressure control, 238–239

MARVAL study, 238

progression to ESRD, 231, 232, 233

renoprotectiveness of ARBs, 316

diabetic ketoacidosis in children, 614–615

diabetic nephropathy, 32

ABCD trial, 216

albuminuria association, 232

algorithm for possible diagnosis, 232
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calcium channel blockade for

dCCBs, 238

ndCCBs, 238

cost-effectiveness analysis, 52

definitions/diagnosis, 232–233

outcome, 233–234

predisposing conditions, 234

during pregnancy, 301

proteinuria as cause of, 209

RAAS blockade renoprotective effect, 211

ACE inhibitors, 236

ACEi vs. ARBs, 237

antialdosterone therapy, 237–238

ARBs, 236–237

race/ethnicity prevalence, 220

stages of, 232

time-dependent course of, 233

dialysate buffer

for CRRT, 143–144

for dialysis-related hypotension prevention, 433

for pediatric peritoneal dialysis, 732–734

dialysis adequacy and transport test (DATT), 489

dialysis membranes, 142, 410–411

biocompatibility of, 411, 413–415

characteristics of, 411

guidelines on characteristics/RRT modality usage, 411

importance of biophysical properties, 410

initial problems with, 410

membrane flux, 412, 415

RCT reviews, 413, 414, 415

Renal Association (UK) recommendations, 412, 419

Dialysis Morbidity and Mortality Study (DMMS), 393,

396, 435

Dialysis Morbidity Study Wave II, 404

Dialysis Outcomes and Practice Patterns Study (DOPPS),

21–23, 268

dialysis-related hypotension, 433

dialysis therapy. See also hemodialysis (HD);

hemodialysis (HD), infections related to;

peritoneal dialysis; peritoneal dialysis, salt and

water balance; peritoneal dialysis, small solute

clearance; peritoneal dialysis solutions

adequacy of in pediatric PD, 731–734

for ARF, 72

Can-It (Canadian-Italian) Impact Study, 393

catheter use

double-cuffed, 397

tunneled cuffed cannulas, 396

in children

childhood phase, 656

infantile phase, 655–656

pubertal phase, 656

CHOICE study, 391, 395, 396

comorbidities, importance of, 337

consequences of late referrals for, 334–335

contraindications, 395

delivery, 424

dialysis membranes/studies, 142, 410–411

dosing target, 425–426

dyslipidemia and, 334, 335, 336

for HRS, 93–94

IDEAL study, 404

importance of comorbidities, 395

Kaplan-Meier survival curves, 394

NECOSAD cohort study, 403–404

patient counseling about, 393–394, 395

during pregnancy, 304–305

preparation for, 391–397

EPIREL multicenter study, 391, 393

modality selection, 393–395, 395

for stage V/lipid-lowering therapy, 91

starting, determination of

early start/timely referral, 403

guidelines/studies, 403–404

successes of, 13

dialysis therapy, delivery/adequacy, 423–429

adequacy

definition, 425

recommendations, 428

approximate equations, use of, 427

Daugirdas equation, 427

Depner-Daugirdas equation, 427

Tatersall equation, 427

blood urea nitrogen (BUN)

rebound of, 424, 425

dosing target, 425–426

urea reduction ratio (URR), 427

eKt/V, 424, 425

residual renal clearance impact on, 426

Frequent Hemodialysis Network trial,

429–430

HEMO study, 424, 428

NCDS study, 424, 427–428

nPCR calculations, 426

renal urea clearance (Kru), 426

spKt/V, 424, 425

stdKt/V, 426–427, 427

urea kinetic modeling (UKM), 423

basis/derivation of, 424

dialysis therapy-related infections

bacterial, 453

from dialyzer reuse, 455–456

guidelines/recommendations

dialyzer reuse, 457–458, 457

immunizations, 456

isolation, 456–457

water control, 457

risk factors, 453

viral, 453–454

water quality issues, 454–455, 454

dialyzer reuse, 455–458

AAMI water purity guidelines, 455, 456

advantages of, 455

cleaning/sterilization methods, 455

disadvantages of, 455

membrane integrity/clearance changes, 455–456

mortality and, 456

Task Force on Reuse of Dialyzers (NKF), 456

diclofenac (COX-2), 288

diet and nutrition. See also Dietary Approaches to Stop

Hypertension (DASH) studies; Modification of

Diet in Renal Disease (MDRD)

in hemodialysis (HD), 435

in hyperphosphatemia, 363

in pediatric hemodialysis, 742

in pediatric hypertension, 670

in peritoneal dialysis, 492–493

in renal stone disease, 643, 644–645, 644

Dietary Approaches to Stop Hypertension (DASH)

studies, 216, 645

dietary protein intake assessment, in hemodialysis

patients, 435

dihydropyridine calcium channel blockers (dCCBs)

for type 2 diabetes, 238

vs. ARBs, 238

dihydropyridine calcium channel blockers (DHCCBs),

209, 316. See also amlodipine; felodipine

diltiazem (ndCCB), 219, 238, 315

dipyridamole, 190–191

evaluation for AVG, 463

evaluation for MPGN, 187, 188, 189

DIRECT study, 603

disseminated intravascular coagulation (DIC) during

pregnancy, 303

diuretics. See also antidiuretic hormone (ADH) levels

ACEi, 218, 313

for cardiorenal syndrome, 84

loop diuretics, 219, 275, 493, 637, 770

ndCCBs vs., 238

potassium (K+) sparing, 639

potassium-sparing, 290

for slowing disease progression, 316

thiazide diuretics, 219, 619

hyponatremia association, 621

with NSAIDs, 289

stone reduction, 645–646

vs. ACEi, 218

vs. ndCCBs for diabetic nephropathy, 238

diverticulitis, suspicion of, in PD-related infection, 511

donor (living) evaluation and selection, 545–555

anatomic evaluation, 553

components, 546

consent of donor, 555

contraindications

atherosclerotic renal vascular disease, 555

cardiopulmonary, 545

diabetes, 554

pulmonary, 546

ethnic/cultural considerations, 548–549

immediate surgical risks

cardiopulmonary disease, 545–546

coagulation abnormalities, 546

ESRD, 550

hematuria, 551

microalbuminuria (African Americans), 551

postoperative venous thrombosis, 546

self-destructive behavior, 547

mortality

long-term, 546–547, 547

operative/postoperative, 546, 547

other issues

age, 554

infection/malignancy, 555

obesity, 554

renal vascular disease, 554–555

overall process, 545

post-donation kidney function, 549

psychological evaluation, 553

renal evaluation, 548–549

albuminuria, 551

donor kidney biopsy, 551

ESRD, 548–549, 549
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donor (living) evaluation and selection (Cont.)

GFR, 547–548, 548

hematuria, 552–553

hypertension, 551–552, 552

nephrolithiasis, 553

polycystic kidney disease, 553

proteinuria screening, 550–551, 550

TBMD, 552–553

dopamine

low-dose, effect on need for RRT, 102

for prevention of ATN, 101–102, 102, 105

Doppler ultrasound (DU) stenosis (RCTs), 461–462

DOPPS. See Dialysis Outcomes and Practice Patterns

Study (DOPPS)

double-cuffed catheters, 397, 514

doxercalciferol (vitamin D2), 355, 358

dual-energy X-ray absorptiometry (DEXA)

measurements, in hemodialysis patients, 435

dynamic venous pressure (DVP), 460, 462–463, 743

dyslipidemia in CKD, 220. See also lipid lowering

therapies; statin therapy

abnormalities after transplantation, 334–335

ALERT study, 336

assessment/diagnosis, 337

CAPD and, 334

in hemodialysis patients, 334, 335, 337, 338, 339,

436–438

impact on CVD

dialysis, 335, 436

nephrotic syndrome, 335

transplantation, 335–336

intervention for transplantation, 568–569

lipid lowering therapies

CKD stages 1-4, 335

transplant recipients, 336

CKD stage V: dialysis, 336

for high LDL, 338–339

for low HDL, 339

principles of, 337

renal end point studies, 337

for very high triglycerides, 338

with non-HDL cholesterol, 339

from NRTIs, 259

in pediatric patients, 673–678

evidence ratings/recommendations, 675

lifestyle modifications, 674

statin therapy, 674–675

proteinuria and, 333–334, 337

type 2 diabetes and, 234

eclampsia, therapy during pregnancy, 105, 298, 395,

397–402

Ecstasy (drug) and hyponatremia, 621

eculizumab, 166, 191, 193

edema in children, 770

elderly people. See also Evaluation of Losartan in the

Elderly (ELITE) study

ACEi/ARB monitoring, 160

acute renal failure (ARF) in, 31

celecoxib and, 287

DGF and, 575

growth of ESRD population, 474

hypertension in, 201, 207–209

minimal change disease in, 150–151

NSAIDs and, 288, 289

peritoneal dialysis and, 474

risk factors

for CKD, 46

for MCD, 150–151

osteoporosis, 375

sevelamer studies, 372

thiazide diuretics and, 646

transplantation in, 10, 535

Vitamin D studies, 357

electrolyte and acid-base disorders. See acid-base

disorders

EMC. See essential mixed cryoglobulinemia (EMC)

enalapril, 84, 252, 268, 295, 297, 314, 316, 749

endocarditis, infected, related to hemodialysis (HD), 442

end-stage renal disease (ESRD)

blood pressure and, 347

cancer’s commonness in, 538

children with, 669

definition, 3

diabetes, type 2, progression to, 231, 232, 233

diabetes as cause of, 12

diabetes mellitus association, 48

HAART for, 253

hepatitis B virus and, 268–269

HIVAN/collapsing glomerulopathy progression to, 253

from idiopathic membranous nephropathy, 158

IgAN progression to, 171, 172, 177

living donor evaluation, 548–549, 549

MCD/FSGS progression to, 150

and mortality, risk associated with CKD, 61–64

MPGN progression to, 186

during pregnancy, therapy for, 304–305

race, influence of on, 9, 11, 49

rates of, Black people vs. White people, 9

sepsis rates, 452

End-Stage Renal Disease Clinical Performance Measures

(ESRD-CPM) Project Database, 19–20

entecavir, 266

Enterobacter bacteremia, 453

Enterococcus spp., 512

environmental nephrotoxins (heavy metals)

cadmium, 296–297

lead, 294–296

mercury, 296

silicon, 297

solvent nephropathy, 297

EPIREL multicenter study, 391, 393

Epstein-Barr virus, 539, 707

equilibrated Kt/V (eKt/V)

calculations using end-dialysis BUN, 424, 425

residual renal clearance impact on, 426

ERA-EDTA. See European Renal Association-European

Dialysis and Transplant Association Registry

(ERA-EDTA)

ergocalciferol, 359

erythropoiesis-stimulating agents (ESAs) therapy,

327–328, 696, 697, 698

ESRD. See end-stage renal disease

essential mixed cryoglobulinemia (EMC), and hepatitis B

virus, 264, 267–268

ethylene glycol poisoning, 132

Euro-Lupus Nephritis Trial, 247

European Association of Urology, 643

European Best Practice Guidelines (EBPG), 215

for dialysis membranes, 412

induction therapy, 575

for peritoneal dialysis, 403

European Dialysis and Transplantation Association, 305

European Pediatric Peritoneal Dialysis Working Group,

694, 696

European Renal Association-European Dialysis and

Transplant Association Registry (ERA-EDTA),

21

European Society of Cardiology, 200

European Society of Hypertension, 200

Evaluation of Losartan in the Elderly (ELITE) study, 83

EVEREST trial, 629

everolimus (EVL ), 603

exit site and tunnel infections, 510. See also peritoneal

dialysis-related infections

evidence rating/recommendations, for pediatric PD

patients, 728–729

treatment of, 511, 523–524

antimicrobial agents, 512, 513, 516, 517, 520–521

catheter-related interventions, 521

double bag vs. Y-systems, 523

intraperitoneal vancomycin, 523–524

Y-set vs. standard spike catheters, 522

extracorporeal albumin dialysis (MARS) system, 94

ezetimibe (for lipid-lowering), 339–340

Fanconi syndrome (lead poisoning), 294, 297, 818

fast peritoneal equilibration test (PET), 489

felodipine, 347, 351

fenoprofen, 123, 288, 289

fibrillary glomerulonephritis, 184, 192

fibromuscular dysphasia, 202, 226–227, 554–555

fish oil

for adult IgAN, 179–180, 179

for dyslipidemia/triglycerides, 338, 339, 674

with low-dose aspirin, for AVG, 463

Fluids and Catheter Treatment Trial (ARDS Network

group), 81

fluid therapy for ARF, 82–83

fluvastatin, 336–337, 338

focal segmental glomerulosclerosis (FSGS), 159, 254, 263.

See also HIV-associated nephropathy (HIVAN)

and collapsing glomerulopathy

defined/described, 149

HCV presence in, 272

from hepatitis B virus, 264

management, 152

natural history, 152

progression to ESRD, 150

treatment recommendations, 154

alkylating agents, 153

corticosteroids, 152–153

MMF, 153

plasmapheresis, 155

sirolimus, 153

tacrolimus, 153

foscarnet, 127

Framingham Heart Study, 43, 235, 609, 610

Framingham Offspring Study, 43

Frequent Hemodialysis Network (FHN) trial, 429–430

frequently relapsing nephrotic syndrome, 765, 777, 778

corticosteroid-sparing agents
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corticosteroid treatment, 778

Fresenius Medical Care North America (FMCNA)

system, 424

FSGS. See focal segmental glomerulosclerosis (FSGS)

fungal infections, in pediatric renal transplantation, 708

Gambro Healthcare, dialysis center survey, 453

gentamicin, 444–446, 464, 465, 483, 512

Georgia Division of Public Health, 454

German Collaborative Glomerulonephritis Study Group,

189

Gitelman’s syndrome, 615

glomerular filtration rate (GFR)

annual decline by clinical history, 44

assessment, serum creatinine vs. cystatin C levels, 74

association with cardiovascular disease, 43

in children with hypertension/CVD in CKD, 671

decrease of

with ATM, 97

with fish oil, 179

with smoking, 36

determinations for MN, 159

effects of BP goal/selection of antihypertensive agents,

210

estimated reductions/risks, 2

estimating equation, 4

estimation of, 58–61

HRS association, 88

limitation of, for treatment/prevention of CKD, 3

living kidney donor evaluation, 547–548, 548

loss and risk of natural progression, 311

measurement of, 208

in MPGN, 185

in pediatric renal transplantation, 705

predictive equations, 60

during pregnancy, 299, 300–301

reductions of, from excretion of K+, 634

renal prostaglandins and, 287

risks associated with

all-cause mortality/cardiovascular events, 63

progression to ESRD, 61–63

serum creatinine association with, 4, 23, 26, 29–30

for stage 5 CKD, 10

TIPS improvement of, 93

Toronto Glomerulonephritis Registry, 159

type 2 diabetes and, 232

glomerulonephritis. See acute glomerulonephritis;

chronic glomerulonephritis

glomerulosclerosis. See focal segmental

glomerulosclerosis (FSGS)

glucocorticoid-induced osteoporosis in pediatric CKD,

685–687

glucocorticoid remediable aldosteronism, 202

glucocorticoids

causative for hypokalemia, 638

combined with

CNI and MMF, 604

HAART, 258

hypertensinogenic contributions of, 669

long-term toxicity from, 251

mechanisms of action, 810–812

gout, 111, 403, 752, 757

graft rejection, kidney transplantation

6 months/1 year, anti-CD25 vs. placebo, 580

antibody use for, 584–585

vs. Muromonab, 588

vs. steroids, 586, 587

available evidence, 582–583, 586

definitions, 574–575

guidelines, 576

growth hormone (GH)-insulin like growth factor, 654

growth phases of children. See under children

HAART. See highly active antiretroviral therapy

(HAART)

hamartoma, 202

HBV-associated MPGN. See hepatitis B virus

(HBV)-associated membranoproliferative

glomerulonephritis (MPGN)

Health Care Financing Administration. See Centers for

Medicare & Medicaid Services (CMS)

Healthy People 2010, 20

Heart Outcome Prevention Evaluation (HOPE) study,

235, 239

heavy metal environmental nephrotoxins, 295

cadmium, 296–297

lead, 294–296

mercury, 296

silicon, 297

solvent nephropathy, 297

Helicobacter pylori screening, in transplantation, 540

HELLP syndrome, 303–304

hemangiopericytoma, 202

hematuria

living donor evaluation, 552–553

microscopic, in HCV-associated MPGN, 273

hemodiafiltration (HDF), 363, 410–419, 431. See also

continuous venovenous hemofiltration

(CVVH)

hemodialysis (HD), 3. See also dialysis therapy; pediatric

hemodialysis; vascular access for hemodialysis

CHOICE study, 391

contraindications, 395

dyslipidemia

and CVD, 436

management of, 436–438

pattern/prevalence, 435

dyslipidemia and, 334, 335, 337, 338, 339

first successful accomplishment of, 410

home hemodialysis, 395

for hyperkalemia, 636

hypertension control, 433

for hypokalemia, 431–432

hypotension, dialysis-related, prevention, 433

infection susceptibility in, 441–447

internation recommendations, 429

metabolic acidosis, correction of, 432–433

mortality vs. peritoneal hemodialysis

Europe, 406

North America, 405

negatives-positives of, 404–407

nutrition assessment/management, 433–435

dietary protein intake es, 435

lean body mass, 435

malnutrition management, 434, 435

markers of visceral protein stores, 435

RCTs, 436

subjective global assessment (SGA), 434

for older patients, 395

peritoneal dialysis vs., as RRT, 471, 472

types of catheter for, 396

uselessness against radiocontrast toxicity, 227

vascular access for, 392

vascular access planning

vitamin D and, 358

vs. peritoneal dialysis, for pediatric patients, 723–724

hemodialysis (HD), access-related infections, 441–447.

See also dialysis-therapy related infections;

nosocomial infections in dialysis patients

diagnostic criteria, 446

prevention of

antibacterial lumen locks, 444–445

cannula characteristics, 444

exit site cleaning/skin care, 444

insertion of catheters, 444

sources of, 442

treatment strategies, 445–447

hemodialysis (HD), infections related to

hospital acquisition of, 442

vascular access infections, 442–443

hemodialysis (HD) therapy, patient management,

431–438

Hemodialysis (HEMO) study, 428

hemodialyzer, choice of, in RRT, 142

hemodynamic management (goal-directed) for ARF,

82–83

hemofilter, choice of, in RRT, 142

hemoglobin targets (in CKD), 324–327

blood pressure, 327

dialysis adequacy/change in GFR, 327

hemodialysis access, 327

left ventricle size, 327

mortality/cardiovascular events, 324, 327

quality of life, 327

transfusions, 327

hemolysis, 97, 219, 399, 550, 730

hemolytic anemia, 124, 258, 273, 275, 634

hemolytic uremia syndrome (HUS), 183, 202, 303–304,

540, 709

HEMO study, 415, 416, 452, 738, 739–740

Henoch-Schönlein purpura (HSP) nephritis, 202

epidemiology, 808

etiology, 807

evidence rating and therapy recommendations, 811

natural history, 808

therapies/efficacy of therapies, 808–810, 809, 810

heparin

antibacterial properties, 444

with aspirin, in thrombotic events, 302

covalently linked, 444

in dyslipidemia, 338

evaluation for pediatric use, 178

in hemodialysis patients, 464, 673

in hypertensive/hyperlipidemia management, 275

intraperitoneal, at PD catheter insertion, 726

unfractionated, for RRT/AKI anticoagulation,

142–143
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hepatitis B and C viruses

HAART renal complications, 253

membranous nephropathy association, 158

hepatitis B virus (HBV)

dialysis related, 453–454

epidemiology, 264

and ESRD, 268–269

and essential mixed cryoglobulinemia (EMC), 264,

267–268

and FSGS, 268

and IgAN, 268

isolation practices for, 456

in kidney transplantation patients, 268–269

and polyarteritis nodosa (PAN), 267

renal manifestations, 263

hepatitis B virus (HBV)-associated

membranoproliferative glomerulonephritis

(MPGN)

clinical manifestations, 265

transplantation issues, 539–540

treatment

adefovir dipivoxil, 266

alpha interferon (IFN-�), 265–266

corticosteroids, 265

entecavir, 266

infliximab, 266

lamivudine, 266

vaccination, 266–267

hepatitis B virus (HBV)-associated membranous

nephropathy (MN)

clinical course, 264–265

pathophysiology, 264

hepatitis C virus (HCV)

dialysis related, 453–454

genotypes of, 272

glomerular disease associated with, 272

isolation practices for, 456–457

prevalence of, 272

role in MPGN with type II cryoglobulinemia,

272–276

clinical manifestations, 273

pathology, 273–274

treatment, 274–276, 275

triggering mechanisms, 272

transplantation issues, 539

hepatitis GB virus C, 454

hepatitis G virus, 454

hepatorenal syndrome (HRS)

clinical diagnosis, 90, 90

clinical features, 89–90

defined/types of, 88

management, 90–94, 91

nonpharmacological therapy, 93–94

pharmacological therapy, 91–93

pathogenesis, 88–89, 89

arterial vasodilation, 88

reduced cardiac output, 88–89

heroin nephropathy, 253

high-density lipoprotein (HDL) levels, in hemodialysis

patients, 435, 436

high-flux dialysis membranes, 411

highly active antiretroviral therapy (HAART)

for end-stage renal disease, 253

for HIVAN/collapsing glomerulopathy, 257, 257

with ACEi/ARBs, 260

renal damage caused by, 258

Hispanics

diabetes mellitus in, 49

FSGS in, 763, 764

HIV-associated glomerulonephritis in, 258

living donor statistics, 548

systemic lupus erythematosus in, 244

HIT. See heparin-induced thrombocytopenia (HIT)

HIV-1 drug-induced nephrotoxicity

antiretroviral therapy, indirect effects, 259

crystallization mechanism, 258

drug interactions, 258–259

tubular cytotoxicity, 259

HIV/AIDS and hyponatremia, 620–621

HIV-associated glomerulitis, 258

HIV-associated nephropathy (HIVAN) and collapsing

glomerulopathy

background/clinical manifestations, 253–254

incidence of death statistics, 254

management of, 260

pathogenesis of, 256

HIV-1 infection of renal epithelium, 254–256

host factors, 256

viral genes, 256

pathology of, 254

progression to ESRD, 253

treatment of

ACE inhibitors, 257–258

HAART, 257

immunosuppressive therapy, 258

HIV Medicine Association of the Infectious Diseases

Society of America, 260

Hixton Retreat of the Dense Deposit Disease Focus

Group, 191

home hemodialysis, 395

HOPE study, 43, 45, 46

hospital acquired ATN, 99

hospital acquired infections

acute kidney dysfunction, 71

acute tubular necrosis, 99

from hemodialysis, 442

HRS. See hepatorenal syndrome (HRS)

human polyomavirus type 2 (JC) virus, 277

hydrochlorothiazide, 235, 552, 670

hydronephrosis, 85, 282

Hygiene Hypothesis of MPGN type 1 (Johnson), 184

hyperaldosteronism, 204, 204, 615, 615, 637, 638

hypercalcemia

AKI and, 126, 127

from calcitriol, 358, 685

calcium carbonate/calcium salts and, 365, 367, 372, 644

oversuppression of PTH by, 368

primary hyperparathyroidism and, 643

sevelamer and, 685

vitamin D therapy and, 359

hyperfiltration, as CAN mediator, 601

hyperglycemia

as cause of nonhypotonic hyponatremia, 619

diuretic induction of, 313

and IV methylprednisolone/dexamethasone therapy,

792

metabolic syndrome and, 234

need for control in diabetes, 493

as risk factor of hypertension, 215

risk of from ACEi/ARBs/aldosterone antagonists, 238

treatment for with high glycerides, 338

hyperkalemia

causes/contributory factors, 431, 634–635, 634

clinical features, 633

from COX-2 cyclooxygenases, 289–290

treatment of, 431–432, 635

�2-agonists, 636

bicarbonate, 636

calcium (Ca2+) gluconate chloride, 635

hemodialysis, 636

insulin, 635–636

sodium polystyrene sulfonate, 636

hyperkalemic distal RTA (type IV RTA), 614

hyperosmolality, association with hyperkalemia, 634

hyperoxaluria, and transplantation, 540

hyperparathyroidism, 297, 318, 671–672. See also

primary hyperparathyroidism; secondary

hyperparathyroidism

correlation with LVH in adults, 671–672

disordered bone deficiency in, 358

in nosocomial infections, 453

PTH levels and, 682

underlying to uremic dyslipidemia, 673

vitamin D deficiency in, 356

hyperphosphatemia, 358, 360, 363–373

CARE II trial, 369

RIND trial cohort, 371

treatment strategies, 363–373

calcium-based phosphate binders, 367–369

metal salt phosphate binders

aluminum salts, 365

lanthanum-carbonate, 365–366

non-metal-based phosphate binders

calcium carbonate/calcium acetate, 367

magnesium salts, 366–367

phosphate-restricted diet, 363

sevelamer

effects on bone histology, 371–372

use determination, 372

vs. other phosphate binders, 369–371, 370,

372–373

hyperreninemia, 637, 638

hypertension (HTN). See also angiotensin converting

enzyme inhibitors (ACEi); angiotensin receptor

blockers (ARBs); blood pressure; calcium

channel blockers; dihydropyridine calcium

channel blockers (DHCCBs); dyslipidemia in

CKD; Losartan Intervention for Endpoint

Reduction in Hypertension (LIFE) study;

nondihydropyridine calcium channel blockers

(NDHCCBs); individual drugs

in African Americans, with CKD, 220

as CAN mediator, 601

as cause/consequence of kidney disease, 202–203

from CKD, 3, 46, 47

classifications, 200, 201, 202–203

clinical conditions/etiology, 202

from COX-2 cyclooxygenases, 289

creatinine clearance measurement for, 111

definitions/general considerations, 200, 201

diabetes mellitus and, 208, 209–210, 214–220
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goal in CKD, 347

from HBV with PAN, 267

in HCV-associated MPGN, 273, 274–275

hemodialysis and, 433

lead-induced, treatment of, 295

living donor evaluation, 551–552, 552

lowering, as CKD treatment strategy, 31–33

lower readings in Tac-treated patients, 593

as lupus nephritis risk factor, 246

metabolic syndrome and, 234

in minimal change disease, 149

misclassification in clinics, 345

from NRTIs, 259

patient evaluation, 203–204, 204

during pregnancy, 303, 305–306

residual renal function (RRF) and, 480

and risk of CKD, 214

treatment decisions, 215, 347–351

DASH studies, 216

type 2 diabetes and, 233

hypertension (HTN) in children, 669–673

blood pressure measurements, 669–670

carotid artery intima media thickness (IMT), 672

CKD as causative, 669

C-reactive protein levels, 672

Fourth Report recommendations, 671

left ventricular mass (LVM), 670–672

National High BP Education Program, 669, 670

prevention/treatment strategies, 670, 672–673

evidence ratings/recommendations, 671, 674

hypertension in chronic kidney disease (CKD)

mechanisms of, 215

risk of CKD progression, 214–215

risk stratification of CKD-CVD, 218–220

treatment decisions

management algorithm, 217

medication choices, 218

nonpharmacological interventions, 216

onset of treatment, 215

pharmacological interventions, 216

targeting BP levels, 216–217

targeting proteinuria, 217–218

Hypertension Optimal Treatment Study, 43

hypertensive renal damage

diagnosis of

GFR measurement, 208

urinary albumin/protein excretion quantification,

208

evidence for, 207–208

prevention/treatment

blood pressure targeting, 209–210

RAAS blockade (specific benefit), 210–211

hyperuricosuria, 644–648

hypoaldosteronism, 288, 289–290, 614, 634

hypocalcemia, 358

hypocitraturia, 646

hypocomplementemia, 190

hypokalemia, 432

causes, 637, 638

clinical features, 637

thiazide association, 645

treatment, 637–639, 639

intravenous K+ replacement, 638

K+-sparing diuretics, 639

magnesium (MG2+) repletion, 638–639

oral K+ replacement, 638

hypomagnesemia, 99, 733, 734

hyponatremia, 618–630

clinical manifestations, 618–619

postoperative hyponatremia, 730

psychogenic polydipsia, 629–630

EVEREST trial, 629

incidence, morbidity, mortality

cerebral salt wasting, 620

cirrhosis, 621

congestive heart failure, 621

drugs, 621

general hospital setting, 619

HIV/AIDS, 620–621

marathon runners, 620, 630

nursing home patients, 619

postoperative, 620

psychogenic polydipsia, 619–620

treatment recommendations

acute hyponatremia, 625, 629–630

chronic asymptomatic hyponatremia, 627, 628–629

chronic hyponatremia, 626, 630

hyponatremic encephalopathy, 621–622, 628

hyponatremic encephalopathy, 621–622, 628

hyporeninemia, 288

hypotension

acute tubular necrosis and, 97–98, 101

ATN risk from, 101

defense against during pregnancy, 300

dialysis-related, 93, 413, 433

fenoldopam-induction of, 103

HF vs. HDF, 418

high-flux HD vs. low-flux HD, 412

in metabolic acidosis, 432

orthostatic, in elderly patients, 201

pre-renal failure and, 80, 84

propensity for during IHD, 140

in women with Itai-Itai disease, 297

hypotonic hyponatremia, 618

hypouricemic therapy, 131

ibuprofen, 123, 289

icodextrin, 482, 493, 494, 503–504

IDEAL study (of dialysis start time), 404

IDEC-131, for lupus nephritis, 249, 250

idiopathic membranous nephropathy (MN)

from hepatitis B virus, 264

type 2 diabetes and, 233

idiopathic nephrotic syndrome (INS). See focal

segmental glomerulosclerosis (FSGS); minimal

change disease (MCD)

idiopathic steroid-resistant nephrotic syndrome in

children. See steroid-resistant nephrotic

syndrome

IFN-induced nephrotoxicity, 266

IgAN. See Immunoglobin A nephropathy (IgAN)

immunoglobin A nephropathy (IgAN), 263

in adults

evidence, 173–174

immunosuppressive treatments, 177–180

natural history, 170–171

recommendations, 173

in children

evidence, 174

immunosuppressive treatments, 177–180

natural history, 171

recommendations, 173

risks of, 709

comorbidities

isolated microscopic hematuria and proteinuria, 175

with nephrotic syndrome, 176

with rapidly declining GFR, 175–176

with recurrent microscopic hematuria, 174–175

with slowly progressing renal impairment, 176–177

COOPERATE study, 174

HCV presence in, 272

from hepatitis B virus, 264

and HIV-associated glomerulonephritis, 258

methods, 172–173

during pregnancy, 303

prognostic factors, 171–172, 173

treatment recommendations

ACEi/ARBs, 173–174

RAS blockade, 173

immunological injury, from CAN

acute rejection episodes, 600

antibody-mediated rejection, 600–601

subclinical rejection, 600

immunosuppressive therapy

after transplantation, for CVD, 569

as cause of hepatitis B virus, 268–269

for chronic allograft nephropathy, 604

definitional concerns, 592

from DGF, 577

for infection-related nephropathies, 258

for lupus nephritis, 247

for membranous nephropathy, 159–162

meta-analysis for nephrotic syndrome in adults,

188

in MPGN with type II cryoglobulinemia, 275

pediatric concerns, 767

for proliferative lupus nephritis, 247

for PVAN, 280

with steroids, for MPGN, 191

indomethacin, 287, 289, 716, 819, 820

induction therapy, for kidney transplantation, 705–706

available evidence, 576–577

definitions, 574

guidelines, 575

interleukin-2 receptor antagonists, 705–706

OKT3 vs. cyclosporine A, 706

infection-related nephropathies, 253–260

HIV-1, drug-induced nephrotoxicity of

antiretroviral therapy, indirect effects, 259

drug interactions, 258–259

mechanisms, 258

tubular cytotoxicity, 259

HIVAN/collapsing glomerulopathy

background/clinical manifestations,

253–254

host factors, 256

pathogenesis, 254–256

pathology, 254

treatment, 256–258

HIV-associated glomerulonephritis, 258

thrombotic microangiopathy, 258
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infections related to hemodialysis (HD). See also

nosocomial infections in dialysis patients

access-related infections

prevention of, 444–445

treatment strategies, 445–447

diagnostic criteria, 446

sources of, 442, 443

vascular access infections, 442–443

infections related to peritoneal dialysis (PD)

BRA/CARI guidelines, 511, 512

catheter-related interventions, 518

effects of interventions, 519

exit site/tunnel infections (see exit site and tunnel

infections)

in pediatric patients, 727–731

peritonitis (see peritonitis)

randomized controlled trials

of antimicrobial agents, 513

of catheter-related interventions, 514

characteristics of interventions/populations,

515–516

Infectious Diseases Society of American, 277

infliximab, 266

insulin and hyperkalemia, 635–636

insulin resistance

from antiretroviral agents, 258, 259

in metabolic acidosis, 432

in microalbuminuria in type 1 diabetics, 234

from NRTIs, 259

tacrolimus causative for, 788

as therapeutic target in PD patients, 334

type 2 diabetes and, 233

uremic dyslipidemia in, 673

interleukin-18 (IL-18), 75, 77

intermittent hemodialysis (IHD), 137

CRRT vs., 139–140

CVVH vs., 140

treatment frequency study, 141

International Ascites Club, 88

International Classification of Diseases, 9th Revision,

Clinical Modification (ICD-9-CM), 74

International Pediatric Peritoneal Registry, 730

International Society for Peritoneal Dialysis (ISPD), 490,

511, 730

International Society of Hypertension, 200

International Society of Nephrology and the Renal

Pathology Society (ISN/RPS), 245

International Study of Kidney Disease in Children

(ISKDC), 188, 763–764, 787

International Verapamil-Trandolapril Study (INVEST),

32–33, 33

interstitial fibrosis, 159, 599

interstitial nephritis. See also acute interstitial nephritis

(AIN); acute tubulo-interstitial nephritis

histological correlates of AKF with IFN therapy, 266

indinavir crystals causative for, 258, 259

during pregnancy, 303

in pregnant women, 303

reduction from deletion of nef from transgenic line, 256

intervertebral discitis, related to hemodialysis (HD), 442

intradialytic parenteral nutrition, 659–660

irbesartan, 32, 35, 374, 378

Irbesartan in Diabetic Nephropathy Trial (IDNT) study,

32, 34, 374

Irbesartan in Patients with Type 2 Diabetes and

Microalbuminuria (IRMA 2) study, 35

IRMA 2. See Irbesartan in Patients with Type 2 Diabetes

and Microalbuminuria (IRMA 2) study

iron therapy (for anemia in CKD)

formulation comparison, 329

modes of administration, 329–330

status markers, 328–329

ischemia-related ATN, 101

ischemic heart disease, 479, 535, 567, 568

ischuria renalis. See acute renal failure (ARF)

isolated ambulatory hypertension, 200, 201

isolated diastolic hypertension, 200, 201

isolated systolic hypertension, 200, 201

isolation for dialysis-infected patients, 456–457

Israel Penn International Tumor Transplant Registry, 538

Itai-Itai (ouch-ouch) disease, 297

Japan

CVD studies, 725–726

dialysis survival studies, 433

ESRD data, 13, 171, 203

HBV infection comparisons, 268

Itai-Itai disease, 297

microscopic hematuria data, 552

mizoribine studies, 792

proteinuria/CKD data, 214

RCT of corticosteroids, 177

transplantation rates, 574

transplantation statistics, 574

22-oxacalcitriol development, 685

Joint National Committee for the Prevention, Detection,

Evaluation and Treatment of High Blood

Pressure (JNC-7), 215

Journal of Clinical Investigation, 71

Kaiser Permanente CKD study, 214

Kaplan-Meier survival curves, for patients starting

dialysis therapy, 394

Kayexalate (sodium polystyrene sulfonate), 636

K/DOQI. See Kidney Disease Outcomes Quality Initiative

(K/DOQI)

“Kidney Disease: Improving Global Outcomes

(KDIGO)” Controversies conference, 4–5

Kidney Disease Outcomes Quality Initiative (K/DOQI)

guidelines, 19, 22, 26–27, 33

albuminuria measurement guidelines, 61

AVF targets/recommendations, 396

bone metabolism issues in children, 685

BP-CKD studies, 214–215, 216

clearance target guidelines, 478–480

clinical anemia in children, 693–694, 699

CVD risks of transplantation patients, 567

dialysis membrane guidelines, 412

dialysis recommendations

control of blood pressure, 433

dosing targets, 425

for iPTH reductions, 359

removal of infected HD lines, 446, 446

reuse issues, 456

for start of dialysis determination, 404

DVP/SVP measurement standards, 462–463

HDL/LDL limit recommendations for dialysis patients,

435

mineral and bone disease guidelines, 355, 360

nutritional management of children, 659

pediatric hemodialysis, 740

NIVM for UF modeling, 741

nutrition management, 742

vascular access, 742–743

peritoneal function assessment, 490

phosphate binder recommendations, 365

recognition of negative effects of metabolic acidosis,

614

renal anemia management in children, 672

RRT guidelines, 391

sevelamer usage recommendations, 372

statins for hypercholesterolemia in transplant

recipients, 569–570, 570

Workgroup on Peritoneal Dialysis, 403

kidney donors. See donor (living) evaluation and

selection

Kidney Early Evaluation Program (KEEP), 18, 23–24

kidney injury molecule-1 (KIM-1), 75, 76

Kidney Learning System, 26

kidneys during pregnancy

anatomical/functional changes, 299

acid-base regulation, 300

blood pressure regulation, 300

hemodynamics, 299–300

volume regulation, 300

water metabolism, 300

assessment of renal function, 300–301

diseases

acute fatty liver, 304

acute tubular necrosis, 304

chronic glomerulonephritis, 302

chronic pyelonephritis, 303

development during pregnancy, 303

first diagnosis during pregnancy, 303

polycystic kidney disease, 302

systemic illness association, 301

thrombotic microangiopathy, 303–304

urinary tract obstruction, 304

ESRD therapy, 304–305

hypertension disorders, 305–306

preeclampsia screening, 306

kidney stones. See renal stone disease

The Kidney-Structure and Function in Health and Disease

(Smith), 71

kidney transplantation. See also pediatric kidney

transplantation

blood pressure and, 208

choice of surrogates/composite outcomes, 563

delayed graft function (DGF)

definitions, 574

guidelines, 575–576

graft rejection

definitions, 574–575

guidelines, 576

hepatitis B virus and, 268–269

immunosuppression

induction trends, 562

maintenance, 706–707

induction therapy, 705–706

available evidence, 576–577

definitions, 574

guidelines, 575

834



BLBK043-Molony September 22, 2008 18:32

Index

infections after

CMV/recommendations, 563, 566, 566

immunosuppression regimens, 569

UTIs/management strategies, 566–567

lipid abnormalities after, 334

maintenance immunosuppression, 592–596

during pregnancy, 305

reduced comorbidities of patients, 12

study of waiting list patients, 564–565

survival advantages, 536, 562

kidney transplantation, candidate selection/evaluation,

535–541. See also donor (living) evaluation and

selection

evidence

cancer, 538

cardiovascular disease, 535–537

cerebral vascular disease, 537

compliance and adherence, 541

gastrointestinal disease, 540

infections, 539

liver disease, 539–540

obesity, 541

peripheral vascular disease, 537

pulmonary disease, 537–538

recurrent disease, 540–541

systemic disease, 540

urological issues, 541

recommendations

cancer, 538

cardiovascular disease, 535

cerebrovascular disease, 537

compliance and adherence, 541

gastrointestinal disease, 540

infections, 539

liver disease, 539

obesity, 541

peripheral vascular disease, 537

pulmonary disease, 537

recurrent disease, 540

systemic disease, 540

urological issues, 541

kidney transplantation, predictors of outcomes, 561–570.

See also cardiovascular disease and

posttransplantation outcomes

cardiovascular disease

interventions for risk reduction, 568–570

performance of risk assessment strategies,

567–568

rationale for risk assessment, 567

definitions, 561

HLA matching, 561–562

reliability of predictors, 562–563

survival advantages, 536, 562

Kaplan-Meier half-life, 562

short-term vs. long-term graft, 562

Kimmelstiel-Wilson glomerulosclerosis, 36

Kt/Vurea, as proxy for small solute clearance, 478, 479,

480

lactic acidosis, 613–614

lamivudine

for HBV-associated MPGN, 266, 268

for HBV with active viral replication, 539–540

lanthanum-carbonate, for hyperphosphatemia, 365–366

lead (environmental nephrotoxin), 294–296

lead-induced hypertension, 295

lean body mass change assessment, in hemodialysis

patients, 435

leflunomide, 180, 280, 281, 602, 604, 708

left ventricular mass (LVM) in children with

hypertension/CVD, 670–672

anemia association, 672

cut-off levels controversy, 671

factors associated with, 671–672

levamisole for relapsing/steroid-dependent SSNS,

780–781

Liddle’s syndrome, 615, 637, 638

LIFE study. See Losartan Intervention for End Point

Reduction in Hypertension (LIFE) study

lipid lowering therapies. See also dyslipidemia in CKD;

statin therapy

cardiovascular end point studies

CKD (stages 1-4), 335

transplant recipients, 336

CKD stage V: dialysis, 336

for high LDL, 338–339

BASs in transplant recipients, 339

with no statins, 338

patients unable to take statins, 338

statins, 338

TLC, 338

isolated low cholesterol, 339

for non-HDL cholesterol with high triglycerides,

339

principles of, 337

renal end point studies, 337

for very high triglycerides, 338

with non-HDL cholesterol, 339

lipoprotein classes of human plasma, 334

lisinopril (ACE inhibitor), 238, 351

liver transplantation, 73, 74, 158–159, 161, 163, 259

living kidney donors. See donor (living) evaluation and

selection

loop diuretics, 219, 275, 493, 637

for prevention of ATN, 101, 105

resistance to, 84, 770

losartan, 34, 83, 374, 604

Losartan Intervention for Endpoint Reduction in

Hypertension (LIFE) study, 234, 239

lovastatin, 338, 674

low-density lipoprotein (HDL) levels, in hemodialysis

patients, 435, 436. See also dyslipidemia in

CKD; lipid lowering therapies

lumen locks, antibacterial, 444–445

lupus nephritis, 184

definition/epidemiology of, 244

diagnosis/monitoring of, 244–245

outcome, 245–246

during pregnancy, 302

renal pathology, 245

treatment of, 246–250

general, 246

immunosuppressive therapy, 247–248

induction therapy resistant patients, 249

membranous nephropathy, 250

mycophenolate mofetil, 248

new treatments, 249–250, 249

supportive therapy, 246–247

macroalbuminuria

ABCD trial, 239

ACEi risk reduction of, 235

death rate, vs. microalbuminuria, 64

microalbuminuria progression to, 64, 236,

288–290

as risk factor in CVD, 64

in type 2 diabetes, 232, 236–237

magnesium salts, for hyperphosphatemia,

366–367

maintenance immunosuppression

tacrolimus-MM-corticosteroids for, 592–593

without CNIs, 594–596

without corticosteroids, 593–594

malnutrition in dialysis patients, 433–435, 434,

441

Mann, J. F. E., 46

mannitol bicarbonate, 100–101

marathon runners and hyponatremia, 620, 630

MARVAL study. See MicroAlbuminuria Reduction with

Valsartan (MARVAL) study

Maryland County study, of hypertension-smoking-CKD,

214

mass transfer area coefficient (MTAC), 489

MCD. See minimal change disease (MCD)

MDRD Study. See Modification of Diet in Renal Disease

(MDRD) Study

mechlorethamine (nitrogen mustard therapy), 794

mefenamic acid, 289

MELD (Model for End-Stage Liver Disease) Score,

93

membranoproliferative glomerulonephritis (MPGN)

classifications, 183–185

clinical features/natural history, 185–187

described, 183

epidemiology, 812

etiology, 810–812

evidence base for treatment recommendations

observational/uncontrolled studies, 190–192

randomized controlled trials, 187–190, 812, 813,

814

suggested algorithms, 185

HCV presence in, 272

with HCV/type II cryoglobulinemia, 272–276

pathology, 273–274

treatment, 274–276

from hepatitis B virus, 264

natural history of, 812–813

progression to ESRD, 186

therapies, 813–815

membranous nephropathy. See idiopathic membranous

nephropathy (MN)

membranous nephropathy (MN)

ACTH for, 166–167

as cause of ESRD, 158

clinical manifestations, 158–159

eculizumab for, 166

low-risk patients, treatment, 160

mycophenolate mofetil for, 164–165

natural history, 158

predicting factors, 159

response measurements, 159

treatment, 160–162

mercury (environmental nephrotoxin), 296
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metabolic acidosis

causes/contributory factors/consequences, 432,

612–613, 613

correction of, 432–433

description, 612–613

redistribution hyperkalemia from, 634

treatment, 613–614

metabolic alkalosis, 615, 615

metabolic bone disease, from CKD, 3

metabolic syndrome

and cardiovascular disease, 234

control of, for slowing disease progression, 317

metal salt phosphate binders (for hyperphosphatemia)

aluminum salts, 365

lanthanum-carbonate, 365–366

metastatic infections related to hemodialysis (HD), 442,

443

methicillin, as cause of AIN, 122, 125

methotrexate, as cause of crystalline nephropathies, 127

methylprednisolone. See also pulse methylprednisolone

therapy (PMT), for pediatric SRNS

for HCV-related glomerulonephritis nephritis, 275

high-dose IV, for first acute rejection episode, 576

high-dose vs. low-dose pulses, 190

for idiopathic MN, 167

for IgA nephropathy/rapid unexplained GFR decline,

172

with IV cyclophosphamide pulses for lupus nephritis,

247

for membranous nephropathy, 161

for MPGN, 185, 193, 813, 814

for steroid-resistant nephrotic syndrome, 797,

798

vs. CsA, 810, 811

vs. deflazacort, 707

metoprolol

for hypertension, 209

vs. ramipril, 351

microalbuminuria, 8

ACE inhibitors for, 240

death rate, vs. macroalbuminuria, 64

defined, 8

evaluation of living donors, 551

insulin resistance in, 234

during pregnancy, 301

progression to macroalbuminuria, 64, 236

risks for African Americans, 551

in type 2 diabetes, 232

MicroAlbuminuria Reduction with Valsartan (MARVAL)

study, 238

microscopic hematuria, 133, 313

in adult IgAN, 170

in children with MCD histology, 765

in HBV-associated MPGN, 265

in HCV-associated MPGN, 273

Japanese study, 552

in membranous nephropathy, 159

recommendations for adults/children, 175

midodrine, for HRS, 88, 91, 92–93

mineral and bone disorder (MBD) of CKD/ESRD

bisphosphonates, 375–376

calcimimetic therapy, 374–375

defined, 355–356

guidelines/recommendations, 354

hyper-/hypoparathyroidism, 373–374

hyperphosphatemia (See hyperphosphatemia)

KDIGO guidelines, 355

onset determination, 356

Veterans Affairs retrospective cohort study,

360–361

vitamin D deficiency, 355

defined/epidemiology, 356–357

1,25(OH)2-vitamin D3, 356, 358

outcome determinations, 358–359

preparation evaluations, 355

supplementation for, 357–358

PTH end-treatment reduction levels, 359

25(OH)-vitamin D deficiency, 357, 359–360

minimal change disease (MCD)

defined, 149

HCV presence in, 272

natural history

adulthood presentation, 150, 152

elderly presentation, 150–151

progression to ESRD, 150

treatment recommendations, 152

alkylating agents, 151

corticosteroids, 151

CsA, 151

mycophenolate mofetil, 151

minimal change disease (MCD)-induced SRNS, 787,

792

minimal change glomerulopathy, 123

minocycline, 444, 464

mixed IgG/IgM cryoglobulinemia (type II

cryoglobulinemia), 183

mizoribine

for IgAN, in adults and children, 179

for pediatric steroid-resistant nephrotic syndrome,

792

vs. placebo, 781

MMF. See mycophenolate mofetil (MMF)

Modification of Diet in Renal Disease (MDRD) Study, 4,

29, 31, 34, 347

accuracy in CKD, 208

blood pressure level recommendations, 216

fluid intake data, 317

in lupus nephritis, 244

in membranous nephropathy, 160

performance analysis, 59

performance vs. Cockcroft-Gault equation, 59

monoclonal (OKT3) antibodies, 575, 576, 577

MPGN. See membranoproliferative glomerulonephritis

(MPGN)

MRFIT study (Multiple Risk Factor Intervention Trial),

45, 49

mTOR inhibitors, 603, 604. See also everolimus (EVL );

sirolimus (SRL)

Multicentre Investigation of Icodextrin in Ambulatory

Peritoneal Dialysis Study (MIDAS), 503–504

multiple myeloma (MM) associated with AKI,

126–127

causes of, 126–127

definitions/etiology, 126

survival rates, 127

Multiple Risk Factor Intervention Trial (U.S.), 214

mupirocin ointment, 444, 445, 465, 512

muromonab, monoclonal antibody, 577

mycophenolate mofetil (MMF)

for CAN secondary prevention, 603

with CsA corticosteroids, 593

discontinuance during pregnancy, 305

for FSGS, 153

for IgAN in adults/children, 179

and immunosuppression maintenance, 706–707

for immunosuppression maintenance, 592–593

for lupus nephritis, 248–249

for MCD, 151

for membranous nephropathy, 164–165

for MPGN, 191

for pediatric steroid-resistant nephrotic syndrome, 792

for PVAN, 280

for relapsing nephrotic syndrome, 781

use of during pregnancy, 155

N-acetylcysteine (NAC), 484

for contrast-induced nephropathy, 115

for prevention of ATN, 103–104

protective effects from contrast-associated

nephropathy, 35, 138, 143

National Cholesterol Education Program Expert Panel on

Detection, Evaluation and Treatment of High

Blood Cholesterol in Adults, 435

National Cooperative Dialysis Study (NCDS), 424,

427–428, 738, 739

National Health and Nutrition Survey III (NHANES III),

7–8, 24, 43–44, 294

National High Blood Pressure Education Program, 306,

669

National Institute of Diabetes and Digestive and Kidney

Diseases, 18

National Institute of Health and Clinical Excellence, 219

National Institutes of Health (NIH), 247, 643

National Kidney Foundation (NKF)

CKD staging definitions, 5

hypertension/BP guidelines, 347

Kidney Early Evaluation Program (KEEP), 18

recommendation of ARBs/ACEi, 35

staging classification proposal for CKD, 43

Task Force on Reuse of Dialyzers, 456

National Kidney Foundation of Singapore Screening

Program, 25–26

National Transplantation Pregnancy Registry, 305

Native Americans, diabetes/diabetic nephropathy risks,

49, 233, 234

natriuretic peptides. See also atrial natriuretic peptides;

brain natriuretic peptide (BNP)

brain natriuretic peptide (BNP) (See brain natriuretic

peptide)

for cardiorenal syndrome, 84

for prevention of ATN, 105

NECOSAD. See Netherlands Cooperative Study on the

Adequacy of Dialysis

neoplasias, 158, 709

nephrolithiasis, 85, 207, 546, 552

living donor evaluation, 546, 553

obesity association, 554

nephron underdosing hypothesis (Brenner), 207

nephrotoxicity

from adefovir dipivoxil, 266

from aminoglycosides, 97–98, 525

from calcineurin inhibitors, 563, 706, 766
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in chronic allograft nephropathy, 601

from chronic CNI administration, 594, 595, 599,

601–604

in CsA therapy, 151, 162, 788

in diabetes mellitus, 236

drug-induced, in HIV-1 infection, 258

from IFN therapy, 266

from NSAIDs, 290, 318

from phenyl/methoxy methyl mercuric salts, 296

radiocontrast nephrotoxicity, 224

from tenofovir, 259

nesiritide (synthetic BNP), 84

Netherlands Cooperative Study on the Adequacy of

Dialysis (NECOSAD), 403–404

neutral pH, bicarbonate (± lactate)-buffered, low-GDP

fluids, 502–503

neutral pH, lactate-buffered, low-GDP fluids, 501–502

neutrophil gelatinase-associated lipocalin (NGAL), 75, 76

NGAL. See neutrophil gelatinase-associated lipocalin

(NGAL)

nifedipine, 189, 238, 305, 642

nitrogen mustard therapy (mechlorethamine), 794

nocturnal enuresis in children, 753–755

alarm vs. control, 755

assessment and investigation, 753

desmopressin

vs. alarm, 757

vs. placebo, 756

epidemiology, 753

evidence ratings/treatment recommendations, 754

management, 753–755

risk factors, 753

nocturnal intermittent peritoneal dialysis (NIPD), 478,

482

nondihydropyridine calcium channel blockers

(NDHCCBs)

for slowing progression of disease, 316 (See also

diltiazem; verapamil)

for type 2 diabetes, 231, 238

non-metal-based phosphate binders (for

hyperphosphatemia)

calcium carbonate/calcium acetate, 367

magnesium salts, 366–367

nonpharmacological therapy

for HRS, 93–94

dialysis, 93–94

liver transplantation, 93

TIPS, 93

for hypertensive CKD, 216

for pediatric CKD, 699

for pediatric hypertension, 670

for persistent/increasing proteinuria, 347

nonsteroidal anti-inflammatory drugs (NSAIDs). See also

COX-1 cyclooxygenases; COX-2

cyclooxygenases; COX-2 mRNA/inducible

COX-2 mRNA; individual drugs

as cause of AIN, 122, 125

discontinuation, in cast nephropathy, 127

effects on renal prostaglandins, 287

gastrointestinal/renal side effects, 286

inhibition of renin secretion, 288

membranous nephropathy association, 158

for MPGN, 191

postoperative use of, 287–288

for proteinuria, 160

proteinuria reduction from, 160, 290

norepinephrine for hepatorenal syndrome, 88, 91, 92, 93

Normal Hematocrit Study (U.S.), 324

normalized protein catabolic rate (nPCR), 426

normalized protein nitrogen appearance (nPNA), in

hemodialysis patients, 435

Norris, Christopher, 633–639

North American Pediatric Transplant Cooperative Study

(NAPRTCS), 693, 705, 726, 727

Norway

ESRD rates, 63

MPGN diagnosis review, 813

nosocomial infections in dialysis patients

background information, 452

bacterial infections, 453

dialyzer reuse issues, 455–456

epidemiology of, 452

guidelines/recommendations

dialyzer reuse reprocessing issue, 457–458

immunizations, 456

isolation, 456–457

water control, 457

pathogenesis of, 453

viral infections, 453–454

water quality issues, 454, 454

nucleotide reverse transcriptase inhibitors (NRTIs), 259

nystatin, 511, 513, 516, 529

obesity

albuminuria elevation in, 217

Asian susceptibility to, 220

as CKD development marker, 30, 49, 214, 317

contraindication for dialysis, 395

evidence/recommendations for transplantation, 541

FSG and, 36

glucocorticoid-associated/whole body BMC, 687

living donor evaluation, 554

low HDL/high triglyceride association, 339

pediatric carotid IMT and, 672

puberty/posttransplantation, 656

as side effect of steroid therapy, 190

as stone formation risk, 642–644, 648

type 2 diabetes and, 231

obstructive nephropathy, 81, 82, 84–85

octreotide, 92, 93, 93

Okinawa (Japan) Screening Program, 24–25

olmesartan, 35

1,25(OH)2-vitamin D3. See vitamin D

Organ Procurement and Transplantation Network

(OPTN), 18, 546–547

ornipressin, 91

orthostatic hypotension, 80, 85, 279–280

ostial stenoses, 226–227

PAN. See polyarteritis nodosa (PAN)

PAOP. See pulmonary artery occlusion pressure (PAOP)

paracetamol, 289

parenchymal renal disease, 202

paricalcitriol. See vitamin D

PD capacity (PDC) program, 489

pediatric anemia

causes of, 693

definitions/guidelines, 693–694

evaluation recommendations, 694

K/DOQI guidelines, 693–694, 699

sequelae

cardiac function, 696

QoL and cognitive function, 695–696

risk of CKD progression, 695

risk of death, 694–695

treatment, 696–699

ESAs, 696, 697, 698

iron agents, 696, 699

pediatric chronic kidney disease (CKD). See also left

ventricular mass (LVM) in children with

hypertension/CVD

childhood phase, 655

glucocorticoid induced osteoporosis, 685–687

prenatal/infantile phases, 655

pubertal phase, 655

pediatric daytime urinary incontinence, 755, 757–759

assessment, 757–758

epidemiology, 755

evidence rating/treatment ratings, 758

management, 758–759

natural history, 757

prevalence, 755, 757

risk factors, 757

pediatric dyslipidemia in CKD

in pediatric patients, 673–678

evidence ratings/recommendations, 675

lifestyle modifications, 674

statin therapy, 674–675

prevention/treatment strategies, 673–678

evidence ratings/recommendations, 675

lifestyle modifications, 674

statin therapy, 674–675

pediatric edema, 770

pediatric hemodialysis, 738–743

adequacy

background and definition, 739

pediatric-specific issues, 739–741

catheter/patient size guidelines, 742

evidence ratings/recommendations, 742

evidence table, 743

HEMO study, 739–740

K/DOQI guidelines, 740

nutrition management, 742

physiology of (pediatric issues), 738–739

target dry weight assessment/UF management

noninvasive monitoring (NIVM) of hematocrit,

741

sodium modeling, 741

vascular access, 742–743

pediatric hypertension/CVD in CKD, 670–673

blood pressure measurements, 669–670

ABPM, 669–670

home monitoring, 670

carotid artery intima media thickness (IMT),

672

C-reactive protein levels, 672

Fourth Report recommendations, 671

left ventricular mass (LVM), 670–672

National High BP Education Program, 669, 670

prevention/treatment strategies, 670, 672–673

ACEi/ARBs, 670, 672

evidence ratings/recommendations, 671, 674
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pediatric Immunoglobin A nephropathy (IgAN)

comorbidities

isolated microscopic hematuria and proteinuria, 175

with nephrotic syndrome, 176

with rapidly declining GFR, 175–176

with recurrent microscopic hematuria, 174–175

with slowly progressing renal impairment, 176–177

COOPERATE study, 174

evidence, 174

immunosuppressive treatments

corticosteroids, 177

cyclophosphamide with/without azathioprine,

178–179

MMF and mizoribine, 179

natural history, 171

recommendations, 173, 174

pediatric kidney transplantation

epidemiology/outcomes/management

of chronic rejection/allograft nephropathy, 707

of disease recurrence, 708

hemolytic uremic syndrome, 709

MPGN, 709

steroid-resistant nephrotic syndrome, 708–709

of infectious diseases

CMV infections, 707

fungal diseases, 708

other viruses, 707–708

of malignancy, 709

for patient/graft

donor/recipient factors, 705

graft function estimation, 705

long-term, 704

recipient factors, 705

short-/middle-term, 703–704

survival rates/causes of death, 704

treatment adherence, 709

evidence ratings/recommendations for interventions,

717–718

French and North American reports, 704

immunosuppression regimens

induction therapy, 705–706

maintenance immunosuppression, 706–707

summary of studies, 710–717

pediatric nocturnal enuresis, 753–755

pediatric peritoneal dialysis (PD), 723–734

adequacy of dialysis, 731–734

amino acid dialysate, 732

bicarbonate-buffered vs. lactate buffered dialysate,

732

CCPD/NIPD CAPD tidal PD, 734

fill volume, Kt/V, creatinine clearance, 732–733

icodextrin, 732

associated infections

available evidence, 730

epidemiology, 727, 730

guidelines, 730

peritonitis/catheter-related, 728–729, 730, 730

preventive antibiotic interventions, 730–731

technique-related preventive strategies, 731

catheter use/placement

available evidence, 726

clinical implications, 727

guidelines, 726

clinical implications with RRT choice, 726

comorbidities, 726

evidence ratings/recommendations, 733

hospitalization, 726

patient survival/causes of death

causes of death, 725–726

determinants, 723

PD vs. HD., 723, 725

technique survival, 726

pediatric renal osteodystrophy, 355, 358, 682–689

bone histomorphometry of, 682, 683

bone mineral density (BMD), 685–687

DXA classification of bone health, 687–689

evidence ratings/recommendations for interventions,

688

glucocorticoid-induced osteoporosis, 685–687

PTH assays/bone turnover, 682–683

QCT assessment of bone status, 689

treatment of, 682, 684–685, 684, 686

pediatric steroid-resistant nephrotic syndrome (SRNS),

654–655. See also minimal change disease

(MCD)-induced SRNS

available evidence, 767–768

causes, 764

definitions, 764, 765

edema, 770

epidemiology, 763–764

evidence-based recommendations, 770

indications, 764–765

lipid level management, 674

long-term outcomes, 766–767

management of infections

Chinese herbal preparations, 768

influenza vaccinations, 768

IVIG, 768

pneumococcal vaccinations, 767

prophylactic antibiotics, 768

strategies for varicella-zoster, 768

thymosin, 768

posttransplantation treatment challenges, 708–709

relapses, 766

secondary resistance, 765–766

thrombosis, 768–770, 769

pediatric steroid-resistant nephrotic syndrome (SRNS),

treatments

alkylating agents

intravenous CPA, 794, 796

oral CPA, 792–794, 795

antibody therapy/rituximab (anti-CD20), 801

bone marrow transplantation, 801

calcineurin inhibitor therapy, 766

cyclosporine, 787–788

tacrolimus, 788

combination therapy, 794–797

calcineurin inhibitors + MMF, 797

PMT/alternate-day oral corticosteroids/CPA, 797

PMT + CsA, 797

PMT + heparin, 797

PMT/IV immunoglobin/statin, 797

corticosteroid therapy

oral corticosteroids, 788, 792

short course/high dose pulse intravenous, 792

nonimmunosuppressant therapy

ACEi, 797

statin therapy, 797

pheresis-based therapies, 801

purine synthesis inhibitors

azathioprine, 792

mizoribine, 792

mycophenolate mofetil, 792

remission/intervention ratings and recommendations,

788

vincristine/nitrogen mustard therapy

(mechlorethamine), 794

pediatric steroid-sensitive nephrotic syndrome (SSNS),

654–655, 663, 686–687, 774–784. See also

frequently relapsing nephrotic syndrome

corticosteroid-sparing agents

alkylating agents, 779

cyclosporine, 780

levamisole, 780–781

mycophenolate mofetil, 781

tacrolimus, 781

corticosteroid treatment, 774–777, 777

prednisone trial, 775

pediatric thrombosis, 768–770

pediatric urinary tract infections (UTIs)

acute treatment, 747–749

clinical presentation, 746

diagnosis, 746–747

epidemiology, 747

evaluation/imaging of renal tract, 750

pathogenesis, 747

recurrence/recurrence prevention, 747, 749–750

pediatric vesicoureteric reflux, 751–753

clinical spectrum, 751

definition and diagnosis, 751

epidemiology, 751

as inherited trait, 751

management, 751–753

prognosis, 751

screening, 751

pegylated interferon (PEG IFN), 266, 539

D-penicillamine, 158, 649, 764

peripheral vascular disease

evidence/recommendations for transplantation,

537

pretransplantation screening for, 567

septicemia in ESRD association, 453

peritoneal dialysis, 137. See also automated peritoneal

dialysis (APD); continuous ambulatory

peritoneal dialysis (CAPD); nocturnal

intermittent peritoneal dialysis (NIPD);

pediatric peritoneal dialysis

access planning for, 396–397

for ESRD, 12

European Best Practice Guidelines, 403

hemodialysis vs., as RRT, 471, 472

medical factors for selection for RRT

patient survival, 472–473

quality of life/socio-economic considerations, 473

mortality risks from, 393, 395

CANUSA study, 404

USRDS study, 404–405

vs, hemodialysis therapy, 363, 406

negatives-positives of, 404–407

nonmedical factors for selection for RRT, 471–472

patient counseling for, 393–394

preparation timeline, 397
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small solute clearance in, 478–484

special patient groups

anuric patients, 473

cardiac patients, 474

diabetics, 473

elderly patients, 474

large/heavy patients, 474

before transplantation/in failed transplant patients,

474–475

peritoneal dialysis, salt and water balance, 488–495

augmentation measures

dietary intake, 492–493

hyperglycemia control, 493

increased urinary excretion, 493

membrane function preservation, 493, 494

salt removal by PD, 493

automated PD vs. CAPD, 493

biocompatible PD solution trials, 495

catheter problems, 491

influence of removal, 488

intraperitoneal agents effects on peritoneal transport,

494

low-sodium solution, effects of, 494

tests of peritoneal transport

accelerated peritoneal examination (APEX), 489

dialysis adequacy and transport test (DATT), 489

fast PET, 489

frequency/timing of, 490

PD capacity (PDC) program, 489

pediatric patients, 490

peritoneal equilibration test (PET), 488, 489, 491

peritoneal function test (PFT), 489

short PET, 489

standard peritoneal permeability analysis (SPA), 489

ultrafiltration failure (classification, diagnosis,

management)

catheter problems, 491

dialysate leaks, 490

effects of icodextrin PD solution, 494

low drain volume/high-low average transport

aquaporin deficiency, 492

lymphatic reabsorption/tissue reabsorption, 492

mechanical problems, 492

low drain volume/high transport

high transport during long-term PD, 492

inherent high transport, 491

recent peritonitis-inherent high transport,

491–492

low drain volume/low transport, 492

peritoneal function evaluation, 491

peritoneal dialysis, small solute clearance, 478–484

ADEMEX trial, 479, 480

assessment of, 478–480

CANUSA data reanalysis, 479

CAPD and, 479–480

K/DOQI guidelines, 478–480

Kt/Vurea and, 478, 479, 480, 482

lack of survival benefit with, 479

optimization strategies, 480–482

residual renal function

aminoglycoside assessments, 483

impact on patient survival, 478, 479

preservation strategies, 482–484

RRF preservation strategies, 482–484

survival studies, 481, 482

target recommendations/adequacy monitoring, 480,

484

peritoneal dialysis-related infections

available evidence for prevention of

antimicrobial agents, 512, 513, 516–517, 517,

520–521

catheter-related interventions, 518, 522–523

BRA/CARI guidelines, 511, 512

effects of interventions, 519

exit site/tunnel infections (see exit site and tunnel

infections)

in pediatric patients, 727–731

peritonitis (see peritonitis)

randomized controlled trials

of antimicrobial agents, 513

of catheter-related interventions, 514

characteristics of interventions/populations,

515–516

peritoneal dialysis solutions

impact on outcomes, 500–505

amino-acid dialysates, 504–506, 505

icodextrin, 503–504

neutral pH, bicarbonate (± lactate)-buffered,

low-GDP fluids, 502–503

neutral pH, lactate-buffered, low-GDP fluids,

501–502

intervention/population characteristics in RCTs,

501

MIDAS study, 503–504

peritoneal equilibration test (PET), 488, 489

peritoneal function test (PFT), 489

peritonitis, 510

consequences of, 509

diagnosis of

abdominal pain, 510–511

cloudy effluent, 510

grain stain and culture, 511

incidence statistics, 509

prevention of

antimicrobial agents, 512, 513, 516–517, 517,

520–521

catheter-related interventions, 518, 521,

522–523

exit site infections, 511

treatment of, 511–512, 516, 524–529

aminoglycosides in PD patients, 483–484

CARI recommendations, 525

cephalosporin, 525, 525

cephazolin, 483, 524

double bag vs. Y-systems, 523

effect of oral antibiotics, 520

intermittent vs. continuous intraperitoneal

antibiotics, 527

intraperitoneal ciprofloxacin-rifampin, 525

intraperitoneal vs, oral antibiotics, 526

IV antibiotic prophylaxis, 521

nasal antibiotics, 520

netilmicin, 483

ratings/recommendations for interventions,

528

urokinase vs. catheter removal, 527

Y-set vs. spike catheters, 522

phenylbutazone, 123, 289

phosphate binders

for hyperphosphatemia, 364

metal salt

aluminum salts, 365

lanthanum-carbonate, 365–366

non-metal-based

calcium carbonate/calcium acetate, 367

magnesium salts, 366–367

for pediatric renal osteodystrophy, 684–685, 684

phospholipase A2, 286

plasma cell dyscrasias, 126, 127

plasmapheresis

causative for hypokalemia, 638

for HCV-related cryoglobulinemic MPGN, 275

limited success in HIV-associated TMA, 258

in MPGN with type II cryoglobulinemia, 275

supportive for immunosuppressive therapy, 809

for treatment of nephrotic FSGS, 155

vs. protein adsorption, in renal transplantation,

708

with/without IVIG for rejection, 576, 603

platinum silver, 444

polyarteritis nodosa (PAN), 263, 264, 267, 273

polyclonal (ALG/ATG) antibodies, 575, 576

polycystic kidney disease (PCKD), 203

benefit/detriment of ACEi, 220

GFR decline association, 317

living donor evaluation, 553

during pregnancy, 302–303

as stone-associated condition, 643

polyomavirus-associated nephropathy (PVAN)

BK virus (BKV) association in, 277–282

screening for, 282

challenges/definitions of, 277

definitions, 277, 278

diagnosis, 279

management in kidney transplant patients, 278

pathogenesis of, 278

retransplantation after renal allograft loss due to, 280,

282

risk factors, 278–279

screening for PVAN BKV replication, 278, 279

treatment

antiviral approaches, 280, 2811

BKV screening/early intervention, 280, 282

reduction of immunosuppression, 280

postobstructive diuresis, 85

posttransplant lymphoproliferative disease (PTLD),

706

potassium (K+)

disorders of (See hyperkalemia; hypokalemia;

hypomagnesemia)

factors affecting concentrations, 634

intravenous replacement of, 638

mechanisms of distribution, 633

oral replacement of, 638

potassium (K+) disorders. See hyperkalemia;

hypokalemia

potassium (K+) sparing diuretics, 639

povidone-iodine (topical antiseptic), 444, 516

practice-based screening/quality management (for

CKD), 26–27

pravastatin, 336, 338

Pravastatin Pooling Project, 336

839
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prednisolone

for children, with calcium plus vitamin D treatment,

687

deflazacort derivation from, 663

for diffuse proliferative lupus nephritis, 248

evaluation for pediatric proteinuria, 178

for FSGS, 154

high-dose IV, for first acute rejection episode, 576

for idiopathic membranous nephropathy, 161, 163

for IgA nephropathy/rapid unexplained GFR decline,

172

for MCD in adults, 151, 152

for MPGN, 185

remission for children with idiopathic nephrotic

syndrome, 763

prednisone

aggravating for hypertension, 188

alternate-day therapy, MPGN evaluation, 188

for children

alkylating agents in SSNS, 779

alternate-day therapy, 774

CPA vs. prednisone, 792

with frequently relapsing SSNS, 783

with hematuria/proteinuria, 177

with IgAN, 178, 179

initial episode of SSNS, 775, 776, 778, 782

with rapidly declining GFR, 175

with relapsing SSNS, 781

treatment duration, 657

for class III/IV lupus nephritis, 247

with CsA for steroid-resistant MN, 162

for HIV-associated glomerulonephritis, 258

for HIV-associated TMA, 258

for HSP, 807, 808–810, 811

for idiopathic membranous nephropathy, 161, 163, 165

for IgA nephropathy, 171, 172

for initial episode of SSNS, 775

with IV cyclophosphamide pluses, 247

for MPGN, 185, 812, 813

for pediatric IgAN, 177

for pregnancy-related transplantation, 305

vs. prednisolone, for MCD, 151

withdrawal trials, 593

preeclampsia

dopamine’s performance for, 105

hypertension and, 202

during pregnancy, 299–306

pregnancy

cyclosporine A us, 155

ESRD therapy during

dialysis, 304–305

transplantation, 305

hypertensive disorders, 305–306

kidney disease in

acute fatty liver, 304

acute tubular necrosis, 304

chronic glomerulonephritis, 302

chronic kidney disease, 301

chronic pyelonephritis, 303

developed during pregnancy, 303

first time diagnosis, 303

polycystic kidney disease, 302

with systemic illness, 301–302

thrombotic microangiopathy, 303–304

urinary tract obstruction, 304

mycophenolate mofetil use, 155

preeclampsia during, 299–306

renal anatomy/physiology in

acid-base regulation, 300

blood pressure regulation, 300

hemodynamics, 299–300

urinary tract, 299

volume regulation, 300

water metabolism, 300

renal function assessment in, 300–301

steroid therapy complications, 305

pre-renal failure. See also acute tubular necrosis (ATN);

cardiorenal syndrome; obstructive

nephropathy

causes of, 81

characterizations of, 80

diagnosis of, 80–82

CVP/PAOP, 81

urinalysis, 81–82

urinary indices, 82

urine output, 81

treatment of, 82–83

crystalloid vs. colloid fluids, 83

hemodynamic management/fluid therapy, 82–83

IV albumin, 90

pretransplantation cardiac screening, 567–568

PREVEND study (Prevention of Renal and Vascular

End-Stage Renal Disease study), 45, 64, 103,

218

Preventive Services Task Force (U.S.), 538

primary hyperparathyroidism, 373, 643, 646, 688

Program to Improve Care in Acute Renal Disease, 97, 138

progression of kidney diseases

assessments

albuminuria/proteinuria quantification, 2

GFR measurement, 29–30, 31

renal resistance index, 30

confounding effect of cardiovascular prognosis, 29

etiology as determinant, 29

monitoring of

GFR trends, 312–313

proteinuria trends, 312

risk factors, 29, 30

treatment strategies for delay/prevention

aldosterone antagonists, 317

beta blockers, 317

blood pressure control, 313, 314, 315

blood pressure lowering, 31–33

correction of severe anemia, 318

dihydropyridine CCB avoidance, 316

diuretic therapy, 316–317

herbal therapy, avoidance of, 318

hyperphosphatemia/hyperparathyroidism control,

318

metabolic syndrome control, 317

NAHCO3, 318

NDHCCB therapy, 317

NSAIDs avoidance, 318

obesity, 36

protein intake control, 37, 344

RAAS blockade, 35–36

reduction of proteinuria, 33–34

renin inhibition, 318

restriction of salt intake, 37, 316–317

smoking, 36

smoking cessation, 318

uric acid level control, 318

water intake control, 37, 345

protein nitrogen appearance (PNA), in hemodialysis

patients, 435

proteinuria. See also MRFIT study; unremitting

nephrotic-range proteinuria

ACEi/ARBs for, 160, 219, 797

in acute tubulo-interstitial nephritis, 288

adults vs. children, 149

assessment of

threshold values, 61

timed vs. untimed urine sample, 61

vs. albuminuria, 61

Bence-Jones proteinuria, 127

blood pressure association, 313, 316, 318, 345–349, 351

body mass index (BMI) and, 26, 36

in childhood idiopathic nephrotic syndrome, 763, 765,

766–767

in chronic allograft nephropathy, 600–602, 604–605

creatinine clearance measurement for, 111

in diabetes mellitus, 231, 233, 235–239

dyslipidemia and, 333–334, 337, 338

effects of BP goal/selection of antihypertensive agents,

210

ESRD association with, 45

in essential hypertension, 207–210, 214–220, 672, 673

in children, 671

in FSGS, 149, 152, 155

in HCV-associated MPGN, 273

in hepatitis B, 264–266

in hepatitis C, 273, 275

HIV-1 levels, 253

and HIVAN/collapsing glomerulopathy, 253–254

in IgA nephropathy, 170–179

increase of with smoking, 36

in infection-related nephropathies, 253–255, 257–260

lipid abnormalities associated with, 160

living donor evaluation, 550–551, 550

lowering, as CKD treatment strategy, 33–35

in lupus nephritis, 244, 246–250

magnitude/risk of natural progression, 311

as marker for diabetic/nondiabetic kidney disease, 217

in MCD, 149

in membranous nephropathy, 158–167

monitoring of trends, 312

in MPGN, 185–193, 812

NSAIDs for, 160, 290

obesity association, 317

during pregnancy, 301–303, 305

progression of CKD by degree of, 44

quantification of, 30

ramipril for lowering, 346

RAS blockade for minimization of, 173

renoprotectiveness of decrease, 231

and risk for ESRD/CV outcomes, 63–64

role in promoting kidney disease/diabetic

nephropathy, 209

in steroid-resistance nephrotic syndrome, 787, 793,

795, 796

transplantation issues, 709, 713–714, 716

pseudohyperkalemia, 633, 634
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Pseudomonas aeruginosa, 443, 511–512

psychogenic polydipsia, 618, 619–620, 622, 629

psychological evaluation, of living donors, 553

pulmonary artery occlusion pressure (PAOP), 81

pulse methylprednisolone therapy (PMT), for pediatric

SRNS, 792, 796, 797, 798, 801

purine synthesis inhibitors, 792

PVAN. See polyomavirus-associated nephropathy

(PVAN)

quality of life (QoL) and socio-economic considerations,

for PD selection, 473

Quality of Reporting of Meta-analyses (QUOROM)

criteria, 703

RAAS blockade. See renin-angiotensin-aldosterone

system (RAAS) blockade

race. See also African Americans; Asian cultures;

Caucasians; Hispanics

as CKD risk factor, 9–10, 48–49

and type 2 diabetes, 231, 233

radiocontrast nephropathy. See contrast-induced

nephropathy (CIN)

ramipril, 174, 216, 218, 347

for decline in residual renal function, 493

ESCAPE trial, 673

for lowering proteinuria/ESRD progression, 346

for nondiabetic kidney disease, 238

with RAAS blockade, 34

vs. amlodipine, 220, 351

vs. beta-blockers, 216

vs. metoprolol, 351

Ramipril Efficacy in Nephropathy 2 (REIN-2) study, 216,

238, 346

Rapamune Maintenance Regimen Trial, 594, 595

RAS blockade. See renin-angiotensin system (RAS)

blockade

rasburicase, for hypouricemic therapy, 131

reactive oxidative species (ROS) production

as CAN mediator, 601

recombinant human growth hormone (rhGH), 661, 705

recurrent disease patients

evidence/recommendations for transplantation,

540–541

recurrent peritonitis, 510

redistribution hyperkalemia, 634

Reduction of Endpoints in Non-Insulin-Dependent

Diabetes Mellitus with the Angiotensin II

Antagonist Losartan (RENAAL) study, 32, 234,

238, 346

reflux nephropathy, 202

during pregnancy, 303

refractory peritonitis, 510

REGARDS cohort study, 49

REIN study, 34, 347, 379

rejection. See graft rejection, kidney transplantation

relapsing peritonitis, 510

RENAAL study. See Reduction of Endpoints in

Non-Insulin-Dependent Diabetes Mellitus

with the Angiotensin II Antagonist Losartan

(RENAAL) study

renal artery stenosis

correction of vs. drug treatment, 226

pathophysiology of, 223

patient screening/screening methods, 223–224

quantification/functional relevance estimation,

224–225

renoparenchymatous disease exclusion, 225–226

short/long term correction improvements, 226–227

renal artery thromboses (RAT), 134

Renal Association (UK), 412, 419

renal damage, from hypertension

diagnosis of, 208

evidence for, 207–208

prevention/treatment

blood pressure targeting, 209–210

RAAS blockade (specific benefit), 210–211

Renal Data System (U.S.), 207–208, 244, 253

Renal Health Library (2005), 723

renal ischemia, 100.7, 311, 319, 363

renal osteodystrophy in pediatric CKD. See pediatric

renal osteodystrophy

renal papillary necrosis, 289

renal prostaglandins

actions of, 287

COX-2 NSAIDs effects on, 287

diuretic/natriuretic properties of, 288

maintenance of renal blood flow/GFR, 287

Renal Registry Report (UK), 445

renal replacement therapy (RRT), 3

for acute renal failure (ARF), 71

for acute tubular necrosis, 98

cholesterol embolism/radiocontrast toxicity, 227

for crystalline nephropathies, 128

low-dose dopamine effect on need for, 103

malnutrition association with, 441

modalities/selection of, 393–395

patient preparation for, 393

for pediatric patients, 723

peritoneal dialysis selection as, 471–475

preparation for, 391

prophylactic, for CIN, 115, 118

selection of patients to, 10

survival after initiation, 13

yearly incidence of patients, 10

renal replacement therapy (RRT), extracorporeal

modality principles. See also acetate-free

biofiltration (AFB); hemodiafiltration (HDF);

hemodialysis (HD) therapy; peritoneal dialysis

clinical practice guidelines review

biocompatibility, 412

membrane flux, 412

RRT modality, 412

comparison of modalities

AFB vs. HD, 418

AFB vs. HDF, 418

HDF vs. HD, 418

HF vs. HD, 418

HF vs. HDF, 418

evidence from review of RCTs

biocompatibility

�-microglobulin, 414

dialysis-associated symptoms, 414

hypotension, 413–414

infection, 414

mortality, 414–415

protein catabolic rate, 414

serum albumin, 414

membrane flux

�-microglobulin complications, 415–416

lipid profile, 416

mortality, 415

quality of life, 416

outcome expectations/membrane properties, 410–411

procedural description, 410

renal replacement therapy (RRT), in acute kidney injury

(AKI), 137–144

dosage of, 141–142

mechanistic considerations

choice of dialysate buffer for CRRT, 143–144

hemodialyzer/hemofilter choice, 142

use of anticoagulation, 142–143

modality of, 139–141

timing/initiation of, 137–139, 138

VA/NIH ATN intensity study, 141

renal resistance index, 30

renal stone disease

calcium phosphate stones, 646–647

calcium stones, 643–644

cystinuria, 648–649

DASH studies, 645

dietary recommendations, 643, 644–645, 644

evaluation of stone formers, 643

Kaplan-Meier estimates, 645

medications, 645–646

medications associated with, 643

RCTs, 646

struvite stones, 553, 643, 647

uric acid stones, 647–648

urological aspects, 642–643

US/European guidelines, 643

renal tubular acidosis (RTA), 296, 375, 553, 613, 638, 643,

647

renal tubular injury, biomarkers, 75–77

renal vein thromboses (RVT), 134

renin-angiotensin-aldosterone system (RAAS) blockade

for diabetic nephropathy

ACE inhibitors, 236

ACEi vs. ARBs, 237

antialdosterone therapy, 237–238

ARBs, 236–237

renoprotective effect, 211

for halting progression of CKD, 32, 34, 35, 36

for hepatorenal syndrome, 88, 89, 91, 93

for hypertension management, 209, 210–211, 215,

218–219

renin-angiotensin system (RAS) blockade

for children with CVD in CKD, 669, 672–673

in diabetes mellitus, 235, 237–240

for IgA nephropathy in adults, 173, 174, 175–177

for proteinuria minimization in IgAN, 173, 174

renoparenchymatous disease, 225–226

residual renal function (RRF)

ACEi/ARB treatment for hypertensive patients, 482–483

cefazolin-ceftazidime vs. cefazolin-netilmicin, 483

impact on patient survival, 478, 479

preservation strategies for, 482–484

rhabdomyolysis, 97, 634

with mannitol bicarbonate, prevention of ATN from,

100–101

prevention of ATN from, 100

with saline resuscitation, prevention of ATN from, 100

841
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ribavirin, 275–276

rifampin, 444, 445, 513, 515

RIFLE criteria

for defining/staging ARF, 72, 72

for grading serum creatinine, 74, 75

limitations of, 75

and mortality, 74–75

mortality and, 74–75

RIND trial cohort, 371

rituximab

for Epstein-Barr virus, 707

for FSGS, 152

for idiopathic membranous nephropathy, 165–166

for idiopathic thrombocytopenic purpura, 801

for lupus nephritis, 249, 249, 250

in MPGN with type II cryoglobulinemia, 191, 275–276

ROADMAP study, 35

rofecoxib (COX-2), 286, 287, 289

RRF. See residual renal function (RRF)

RRT. See renal replacement therapy (RRT)

ruplizumab, 249–250, 249

salt intake

ACEi/ARB/NDHCCB therapy and, 316

in children with CKD, 671

decreasing of, as CKD treatment strategy, 37

in membranous nephropathy, 160

relationship to ACEi/ARB/NDHCCB therapy, 316

stone recurrence and, 644

sarcoidosis, 122, 123, 125, 546, 553

Scientific Registry of Transplant Recipients (SRTR), 548

sclerosing peritonitis, 492, 509

Scribner shunt, 410

secondary hyperaldosteronism, 637, 638

secondary hyperparathyroidism in CKD

in animal models of renal insufficiency, 360

calcitriol administration for management, 358

cardiovascular mortality and, 373

causal link with vitamin D deficiency, 353, 356

central role in MBD development, 355

pathogenesis, 354, 355, 356

phosphate restriction attenuation of, 363

treatments for, 374

bisphosphonates, 375–376

calcimimetic therapy, 374–375

surgical parathyroidectomy, 374

segmental glomerulonephritis, 149, 246, 774

sepsis, 97, 141

acute tubular necrosis from, 97, 98, 101–102

catheter-related, 512

from CKD in infancy, 656

death from, 142, 143, 767

ESRD rates, 452

in lactic/metabolic acidosis, 611

in pediatric PD patients, 728

prevention of in thromboembolic complications,

768–769

rates of, in ESRD patients, 452

sepsis-associated AKI, 140

in urinary tract obstruction, 304

in vascular access infections, 442, 445, 446

septic pulmonary emboli, related to hemodialysis (HD),

442

Serratia bloodstream infections, 453

serum creatinine. See also Cockcroft-Gault creatinine

clearance equation; Modification of Diet in

Renal Disease (MDRD)

acute kidney injury and, 72, 73

acute renal failure and, 71–72

adefovir and, 266

body mass index (BMI) association, 49

celecoxib and, 288

CIN and, 110, 111

in diabetes mellitus, 234, 237

donor issues, 548, 550, 554

dyslipidemia in CKD and, 336, 339

ESRD and, 548, 550

in FSGS, 154

GFR association with, 4, 23, 26, 29–30, 236, 340, 575,

658

HIV-1 levels, 253

in hypertension, 208, 218, 345, 346

in IgAN, 171, 173, 174

increase of with smoking, 36

in infection-related nephropathies, 253, 257, 257

in lupus nephritis, 244–245, 248, 249

in membranous nephropathy, 159, 161, 162, 164

in MPGN, 186, 188, 189, 812

pregnancy levels, 300, 301

in pregnant women with diabetic nephropathy,

301

RIFLE criteria for grading, 74, 75

transplantation issues, 576–577, 595, 711

use as endogenous filtration maker, 58

vs. cystatin C, for assessment of GFR, 74

sevelamer (for hyperphosphatemia)

effects on bone histology, 371–372

as substitute for statins, 338

use as phosphate binder

in children/adolescents, 684

in CKD/ESRD patients, 364t

use determination, 372

vs. calcium-containing phosphate binders, 684

vs. other phosphate binders, 369–371, 370,

372–373

Seventh Report of the Joint National Committee on

Prevention, Detection, Evaluation and Treatment of High

Blood Pressure, 200

SHARP trial (of statins), 317, 336

SHEP study (Systolic Hypertension in the Elderly

Program), 46

simvastatin, 317, 336, 338, 437, 674, 797

sirolimus (SRL)

for CAN, 603

for FSGS, 153, 154

for maintenance immunosuppression, 706

for PVAN, 280

for reducing immunosuppressant load, 280

small solute clearance in peritoneal dialysis,

478–484

ADEMEX trial, 479, 480

assessment of, 478–480

CANUSA data reanalysis, 479

CAPD and, 479–480

K/DOQI guidelines, 478–480

Kt/Vurea and, 478, 479, 480, 482

lack of survival benefit with, 479

optimization strategies, 480–482

residual renal function

aminoglycoside assessments, 483

impact on patient survival, 478, 479

preservation strategies, 482–484

RRF preservation strategies, 482–484

survival studies, 481, 482

target recommendations/adequacy monitoring, 480,

484

smoking

as CAN mediator, 601

cessation of, as CKD treatment strategy, 36, 216

diabetic/nondiabetic CKD risks from, 220

increase or GFR/proteinuria from, 36

Social Security Death Master File, 546

sodium bicarbonate

in antihypertensive regimens in CKD, 314–315

prehydration with in renovascular disease, 227

for treatment-related acidosis, 613–615

for urine alkalinization, 648

sodium polystyrene sulfonate (Kayexalate), 636

solvent nephropathy, 297

SPA. See standard peritoneal permeability analysis (SPA)

spermidine/spermine N(1)-acetyltransferase, 75

spinal epidural abscess, related to hemodialysis (HD),

442

spiral computed tomography angiography (CTA), 224

spontaneous remission

from HBV-associated nephropathy, 264–265

from HCV-associated MPGN, 273

from membranous nephropathy, 158

from minimal change disease, 150, 152

from nocturnal enuresis, 753

from SSNS, 766

uncommonness in MPGN, 190

stage 3 chronic kidney disease (CKD), 9

stage 4 chronic kidney disease (CKD), 9

stage 5 chronic kidney disease (CKD)

comorbidities in, 12–13

incidence/prevalence of, 10–11

stages 1-4 CKD, awareness patterns in treatment of, 49–51

standard Kt/V (stdKt/V), 426–427, 427

standard peritoneal permeability analysis (SPA), 489

Staphylococcus aureus

in CKD/RRT populations, 442, 443, 445

in PD related infections, 509, 511–512

Staphylococcus epidermis, 443

static venous pressure (SVP), 460, 462–463

statin therapy. See also lipid lowering therapies;

pravastatin; simvastatin; statin therapy

with ACEi, for proteinuria, 160

AURORA study, 336, 437–438

for chronic allograft nephropathy, 604

for HDL/LDL management, 436–437

for high LDL, 338

for high triglycerides/non-HDL cholesterol, 339

mechanisms of action, 333

for pediatric dyslipidemia, 674–675

for pediatric SRNS, 797

Pravastatin Pooling Project, 335

risks from, 316

SHARP study, 317, 437–438

for transplant recipients with hypercholesterolemia,

569–570, 570

stenoses, quantification of, 224–225

842
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steroid-resistant nephrotic syndrome, 153, 708. See also

pediatric steroid-resistant nephrotic syndrome

(SRNS)

steroids. See also corticosteroids

with azathioprine for lupus nephritis, 302

with CsA, 594, 595

CsA alternative to, 152

demineralization issues, 375

for FSGS, 152–153, 154

for HELLP syndrome, 304

for IgAN, 176

for maintenance immunosuppression, 706

for MCD, 152

for membranous nephropathy, 250

with MMF for proteinuria, 164

monthly cycling of, 161

pediatric use

alternate-day, 190, 661

delayed pubertal development from, 657

MGPN, 187, 189

posttransplantation withdrawal, 661, 706

SSNS, 764–765

for ureteral stone passage, 642

vs. azathioprine/cyclophosphamide, 248–249

withdrawal issues, 265

steroid-sensitive nephrotic syndrome (SSNS) in children.

See pediatric steroid-resistant nephrotic

syndrome (SRNS)

struvite stones, 553, 643, 647

Studies of Left Ventricular Dysfunction Trial, 83

Study of Heart and Renal Protection (SHARP) study,

437–438

surveillance/surveillance systems

ANZDATA, 21

British Columbia Renal Agency, 24–25

Canadian Organ Replacement Register, 21

for CKD stages 1-4, 23

defined, 18

development factors, 43–45

DOPPS, 21–23

ERA-ERDTA, 21

KEEP, 23–24

National Kidney Foundation of Singapore Screening

Program, 25–26

Okinawa (Japan) Screening program, 24–25

US Renal Data Systems (USRDS), 18–20

sustained low-efficiency dialysis (SLED), 137

SYMPHONY study, 603

syndrome of inappropriate ADH (SIADH), 618, 619,

620, 628, 629, 630

synthetic dialysis membranes, 410

systemic lupus erythematosus (SLE). See also lupus

nephritis

American College of Rheumatology criteria,

244

membranous nephropathy association, 158,

183

transplantation issues, 540

Systemic Lupus Erythematous Disease Activity Index
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303–304

tiopronin (�-mercaptopropionylglycine), 649

TIPS. See transjugular intrahepatic portosystemic shunts
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Congestive Heart Failure trial, 84

unilateral segmental renal hypoplasia, 203

United Kingdom General Practice Research Database, 288

United Kingdom Prospective Diabetes Study (UKPDS),

64, 239, 289

United States Renal Data System (USRDS)

analysis of mortality from PD, 404–405

CKD and race data, 9–10

description, 18–19

Project Database, 19

racial/ethnic group data, 48–49
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dialysis-related infections, 442–443

infections related, 442–443

screening/access survival

blood flow screening (RCTs), 460–461

DU stenosis (RCTs), 461–462

other techniques, 462–463

vascular access infections, 442–443

vascular access planning for hemodialysis

evidence for primary AVF, 395–396

use of tunneled cuffed cannulas, 396

vascular intimal hyperplasia, 599
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