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Disclaimer

SECTION I: USE OF THE CLINICAL
 PRACTICE GUIDELINE

This Clinical Practice Guideline document is based upon
the best information available as of March 2009. It is
designed to provide information and assist decision-
 making. It is not intended to define a standard of care, and
should not be construed as one, nor should it be interpret-
ed as prescribing an exclusive course of management. 

Variations in practice will inevitably and appropriately
occur when clinicians take into account the needs of
individual patients, available resources, and limita-
tions unique to an institution or type of practice. Every
health-care professional making use of these recom-
mendations is responsible for evaluating the appropri-
ateness of applying them in the setting of any particu-
lar clinical situation. The recommendations for
research contained within this document are general
and do not imply a specific protocol.

SECTION II: DISCLOSURE

Kidney Disease: Improving Global Outcomes (KDIGO)
makes every effort to avoid any actual or reasonably
perceived conflicts of interest that may arise as a
result of an outside relationship or a personal, profes-
sional, or business interest of a member of the Work
Group.

All members of the Work Group are required to com-
plete, sign, and submit a disclosure and attestation
form showing all such relationships that might be
perceived or actual conflicts of interest. This docu-
ment is updated annually and information is adjust-
ed accordingly. All reported information is published
in its entirety at the end of this document in the Work
Group members’ Biographic and Disclosure
Information section, and is on file at the National
Kidney Foundation (NKF), Managing Agent for
KDIGO.

KDIGO gratefully acknowledges the following sponsors that make our initiatives possible:  Abbott, Amgen, Belo
Foundation, Coca-Cola Company, Dole Food Company, Genzyme, Hoffmann-LaRoche, JC Penney, NATCO-The
Organization for Transplant Professionals, National Kidney Foundation-Board of Directors, Novartis, Robert
and Jane Cizik Foundation, Shire, Transwestern Commercial Services, and Wyeth. KDIGO is supported by a
consortium of sponsors and no funding is accepted for the development of specific guidelines.
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NOMENCLATURE AND DESCRIPTION FOR RATING GUIDELINE 
RECOMMENDATIONS

Within each recommendation, the strength of recommendation is indicated as Level 1, Level 2, 
or Not Graded, and the quality of the supporting evidence is shown as A, B, C, or D.

Reference Keys

Grade* Implications

Patients Clinicians Policy

Level 1 
‘We recommend’

Most people in your situation
would want the recommended

course of action and only a
small proportion would not. 

Most patients should receive the
recommended course of action.

The recommendation can be
adopted as a policy in most

situations.

Level 2 
‘We suggest’

The majority of people in your
situation would want the rec-
ommended course of action,

but many would not. 

Different choices will be appropriate
for different patients. Each patient
needs help to arrive at a manage-
ment decision consistent with her

or his values and preferences.

The recommendation is likely
to require debate and

involvement of stakeholders
before policy can be

 determined.

* The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or where the
topic does not allow adequate application of evidence. The most common examples include recommendations regarding
monitoring intervals, counseling, and referral to other clinical specialists. The ungraded recommendations are generally
written as simple declarative statements, but are not meant to be interpreted as being stronger recommendations than
Level 1 or 2 recommendations.

A: High quality of evidence. We are confident that the true effect lies close to that of the estimate of the effect.

B: Moderate quality of evidence. The true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different.

C: Low quality of evidence. The true effect may be substantially different from the estimate of the effect.

D: Very low quality of evidence. The estimate of effect is very uncertain, and often will be far from the truth. 
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Conversion Factors of Metric Units to SI Units

Parameter Metric Units Conversion Factor SI Units

Albumin g/dL 10 g/L

Calcium mg/dL 0.2495 mmol/L

Cholesterol mg/dL 0.02586 mmol/L

Creatinine mg/dL 88.4 µmol/L

Creatinine clearance mL/min 0.01667 mL/s

Glucose mg/dL 0.05551 mmol/L

Hemoglobin g/dL 10 g/L

High-density lipoprotein cholesterol (HDL-C) mg/dL 0.02586 mmol/L

Insulin µU/mL 7.175 pmol/L

Low-density lipoprotein cholesterol (LDL-C) mg/dL 0.02586 mmol/L

Neutrophil count #/µL 1 x 106 #/L

Parathyroid hormone pg/mL 1 ng/L

Phosphate (as inorganic phosphorus) mg/dL 0.3229 mmol/L

Platelet count #/µL 1 x 106 #/L

Protein, total g/dL 10 g/L

Titers copies/mL 1000 copies/L

Triglycerides mg/dL 0.01129 mmol/L

Uric acid mg/dL 59.48 µmol/L

Urinary oxalate excretion mg/dL 11.11 µmol/d

Urinary protein excretion g/dL 1000 mg/dL

Vitamin D, 25-Hydroxyvitamin D ng/mL 2.496 nmol/L

Note: Metric unit x conversion factor = SI unit.
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Abstract

The 2009 Kidney Disease: Improving Global Outcomes
(KDIGO) clinical practice guideline on the monitoring,
management, and treatment of kidney transplant recipi-
ents is intended to assist the practitioner caring for
adults and children after kidney transplantation. The
guideline development process followed an evidence-
based approach, and management recommendations
are based on  systematic reviews of relevant treatment
trials. Critical appraisal of the quality of the evidence and
the strength of recommendations followed the Grades
of Recommendation Assessment, Development, and
Evaluation (GRADE) approach. The guideline makes rec-
ommendations for immunosuppression, graft monitoring,

as well as prevention and treatment of infection, cardio-
vascular disease, malignancy, and other complications
that are common in kidney transplant recipients, includ-
ing hematological and bone disorders. Limitations of the
evidence, especially on the lack of definitive clinical out-
come trials, are discussed and suggestions are provided
for future research.

Keywords: Guideline; KDIGO; kidney transplant recipient
care; immunosuppression; graft monitoring; infectious dis-
eases; cardiovascular disease; malignancy; mineral and
bone disorder; hematological complications; hyperuricemia;
gout; growth; sexual function;  fertility; mental health

In citing this document, the following format should be used: Kidney Disease: Improving Global Outcomes (KDIGO)
Transplant Work Group. KDIGO clinical practice guideline for the care of kidney transplant recipients. American Journal
of Transplantation 2009; 9(Suppl 3): S1–S157.
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Wiley Periodicals Inc. Journal compilation © 2009 The American Society of

Transplantation and the American Society of Transplant Surgeons
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Since the first successful kidney transplantation in 1954,
there has been an exponential growth in publications deal-
ing with the care of kidney transplant recipients (KTRs). In
addition, the science of conducting and interpreting both
clinical trials and observational studies has become
increasingly controversial and complex. Caring for KTRs
requires specialized knowledge in areas as varied as
immunology, pharmacology, nephrology, endocrinology
and infectious disease. The last two comprehensive clini-
cal practice guidelines on the care of KTRs were published
in 2000 by the American Society of Transplantation and the
European Best Practices Guidelines Expert Group. Both of
these guidelines were based primarily on expert opinion,
not rigorous evidence review. For these reasons, the inter-
national consortium of kidney guideline developers, Kidney
Disease: Improving Global Outcomes (KDIGO), concluded
that a new comprehensive evidence-based clinical practice
guideline for the care of KTRs was necessary.

It is our hope that this document will serve several useful
purposes. Our primary goal is to improve patient care. We
hope to accomplish this in the short term by helping clini-
cians know and better understand the evidence (or lack of
evidence) that determines current practice. By making
this guideline broadly applicable, our purpose is to also
encourage and enable the establishment and develop-
ment of transplant programs worldwide. Finally, by pro-
viding comprehensive evidence-based recommendations,
this guideline will also help define areas where evidence
is lacking and research is needed. Helping to define a
research agenda is an often neglected, but very important
function of clinical practice guideline development.

We used the GRADE system to rate the strength of
 evidence and the strength of recommendations. In 
all, there were only 4 (2%) recommendations in this
guideline for which the overall quality of evidence was

graded ‘A,’ whereas 27 (13.6%) were graded ‘B,’ 77
(38.9%) were graded ‘C,’ and 90 (45.5%) were graded ‘D.’
Although there are reasons other than quality of evidence
to make a grade 1 or 2 recommendation, in general, there
is a correlation between the quality of overall evidence
and the strength of the recommendation. Thus, there
were 50 (25.3%) recommendations graded ‘1’ and 148
(74.7%) graded ‘2.’ There were 3 (1.5%) recommenda-
tions graded ‘1A,’ 16 (8.1%) were ‘1B,’ 18 (9.1%) were
‘1C,’ and 13 (6.6%) were ‘1D.’ There was 1 (0.5%) grad-
ed ‘2A,’ 11 (5.6%) were ‘2B,’ 59 (29.8%) were ‘2C,’ and
77 (38.9%) were ‘2D.’ There were 45 (18.5%) statements
that were not graded.

Some argue that recommendations should not be made
when evidence is weak. However, clinicians still need to
make clinical decisions in their daily practice, and they
often ask ‘what do the experts do in this setting’? We
opted to give guidance, rather than remain silent. These
recommendations were often rated with a low strength
of recommendation and a low strength of evidence, or
were not graded. It is important for the users of this
guideline to be cognizant of this (see Disclaimer). In
every case these recommendations are meant to be a
place for clinicians to start, not stop, their inquiries into
specific management questions pertinent to the patients
they see in daily practice.

We wish to thank Martin Zeier, Co-Chair, along with all of
the Work Group members who volunteered countless
hours of their time developing this guideline. We also
thank the Evidence Review Team members and staff of
the National Kidney Foundation who made this project
possible. Finally, we owe a special debt of gratitude to the
many KDIGO Board members and individuals who volun-
teered time reviewing the guideline, and making very
helpful suggestions.

Foreward

Kai-Uwe Eckardt, MD
KDIGO Co-Chair

Bertram L. Kasiske, MD
KDIGO Co-Chair
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This guideline describes the prevention and treatment of
complications that occur after kidney transplantation. We
do not include pretransplant care. Specifically, we do not
address issues pertinent to the evaluation and manage-
ment of candidates for transplantation, or the evaluation
and selection of kidney donors.

Although many of the issues that are pertinent to KTRs
are also pertinent to recipients of other organ trans-
plants, we intend this guideline to be for KTRs only. We
cover only those aspects of care likely to be different for
KTRs than for patients in the  general population. For
example, we deal with the diagnosis and treatment of
acute rejection, but not with the diagnosis and treatment
of community-acquired pneumonia. We also make 
recommendations pertinent to the management of
immunosuppressive medications and their complications,
including infections, malignancies, and cardiovascular
disease (CVD).

This guideline ends before the kidney fails, either by death
of the recipient with a functioning graft, return to dialysis,
or retransplantation. We do not deal with the preparation of
KTRs for return to dialysis or retransplantation.

This guideline was written for doctors, nurses, coordina-
tors, pharmacists, and other medical professionals who
directly or indirectly care for KTRs. It was not developed
for administrative or regulatory personnel per se. For
example, no attempts were made to develop clinical per-
formance measures. Similarly, this guideline was not writ-
ten for patients directly, although carefully crafted expla-
nations of guideline recommendations could potentially
provide useful information for patients.

This guideline was written for transplant-care providers
throughout the world. As such, it addresses issues that
are important to the care of KTRs in both developed and
developing countries, but nowhere was the quality of
care compromised for utilitarian purposes. Nevertheless,
we recognize that, in many parts of the world, treatment
of end-stage kidney disease (chronic kidney disease
[CKD] stage 5) with dialysis is not feasible, and trans-
plantation can only be offered as a life-saving therapy if
it is practical and cost-effective. Therefore, in providing a
comprehensive, evidence-based guideline for the care of
the KTRs, we were cognizant of the fact that programs
in some areas of the world may need to adopt cost-sav-
ing measures in order to make transplantation possible. 

Guideline Scope and Intended Users
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Introduction

Kidney transplantation is the treatment of choice for CKD stage 5. The risk of death for KTRs is less than half of that for
dialysis patients (1). Any differences in patient survival attributable to different immunosuppressive medication regimens
are substantially smaller than the survival difference between dialysis and transplantation. Specifically, marginally inferi-
or immunosuppressive medication regimens will result in substantially better patient outcomes than dialysis. Thus, it is
better to perform kidney transplantation even with an inferior immunosuppressive regimen, than to avoid transplantation
altogether.

Recommendations for immunosuppressive medications are necessarily complex, because combinations of multiple
classes of drugs are used and because the choices among different regimens are determined by the tradeoffs between
benefits and harm. Typically, a greater degree of immunosuppression may reduce the risk of rejection, but may also
increase the risk of infection and cancer. Decision analysis with patient-based utilities may be needed to correctly assess
the tradeoffs between benefits and harm, but this has not usually been done.

Rating Guideline Recommendations

Within each recommendation, the strength of recommendation is indicated as Level 1, Level 2, or Not Graded, and the
quality of the supporting evidence is shown as A, B, C, or D.

Grade* Wording

Level 1 ‘We recommend’

Level 2 ‘We suggest’

Grade for 
quality of 
evidence Quality of evidence

A High

B Moderate

C Low

D Very low

*The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or
where the topic does not allow adequate application of evidence. The most common examples include
recommendations regarding monitoring intervals, counseling, and referral to other clinical specialists. The
ungraded recommendations are generally written as simple declarative statements, but are not meant to
be interpreted as being stronger recommendations than Level 1 or 2 recommendations.
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Chapter 1: Induction Therapy

1.1: We recommend starting a combination of im-

munosuppressive medications before, or at the

time of, kidney transplantation. (1A)

1.2: We recommend including induction therapy with

a biologic agent as part of the initial immunosup-

pressive regimen in KTRs. (1A)

1.2.1: We recommend that an IL2-RA be the first-

line induction therapy. (1B)

1.2.2: We suggest using a lymphocyte-depleting

agent, rather than an IL2-RA, for KTRs at

high immunologic risk. (2B)

IL2-RA, interleukin 2 receptor antagonist; KTRs, kidney

transplant recipients.

Background

Except perhaps for transplantation between identical
twins, all kidney transplant recipients (KTRs) need im-
munosuppressive medications to prevent rejection. Induc-
tion therapy is treatment with a biologic agent, either
a lymphocyte-depleting agent or an interleukin 2 recep-
tor antagonist (IL2-RA), begun before, at the time of, or
immediately after transplantation. The purpose of induc-
tion therapy is to deplete or modulate T-cell responses
at the time of antigen presentation. Induction therapy is
intended to improve the efficacy of immunosuppression
by reducing acute rejection, or by allowing a reduction
of other components of the regimen, such as calcineurin
inhibitors (CNIs) or corticosteroids. Available lymphocyte-
depleting agents include antithymocyte globulin (ATG), an-
tilymphocyte globulin (ALG) and monomurab-CD3. Basilix-
imab and daclizumab, the two IL2-RAs that are currently
available in many parts of the world, bind the CD25 anti-
gen (interleukin-2 [IL2] receptor a-chain) at the surface of
activated T-lymphocytes and thereby competitively inhibit
IL2-mediated lymphocyte activation, a crucial phase in cel-
lular immune response of allograft rejection.

Rationale

• There is high-quality evidence that the benefits of IL2-
RA vs. no IL2-RA (or placebo) outweigh harm in a
broad range of KTRs with variable immunological risk
and concomitant immunosuppressive medication reg-
imens.

• There is moderate-quality evidence that a lymphocyte-
depleting agent vs. no lymphocyte-depleting agent (or

placebo) reduces acute rejection and graft failure in
high-immunological-risk patients.

• There is moderate-quality evidence across a broad
range of patients with different immunological risk
and concomitant immunosuppressive medication reg-
imens, which shows that (compared to IL2-RA)
lymphocyte-depleting agents reduce acute rejection,
but increase the risk of infections and malignancies.

• Economic evaluations for IL2-RA demonstrate lower
cost and improved graft survival compared with
placebo.

• Although there are sparse data in KTRs <18 years old,
there is no biologically plausible reason why age is an
effect modifier of treatment, and the treatment effect
of IL2-RA appears to be homogenous across a broad
range of patient groups.

• Induction therapy with a lymphocyte-depleting anti-
body reduces the incidence of acute rejection com-
pared with IL2-RA, but has not been shown to prolong
graft survival.

• Induction therapy with a lymphocyte-depleting anti-
body increases the incidence of serious adverse ef-
fects.

• For KTRs ≥18 years old, who are at high risk for
acute rejection, the benefits of induction therapy with
a lymphocyte-depleting antibody outweigh the harm.

In a large number of long-term, randomized controlled tri-
als (RCTs) in adults, it has been consistently shown that
induction therapy with either lymphocyte-depleting agents
or IL2-RA reduces acute rejection in patients treated
with ‘double therapy’ (calcineurin inhibitor [CNI] and pred-
nisone), or ‘triple therapy’ (CNI, an antiproliferative agent
[e.g. mycophenolate or azathioprine], and prednisone).
Lymphocyte-depleting antibody induction also reduces the
risk of graft failure while, in more recent studies, IL2-RA
reduced the risk of death-censored graft failure, but not
overall graft loss. Oral maintenance therapy may not pro-
duce immediate effects on the immune response when
it is most needed, that is at the time of transplantation
and antigen presentation. Pharmacokinetic and pharmaco-
dynamic properties of oral maintenance agents may delay
their full effect on immune cells.

The efficacy and safety of IL2-RA (compared to placebo
or no treatment) have been confirmed in the most recent
Cochrane review of 30 RCTs and 4670 patients followed
to 3 years (2). In this review, IL2-RA consistently reduced
the risk of acute rejection (e.g. for biopsy-proven acute
rejection: 14 RCTs, 3861 patients, relative risk [RR] 0.77,
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064–0.92) and graft loss (censored for death: 16 RCTs,
n = 2973 patients, RR = 0.74, 0.55–0.99). IL2-RA did not af-
fect all-cause mortality (24 RCTs, n = 4468, RR 0.73, 0.50–
1.07), malignancy (14 RCTs, n = 3363, RR 0.70, 0.38–1.29)
or cytomegalovirus (CMV) infection (17 RCTs, n = 3767, RR
0.90, 0.76–1.06), although all point estimates favor IL2-RA
(all outcomes are at 1 year). The use of IL2-RA has also
been found to be cost-effective compared to placebo (3).

The evidence for safety and efficacy of lymphocyte-
depleting antibodies is more limited than that for IL2-
RA. A meta-analysis of seven RCTs (N = 794) comparing
lymphocyte-depleting agents with placebo or no treatment
reported a reduction in graft failure (RR 0.66, 0.45–0.96) (4).
In an individual patient meta-analysis of five of these same
trials (N = 628), the reduction in graft loss at 2 years was
greater in patients with high panel-reactive antibody (PRA)
levels (RR 0.12, 0.03–0.44), compared to the reduction in
risk for patients without high PRA (RR 0.74, 0.50–1.09) (5).

Since publication of these meta-analyses, there have been
other trials comparing lymphocyte-depleting agents with
placebo or no depleting agent. In a single-center RCT, sen-
sitized patients were randomized to induction with ATG or
no induction. Patients treated with ATG had a reduction
in acute rejection and improvement in graft survival (6). In
a three-arm RCT, the incidence of biopsy-proven acute re-
jection at 6 months was highest in deceased-donor KTRs
receiving tacrolimus, azathioprine and prednisone without
induction (25.4%, N = 185) compared to a group receiv-
ing tacrolimus, azathioprine, prednisone and ATG (15.1%,
N = 184) and a group receiving cyclosporine A (CsA),
azathioprine, prednisone and ATG (21.2%, N = 186) (7).
However, CMV infection occurred in 16%, 24% and 28%
of the patients in these groups, respectively (p = 0.012).
Similarly, leukopenia, thrombocytopenia, fever and serum
sickness were all more common in the two groups re-
ceiving antithymocyte induction (7). There is high-quality
evidence for a net benefit of IL2-RA compared to placebo
for some patient outcomes (graft survival) but not all (all-
cause mortality); and high-quality evidence of a net benefit
to prevent acute rejection (see Evidence Profile and ac-
companying evidence in Supporting Tables 1–4 at http://
www3.interscience.wiley.com/journal/118499698/toc).

There have been a number of RCTs comparing IL2-RA with
lymphocyte-depleting agents. Most of these trials have
been small and of low quality. A meta-analysis of nine
RCTs (N = 778) found no difference in clinical acute re-
jection at 6 months (2). There were no differences in graft
survival or patient survival (2). Since this meta-analysis,
there have been other RCTs. The largest (N = 278),
and arguably highest-quality, RCT compared ATG with da-
clizumab in deceased-donor KTRs selected to be high-risk
for delayed graft function (DGF) and/or acute rejection (8).
This RCT found no difference in the primary composite
end-point, but the ATG induction group had fewer biopsy-
proven acute rejections and more overall infections com-

pared to the daclilzumab group (8). In an updated Cochrane
review, the risk of acute rejection was higher with IL2-RA
compared with lymphocyte-depleting agents (nine RCTs,
n = 1166, RR 1.27, 1.00–1.61), but the risk of graft loss (12
RCTs, n = 1430, RR 1.10, 0.73–1.65), and mortality was
not significantly different (13 RCTs, n = 1670, RR 1.28,
0.74–2.20). Compared with lymphocyte-depleting agents,
the risk of CMV infection (13 RCTs, n = 1480, RR 0.69,
0.49–0.97), and malignancy (six RCTs, n = 840, RR 0.23,
0.06–0.93) is lower with IL2-RA. Thus, there is moderate-
quality evidence for trade-offs between IL2-RA and deplet-
ing antibodies; depleting antibodies are superior to prevent
acute rejection, but there is uncertainty whether this corre-
sponds to improved graft outcomes. Depleting antibodies
are associated with more infections (see Evidence Profile
and accompanying evidence in Supporting Tables 5–7).

There have been few head-to-head comparisons of dif-
ferent lymphocyte-depleting agents. Thus, it is unclear
whether any one of these agents is superior to any other.
In meta-analyses, there do not appear to be obvious dif-
ferences in the effects of different lymphocyte-depleting
agents on acute rejection or graft survival.

Alemtuzumab (Campath 1H) is a humanized anti-CD52
monoclonal antibody that depletes lymphocytes. In the
United States, it has been approved by the Food and
Drug Administration (FDA) for use in patients with B-cell
lymphomas. There have been a few small RCTs exam-
ining the use of alemtuzumab as an induction agent in
KTRs. All of these RCTs lack statistical power to exam-
ine the effects of alemtuzumab on patient survival, graft
survival or acute rejection. In many of the RCTs, there
were differences between the comparator groups other
than alemtuzumab, making it difficult to discern the ef-
fects of alemtuzumab alone. For example, in a single-center
RCT, 65 deceased-donor KTRs received alemtuzumab in-
duction with delayed tacrolimus monotherapy and were
compared to 66 KTRs treated with no induction, mycophe-
nolate mofetil (MMF) and corticosteroids. At 12 months,
the rate of biopsy-proven acute rejection was 20% vs. 32%
in the two groups, respectively (p = 0.09) (9). In 21 high-
immunological-risk KTRs randomized to alemtuzumab plus
tacrolimus vs. four doses of ATG (plus tacrolimus, MMF
and steroids), there were two vs. three acute rejections,
respectively (10). Among 20 patients randomized to alem-
tuzumab plus low-dose CsA vs. 10 patients on CsA plus
azathioprine and prednisone, there were biopsy-proven
acute rejections in 25% vs. 20%, respectively (11). Ninety
deceased-donor KTRs were randomly allocated to ATG,
alemtuzumab or daclizumab induction, with those receiv-
ing alemtuzumab also receiving a lower tacrolimus target,
MMF 500 mg twice daily and no maintenance prednisone,
while those in the other two groups received MMF 1000
mg twice daily and prednisone. After 2 years of follow-up,
acute rejections occurred in 20%, 23% and 23% in the
three groups, respectively, but there was borderline worse
death-censored graft survival in the alemtuzumab group
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(p = 0.05), and more chronic allograft nephropathy (CAN)
(p = 0.008) (12,13). Altogether, these small studies fail to
clearly demonstrate that the benefits outweigh the harm
of alemtuzumab induction in KTRs.

For KTRs treated with an IL2-RA, the reduction in the inci-
dence of acute rejection and graft loss, without an increase
in major adverse effects, makes the balance of benefits
vs. harm favorable in most patients. However, it is possi-
ble that in some KTRs at low risk for acute rejection and
graft loss, the benefits of induction with IL2-RA may be too
small to outweigh even minor adverse effects (especially
cost in developing countries) and so, in this setting, not
administering IL2A is reasonable.

In contrast to IL2-RA, induction therapy with lymphocyte-
depleting antibodies increases the incidence of serious ad-
verse effects. For KTRs treated with lymphocyte-depleting
antibodies, a reduction in the incidence of acute rejections
must be balanced against an increase in major infections.
This balance may favor the use of depleting agents in
some, but not all, patients. Logic would suggest that the
chances of a favorable balance between benefits and harm
could be maximized by limiting the use of lymphocyte-
depleting agents to patients at increased risk for acute
rejection.

In an individual patient, meta-analysis of five RCTs compar-
ing lymphocyte-depleting antibody induction with no induc-
tion (or placebo), the reduction in graft failure was greater
in patients with a high PRA (5). Unfortunately, there are
few, if any, studies comparing the relative effectiveness
of lymphocyte-depleting agents vs. IL2-RA in subgroups
of patients at increased immunological risk. Nevertheless,
observational data can be used to quantify the risk for
acute rejection and graft failure, and thereby define pa-
tients who are most likely to benefit from lymphocyte-
depleting agents compared to an IL2-RA.

Risk factors for acute rejection include (Table 1):

• The number of human leukocyte antigen (HLA) mis-
matches (A)

• Younger recipient age (B)

• Older donor age (B)
• African-American ethnicity (in the United States) (B)
• PRA >0% (B)
• Presence of a donor-specific antibody (B)
• Blood group incompatibility (B)
• Delayed onset of graft function (B)
• Cold ischemia time >24 hours (C)

where A is the universal agreement, B is the majority
agreement and C is the single study.

Retrospective observational studies have identified a num-
ber of risk factors for acute rejection after kidney trans-
plantation (Table 1). Younger recipients are at substantially
higher risk than older recipients, although there is no clear
age threshold for the risk of acute rejection. Younger recipi-
ents may also be better able to tolerate serious adverse ef-
fects of additional immunosuppressive medication, making
it compelling to treat younger recipients with lymphocyte-
depleting antibody than IL2-RA. Kidneys from older donors
may impart increased risk for acute rejection to the re-
cipient, but a distinct age threshold has not been clearly
defined.

The number of HLA mismatches between the recipient
and donor is associated with the risk of acute rejection,
but few studies have agreed on the number or type of
mismatches (Class 1 [AB] or Class 2 [DR]) that increase
the risk for acute rejection. In the United States, African-
American ethnicity has been linked to an increased risk of
acute rejection. For deceased-donor recipients, the dura-
tion of cold ischemia, for example longer than 24 hours, has
been associated with acute rejection. DGF has also been
associated with acute rejection, although by the time it is
apparent that graft function is delayed, it is likely too late
to decide whether or not to use a lymphocyte-depleting
agent or an IL2-RA. However, induction with a lymphocyte-
depleting agent could be used when there is an increased
risk for DGF, such as in cases with expanded criteria do-
nation or prolonged cold ischemia time. Finally, the pres-
ence of antibodies to a broad panel of potential recipi-
ents has been associated with an increased risk of acute
rejection.
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Table 1: Risk of acute rejection in multivariate analyses

Patient characteristic Study characteristics

Country of study United North Portugal Netherlands Norway Norway
States (14) Spain (15) America (16) (17) (18) (19) UK (20) (21)

Number analyzed (N) 27 377 3365 2779 children 866 790 739 518 451
Percent that used living 33% 0% 100% 1.4% 0% 100% 0% 33%

donors (%)
Transplant years included 97–99 90, 94, 98 87–97 85–99 83–96 94–04 91–99 94–97

Acute rejection riska

Deceased (vs. living donor) ↑ ↔ NA NA NA ↔
Younger recipient age ↑ ↑↑↑ ↔ ↑↑↑ ↑↑↑ ↔ ↔

per <60 y <2 years <45 years <50 years
10 years

Older donor age ↔ ↔ ↑↑↑ ↑ ↑↑
≥60 years ≥65 years per

10 years
Recipient female (vs. male) ↑ ↔ ↔ ↔ ↔
Deceased donor cause of death

Cerebral vascular death ↑↑↑ NA ↔
(vs. other cause)

Trauma (vs. nontrauma) ↔ NA ↔
Recipient ethnicity US ↑↑ ↑↑↑

black (vs. white)
Recipient Hispanic ↓↓ NA NA NA NA NA

(vs. non-Hispanic)
Recipient diabetes ↑ ↔b

(vs. no diabetes)
HLA mismatches

Any number of ABDR (vs. 0) ↑↑↑
Any number of AB (vs. 0) ↑↑↑
Any number of DR (vs. 0) ↑↑↑ ↑↑↑ ↑↑↑ ↑↑↑ ↑↑↑
Per each ABDR mismatch ↔
4–6 ABDR (vs. 3–1) ↔

Panel reactive antibody status NA ↔
>0% (vs. 0%) ↑↑↑
>15% (vs. ≤15%) ↑
>50% (vs. ≤50%) ↑↑↑

Cold ischemia time
>24 h (vs. <24 h) ↑↑ ↑↑↑ NA
Per hour ↔ NA ↔ ↔

DGF (vs. none) ↑↑↑ ↑↑↑ ↑↑↑ ↑↑↑
CMV disease (vs. none) ↑↑↑c

CMV infection (vs. none) ↑↑d ↑↑↑e

Recipient size
BMI ≥35 kg/m2 ↑↑↑
Body weight ↔

Prior transplantation ↔ ↔ ↔ ↔
BMI, body mass index; CMV, cytomegalovirus; DGF, delayed graft function; HLA, human leukocyte antigen; NA, not applicable, for
example deceased-donor cause of death or cold ischemia time in studies including only living donors.
aDefined in multivariate analysis by hazards ratios (Cox analysis) or odds ratios (logistic regression):
↔ Indicates not significantly associated with acute rejection (p < 0.05); may have been eliminated in univariate analysis.
↑ and ↓ indicate 10–20% more or less risk of acute rejection, respectively.
↑↑ and ↓↓ indicate 20–30% more or less risk of acute rejection, respectively.
↑↑↑ and ↓↓↓ indicate >30% more or less risk of acute rejection, respectively.
bUnclear if tested in multivariable analysis.
cInfection and clinical symptoms or signs of disease.
dNot defined.
eCMV pp65 antigen in leukocytes.
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Chapter 2: Initial Maintenance Immunosuppressive
Medications

2.1: We recommend using a combination of immuno-

suppressive medications as maintenance therapy

including a CNI and an antiproliferative agent,

with or without corticosteroids. (1B)

2.2: We suggest that tacrolimus be the first-line CNI

used. (2A)

2.2.1: We suggest that tacrolimus or CsA be

started before or at the time of transplan-

tation, rather than delayed until the onset

of graft function. (2D tacrolimus; 2B CsA)

2.3: We suggest that mycophenolate be the first-line

antiproliferative agent. (2B)

2.4: We suggest that, in patients who are at low im-

munological risk and who receive induction ther-

apy, corticosteroids could be discontinued during

the first week after transplantation. (2B)

2.5: We recommend that if mTORi are used, they

should not be started until graft function is es-

tablished and surgical wounds are healed. (1B)

CNI, calcineurin inhibitor; CsA, cyclosporine A; mTORi,

mammalian target of rapamycin inhibitor(s).

Background

Maintenance immunosuppressive medication is a long-
term treatment to prevent acute rejection and deteriora-
tion of graft function. Treatment is started before or at
the time of transplantation, and the initial medication may
or may not be used with induction therapy. Agents are
used in combination to achieve sufficient immunosuppres-
sion, while minimizing the toxicity associated with individ-
ual agents. Since the risk for acute rejection is highest in
the first 3 months after transplantation, higher doses are
used during this period, and then reduced thereafter in
stable patients to minimize toxicity. In these guidelines,
antiproliferative agents refer specifically to azathioprine or
mycophenolate (either MMF or enteric-coated mycophe-
nolate sodium [EC-MPS]).

Corticosteroids have traditionally been a mainstay of main-
tenance immunosuppression in KTRs. However, adverse
effects of corticosteroids have led to attempts to find
maintenance immunosuppression regimens that do not
include corticosteroids. Terminology has often been con-
fusing, but ‘steroid avoidance’ is used here to refer to pro-
tocols that call for the initial use of corticosteroids, which
are then withdrawn sometime during the first week after

transplantation. In contrast, ‘steroid-free’ protocols do not
routinely use corticosteroids as initial or maintenance im-
munosuppression. ‘Steroid withdrawal’ refers to protocols
that discontinue corticosteroids after the first week post-
transplant. Similar definitions have been applied to the use
of CNIs.

Rationale

• Used in combination and at reduced doses, drugs that
have different mechanisms of action may achieve ad-
ditive efficacy with limited toxicity.

• The earlier that therapeutic blood levels of a CNI can
be attained, the more effective the CNI will be in pre-
venting acute rejection.

• There is no reason to delay the initiation of a CNI, and
no evidence that delaying the CNI prevents or amelio-
rates DGF.

• Compared to CsA, tacrolimus reduces the risk of acute
rejection and improves graft survival during the first
year of transplantation.

• Low-dose tacrolimus minimizes the risk of new-onset
diabetes after transplantation (NODAT) compared to
higher doses of tacrolimus.

• Compared with placebo and azathioprine, mycopheno-
late reduces the risk of acute rejection; there is some
evidence that mycophenolate improves long-term graft
survival compared with azathioprine.

• Avoiding the use of maintenance corticosteroids be-
yond the first week after kidney transplantation re-
duces adverse effects without affecting graft survival.

• Mammalian target of rapamycin inhibitors (mTORi)
have not been shown to improve patient outcomes
when used either as replacement for antiproliferative
agents or CNIs, or as add-on therapy, and they have
important short- and long-term adverse effects.

Calcineurin Inhibitors

Timing of initiation

In theory, the earlier that therapeutic blood levels of a CNI
can be attained, the more effective the CNI is likely to be
in preventing acute rejection. However, there are also the-
oretical reasons that the early use of CNIs might increase
the incidence and severity of DGF. As a result, RCTs have
compared early vs. delayed CNI initiation after transplan-
tation. In three RCTs (N = 338), there was no difference
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in the incidence of DGF with early vs. delayed CsA initi-
ation. In five RCTs (N = 620), there were no differences
in acute rejection, graft failure or kidney function in early
vs. delayed CsA initiation. Altogether, these RCTs suggest
that there is no reason to delay the initiation of CsA. There
are no similar studies using tacrolimus, but it is suggested
that, with a regimen including induction and reduced-dose
tacrolimus, the risk for early CNI nephrotoxicity is mini-
mized and optimal prevention of acute rejection can be
achieved. There is moderate-quality evidence that, in CsA-
containing regimens, there is no net benefit or harm of
early vs. delayed CsA; the evidence is of low quality for
CNIs in general, because of a lack of data for tacrolimus-
containing regimens (see Evidence Profile and accom-
panying evidence in Supporting Tables 11–13 at http://
www3.interscience.wiley.com/journal/118499698/toc).

Tacrolimus vs. cyclosporine

A meta-analysis of RCTs reported reduced acute rejection
and better graft survival with tacrolimus compared to CsA
(22). For every 100 patients treated for the first year with
tacrolimus rather than CsA, 12 would be prevented from
having acute rejection, two would be prevented from hav-
ing graft failure, but five would develop NODAT. The RCTs
in the meta-analysis combined studies of patients receiv-
ing the original CsA preparation and cyclosporine A mi-
croemulsion (CsA-ME). This study also showed that lower
tacrolimus were associated with higher relative risk of graft
loss, while higher levels of tacrolimus were associated
with an increased risk for NODAT.

Randomized controlled trials comparing tacrolimus with
CsA-ME using concomitant azathioprine and corticos-
teroids, but no induction, have shown reduced acute re-
jection with tacrolimus; for example, 22% vs. 42% at
12 months, respectively (p < 0.001) (23). The difference
in acute rejection between the two CNIs could no longer
be observed with concomitant induction and MMF instead
of azathioprine; for example 4% vs. 6%, for tacrolimus vs.
CsA-ME, respectively (24) or 7% vs. 10% at 6 months,
respectively (25) when C2 monitoring of CsA was also em-
ployed. Furthermore, there is evidence that subclinical re-
jection (acute rejection changes in protocol biopsy not in-
dicated by a change in kidney function) is more effectively
prevented by tacrolimus and MMF compared to CsA and
MMF; 15% vs. 39% (p < 0.05) (26).

A very large multicenter RCT in de novo KTRs (n = 1645;
the Symphony study) showed superior graft function, bet-
ter prevention of acute rejection (12.3%) and superior graft
survival (96.4%) at 12 months with daclizumab induction
and low-dose tacrolimus (C0 3–7 ng/mL). The compara-
tor groups included low-dose CsA and low-dose sirolimus,
both with daclizumab induction and standard-dose CsA
without induction. All patients received MMF (2 g/day) and
corticosteroids (27).

There is no uniform definition of NODAT used in the liter-
ature. Therefore, the reported incidences of NODAT vary
to a great extent. Studies reporting a difference between
tacrolimus and CsA in the incidence of NODAT, impaired
glucose tolerance, or the use of antidiabetic treatment, fa-
vor CsA; for example 17% vs. 9% (p < 0.01; tacrolimus vs.
CsA) (25). Others have found lower incidences and no sig-
nificant difference (24,28). One reason for the variation in
findings may be differences in the use of corticosteroids as
maintenance medication and treatment of acute rejection.
Indeed, use of a steroid-free regimen has been associated
with a lower incidence of NODAT (29).

Overall, there is moderate-quality evidence for a net bene-
fit of tacrolimus vs. CsA (see Evidence Profile and accom-
panying evidence in Supporting Tables 8–10). There is no
clear evidence of differences in terms of patient mortality,
incidence of malignancy, infection, delayed onset of graft
function or blood pressure. There is evidence that choles-
terol, low-density lipoprotein cholesterol (LDL-C) (but not
high-density lipoprotein cholesterol [HDL-C]), acute rejec-
tion and graft loss are higher with CsA vs. tacrolimus. How-
ever, there is also evidence that NODAT is more common
with tacrolimus than CsA, so that there is clear trade-off
in the different patient-relevant outcomes with these two
CNIs.

Dosing of CNI

Dosing of CNI is important, but is a relatively under-
researched area. There are few trials that compare the ef-
fects of different doses or target levels of the same drugs
in which baseline immunosuppression is kept constant
across both arms. Indirect comparisons and case series
have shown that high doses might increase adverse events
and low doses might increase acute rejection. Standard-
dose tacrolimus may be defined as it is recommended
by the producer (Astellas Pharma, Tokyo, Japan); the dose
achieving 12-h trough levels (C0) of 10 (5–15) ng/mL. A low-
dose tacrolimus has recently been introduced in the Sym-
phony study and was defined as C0 of 5 (3–7) ng/mL (27).
Standard-dose CsA may be defined as the dose achieving
C0 of 200 (150–300) ng/mL (30) or C2 1400–1800 ng/mL
early and 800–1200 ng/mL later after transplantation (25).
Low-dose CsA has been used in some recent clinical stud-
ies (27,30) and was defined as achieving C0 of 75 (50–100)
ng/mL.

Mycophenolate Mofetil

Randomized controlled trials have shown that MMF (2 or
3 g, but not 1 g daily) is significantly better in prevent-
ing acute rejection than placebo. This was seen in stud-
ies using steroids as concomitant medication and either
tacrolimus or CsA (31,32). For example, acute rejection at
6 months was reduced from 55% with placebo to 30%
and 26% with MMF 2 and 3 g daily doses (31). There
were 5–7% improvements of graft survival at 12 months
with MMF, but the studies were not powered to evaluate
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this difference. There were no significant differences in pa-
tient survival, graft function, malignancy, NODAT, infection
rates or gastrointestinal adverse events such as diarrhea,
although there might be evidence that higher doses of
MMF cause more diarrhea than lower doses of MMF. More
bone marrow suppression was seen with MMF compared
to placebo. Overall, there is moderate-quality evidence of
a net benefit of MMF over placebo to prevent acute re-
jection, but low-quality evidence for all graft and patient
outcomes overall (see Evidence Profile and accompanying
evidence in Supporting Tables 14–15).

Randomized controlled trials comparing outcomes be-
tween MMF vs. azathioprine have shown some important
inconsistencies. In a recent meta-analysis of 19 trials and
3143 patients, MMF was associated with less acute rejec-
tion (RR 0.62, 95% confidence interval [CI] 0.55–0.87) and
improved graft survival (RR 0.76, 0.59–0.98) (33). However,
there were no differences in patient survival or kidney func-
tion (33). There were also no differences in major adverse
effects (e.g. infections, CMV, leucopenia, anemia and ma-
lignancies) between MMF and azathioprine, but diarrhea
was more common with MMF (RR 1.57; 95% CI 1.33–
28.6) (33). In several RCTs, MMF reduced the incidence
of acute rejection at 6 months; for example from 36%
with azathioprine (100–150 mg/day) to 20% with MMF
(2 g/day) using CsA and steroids as concomitant medica-
tion (34) and from 38% to 20% with the addition of con-
comitant induction (35). Also, a reduction in acute rejection
from 29% to 7% was seen with concomitant tacrolimus,
steroids and induction in using MMF 2 g, but not 1 g (36).
Conversely, another study showed a smaller reduction in
acute rejection at 6 months from 23% with azathioprine
(100–150 mg/day) to 18% with MMF (2 g/day), a difference
that was not statistically significantly (37). These patients
were also treated with CsA-ME and steroids. However, us-
ing the same concomitant medication, including CsA-ME,
other investigators found a significant reduction of acute
rejection at 12 months from 27% with azathioprine to 17%
with MMF 2 g (38). In a third arm of this latter study, pa-
tients received MMF from day 0 to day 90 and thereafter
azathioprine, and the acute rejection rate was the same,
17%, as for those receiving MMF for the entire study pe-
riod of 12 months. Thus, high-quality evidence finds a net
benefit of MMF over azathioprine to prevent acute rejec-
tion, but moderate-quality evidence exists for patient-level
outcomes. Because of the substantially increased cost of
MMF compared with azathioprine and increased side ef-
fects compared with azathioprine, there is no clear net ben-
efit, but a decision based upon trade-offs is required (see
Evidence Profile and accompanying evidence in Supporting
Tables 16–18).

Analyses of observational registry data have shown either a
small 4% improvement in graft survival with MMF vs. aza-
thioprine (39) or, more recently, no improvement in graft
survival (40). However, for a number of reasons, the re-

sults of retrospective analyses of observational registry
data need to be interpreted cautiously (41).

MMF Compared to EC-MPS

One RCT compared MMF 2 g daily vs. EC-MPS 1.44 g
daily with CsA-ME, steroids, with or without induction
(42). There were no significant differences in acute re-
jection (24% vs. 23%), patient or graft survival or rates
of malignancy or infection. There was no difference in
rates of gastrointestinal disorders (80% vs. 81%) despite
the fact that the potential reduction of gastrointestinal
adverse events has been the incentive for the develop-
ment of EC-MPS. Another study (43) tested the crossover
between the two formulations and also found no differ-
ences in any of the outcome parameters. A summary of
the RCTs on MMF vs. EC-MPS is available in Supporting
Tables 25–26.

Steroid avoidance or withdrawal

The rationale for minimizing corticosteroid exposure is
compelling and provided by well-established risks of os-
teoporosis, avascular necrosis, cataracts, weight gain, dia-
betes, hypertension and dyslipidemia. Such risk is not con-
stant, and varies with comorbidities such as preexisting
metabolic syndrome and age. On the other hand, corticos-
teroids have been the mainstay of immunosuppression for
KTRs for decades, and trial data evaluating minimization of
steroid exposure are sparse compared to the large num-
ber of trials that have included steroids in the regimens
being evaluated. In addition, many of the adverse effects at-
tributed to corticosteroids were observed with high doses.
Whether or not low doses (e.g. 5 mg prednisone per day)
that are commonly used for long-term maintenance im-
munosuppression are associated with major adverse ef-
fects is less clear.

Randomized controlled trials have shown that the with-
drawal of corticosteroids from maintenance immunosup-
pressive medication regimens, when carried out weeks
to months after transplantation, is associated with a high
risk of acute rejection (44,45). More recent studies have
examined whether steroid avoidance (discontinuing cor-
ticosteroids within the first week after transplantation)
can be done safely. These studies have generally shown
higher rates of acute rejection, but lower rates of long-term
adverse effects (12,29,46–48). Unfortunately, these trials
have had design limitations that make the interpretation of
their results difficult.

Overall, there is moderate-quality evidence for trade-offs
between steroid avoidance or withdrawal compared to
steroid maintenance, with a higher rate of steroid-sensitive
acute rejections but avoidance of steroid-related adverse
effects (see Evidence Profile and accompanying evidence
in Supporting Tables 19–21).
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Mammalian target of rapamycin inhibitor(s)

Regimens using the mTORi sirolimus and everolimus have
been compared to a number of different regimens in clin-
ical trials in KTRs, for example as replacement for aza-
thioprine, MMF or CNIs, and in combination with CNIs
(both at high and low dose). The use of mTORi in the
setting of chronic allograft injury (CAI) is described in
Chapter 7. mTORi have a number of adverse effects
that limit their use, including dyslipidemia and bone mar-
row suppression (49–56). Although they have been com-
pared with many other regimens in RCTs, in none of
these RCTs was there an improvement in graft or patient
survival.

mTORi as replacement for antiproliferative agents

In a meta-analysis of 11 RCTs with 3966 KTRs evaluat-
ing mTORi as replacement for azathioprine or MMF, there
were no differences in graft or patient survival (57). mTORi
appear to reduce the risk of acute rejection (RR 0.84, 95%
CI 0.71–0.99; p = 0.04), but graft function and LDL-C out-
comes were generally better with azathioprine or MMF
(57).

mTORi as replacement for CNIs

In a meta-analysis of eight RCTs with 750 patients
evaluating mTORi as replacement for CNIs, there were
no differences in acute rejection, CAN, graft survival
or patient survival (57). mTORi were associated with
higher glomerular filtration rate (GFR), but also with in-
creased risk of bone marrow suppression and dyslipidemia
(49,57).

mTORi in combination with CNIs

The combined use of mTORi and CNIs should be avoided,
because these agents potentiate nephrotoxicity, partic-
ularly when used in the early post-transplant period
(57). When used as long-term maintenance, mTORi have
been used in two different regimens in combination with
CNIs. Eight RCTs involving 1360 patients have evaluated
low-dose mTORi and standard-dose CNI compared with
standard-dose mTORi and low-dose CNI (57). Overall, the
low-dose, CNI-standard dose mTORi regimen is associ-
ated with a 30% increased risk of rejection with no differ-
ence in graft survival. An additional 10 RCTs involving 3175
patients have evaluated the effects of high- vs. low-dose
mTORi in combination with fixed-dose CNI, showing less
rejection but lower GFR with higher-dose therapy, but no
improvement in patient outcomes.

Moderate-quality evidence for sirolimus finds net harm
without improved graft or patient survival; CNI toxicity is
potentiated when used in combination with sirolimus (see
Evidence Profile and accompanying evidence in Supporting
Tables 22–24).

Research Recommendations

• A long-term RCT that has adequate statistical power to
detect differences in acute rejection and major adverse
events is needed to determine whether the benefits
of steroid avoidance outweigh the harm.
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Chapter 3: Long-Term Maintenance
Immunosuppressive Medications

3.1: We suggest using the lowest planned doses of

maintenance immunosuppressive medications by

2–4 months after transplantation, if there has been

no acute rejection. (2C)

3.2: We suggest that CNIs be continued rather than

withdrawn. (2B)

3.2: If prednisone is being used beyond the first week

after transplantation, we suggest prednisone be

continued rather than withdrawn. (2C)

CNI, calcineurin inhibitor.

Background

Using high doses of immunosuppressive medications early
after transplantation when the risk of acute rejection is
highest, but then reducing doses later when the risk of
acute rejection is lower, has been used empirically as
the mainstay of long-term immunosuppressive medication
management since the advent of kidney transplantation.
However, there are no randomized trials testing this thera-
peutic strategy.

Rationale

• If low-dose CNI was not implemented at the time of
transplantation, CNI dose reduction >2–4 months after
transplantation may reduce toxicity yet prevent acute
rejection.

• RCTs show that CNI withdrawal leads to increased
acute rejection, without altering graft survival.

• RCTs show that steroid withdrawal more than
3 months after transplantation increases the risk of
acute rejection.

• Different immunosuppressive medications have differ-
ent toxicity profiles and patients vary in their suscepti-
bility to adverse effects.

CNI dose reduction

Although there are no RCTs comparing dose reduction with
maintaining initial high doses and target levels, this dose
reduction strategy has been successfully adopted in most
RCTs. The assumption is that the immune system gradu-
ally adapts to the foreign antigens in the graft, and that the
need for immunosuppression is thereby reduced. There is
great individual variation, and some patients with a high
risk for immunological complications (acute and chronic

rejection) may need to continue on higher doses of im-
munosuppression compared to the majority of patients.

A range of trial designs have directly and indirectly com-
pared the effects of different CNI dose, usually as mea-
sured by different target levels. In RCTs in which CNI has
been combined with mTORi (eight RCTs, 1178 patients), as
either low-dose mTORi with standard CNI or higher mTORi
and lower CNI, standard-dose CNI was associated with
lower rates of acute rejection (RR 0.67) but lower GFR (9
mL/min/1.73 m2). Such trials are clearly confounded, but
do suggest that variable CNI exposure leads to competing
benefits and harm. Graft function may be improved by min-
imizing CNI, leading to reduced CAI, but may be worsened
if acute rejection occurs.

The strongest evidence comes from RCTs that have di-
rectly compared low vs. high CNI doses (four RCTs,
1256 patients). In these trials, there were no differences
in outcomes (including graft survival) except for GFR,
which favored low CNI in two of the four studies. Low-
quality evidence suggests no net benefit or harm of low-
vs. standard-dose CNI (see Evidence Profile and accom-
panying evidence in Supporting Tables 27–29 at http://
www3.interscience.wiley.com/journal/118499698/toc).

Using indirect comparisons of trials of different CNI doses,
the risk of diabetes and graft loss was reduced with lower
doses. However, there are sparse data on the relative ef-
fects of specific CNI target values from head-to-head trials,
apart from the broad category of high vs. low.

Low-dose CNI maintenance

The notion of complete CNI withdrawal, after the
peak period for immunologically mediated complications
(3 months) is attractive, considering the long-term compli-
cations of CNI exposure. However, RCTs of complete CNI
withdrawal show that, although some small benefit in graft
function results, the risk of acute rejection is significantly
increased without a clear benefit on improved graft sur-
vival (eight RCTs, 1891 patients). As described above, CNI
toxicity can be minimized by administering low-dose CNI,
while ensuring sufficient immunosuppression is provided.
Moderate-quality evidence shows a net harm to CNI with-
drawal (see Evidence Profile and accompanying evidence
in Supporting Tables 30–32).

Steroid withdrawal

Long-term steroid administration may lead to hyperten-
sion, NODAT, osteoporosis, fractures and dyslipidemia, all
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Table 2: Toxicity profiles of immunosuppressive medications

Adverse effect Steroids CsA Tac mTORi MMF AZA

New-onset diabetes mellitus ↑ ↑ ↑↑ ↑
Dyslipidemias ↑ ↑ ↑↑
Hypertension ↑↑ ↑↑ ↑
Osteopenia ↑↑ ↑ (↑)
Anemia and leucopenia ↑ ↑ ↑
Delayed wound healing ↑
Diarrhea, nausea/vomiting ↑ ↑↑
Proteinuria ↑↑
Decreased GFR ↑ ↑
AZA, azathioprine; CsA, cyclosporine A; GFR, glomerular filtration rate; MMF, mycophenolate mofetil; mTORi, mammalian target of
rapamycin inhibitor(s); Tac, tacrolimus.
↑ indicates a mild-moderate adverse effect on the complication.
↑↑ indicates a moderate-severe adverse effect on the complication.
(↑) indicates a possible, but less certain adverse effect on the complication.

of which may affect graft survival. However, long-term
steroid administration prevents acute rejection and im-
munologically mediated graft loss. In six RCTs of 1519
KTRs, steroid withdrawal led to increased acute rejection,
without a clear benefit for improved patient or graft out-
comes, except for a reduction in total cholesterol levels
in the steroid-withdrawal group. Low-quality evidence sug-
gests net harm of steroid withdrawal (see Evidence Profile
in Supporting Table 33).

Individual tailoring of immunosuppressive medication

to the patient’s risk profile

Although tailoring immunosuppressive therapies to the in-
dividual patient’s risk profile (both risk for acute rejection
and risk for adverse effects) is considered standard prac-
tice, there are few studies that suggest how this should be
done. There are some data on the relative incidence and
severity of adverse effects, collected in clinical trials and
observational studies (Table 2). However, standard defi-
nitions have not been used to define adverse effects of
immunosuppressive medications. Data collection has gen-
erally relied on spontaneous investigator reporting, which
can lead to serious under-reporting. For these and other
reasons, the quality of data on adverse drug effects is very
low.

Withdrawal of a specific drug in an individual patient with
an adverse drug effect may or may not result in clinical
improvement. Nevertheless, drug withdrawal or substitu-
tion is a logical course of action if the benefits (reducing
symptoms) appear to outweigh the harm (acute rejection).

• NODAT may be caused or exacerbated by corti-
costeroids, tacrolimus, mTORi and, to a lesser extent,
by CsA. In patients with impaired glucose tolerance or
NODAT, steroid reduction or withdrawal may be bene-
ficial. If this is not sufficient, a switch from tacrolimus
to CsA-ME may be considered.

• Dyslipidemia may be caused or exacerbated by corti-
costeroids, CsA and especially by mTORi. Patients with
significant dyslipidemia before or after transplantation
should probably avoid mTORi.

• Hypertension may be caused or exacerbated by cor-
ticosteroids, CsA and, to a lesser extent, tacrolimus.
In patients, who are not normotensive after transplan-
tation, despite adequate antihypertensive treatment,
reduction or withdrawal of steroid or CNI may be ben-
eficial.

• Osteopenia may be caused or exacerbated by corti-
costeroids, and possibly CsA and tacrolimus. Steroid
reduction or withdrawal may be helpful.

• Bone marrow suppression may be caused or exac-
erbated by MMF, azathioprine and mTORi. Monitor-
ing of the mycophenolic acid (MPA) area under the
concentration–time curve (AUC), and probably reduc-
tion of the dose of MMF or azathioprine, are the first
suggested actions in case of anemia or leucopenia.

• Delayed wound healing may be caused or exacerbated
by mTORi. Patients who have delayed wound healing
on an mTORi may benefit from switching the mTORi
to a CNI.

• Diarrhea, nausea and vomiting may be caused or ex-
acerbated by MMF and tacrolimus. Monitoring MPA,
AUC and tacrolimus C0 levels may help to reduce these
complications. However, it is important to rule out
treatable, underlying causes other than the immuno-
suppressive medication. In a recent study, about half
of the patients were cured by treatment of an infec-
tion (58). Only after ruling out other underlying causes
should reducing the MMF, or changing MMF to aza-
thioprine, be considered.

• Proteinuria may be caused or exacerbated by mTORi.
Consider avoiding an mTORi in a patient with per-
sistent urinary protein excretion of more than 500–
1000 mg/day.

• Decreased kidney function may be caused or exacer-
bated by CsA and tacrolimus. See Chapter 7 regarding
treatment of chronic CNI nephrotoxicity.
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Chapter 4: Strategies to Reduce Drug Costs

4.1: If drug costs block access to transplantation, a

strategy to minimize drug costs is appropriate,

even if use of inferior drugs is necessary to obtain

the improved survival and quality of life benefits

of transplantation compared with dialysis. (Not

Graded)

4.1.1: We suggest strategies that may reduce drug

costs include:

• limiting use of a biologic agent for in-

duction to patients who are high-risk for

acute rejection (2C);

• using ketoconazole to minimize CNI

dose (2D);

• using a nondihydropyridine CCB to min-

imize CNI dose (2C);

• using azathioprine rather than mycophe-

nolate (2B);

• using adequately tested bioequivalent

generic drugs (2C);

• using prednisone long-term. (2C)

4.2: Do not use generic compounds that have not been

certified by an independent regulatory agency to

meet each of the following criteria when com-

pared to the reference compound (Not Graded):

• contains the same active ingredient;

• is identical in strength, dosage form, and route

of administration;

• has the same use indications;

• is bioequivalent in appropriate bioavailability

studies;

• meets the same batch requirements for iden-

tity, strength, purity and quality;

• is manufactured under strict standards.

4.3: It is important that the patient, and the clinician

responsible for the patient’s care, be made aware

of any change in a prescribed immunosuppressive

drug, including a change to a generic drug. (Not

Graded)

4.4: After switching to a generic medication that is

monitored using blood levels, obtain levels and

adjust the dose as often as necessary until a sta-

ble therapeutic target is achieved. (Not Graded)

CCB, calcium-channel blocker; CNI, calcineurin in-

hibitor.

Background

A number of cost-saving strategies may offer access
to transplantation when the cost of immunosuppressive

medication is otherwise prohibitive. The use of generic
medications can substantially reduce cost. A generic im-
munosuppressive medication is a medication that is man-
ufactured and distributed without patent protection, but is
structurally identical to the brand-name medication. How-
ever, manufacturing, distribution and quality control may
differ among pharmaceutical companies. Regulatory au-
thorities generally do not require that the efficacy and
safety of generic medications be tested in RCTs. Manufac-
turers of generic drugs must only prove that their prepa-
ration is bioequivalent to the existing drug in order to gain
regulatory approval.

However, generic drugs approved by the US FDA have
met rigid standards. To gain FDA approval (www.fda.
gov/cder/ogd; last accessed March 30, 2009), a generic
drug must:

• contain the same active ingredients as the brand drug
(inactive ingredients may vary);

• be identical in strength, dosage form and route of ad-
ministration;

• have the same use indications;
• be bioequivalent;
• meet the same batch requirements for identity,

strength, purity and quality;
• be manufactured under the same strict standards of

the FDA’s good manufacturing practice regulations.

Similarly, the European Agency for the Evaluation of Medic-
inal Products, also known as the European Medicinal
Agency (www.emea.europa.eu/htms/human/raguidelines/
datagenerics/biosimilars.htm; last accessed March 30,
2009) defines a generic medicinal product as a medicinal
product that has:

• the same qualitative and quantitative composition in
active substances as the reference product;

• the same pharmaceutical form as the reference medic-
inal product;

• bioequivalence with the reference medicinal product
demonstrated by appropriate bioavailability studies.

Tacrolimus, CsA, mTORi, MMF, and azathioprine are all
available as generics (loosely defined) in many countries
around the world. However, the efficacy and the safety of
these generics may not always be firmly established by
local regulatory authorities charged with approving these
agents.
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Rationale

• Lack of dialysis facilities may make kidney transplan-
tation the only life-saving therapy available for some
patients with CKD stage 5.

• Kidney transplantation is the therapy of choice to treat
CKD stage 5, since overall costs are lower, and out-
comes and quality of life are better compared to dialy-
sis.

• Cost savings that do not compromise patient safety
are beneficial.

• Use of cytochrome P-450 inhibitors, such as ketocona-
zole and diltiazem, allow therapeutic blood levels of
CsA to be achieved at a lower dose, thereby reducing
cost.

• Azathioprine can be used to achieve most of the effi-
cacy and safety of MMF, but at a much lower cost.

• An adequately tested bioequivalent generic formula-
tion can lower cost without compromising safety and
efficacy of the originally patented formulation.

Chronic maintenance dialysis is not available for many pa-
tients in a number of developing countries in Asia, Africa,
and South America (59). Patients living in remote areas
may not have access to dialysis. Kidney transplantation,
especially preemptive transplantation (before the need for
chronic dialysis), may be the only viable option for long-
term renal replacement therapy in many areas of the world.
Transplantation is the most cost-effective form of renal re-
placement therapy, and offers a superior quality of life com-
pared to dialysis (60). For all of these reasons, there is a
growing demand for kidney transplantation in the develop-
ing world, and it is imperative that kidney transplantation
be affordable. Even where immunosuppressive drugs are
available, their high cost may preclude their use if adequate
health insurance coverage is not available (61).

Calcineurin inhibitors currently form the backbone of im-
munosuppressive regimens, but their cost imposes a long-
term financial burden on patients in developing countries.
Forced discontinuation of CsA due to cost increases the

Table 3: CNI cost reduction from the concomitant use of ketoconazole

Mean follow-up Ketoconazole Estimated cost
Study CNI Keto (N) Control (N) (months) (mg/day)a reduction (%)

First (66)b CsA 24 28 15 200 73
Butman (66A) CsA 15 – 11 400 72
Keogh (68)b CsA 23 20 25 200 80
Sobh (69)b CsA 51 49 53 82.8 73
Carbajal (71) CsA 14 17 29 54 ± 17 60
El-Dahshan (73)b Tac 35 35 24 100 53
Soltero (73A) Tac 11 – 15 87 78

CNI, calcineurin inhibitor; CsA, cyclosporine A; Keto, ketoconazole; Tac, tacrolimus.
aFixed total once daily dose, or mean ± standard deviation.
bRCT

risk of acute rejection and may result in poor long-term
outcomes (62).

Calcineurin inhibitors and mTORi (sirolimus and
everolimus) are metabolized through the hepatic cy-
tochrome P-450 microsomal oxidase enzyme system.
Commonly used drugs such as the antifungal ketoconazole
and the nondihydropyridine calcium-channel blocker (CCB)
diltiazem are known inhibitors of this enzyme system and
increase blood levels of these immunosuppressive drugs.
This, in turn, reduces the dose necessary to maintain
therapeutic blood levels (63,64).

A number of studies (Table 3) have shown that ketocona-
zole, when used in a dose of 50–200 mg/day, allows sub-
stantial reduction in the daily dose of CsA, tacrolimus and
sirolimus, while maintaining therapeutic blood levels (65–
76). In a RCT (69), 51 patients received 100 mg/day of
ketoconazole along with CsA and 49 served as controls.
The dose reduction was highest at 1 month (76.5%) and
was maintained at 10 years (64.6%). The cost of CsA de-
creased by 73% at 1 year, 69% at 5 years and 63% at 10
years in the intervention group, while the decrease in cost
was 13% and 20% in the control group at 1 and 10 years,
respectively.

In another study (73), 70 patients on a tacrolimus-based
immunosuppression regimen were randomly allocated to
receive ketoconazole (n = 35) or no ketoconazole (con-
trols, n = 35). The tacrolimus dose reduction was 58.7%
at 6 months and 53.8% at 2 years, leading to cost reduc-
tion of 56.9% and 52.2%, respectively. None of the studies
has reported any adverse effect of this approach on graft
function.

Ketoconazole requires an acidic milieu in the stomach for
its absorption; hence, concomitant use of agents that in-
hibit gastric acid secretion should be avoided.

In comparison to ketoconazole, the dose reduction
achieved with diltiazem is modest (67,77). Hence, some
would suggest that a nondihydropyridine CCB, such as dil-
tiazem, be used only in situations where ketoconazole is
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contraindicated. On the other hand, if patients discontinue
ketoconazole abruptly, the levels of immunosuppressive
drugs may drop precipitously and result in acute rejection.
A precipitous drop is less likely with nondihydropyridine
CCBs, and the risk of acute rejection may therefore be
less. In addition, most KTRs have hypertension that re-
quires treatment, and nondihydropyridine CCBs may serve
the dual purpose of treating hypertension and reducing
cost. The choice between ketoconazole and a CCB should
be adapted to the patient’s situation and preference.

The use of 2-h CsA concentration (C2) monitoring for
adjusting drug dose is not suitable for patients receiv-
ing ketoconazole or diltiazem. Metabolic inhibitors inter-
fere with the disposal—but not the absorption—of CsA or
tacrolimus, and therefore flatten the AUC. In this situation,
the CsA AUC correlates better with C0 than C2. Dose ad-
justments based on C2 levels may lead to CsA toxicity (78).
Trough concentration monitoring therefore should be used
to adjust drug dosage.

Although MMF is considered the preferred antimetabo-
lite for KTRs, the Mycophenolate Steroid Sparing follow-
up study showed that azathioprine-treated patients expe-
rienced similar long-term outcomes compared to those

receiving MMF after a median 5.4 years (37). CsA-ME
was the CNI used in this study. The length of hospital
stay, incidence of acute rejections, and the likelihood of
return to dialysis were also similar in the two groups. In
a cost-minimization analysis, MMF was found to be 15
times more expensive than azathioprine. This study (and
the lack of large differences in outcomes in other studies
comparing MMF with azathioprine) suggests that it may
be acceptable to use azathioprine in place of MMF when
cost is an important consideration.

A number of generic formulations of CsA, tacrolimus,
mTORi and MMF are now available around the world.
Generic formulations vary from country to country. Most
countries require evidence of bioequivalence in only a
small number of patients before marketing is permitted.
In many countries, however, generic formulations have
been available for over 10 years and their efficacy has
been established in real-life situations. Head-to-head data
comparing efficacy and toxicity are generally not avail-
able for most generics (79–81). Caution should therefore
be exercised in choosing a generic formulation for use
in KTRs. Ideally, a generic formulation should be used
only after its safety and efficacy have been established in
KTRs.
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Chapter 5: Monitoring Immunosuppressive
Medications

5.1: We recommend measuring CNI blood levels (1B),

and suggest measuring at least:

• every other day during the immediate post-

operative period until target levels are reached

(2C);

• whenever there is a change in medication or

patient status that may affect blood levels (2C);

• whenever there is a decline in kidney function

that may indicate nephrotoxicity or rejection.

(2C)

5.1.1: We suggest monitoring CsA using 12-h

trough (C0), 2-h post-dose (C2) or abbrevi-

ated AUC. (2D)

5.1.2: We suggest monitoring tacrolimus using 12-

h trough (C0). (2C)

5.2: We suggest monitoring MMF levels. (2D)

5.3: We suggest monitoring mTORi levels. (2C)

AUC, area under concentration–time curve; CNI, cal-

cineurin inhibitor; CsA, cyclosporine A; MMF, mycophe-

nolate mofetil; mTORi, mammalian target of rapamycin

inhibitor(s).

Background

Cyclosporine A has a narrow therapeutic window and vari-
able absorption characteristics, even with the microemul-
sion formulation (CsA-ME). Therefore, the CsA dosage
must be individualized to find a balance between high lev-
els that may be toxic and low levels that may be insufficient
to prevent rejection. Variability in absorption is greatest dur-
ing the first 4 h after dosing, and during the first few weeks
after transplantation. There are no RCTs comparing moni-
toring with no monitoring; however, the fact that different
target levels influence efficacy and toxicity is strongly sug-
gestive that monitoring is beneficial (82).

The C0 is the measured concentration after the dosing in-
terval (e.g. 12 h after dosing if the dosing interval is every
12 h), C2 the concentration 2 h after dosing and AUC0–4

is the AUC during the first 4 h after dosing. Fewer data
are available to guide blood-level monitoring of tacrolimus
compared to CsA. MPA is the active metabolite of MMF
and the molecule generally used for monitoring of MMF.
The half-lives of mTORi are greater than 48 h, making any-
thing but monitoring of C0 unlikely to be useful. There
are no clinical methods for monitoring corticosteroid blood
levels.

There continues to be widespread interest in pharmcody-
namic assays for monitoring immunosuppressive medica-
tion and adjusting dosing accordingly. However, there are
insufficient data demonstrating the efficacy of pharmaco-
dynamic monitoring.

Rationale

CsA monitoring

Cyclosporine A absorption may increase substantially dur-
ing the first 1–2 weeks after transplantation. In KTRs,
absorption stabilizes by approximately the end of the
first month. Common factors that might change CsA blood
levels are the use of other drugs affecting cytochrome
P450 3A4 (CYP3A4) and/or P-glycoprotein, diet and intesti-
nal motility. There are no studies comparing one schedule
of monitoring vs. another; however, tailoring the monitor-
ing schedule to the expected absorption variability is a rea-
sonable, empirical approach. There are no data to suggest
whether monitoring blood levels in stable patients beyond
the first few weeks after transplantation is beneficial.

There are few RCTs to define optimal target blood levels.
Target levels should generally reflect the overall immuno-
suppressive medication regimen, and therefore target lev-
els may vary accordingly. For example, it may be prudent to
use lower early posttransplant target blood levels when an
induction antibody is used. In any case, blood-level moni-
toring with predetermined targets can be effectively used
to balance the risk for rejection with the risk for toxicity.

Cyclosporine A C0 has often been used for therapeutic
drug monitoring, but C0 does not correlate closely with
AUC0–4. Blood levels at 2 h after drug administration (C2),
instead of at 12 h (C0 if the dosing interval is 12 h), have
been used to monitor CsA therapy with the CsA-ME for-
mulation. Although C2 levels appear to correlate more
closely with AUC0−4, no differences have been observed
in two RCTs between the incidence of acute rejection,
graft loss or adverse events whether patients were mon-
itored by AUC0–4 or C2 or C0 levels (83). Overall, a very
low strength of evidence suggests uncertain trade-offs be-
tween using C0 or C2 (see Evidence Profile and accompa-
nying evidence in Supporting Tables 34–36 at http://www3.
interscience.wiley.com/journal/118499698/toc); therefore,
either C0 or C2 blood levels are acceptable.

Tacrolimus monitoring

There have been fewer studies with blood-level monitoring
for tacrolimus than for CsA. However, available evidence
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suggests that the benefits and harm of therapeutic drug
monitoring for these two CNIs are similar. Tacrolimus C0

is correlated with the AUC of tacrolimus (generally r >

0.8) (84,85). This relationship appears to be better during
the first few months after transplant than later; however,
there is high inter- and intrapatient variability. As is the case
for CsA, there are no studies comparing one schedule of
monitoring tacrolimus vs. another; however, tailoring the
monitoring schedule to the expected absorption variabil-
ity is a reasonable, empirical approach. Target levels for
tacrolimus should reflect the patient’s overall immunosup-
pressive drug regimen and risk for rejection, with higher
targets early after transplantation, and lower targets later.

MMF monitoring

The AUC is widely regarded as the best measure of over-
all drug exposure of MPA. Pharmacokinetic studies have
demonstrated poor correlation of C0 with the full AUC (86).
The inability of single-point sampling strategies, particularly
those in the early postdose period, to effectively predict the
AUC has resulted in a number of studies investigating the
use of limited sampling strategies. These strategies use a
number of sampling points, usually between 2 and 4 h, to
predict the AUC (87).

Mycophenolate mofetil has conventionally been adminis-
tered at a fixed dose without routinely monitoring MPA
blood levels. Therapeutic drug monitoring during MMF
therapy remains controversial. Available studies have se-
rious limitations and report conflicting results. Early after
transplantation, MPA AUC might be correlated with a lower
risk of acute rejection than C0, but this is supported by
only a single RCT (88). There are two RCTs showing that
targeting different MPA AUC resulted in different rates of
acute rejection (89,90). Several observational studies have

also shown that MPA AUC early after transplantation cor-
relates with acute rejection (91–93). Most studies showed
little correlation between MPA pharmacokinetic parame-
ters and adverse effects (89–93). In addition, there is an
important intrapatient variability of MPA pharmacokinetics
and an increasing number of different drug combinations,
which may affect MPA bioavailability. The proposed thera-
peutic window of the MPA AUC0–12 (30–60 lg·h/mL) is re-
stricted to the early posttransplant period and when MMF
is used in combination with CsA. In general, MPA C0 1.0–
3.5 mg/L correlates with MPA AUC0–12 (30–60 lg·h/mL) in
patients treated with CsA. A summary of the RCTs about
MPA monitoring is provided in Supporting Table 37.

mTORi monitoring

The pharmacokinetics of mTORi sirolimus and everolimus
differ substantially (94). Although the time to peak con-
centration is similar between the two mTORi, the half-life
of sirolimus is about 60 h in adults (10–24 in children),
while that of everolimus is 28–35 h (95,96). In general,
C0 correlates well with AUC0–12 (95,97). Therefore, C0 is
probably adequate for monitoring mTORi levels. There are
limited observational data suggesting that mTORi C0 cor-
relate with adverse effects (98). There are no RCTs demon-
strating that monitoring mTORi C0 reduces acute rejection
or adverse effects.

Research Recommendations

• RCTs with adequate statistical power are needed to
determine the cost-effectiveness of therapeutic drug
monitoring for all immunosuppressive agents with
measurable blood levels.
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Chapter 6: Treatment of Acute Rejection

6.1: We recommend biopsy before treating acute re-

jection, unless the biopsy will substantially delay

treatment. (1C)

6.2: We suggest treating subclinical and borderline

acute rejection. (2D)

6.3: We recommend corticosteroids for the initial

treatment of acute cellular rejection. (1D)

6.3.1: We suggest adding or restoring main-

tenance prednisone in patients not on

steroids who have a rejection episode. (2D)

6.3.2: We suggest using lymphocyte-depleting an-

tibodies or OKT3 for acute cellular rejections

that do not respond to corticosteroids, and

for recurrent acute cellular rejections. (2C)

6.4: We suggest treating antibody-mediated acute re-

jection with one or more of the following alterna-

tives, with or without corticosteroids (2C):

• plasma exchange;

• intravenous immunoglobulin;

• anti-CD20 antibody;

• lymphocyte-depleting antibody.

6.5: For patients who have a rejection episode, we

suggest adding mycophenolate if the patient is

not receiving mycophenolate or azathioprine, or

switching azathioprine to mycophenolate. (2D)

OKT3, muromonab (anti–T-cell antibody).

Background

An acute rejection episode is the consequence of an im-
mune response of the host to destroy the graft. It is of
cellular (lymphocyte) and/or humoral (circulating antibody)
origin. An acute rejection is clinically suspected in patients
experiencing an increase in serum creatinine, after the
exclusion of other causes of graft dysfunction (generally
with biopsy). We know from the early days of transplanta-
tion, before there were effective antirejection treatments,
that untreated acute rejection inevitably results in graft
destruction. Therefore, it is strongly recommended that
acute rejection episodes be treated, unless the treatment
is expected to be life-threatening or to cause harm severe
enough to preclude treatment.

Acute rejection is characterized by a decline in kidney func-
tion accompanied by well-established diagnostic features
on kidney allograft biopsy. Subclinical acute rejection is
defined by the presence of histological changes specific
for acute rejection on screening or protocol biopsy, in the
absence of clinical symptoms or signs. Acute cellular re-
jections are acute T-cell–mediated rejections and respond

to treatment with corticosteroids. Borderline acute rejec-
tion is defined by histopathological changes that are only
‘suspicious for acute rejection’ according to the Banff clas-
sification schema (99). A rejection episode is said to be
unresponsive to treatment when graft function does not
return to baseline after the last dose of treatment.

An antibody-mediated rejection is defined by histological
changes caused by a circulating, anti-HLA, donor-specific
antibody. The following criteria are generally used to de-
termine whether an acute rejection is caused by a donor-
specific antibody:

i) staining of peritubular capillaries with C4d (fourth com-
plement fraction);

ii) the presence of a circulating, anti-HLA, donor-specific
antibody and

iii) histological changes consistent with an antibody-
mediated rejection including (but not limited to) the
presence of polymorphonuclear cells in peritubular cap-
illaries.

Rationale

• Several causes of decreased kidney function can only
be distinguished from acute rejection by biopsy.

• Treatment of decreased kidney allograft function that is
not caused by acute rejection with additional immuno-
suppressive medication may be harmful.

• Treating subclinical acute rejection discovered on pro-
tocol biopsy may improve graft survival.

• Most acute cellular rejection responds to treatment
with corticosteroids.

• Treating acute cellular rejection that is unresponsive to
corticosteroids or recurs with an anti–T-cell antibody
may prolong graft survival.

• Increasing the amount of immunosuppressive medica-
tion after an acute cellular rejection may help prevent
further rejection.

• Treating borderline rejection may prolong graft survival.
• A number of measures may be effective in treat-

ing antibody-mediated rejections, including plasma ex-
change, intravenous immunuoglobulin, anti-CD20 anti-
body and anti–T-cell antibodies.

Although there are no RCTs to establish that obtaining
a biopsy improves outcomes of suspected acute rejec-
tion, there are alternative diagnoses that might mimic an
acute rejection episode. BK polyomavirus (BKV) nephropa-
thy would generally be treated differently than acute

American Journal of Transplantation 2009; 9 (Suppl 3): S21–S22 S21



Chapter 6

rejection, for example with a reduction in immunosuppres-
sive medication. Therefore, logic dictates that, whenever
possible, biopsy confirmation should be obtained to avoid
inappropriate treatment.

Some centers use protocol biopsies to detect and treat
subclinical acute rejection. In a RCT, the detection and treat-
ment of subclinical acute rejection in patients (N = 72) on
CsA, MMF and corticosteroids resulted in better graft func-
tion (100,101). However, in a larger (N = 218) multicenter
RCT in patients on tacrolimus, MMF and corticosteroids,
protocol biopsies and treatment of subclinical acute rejec-
tion were not beneficial (102). Finally, in a single-center
RCT of 102 recipients of living-donor kidneys (treated with
CsA [N = 96] or tacrolimus [N = 6], MMF [N = 55] or aza-
thioprine [N = 47] and corticosteroids) protocol biopsies
and treatment of subclinical acute rejection resulted in im-
proved graft function (103). Uncontrolled data suggest that,
when the incidence of clinical acute rejection is low, the
number of patients with subclinical acute rejection may be
too small to warrant the inconvenience and cost of protocol
biopsies (104).

Corticosteroid therapy is the most commonly used, first-
line treatment for acute cellular rejection episodes. Al-
though most patients respond to corticosteroids, the dose
and duration of treatment has not been well defined
by RCTs. Treatment starting with intravenous solumedrol
250–500 mg daily for 3 days is a common practice.

Treatment of acute cellular rejection with an anti–T-cell
antibody (muromonab [OKT3], ATG or ALG) is more ef-
fective in restoring kidney function and preventing graft
loss than treatment with corticosteroids (105). The sys-
tematic review concluded that treatment with an antibody
is associated with more adverse effects, but whether the
overall benefits of antibody treatment vs. corticosteroids
outweigh harm is uncertain (105). There are no RCTs ex-
amining whether anti–T-cell antibodies vs. corticosteroids
should be the initial treatment of Banff IIA or IIB (vascu-
lar) rejection. A low strength of evidence suggests no net
benefits or harm between antibodies or steroids alone
(see Evidence Profile in Supporting Table 39 at http://
www3.interscience.wiley.com/journal/118499698/toc).

Studies suggest that steroid-resistant or recurrent T-cell–
mediated rejection responds to treatment with polyclonal
or monoclonal anti–T-cell antibodies (105). It is also possible
that the addition of MMF to the postrejection maintenance
immunosuppressive medication regimen, or replacement
of azathioprine with MMF, will help to prevent subsequent
acute rejection. A RCT (N = 221) compared MMF to aza-
thioprine in the treatment of first acute rejection (106).
Patients receiving MMF had fewer subsequent rejections,
and among the 130 who completed the trial, at 3 years graft
survival was better in the MMF group (106). A summary of

the RCTs on replacement of azathioprine by MMF in the
setting of rejection is provided in Supporting Tables 40–41.

Whether or not to treat borderline acute rejection is contro-
versial. There are no RCTs addressing whether treatment
of borderline acute rejection prolongs graft survival, and
whether overall benefits outweigh harm.

If function does not return to baseline, or if there is a new
decline in function after successful treatment of an acute
rejection, a biopsy should be considered to rule out addi-
tional rejection, BKV nephropathy and other causes of graft
dysfunction.

Anti–T-cell antibodies (OKT3, ATG, ALG) can be used when
corticosteroids have failed to reverse rejection or for treat-
ment of a recurrent rejection. In such circumstances, ben-
efits generally outweigh harm. However, there is inade-
quate evidence from RCTs to conclusively establish the
best treatment for steroid-resistant or recurrent acute cel-
lular rejection (see Evidence Profile in Supporting Table 38).
Most studies comparing OKT3 to ATG or ALG did not have
adequate statistical power to show a difference in efficacy.
However, in one RCT, ATG was better tolerated than OKT3
(107). When a steroid-resistant rejection or a recurrent re-
jection does not respond to a lymphocyte-depleting anti-
body or OKT3, a new biopsy should be considered to rule
out alternative causes of graft dysfunction.

Therapeutic strategies that include combinations of plasma
exchange to remove donor-specific antibody, and/or in-
travenous immunoglobulins and anti-CD20+ monoclonal
antibody (rituximab) to suppress donor-specific antibody
production have been used to successfully treat acute
humoral rejection. However, the optimal protocol to treat
acute humoral rejection remains to be determined. Indeed,
there are no RCTs with adequate statistical power to com-
pare the safety and efficacy of these different therapeu-
tic strategies. In a RCT in 20 children, rituximab was as-
sociated with better function and improved postrejection
biopsy scores compared to treatment with anti–T-cell anti-
body and/or corticosteroids (108). Clearly, additional stud-
ies to define the optimal treatment of acute humoral rejec-
tion are needed.

Research Recommendations

Additional RCTs are needed to determine:

• whether treating borderline acute rejection improves
outcomes;

• when protocol biopsies and treatment of subclinical
acute rejection are cost-effective;

• the optimal treatment for antibody-mediated acute re-
jection.
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Chapter 7: Treatment of Chronic Allograft Injury

7.1: We recommend kidney allograft biopsy for all pa-

tients with declining kidney function of unclear

cause, to detect potentially reversible causes. (1C)

7.2: For patients with CAI and histological evidence of

CNI toxicity, we suggest reducing, withdrawing,

or replacing the CNI. (2C)

7.2.1: For patients with CAI, eGFR >40 mL/min/

1.73 m2, and urine total protein excretion

<500 mg/g creatinine (or equivalent pro-

teinuria by other measures), we suggest re-

placing the CNI with a mTORi. (2D)

CAI, chronic allograft injury; CNI, calcineurin inhibitor;

CsA, cyclosporine A; eGFR, estimated glomerular fil-

tration rate; mTORi, mammalian target of rapamycin

inhibitor(s).

Background

Historically, KTRs with gradually declining kidney allograft
function associated with interstitial fibrosis and tubular at-
rophy (IF/TA) have been said to have ‘chronic rejection,’ or
‘chronic allograft nephropathy.’ However, these diagnoses
are nonspecific and the Banff 2005 workshop suggested
using ‘chronic allograft injury’ to avoid the misconception
that the pathophysiology and treatment of this entity are
understood (109). Causes of CAI include hypertension, CNI
toxicity, chronic antibody-mediated rejection and others.
Overall, death causes up to 50% of graft failures. How-
ever, of those who return to dialysis or require retransplan-
tation, the most common cause is CAI, followed by acute
rejection and recurrent primary kidney disease (110,111).
Moderate to severe CAI is present in about one quarter of
KTRs at 1 year after transplant, and in about 90% by 10
years (112–114). CAI is a diagnosis of exclusion character-
ized by the progressive reduction in graft function not due
to recurrence of disease or other recognized causes. Histo-
logically, CAI is defined by IF/TA (109,114). Other features
may include subclinical rejection, transplant glomerulopa-
thy or transplant vasculopathy.

Rationale

Graft function 6–12 months after kidney transplantation is
an outcome reported in most RCTs of immunosuppressive
medications. These are described in the relevant sections
of these guidelines. Similarly, the use of other medica-
tions (antihypertensive agents, lipid-lowering agents, an-
tiproteinuric agents) to prevent CAI or prevent the progres-

sion of CAI are also discussed in other sections of these
guidelines.

Some causes of CAI may be reversible. Patients found to
have acute rejection, BKV nephropathy or recurrent kidney
disease, for example, may respond to appropriate treat-
ments. Therefore, it is important that patients suspected
of having CAI undergo biopsy, if possible. Most commonly,
when there are no reversible causes of graft dysfunction,
the biopsy will show IF/TA with or without other features
consistent with CAI. In other words, the diagnosis of CAI is
a diagnosis of exclusion. The roles of CNI toxicity, chronic
antibody-mediated rejection and other immune and non-
immune mechanisms of injury are unclear. The treatment
of CAI has been controversial (115).

CNI withdrawal and/or replacement

Although there are a large number of uncontrolled stud-
ies describing the effects of withdrawing CNIs in KTRs
with CAI (116), there are only two RCTs. In both RCTs,
the CNI was replaced with an alternative immunosuppres-
sive agent. In the ‘Creeping Creatinine’ study of 143 KTRs,
MMF was substituted for CsA, and outcomes were re-
ported at 12 months (117). There were no differences
in mortality, graft loss, acute rejection, infection or blood
pressure between the two groups. Those randomized to
MMF had a small improvement in their creatinine clear-
ance (+5.0 mL/min [+0.8 mL/s] vs. –0.7 mL/min [–0.01
mL/s]) at 12 months, but creatinine clearance was not
measured in 20%, and the long-term importance of this
outcome is uncertain. The ‘Chronic Renal Allograft Fail-
ure’ study replaced CsA with tacrolimus in 186 KTRs (2:1
randomization) with moderate CKD. Baseline creatinine
was 220 lmol/L and outcomes were reported at 5 years
(118). There was no difference in death, graft loss, acute
rejection, treatment discontinuations, NODAT, hyperten-
sion, infections or cancer between the two arms. How-
ever, incident cardiac events favored tacrolimus. Over
5 years, serum creatinine increased in the CsA group
by about 60 lmol/L compared with the tacrolimus
group. Overall, the quality of evidence evaluating the
effects of replacing a CNI in patients with CAI is
low, and there is uncertainty regarding benefit–harm
trade-offs (see Evidence Profile and accompanying ev-
idence in Supporting Tables 42–44 at http://www3.
interscience.wiley.com/journal/118499698/toc).

CNI replacement with mTORi

No RCTs have examined whether switching KTRs with
established CAI from a CNI to an mTORi is benefi-
cial. However, a RCT randomly allocated 830 KTRs with
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estimated glomerular filtration rate (eGFR) ≥20 mL/
min/1.73 m2 to continuation of CNI (N = 275) vs. convert-
ing to sirolimus (N = 555) (119). Patients were stratified
into two groups based on eGFR 20–40 mL/min/1.73 m2

(N = 87) and eGFR >40 mL/min/1.73 m2 (N = 743). The
Data Monitoring and Safety Board stopped the trial for pa-
tients with eGFR 20–40 mL/min/1.73 m2 when the primary
safety end point (acute rejection, graft failure or death at
12 months) occurred in 8 of 48 of sirolimus vs. 0 of 25 CNI
patients (p = 0.045). In the stratum eGFR >40 mL/min/
1.73 m2, the primary end point (change in eGFR baseline

to 12 months) was not different in the two groups, but
there was more proteinuria in the sirolimus group (119).
Thus, this post hoc subgroup analysis suggested that con-
verting patients with eGFR 20–40 mL/min/1.73 m2 from
CNI to sirolimus may be harmful, and that converting pa-
tients with eGFR >40 mL/min/1.73 m2 may not be bene-
ficial. However, the patients in this trial were not selected
to have CAI per se, and it is possible that patients with
CAI, preserved kidney function and low levels of protein-
uria may still benefit from conversion. Additional study is
needed.
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Rating Guideline Recommendations

Within each recommendation, the strength of recommendation is indicated as Level 1, Level 2, or Not Graded, and the
quality of the supporting evidence is shown as A, B, C, or D.

Grade* Wording

Level 1 ‘We recommend’

Level 2 ‘We suggest’

Grade for 
quality of 
evidence Quality of evidence

A High

B Moderate

C Low

D Very low

*The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or
where the topic does not allow adequate application of evidence. The most common examples include
recommendations regarding monitoring intervals, counseling, and referral to other clinical specialists. The
ungraded recommendations are generally written as simple declarative statements, but are not meant to
be interpreted as being stronger recommendations than Level 1 or 2 recommendations.
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Chapter 8: Monitoring Kidney Allograft Function

8.1: We suggest measuring urine volume (2C):

• every 1–2 hours for at least 24 hours after

transplantation (2D);

• daily until graft function is stable. (2D)

8.2: We suggest measuring urine protein excretion,

(2C) at least:

• once in the first month to determine a baseline

(2D);

• every 3 months during the first year (2D);

• annually, thereafter. (2D)

8.3: We recommend measuring serum creatinine, (1B)

at least:

• daily for 7 days or until hospital discharge,

whichever occurs sooner (2C);

• two to three times per week for weeks 2–4

(2C);

• weekly for months 2 and 3 (2C);

• every 2 weeks for months 4–6 (2C);

• monthly for months 7–12 (2C);

• every 2–3 months, thereafter. (2C)

8.3.1: We suggest estimating GFR whenever

serum creatinine is measured, (2D) using:

• one of several formulas validated for

adults (2C); or

• the Schwartz formula for children and

adolescents. (2C)

8.4: We suggest including a kidney allograft ultra-

sound examination as part of the assessment of

kidney allograft dysfunction. (2C)

GFR, glomerular filtration rate.

Background

Some tests need to be performed routinely to detect ab-
normalities that may lead to treatment or prevention of
complications that are common in KTRs (Table 4). The
frequency of screening is based on the incidence of the
complication being screened, because there are no other
data to determine the best interval for screening. Serum
creatinine is easily measured and readily available in most
laboratories. Screening tests for urine protein excretion in-
clude dipstick tests for total protein or albumin, as well
as randomly collected ‘spot’ urine to measure protein-to-
creatinine or albumin-to-creatinine ratios.

Rationale

• Detecting kidney allograft dysfunction as soon as pos-
sible will allow timely diagnosis and treatment that may
improve outcomes.

• Urine output that is inappropriately low, or inappropri-
ately high, is an indication of possible graft dysfunction.

• Serum creatinine and urine protein measurements are
readily available and are useful for detecting acute and
chronic allograft dysfunction.

• Ultrasound is relatively inexpensive and reasonably ac-
curate for diagnosing treatable causes of kidney allo-
graft dysfunction.

Urine volume

Urine volume is an easily-measured parameter of early kid-
ney allograft function (120). The recovery of kidney func-
tion, measured as a decrease in serum creatinine and blood
urea nitrogen, is generally preceded by an increase in urine
volume (120). Rarely, excessive urine volume may indicate
the presence of a saline diuresis or a water diuresis caused
by tubular damage. In addition to its role in assessing early
allograft dysfunction, measuring the urine volume is an im-
portant part of overall fluid and electrolyte management.

Urine protein excretion

Proteinuria is an early and sensitive marker of kidney dam-
age in CKD (121). Many causes of proteinuria are poten-
tially reversible with appropriate treatment (Table 5) (122),
and detection of proteinuria can therefore improve graft
outcomes (113,122–132). Patients with proteinuria gen-
erally have lower kidney function compared to patients
without proteinuria (122,129). Proteinuria is also associ-
ated with mortality and CVD events in KTRs (130–132).

Proteinuria includes albuminuria as well as other proteins.
The urinary excretion rate for albumin and total protein can
be estimated from the ratio of albumin or total protein to
creatinine concentration in a casual urine specimen (133–
136). Creatinine excretion is higher in men than in women.
Therefore, the values in the general population and cut-off
values for abnormalities in urine albumin-to-creatinine ra-
tio are lower for men than women (137,138 (Table 6). For
details, see Kidney Disease Outcomes Quality Initiative
(KDOQI) Guidelines for Chronic Kidney Disease, Part 5, As-
sessment of Proteinuria (www.kidney.org/professionals/
kdoqi/guidelines_ckd/p5_lab_g5.htm; last accessed March
30, 2009).

Serum creatinine

Causes of kidney allograft dysfunction that require rapid
intervention for treatment to be effective include acute
rejection, obstruction, urine leak, vascular compromise
and some recurrent diseases, for example focal segmen-
tal glomerulosclerosis (FSGS). These causes are more
common in the first few days to weeks after kidney
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Table 4: Routine screening after kidney transplantation

Screening intervals by time after transplantation

Screening test 1 week 1 month 2–3 months 4–6 months 7–12 months >12 months

Creatininea Daily 2–3 per week Weekly Every 2 weeks Monthly Every 2–
3 months

Urine proteinb ..............Once................. .....................Every 3 months...................................... Annually
Complete blood countc Daily 2–3 per week Weekly ...................Monthly................... Annually
Diabetesd ..............Weekly................ .......................Every 3 months.................................... Annually
Lipid profilee – – Once – – Annually
Tobacco usef Prior to discharge – – – Annually
BKV NATg ................................Monthly......................... .............Every 3 months.............. –
EBV NAT (seronegative)h Once ....................Monthly.................. .............Every 3 months.............. –
Blood pressure, pulse, ........................................................................Each clinic visit...................................................................

height, body weight

BKV, BK polyoma virus; EBV, Epstein-Barr virus; NAT, nucleic acid testing.
aSerum creatinine.
bUrine total protein and/or urine albumin.
cComplete blood count including white blood count, hemoglobin and platelet counts.
dScreen for diabetes with fasting blood glucose, glucose tolerance test, or HbA1c level.
eLipid profile includes fasting cholesterol, LDL-C, HDL-C, and triglycerides.
fScreen for tobacco use.
gScreen for BKV using plasma NAT.
hScreen for EBV using plasma NAT in patients with no antibody to EBV at transplant.

transplantation than in subsequent months to years. There-
fore, it is important to closely monitor kidney function early
after transplantation.

Measurement of the serum creatinine concentration is
a simple, inexpensive and universally available method
for estimating GFR, and it is reliable for detecting acute
changes of kidney function (142,143). The level of serum
creatinine at year 1 after transplantation is a risk factor

Table 5: Some causes of proteinuria after kidney transplantation

Persistent disease in the native kidneys

Allograft rejection and drug toxicity

Acute rejection
Thrombotic microangiopathy
CAI
Transplant glomerulopathy

De novo and recurrent glomerular diseases

Minimal change disease
FSGS
IgA glomerulonephritis
Membranous glomerulonephritis
Membranoproliferative glomerulonephritis
Postinfectious glomerulonephritis
Thrombotic thrombocytopenic purpura
HUS
Vasculitis
Diabetic nephropathy
Systemic lupus erythematosus
Amyloidosis
Light- and heavy-chain deposition diseases

CAI, chronic allograft injury; FSGS, focal segmental glomeruloscle-
rosis; HUS, hemolytic-uremic syndrome; IgA, Immunoglobulin A.

for subsequent outcomes, and may help guide care, for
example the frequency of visits (144,145).

A gradual increase in serum creatinine after the first year
may be due to acute rejection, but more often is caused
by CAI, recurrence of the original kidney disease, or de
novo kidney disease. Unfortunately, serum creatinine is
less reliable for detecting chronic changes (over months to
years) in kidney function.

As is true in the general population, measurement of GFR
with inulin, iothalamate, iohexol or other suitable markers
of GFR, either with urinary or plasma clearance techniques,
provides the most accurate measure of allograft function in
KTRs. Although these tests are appropriate for clinical use,
the Work Group did not recommend their use in routine
clinical practice due to cost, low patient acceptance, and
lack of availability outside of academic medical centers.
Measurement of cystatin C has also been used to monitor
kidney function. The advantage of cystatin C is its inde-
pendence from body weight. However, at present, there is
a paucity of validation studies for cystatin C estimates of
GFR in KTRs (146–148).

Formulas to estimate GFR have been tested in KTRs,
but no formula has been consistently shown to be su-
perior to any other formula (149–156). It is unlikely that
these formulas will improve the ability of serum creati-
nine to estimate acute changes in kidney function since,
in most formulas, the only component of the formula
that changes significantly is serum creatinine. It is sim-
ilarly unclear whether formulas improve the ability of
serum creatinine to measure chronic changes in kidney

S28 American Journal of Transplantation 2009; 9 (Suppl 3): S27–S29



Chapter 8

Table 6: Definitions of proteinuria and albuminuria

Urine collection Albuminiuria or clinical
method Normal Microalbuminuria proteinuria

Total protein 24-h excretion <300 mg/day (adults) NA ≥300 mg/day (adults)
<4 mg/m2/h (children) ≥4 mg/m2/h (children)

Dipstick <30 mg/dL (adults and children) NA ≥30 mg/dL (adults
and children)

Spot protein-to- <200 mg/g (adults) NA ≥200 mg/g (adults)
creatinine ratio <0.2 mg/mg (children 2 years or older)

<0.5 mg/mg (<6–24 months old)

Albumin 24-h excretion <30 mg/day 30–300 mg/day >300 mg/day
Albumin dipstick <3 mg/dL ≥3 mg/dL NA
Spot albumin-to- <17 mg/g (men) 17–250 mg/g (men) >250 mg/g (men)

creatinine ratio <25 mg/g (women) 25–355 mg/g (women) >355 mg/g (women)
<30 mg/g (children)

NA, not applicable.
Reference values for urinary protein and albumin excretion in pediatric patients (139,140). To convert metric units to SI units, see
Conversion Factors, p. Six.
Modified with permission (141).

transplant function, especially when serum creatinine
may change due to changes in muscle mass due to an
improved nutritional status after kidney transplantation
(157–159).

Kidney allograft ultrasound examination

Many of the most common causes of allograft dysfunc-
tion, other than rejection, can be diagnosed by ultrasound.
These include arterial occlusion, venous thrombosis, uri-

nary obstruction, a urine leak (large fluid collection), com-
pressing perinephric hematoma and arteriovenous fistula
from a kidney biopsy (160–163). Ultrasound is also useful
in guiding a kidney allograft biopsy, so it is often obtained at
the time of biopsy. In the kidney allograft, mild to moderate
calyceal distension can be normal, so a baseline ultrasound
examination when kidney function is normal may be use-
ful to compare to subsequent ultrasound examinations for
allograft dysfunction.
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Chapter 9: Kidney Allograft Biopsy

9.1: We recommend kidney allograft biopsy when

there is a persistent, unexplained increase in

serum creatinine. (1C)

9.2: We suggest kidney allograft biopsy when serum

creatinine has not returned to baseline after treat-

ment of acute rejection. (2D)

9.3: We suggest kidney allograft biopsy every 7–10

days during delayed function. (2C)

9.4: We suggest kidney allograft biopsy if expected

kidney function is not achieved within the first

1–2 months after transplantation. (2D)

9.5: We suggest kidney allograft biopsy when there is:

• new onset of proteinuria (2C);

• unexplained proteinuria ≥3.0 g/g creatinine or

≥3.0 g per 24 hours. (2C)

Background

Kidney allograft biopsies are performed for specific clin-
ical indications, or as part of a surveillance program (or
protocol). An ‘indicated biopsy’ is one that is prompted
by a change in the patient’s clinical condition and/or lab-
oratory parameters. A ‘protocol biopsy’ is one obtained
at predefined intervals after transplantation, regardless of
kidney function. In both cases, the biopsy is obtained to
find histological changes prompting treatment to improve
outcomes. DGF is graft function low enough to require dial-
ysis in the first week after kidney transplantation, or lack
of improvement in pretransplant kidney function.

New-onset proteinuria (defined in Table 6) may indicate
treatable causes of graft dysfunction, including acute re-
jection and thrombotic microangiopathy. In patients who
already have proteinuria, an increase exceeding a thresh-
old usually defined as ‘nephrotic range’ proteinuria, for ex-
ample ≥3.0 g/g creatinine or ≥3.0 g/24 h, may indicate
treatable causes of graft dysfunction.

Rationale

• Increased serum creatinine that is not explained by de-
hydration, urinary obstruction, high CNI levels or other
apparent causes is most likely due to an intragraft
parenchymal process, such as acute rejection, CAI,
drug toxicity, recurrent or de novo kidney disease or
BKV nephropathy.

• The optimal diagnosis and treatment of intragraft
parenchymal causes of allograft dysfunction require an
adequate biopsy.

• In patients with DGF, change in serum creatinine is
not useful for ruling out acute rejection, and protocol
biopsies are needed to rule out acute rejection.

• Proteinuria, or a substantial increase in proteinuria, may
indicate a potentially treatable cause of graft dysfunc-
tion.

Biopsies for an increase in serum creatinine

Although serum creatinine has many limitations for esti-
mating GFR (see Chapter 8), an unexplained rise in serum
creatinine is generally indicative of a decline in GFR. Some
fluctuation in creatinine can result from normal labora-
tory or physiological variability. Hence, only a persistent in-
crease that is outside this normal, but poorly defined, range
is clinically relevant. A 25–50% increase over baseline is of-
ten arbitrarily used in studies. At least one study suggested
that a persistent 30% rise in serum creatinine was an ex-
cellent predictor of subsequent graft failure (144,145). The
Acute Kidney Injury Network (164) has proposed a defini-
tion and classification scheme for evaluating acute kidney
injury (Table 7).

Causes of acute, reversible declines in GFR should be ruled
out, including dehydration, urinary obstruction or acute
CNI toxicity (by demonstrating high blood levels), before
a biopsy is performed. If there are no apparent causes
of a decline in GFR, then an allograft biopsy is gener-
ally warranted to detect the nature of potentially treatable
causes of kidney injury, including rejection, infections like
BKV nephropathy, recurrent or de novo kidney disease or
infiltration with posttransplant lymphoproliferative disease
(PTLD). Since any of these conditions can develop in the
setting of preexisting graft pathology, additional biopsies
may be required when an abrupt change in the rate of
progression is observed.

Biopsies can determine both the type and severity of im-
munologic damage (109). Different types of acute rejec-
tion may require different treatment approaches. For exam-
ple, acute cellular rejection is usually treated with steroid
pulses, but acute antibody-mediated rejection may prompt
the use of specific treatments in addition to steroids.

Biopsies for a lack of improvement in graft function

When acute rejection does not respond to first-line
treatment with steroids, additional treatment (e.g. with
a lymphocyte-depleting antibody) may be successful
(105,165). Alternatively, a failure of function to return to
baseline could be due to a new pathological process,
such as coexistent acute tubular necrosis, drug toxicity or
BKV nephropathy, that would require a different treatment
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Table 7: Diagnostic criteria for acute kidney injury

Criteria An abrupt (within 48 h) reduction in kidney function
currently defined as an absolute increase in serum
creatinine of ≥0.3 mg/dL (≥26.4 lmol/L), a
percentage increase in serum creatinine of ≥50%
(1.5-fold from baseline), or a reduction in urine
output (documented oliguria of less than 0.5
mL/kg/h for more than 6 h).

Notes The above criteria include both an absolute and a
percentage change in creatinine to accommodate
variations related to age, gender and BMI, and to
reduce the need for a baseline creatinine but do
require at least two creatinine values within 48 h.

BMI, body mass index.
Adapted with permission (164).

approach. Therefore, a biopsy is indicated to determine the
correct treatment.

Patients should always be assessed for their suitability for
biopsy before undertaking the procedure. Biopsies may
be hazardous in those with a bleeding diathesis, or in the
presence of large fluid collections or infection.

Biopsies for DGF

Observational studies have shown that the incidence of
acute rejection during DGF is higher than in patients with-
out DGF (166–168). Kidney function cannot be used as
an indication for biopsy to diagnose superimposed acute
rejection while the patients are already being treated with
dialysis due to DGF, or when the serum creatinine does not
fall from pretransplant values. It is therefore prudent to ob-
tain periodic biopsies of the kidney during DGF to diagnose
acute rejection. There are few data to determine when and
how often biopsies during DGF should be obtained. How-
ever, studies in which biopsies have been obtained every
7–10 days, while patients are receiving dialysis for DGF,
have shown that acute rejection can be present for the
first time on the second, third or even fourth biopsy (167).

In centers that have a very low overall incidence of acute
rejection, the incidence of acute rejection during DGF could
also be low enough to obviate the need for biopsies during
DGF. A biopsy may no longer be needed when there are
signs that DGF is resolving, for example when urine output
is increasing rapidly or serum creatinine is declining.

Protocol biopsies

Acute rejection, CAI and CNI toxicity can occur in the ab-
sence of a measurable decline in kidney function. Sev-
eral studies have shown that protocol biopsies can detect
clinically inapparent (subclinical) acute rejection, CAI and
CNI nephrotoxicity. The reported prevalence of subclinical
rejection (Banff grade 1A or higher) varies from 13% to
25% at 1–2 weeks, 11–43% at 1–2 months, 3–31% at
2–3 months and 4–50% at 1 year (169–175).

Data from observational studies indirectly suggest that de-
tecting and treating subclinical acute rejection with pro-
tocol biopsies may be beneficial. Subclinical rejection is
associated with CAI (170,173,176,177) and reduced graft
survival (176–179).

In another study, subclinical acute rejection in 14-day pro-
tocol biopsies was associated with poorer 10-year graft
survival (179). Graft survival rates with subclinical rejec-
tion, borderline subclinical rejection or no rejection were
88%, 99% and 98% at 1 year (p < 0.05), and 62%, 94%
and 96% at 10 years (p < 0.05), respectively. In a pediatric
study, subclinical rejection was associated with progres-
sive CAI, reduced creatinine clearance and shorter graft
survival (177).

Treatment of subclinical rejection may improve outcomes.
In a RCT, 72 patients were randomly allocated to undergo
protocol biopsies and treatment of subclinical rejection at
1, 2, 3, 6 and 12 months (biopsy group), or protocol biop-
sies without treatment at 6 and 12 months only (control
group) (100). Patients in the biopsy arm of the study had
a significant decrease in acute rejection episodes, a re-
duced 6-month chronic tubulointerstitial score and a lower
2-year serum creatinine. Interstitial fibrosis was less in
those treated for subclinical rejection (100). In another trial,
52 living-donor KTRs were randomized to undergo protocol
biopsies and 50 controls had only indicated biopsies (103).
At 1 and 3 months, protocol biopsies revealed borderline
changes in 11.5% and 14% patients, acute rejection in
17% and 12% and CAI in 4% and 10%, respectively. The
incidence of clinically evident acute rejection episodes was
similar in the two groups, but the biopsy group had lower
serum creatinine at 6 months (p = 0.0003) and 1 year
(p < 0.0001).

Baseline immunosuppression is likely important in deter-
mining the incidence of subclinical rejection and thereby
the benefit of protocol biopsies. Tacrolimus- and MMF-
treated patients generally have a lower rate of acute re-
jection than patients treated with CsA and azathioprine,
and tacrolimus is associated with a reduced incidence of
subclinical rejection (104,113,176,180,181), lower acute
Banff scores (182,183) and 1-year serum creatinine (181).
In a RCT, 121 patients were randomly allocated to biopsies
at 0, 1, 2, 3 and 6 months, and 119 to biopsies at 0 and
6 months (102). At 6 months, 35% of the biopsy arm and
20.5% of the control arm patients had interstitial fibrosis
and tubular atrophy (ci + ct) scores ≥2 (p = 0.07). Of note,
the frequency of clinical acute rejection episodes was only
10% in the biopsy arm and 7% in the control arm (p >

0.05). The prevalence of subclinical rejection in the biopsy
arm was 4.6%. Creatinine clearance at 6 months was not
different (p > 0.05) in the two groups. Use of protocol
biopsies, therefore, for diagnosis of subclinical rejection
may not be appropriate in tacrolimus- and MMF-treated
patients.

American Journal of Transplantation 2009; 9 (Suppl 3): S30–S32 S31



Chapter 9

Other conditions that can be detected on protocol biopsies
include CNI toxicity, recurrent disease, transplant glomeru-
lopathy, CAI and BKV nephropathy. However, it is unclear
whether the detection of these conditions by protocol
biopsy improves outcomes.

The safety of biopsies has been documented in several
series (180,184). The reported risk of major complica-
tions from protocol biopsy, including substantial bleed-
ing, macroscopic hematuria with ureteric obstruction, peri-
tonitis or graft loss, is approximately 1% (185–187). The
reported incidence of graft loss from protocol biopsy is
0.03%. Protocol biopsies can be done safely as an outpa-
tient procedure. Data collected on 1705 protocol kidney
transplant biopsies at one center showed that all of the
complications became evident in the first 4 h after the
biopsy (188).

Protocol biopsies, however, may be expensive. The Mayo
Clinic reported that protocol biopsies cost US$ 3000 per
biopsy, and it cost US$ 114 000 to detect one case of
acute subclinical rejection (104). Therefore, decisions on
whether or not to perform protocol biopsies should take
these and other factors, including patient preferences,
into account. Altogether, based on very-low-quality ev-
idence, the benefit of performing protocol biopsies in
CsA/azathioprine-treated patients without induction ther-
apy may outweigh the harm (see Evidence Profile and ac-
companying evidence in Supporting Tables 45–47 at http://
www3.interscience.wiley.com/journal/118499698/toc).

Research Recommendations

• RCTs are needed to determine when the benefits of
protocol biopsies outweigh harm.
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Chapter 10: Recurrent Kidney Disease

10.1: We suggest screening KTRs with primary kidney

disease caused by FSGS for proteinuria (2C) at

least:

• daily for 1 week (2D);

• weekly for 4 weeks (2D);

• every 3 months, for the first year (2D);

• every year, thereafter. (2D)

10.2: We suggest screening KTRs with potentially

treatable recurrence of primary kidney disease

from IgA nephropathy, MPGN, anti-GBM disease,

or ANCA-associated vasculitis for microhema-

turia, (2C) at least:

• once in the first month to determine a base-

line (2D);

• every 3 months during the first year (2D);

• annually, thereafter. (2D)

10.3: During episodes of graft dysfunction in patients

with primary HUS, we suggest screening for

thrombotic microangiopathy (e.g. with platelet

count, peripheral smear for blood cell morphol-

ogy, plasma haptoglobin, and serum lactate de-

hydrogenase). (2D)

10.4: When screening suggests possible treatable re-

current disease, we suggest obtaining an allo-

graft biopsy. (2C)

10.5: Treatment of recurrent kidney disease:

10.5.1: We suggest plasma exchange if a biopsy

shows minimal change disease or FSGS

in those with primary FSGS as their pri-

mary kidney disease. (2D)

10.5.2: We suggest high-dose corticosteroids

and cyclophosphamide in patients with

recurrent ANCA-associated vasculitis or

anti-GBM disease. (2D)

10.5.3: We suggest using an ACE-I or an ARB for

patients with recurrent glomerulonephri-

tis and proteinuria. (2C)

10.5.4: For KTRs with primary hyperoxaluria, we

suggest appropriate measures to prevent

oxalate deposition until plasma and urine

oxalate levels are normal (2C), including:

• pyridoxine (2C);

• high calcium and low oxalate diet

(2C);

• increased oral fluid intake to enhance

urinary dilution of oxalate (2C);

• potassium or sodium citrate to alka-

linize the urine (2C);

• orthophosphate (2C);

• magnesium oxide (2C);

• intensive hemodialysis to remove ox-

alate. (2C)

ACE-I, angiotensin-converting enzyme inhibitor;

ANCA, antineutrophil cytoplasmic autoantibody; ARB,

angiotensin II receptor blocker; FSGS, focal segmen-

tal glomerulosclerosis; GBM, glomerular basement

membrane; HUS, hemolytic-uremic syndrome; IgA,

immunoglobulin A; KTRs, kidney transplant recipients;

MPGN, membranoproliferative glomerulonephritis.

Background

The primary kidney disease is generally documented by
pretransplant biopsy of the native kidney, or of a pre-
vious kidney transplant. Recurrence of the primary kid-
ney disease is usually established when there is biopsy-
documented involvement of the kidney allograft with the
primary kidney disease.

Rationale

• Some recurrent kidney diseases cause allograft failure.
• Treatment of some recurrent kidney diseases may pre-

vent, or delay, the onset of graft failure.
• Screening for treatable recurrent kidney disease may

result in early diagnosis and treatment that may be
beneficial.

Recurrence of primary kidney diseases is an important
cause of morbidity and graft loss following kidney trans-
plantation, in both adults and children. In a study of 1505
cases with both native kidney and kidney allograft biop-
sies documenting recurrent glomerular disease, graft loss
due to recurrent glomerulonephritis was the third most
frequent cause for graft failure 10 years after kidney trans-
plantation (110). Recurrence may present as increased
serum creatinine (reduced GFR), new-onset or increased
proteinuria and/or hematuria. The impact of recurrence
varies according to the primary kidney disease. Not all
diseases recur with equal frequency. The risk of recur-
rence is particularly increased in FSGS, immunoglobu-
lin A (IgA) nephropathy, membranoproliferative glomeru-
lonephritis (MPGN), hemolytic-uremic syndrome (HUS), ox-
alosis and Fabry’s disease and, to a lesser extent, with lu-
pus nephritis, anti-glomerular basement membrane (GBM)
disease and vasculitis (189). Also, the timing of recurrence
and manner of presentation vary for different diseases.
FSGS, HUS and oxalosis may recur in the first few days
to weeks after transplantation, whereas the timing is vari-
able in the others (127).
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Table 8: Screening for recurrent diseases

Diagnostic
Screening (in addition Minimum screening tests (in addition

Disease to serum creatinine) frequency to kidney biopsy) Potential treatment

FSGS Proteinuria Daily for 1 week, weekly for Plasmapheresis
4 weeks, every 3 months
for 1 year, then annually

IgA nephropathy Proteinuria, microhematuria

MPGN Proteinuria, microhematuria Serum complement levels
Once in the first month, every

Anti-GBM disease Proteinuria, microhematuria 3 months in the first year, Anti-GBM antibodies Plasmapheresis
then annually

Pauci-immune Proteinuria, microhematuria ANCA Cyclophosphamide
vasculitis and corticosteroids

HUS Proteinuria, platelet count During episodes of graft Platelet count, peripheral Plasmapheresis
dysfunction blood smear, LDH

ANCA, antineutrophil cytoplasmic antibody; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; HUS,
hemolytic-uremic syndrome; IgA, immunoglobulin A; LDH, lactate dehydrogenase; MPGN, membranoproliferative glomerulonephritis.

In a majority of instances, proteinuria and/or reduced GFR
provide the initial basis for suspecting disease recurrence.
Since these parameters are periodically assessed in KTRs
as part of their routine monitoring, a separate strategy for
detection of disease recurrence is not warranted.

The modality of screening for some of these diseases,
however, may vary from the usual posttransplant moni-
toring if timely detection is not achieved by the routine
posttransplant monitoring strategies (Table 8). For exam-
ple, FSGS can recur early; hence, screening for FSGS re-
currence requires early and frequent monitoring for pro-
teinuria. HUS recurrence requires looking for evidence of
microangiopathic hemolysis. Screening for recurrent IgA
nephropathy, MPGN, anti-GBM disease and vasculitis re-
quire examination of urinary sediment to detect microhe-
maturia and/or presence of casts in addition to screening
for proteinuria. It is appropriate to perform dipstick test-
ing for proteinuria followed by quantitation using spot pro-
tein creatinine ratio or timed urine collection. Depending
on the primary disease, biopsy evaluation may require im-
munofluorescence and electron microscopy in addition to
light microscopy to confirm recurrence and to rule out other
causes of proteinuria, hematuria or graft dysfunction (190).

There is also weak evidence (uncontrolled case studies
and case reports) that disease-specific treatment may be
beneficial for some recurrent diseases.

Idiopathic FSGS

Idiopathic, or primary, FSGS is characterized by typical
sclerosis in a segment of glomerular tuft, along with foot-
process fusion on electron microscopy. Sclerosis may not
be evident in early recurrence, and light microscopy may
show normal glomerular architecture. Recurrence is sus-
pected when a patient with a documented primary FSGS
in the native kidneys or a prior kidney allograft develops

proteinuria and/or increase in serum creatinine, typically
soon after transplantation (127).

Idiopathic FSGS recurs in 20–50% of KTRs (up to 80%
if it has recurred in a prior kidney transplant) (191). It is
important to distinguish idiopathic from secondary causes
of FSGS that generally do not recur. Recurrence of famil-
ial FSGS has also been documented, if the donor is an
obligate carrier (191). Putative risk factors for recurrence
include age of onset of FSGS in native kidneys between
6 and 15 years (192), rapid course of the original disease
(e.g. less than 3 years from diagnosis to CKD stage 5), dif-
fuse mesangial proliferation on histology and non-African
American ethnicity. The strongest risk factor is recurrence
in a previous transplant.

The demonstration of increase in the albumin permeabil-
ity of isolated rat glomeruli by sera from patients with a
recurrent FSGS offers the possibility of more accurate pre-
diction of the risk of recurrent disease (193). However, this
assay is still experimental.

Idiopathic FSGS can recur at any time after transplanta-
tion, but recurrence is more common early after trans-
plantation. Recurrent disease presents with proteinuria,
which is usually heavy. About 80% of cases recur in the
first 4 weeks (193). Proteinuria screening therefore needs
to be more frequent in the early posttransplant period in
those with CKD stage 5 due to FSGS, especially those with
risk factors for recurrence. The exact frequency has not
been worked out. Interpretation of proteinuria, especially in
the early posttransplant period, requires knowledge of pre-
transplant proteinuria. Although proteinuria from the native
kidneys declines after transplantation (194), the time taken
for its disappearance is variable. Posttransplant proteinuria
therefore should be interpreted in light of the pretransplant
values.

S34 American Journal of Transplantation 2009; 9 (Suppl 3): S33–S37



Chapter 10

There have been no RCTs of therapy for recurrent idio-
pathic FSGS. However, there have been individual cases,
and uncontrolled series, reporting that patients with recur-
rent idiopathic FSGS may have a substantial reduction in
urine protein excretion after plasma exchange (195,196).
This probably occurs by removing circulating factors that
alter glomerular permeability to protein. Predictors of re-
sponse to plasma exchange include early initiation of treat-
ment after recurrence, and possibly an early recurrence of
disease (196). Unfortunately, proteinuria may recur after
treatment, and may require additional plasma exchange,
or even periodic, ongoing treatments. The presumption is
that reducing protein excretion with plasma exchange will
help preserve allograft function, but no studies have exam-
ined this.

It is unclear how many plasma-exchange treatments are re-
quired to reduce protein excretion, but one review found a
median of nine treatments before there was a remission in
proteinuria (195). In small case series, prophylactic plasma
exchange has been reported, but the data are not con-
vincing that this is effective in preventing recurrent FSGS
(197,198).

High-dose CsA may induce remission of proteinuria. In
one series, 14 of 17 children entered lasting remission
(199). The rationale behind maintaining a high CsA blood
level is to overcome the effect of high serum choles-
terol often seen in patients with recurrent FSGS (lipopro-
teins bind CsA and reduce free CsA levels). High-dose
CsA may be combined with plasmapheresis. A study con-
cluded that plasmapheresis alone was not sufficient to
induce remission except when combined with high-dose
CsA (200).

For patients who do not respond to plasma exchange, or
for patients who have non-nephrotic proteinuria, a reduc-
tion in proteinuria with an angiotensin-converting enzyme
inhibitor (ACE-I) and/or an angiotensin II receptor blocker
(ARB) may be beneficial.

IgA nephropathy

IgA nephropathy is the most common type of glomeru-
lonephritis worldwide and is the primary cause of CKD
stage 5 in 20% of KTRs in many parts of the world.
Recurrent IgA nephropathy is common after transplanta-
tion. Reported incidence of recurrence varies from 13% to
53% according to differences in duration of follow-up and
biopsy policy of different transplant centers, with the high-
est rates in centers that perform routine protocol biopsies
(201). Latent IgA deposits in the donor kidney (identified on
preimplantation biopsies) are responsible for ‘recurrence’
in some cases transplanted for kidney failure due to IgA
nephropathy in areas with high disease prevalence (202).
Single-nucleotide polymorphisms in the interleukin-10 and
TNF-alpha genes have been shown to predict recurrence
risk (203,204). The estimated 10-year incidence of graft

loss due to recurrence was 9.7% (CI = 4.7–19.5%) (110).
Recurrence risk in retransplants is increased if the first graft
was lost due to recurrent IgA nephropathy in less than 10
years (205). There is no effective therapy for preventing
recurrent IgA nephropathy. ACE-Is and ARBs have been
shown to reduce proteinuria and possibly preserve kidney
function in recurrent IgA nephropathy (206). In a study of
116 KTRs with IgA nephropathy, use of ATG as induction
therapy was associated with a reduction in recurrence risk
from 41% to 9% when compared to IL2 receptor antago-
nists (207).

Membranoproliferative glomerulonephritis

Secondary causes of MPGN, such as hepatitis C, should be
ruled out. The histological recurrence rate in idiopathic type
I MPGN is 20–30% and exceeds 80% in type 2 disease
(192). Manifestations include microhematuria, proteinuria
and deterioration of kidney function. Risk factors for re-
currence include severity of histological lesions in native
kidneys, HLA-B8DR3, living related donors and previous
graft loss from recurrence (208,209). There are reports of
response to long-term cyclophosphamide (210), plasma-
pheresis (211–213) and CsA (214).

Hemolytic-uremic syndrome

Hemolytic-uremic syndrome is defined histopathologically
by intimal cell proliferation, and thickening and necrosis
of the wall, thrombi and narrowed lumens of glomeru-
lar, arteriolar or interlobular artery. The severity can range
from endothelial swelling to complete cortical necrosis. It
manifests clinically with microangiopathic hemolytic ane-
mia and rapid worsening of kidney function with or with-
out involvement of other organs. HUS is often classified
as diarrhea-associated (D)− HUS (atypical) and D+ HUS
(typical).

Hemolytic-uremic syndrome recurs commonly in adults
and in children in whom the original kidney disease was
D− variant. The overall recurrence risk is less than 10% in
the pediatric population; D+ HUS usually does not recur,
while idiopathic D− or familial HUS may recur in 21–28%
of children (215). Recurrence occurs in about 80–100%
of patients with factor H or factor I mutation, while pa-
tients with a mutation in membrane cofactor protein do
not have recurrence (216,217). The risk is higher in adults,
with 33–56% (218–220) showing clinical manifestations
and an additional 16–20% of patients demonstrating clini-
cally silent recurrence. Recurrence is particularly frequent
in adults with autosomal recessive or dominant HUS (215).
Recurrence develops within 4 weeks in most cases. Most
patients show microangiopathic anemia, thrombocytope-
nia and kidney dysfunction, whereas others present with
rapidly progressive graft dysfunction without showing the
classic hematologic manifestations. Platelet count should
be performed during episodes of graft dysfunction in KTRs
with HUS as the original cause of CKD stage 5. In those
with falling counts, additional tests such as examination
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of peripheral blood smear to look for fragmented cells
(schistocytes), haptoglobin and lactate dehydrogenase
estimation to document hemolysis are warranted. Long-
term graft survival is lower (about 30%) in those with re-
currence.

Treatment strategies have included plasmapheresis, intra-
venous immunoglobulin and rituximab. Aggressive plasma-
pheresis using fresh frozen plasma (40–80 mL/kg per
session) increases the levels of deficient factors and has
provided encouraging results, even in those with factors H
and I mutations (221–223). As factor H is synthesized in the
liver, combined liver and kidney transplantation (together
with preoperative and intraoperative plasmapheresis us-
ing fresh frozen plasma and low-molecular-weight heparin)
could reduce the risk of recurrence (222,224–226). Intra-
venous immunoglobulin and rituximab have been reported
to rescue recurrent HUS resistant to multiple courses of
plasma exchanges (227,228). There is no evidence that
avoidance of CNI, mTORi and OKT3 (that may themselves
cause thrombotic microangiopathy) will reduce the recur-
rence risk.

ANCA-associated vasculitis and anti-GBM disease

Both antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis and anti-GBM disease may present
with rapidly progressive CKD and crescentic glomeru-
lonephritis. Recurrence rates are low if the disease is
quiescent at the time of transplant. In an analysis of
pooled data from 127 patients with ANCA-associated
vasculitis, 17% of patients had recurrence, with kidney
manifestation in 57.1%. Kidney dysfunction occurred
in 33% of those with recurrence (229). More recent
studies (230) report lower (7%) recurrence rates, most
beyond the first posttransplant year with no direct or
indirect impact on allograft function. ANCA-associated
vasculitis relapses in the kidney allograft usually manifest
as pauci-immune necrotizing glomerulonephritis, but graft
function can also be affected by acute arteritis, ureteral
stenosis and obstructive uropathy due to granulomatous
vasculitis.

Pretransplantation disease course, disease subtype, ANCA
type or titer, time of transplantation or donor type does
not predict recurrence. Kidney ANCA-associated vasculi-
tis generally responds well to high-dose prednisolone and
cyclophosphamide (231–233). Other treatment modalities
that have been tried include MMF, plasmapheresis with or
without intravenous immunoglobulin and rituximab (234–
240).

Histological evidence of anti-GBM disease can be found
in biopsies in 15–50% of cases. Clinical recurrence is rare
and consisted of isolated case reports only (201,241). Graft
failure due to recurrence is rare (110). The incidence of
recurrence may be higher in those with circulating anti-
GBM antibody at the time of transplantation. Treatment

of clinically active anti-GBM disease may include pulse
steroids, cyclophosphamide and plasma exchange, partic-
ularly if there is potentially life-threatening pulmonary in-
volvement (241).

Primary hyperoxaluria

Primary hyperoxaluria is caused by deficiency of hepatic
peroxisomal alanine:glyoxylate aminotransferase, leading
to increased synthesis and urinary excretion of oxalate,
recurrent calcium oxalate urolithiasis, irreversible nephro-
calcinosis and eventually CKD. In CKD, insoluble oxalates
accumulate throughout the body, especially in bone and
arteries. Because the enzyme defect in primary hyperox-
aluria is not corrected by isolated kidney transplantation,
oxalate overproduction persists, leading to recurrence of
calcium oxalate deposits in over 90% of transplanted kid-
neys, and eventually leading to graft loss (242), unless the
enzyme is replaced through a simultaneous liver trans-
plant (243). The total body oxalate burden is very high
in CKD stage 5 patients, and the urinary oxalate excre-
tion increases greatly as soon as graft function is estab-
lished. Plasma and urine oxalate levels may remain high
for some period of time even in patients undergoing si-
multaneous kidney and liver transplantation. High urinary
oxalate concentration promotes precipitation of calcium
oxalate crystals first in the distal tubules, leading to graft
dysfunction. This secondarily results in deposition in the
parenchyma of the graft, leading to allograft failure. This
risk is obviously increased further in those with primary
nonfunction of the graft. Transplant protocols designed to
minimize complications of recurrent disease include early
posttransplant urinary dilution through aggressive fluid ad-
ministration, and early and frequent dialysis in those with
DGF.

Although isolated kidney transplantation is not rec-
ommended in primary hyperoxaluria, it is sometimes
carried out in developing countries where liver transplanta-
tion is not available. Primary hyperoxaluria recurs invari-
ably in those who receive kidney transplant alone and
leads to graft loss. Patients with the Gly170Arg muta-
tion are pyridoxine-sensitive, and should be given high-
dose pyridoxine if they receive kidney transplant alone
(244).

The disease is sometimes diagnosed for the first time after
kidney transplantation when oxalate deposits are detected
on biopsy in patients with graft dysfunction. Whenever
possible, these patients should be referred to specialized
centers for liver transplantation. In the immediate postop-
erative phase, extra dialysis sessions may be necessary
to control oxalate blood levels until the liver is completely
working (245).

Specific measures designed to increase oxalate excre-
tion and reduce production help in minimization of re-
currence, and should be in place for all patients during
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the first months or years after kidney or combined liver–
kidney transplantation (246). These include maintenance of
urine output >3.0–3.5 L/day, and the use of alkaline citrate,
neutral phosphate and magnesium oxide. Severe dietary
oxalate restriction is of limited benefit (247), but intake
of nutrients extremely rich in oxalate and ascorbic acid, a
precursor of oxalate, should be discouraged. Pharmacolog-
ical doses of pyridoxine may reduce hyperoxaluria in some
patients, especially in those with a Gly170Arg mutation
(244). Pyridoxine responsiveness can be assessed by ob-
servation of >30% reduction in urinary oxalate excretion to
10 mg/kg/day dose of pyridoxine (248) in patient’s sibs with
less severe kidney disease if it was not done at the predial-
ysis stage. Urinary alkalinization with citrate reduces the
risk of urinary calcium oxalate supersaturation by forming
a soluble complex with calcium, which reduces the likeli-
hood of binding and precipitation with other substances,
such as oxalate (249). The dosage is 0.1–0.15 g/kg body
weight of a sodium or sodium/potassium citrate prepa-
ration. The adequacy of therapy and patient compliance
can be verified by measuring urinary pH and citrate excre-
tion. Orthophosphate (20–60 mg/day), along with pyridox-
ine, has also been shown to reduce urinary calcium oxalate
crystallization (250).

Fabry disease

Fabry disease is a rare, X-linked inherited disease charac-
terized by a deficiency of alpha-galactosidase A (alpha-Gal-
A), resulting in progressive systemic accumulation of gly-
cosphingolipids. Transplantation is the treatment of choice
for most patients with CKD stage 5 due to Fabry disease
(251). Although patients with Fabry disease may have his-
tological recurrence of the disease in the allograft, how
often recurrence causes graft failure is not clear. In a re-
cent US Organ Procurement and Transplantation Network
registry study, 197 KTRs with Fabry disease had 74% 5-
year graft survival, compared to 64% in KTRs with other
kidney diseases (252). Two formulations of recombinant
human alpha-Gal A are currently available: agalsidase al-
pha (Replagal, Transkaryotic Therapies, Cambridge, MA)
and agalsidase (Fabrazyme, Genzyme, Cambridge, MA).
In non-KTRs, treatment with recombinant human alpha-
Gal A has been shown to reduce the rate of decline in
kidney function. However, it is unclear whether treatment
improves graft survival, or reduces other complications of
Fabry disease in KTRs. Treatment appears to be safe in
KTRs (253,254); however it is very expensive, and whether
it is cost-effective for improving KTR outcomes is not
known.
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Chapter 11: Preventing, Detecting, and Treating
Nonadherence

11.1: Consider providing all KTRs and family members

with education, prevention, and treatment mea-

sures to minimize nonadherence to immunosup-

pressive medications. (Not Graded)

11.2: Consider providing KTRs at increased risk for non-

adherence with increased levels of screening for

nonadherence. (Not Graded)

KTRs, kidney transplant recipients.

Background

Adherence is ‘the extent to which the patient’s behavior
matches the agreed-upon prescriber’s recommendations’
(255). At a recent consensus conference, this definition
was modified to take into account the threshold of the
effect of nonadherence on the therapeutic outcome. We
have adopted this definition of nonadherence as ‘devia-
tion from the prescribed medication regimen sufficient to
adversely influence the regimen’s intended effect’ (255).
Nonadherence encompasses primary (at initiation) and
secondary (subsequent) nonadherence, partial and/or to-
tal nonadherence, as well as the timing of medication use
(256–260).

Rationale

• Nonadherence is associated with a high risk of acute
rejection and allograft loss.

• Nonadherence may occur early and/or late after trans-
plantation.

• The transition from pediatric to adult nephrology care
may be a time when nonadherence is particularly com-
mon.

• Measures can be taken to reduce nonadherence and
thereby improve outcomes.

Nonadherence is common in the first months after kidney
transplantation and increases by duration of follow-up. The
level of adherence affects clinical outcomes, and is associ-
ated with early and late allograft rejection, which reduces
graft function and graft survival (261–263). Graft loss is sev-
enfold more likely in nonadherent compared to adherent
individuals (264). In another study, nonadherence (missed
appointments, fluctuating drug concentration) accounted
for over a half of kidney allograft loss (265).

Nonadherence is multidimensional (255), although we
have focused primarily on adherence with immunosup-
pressive medication use. Additional areas of nonadherence
include prescribed diet; exercise; tobacco, alcohol and drug
use; self-monitoring of vital signs, for example blood pres-
sure, body weight and clinical appointments.

Satisfactory adherence to medication use is achieved
when the gaps between dosing history and the prescribed
regimen have no effect on therapeutic outcome. This phar-
macoadherence definition emphasizes therapeutic out-
come in contrast to specific medication intake or drug
level. Measurement of outcome and drug levels is com-
monly used in the transplant population. Measurable pa-
rameters of pharmacoadherence are acceptance (whether
the patient accepts the recommended treatment), execu-
tion (how well the patient executes the recommended reg-
imen), and discontinuation (when the patient stops taking
the medication) (264,266). Measurement of adherence can
be by direct observation that medication was consumed,
indirect measures that medication had been consumed or
self-reporting (Table 9). Indirect measures include serum
drug levels, biological markers, electronic monitoring, pill
count and refill/prescription records. Since there is no per-
fect measure of adherence, consideration should be given
to use more than one approach to measure adherence
(267–270).

In organ transplant recipients, the average nonadherence
rate was highest for diet (25 cases per 100 people per
year), immunosuppressive medication (22.6 cases per 100
people per year), monitoring vital signs (20.9 cases per 100
people per year) and exercise (19.1 cases per 100 people
per year) (264). Among KTRs, nonadherence with immuno-
suppressive medications was highest (35.6 cases per 100
people per year). Nonadherence to long-term medication
is as high as 50% in developed countries and even higher

Table 9: Assessment of medication adherence (255,260)

Self-reporting medication use by patient
Collateral reporting of medication use by relatives,

friends or caretakers
Patient diaries
Questionnaires
Laboratory tests (drug and metabolite levels)
Medical record review, outcomes
Prescription refills
Monitored pill counts
Electronic monitoring devices

Modified with permission (260).
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Table 10: Risk factors for medication nonadherence (255,260)

Nonadherence behavior prior to transplantation
Psychiatric illness
Personality disorders
Poor social support
Substance abuse and other high-risk behavior
Adolescence
High education level
Time since transplantation (higher earlier)
Lack of adequate follow-up with transplant specialists
Inadequate pretransplant education
Multiple adverse effects from medications
Complex medication regimens

Modified with permission (260).

rates have been reported in developing countries (264).
Meta-analysis showed that the odds of having a good out-
come is 2.9 times higher if the patient is adherent (271).

Risk factors for nonadherence include long duration of
treatment (with decline in rates of adherence over time),
poor communication and lack of social support (Table 10).
Risk factors for nonadherence can be categorized into
four interrelated areas: patient/environment, caregiver, dis-
ease and medication. The patient/environment is central
and interrelates with the other three categories. The pri-
mary patient–medication factors are side effects, regimen
complexity, costs and poor access. Negative beliefs in
medication and lack of medication knowledge have a mod-
erate impact. Patient–caregiver factors include poor com-
munication and poor aftercare/discharge planning (272–
274). Patient–disease factors are primarily poor disease
knowledge and insights, disease duration and comorbid
psychiatric disease. A meta-analysis of 164 studies in the
nonpsychiatric literature reported risk factors for adher-
ence, including: age (adolescents less adherent), sex (girls
more adherent than boys among pediatric patients), educa-
tion level (positively associated with adherence in chronic
disease) and socioeconomic status (positively correlated
with adherence in adults) (275–277).

A team approach consisting of education, monitoring,
recognition and intervention is essential to secure the
benefit of transplantation. A combination of educational,
behavioral and social support interventions provides the
best results (Table 11) (271,278). Simplified drug regimens,
pillboxes to organize medications, individualized instruc-
tions (particularly for travelers and night-shift workers),
combining medication administration with daily routine ac-
tivities and electronic devices can contribute to improve
adherence.

Simply forgetting to take their pills is one of the most com-
mon reasons that patients give for missing doses of their
medication (268). Patients should be counseled about var-
ious possibilities to integrate their medication administra-
tion into their daily routine. Pillboxes may be helpful for
complex regimens consisting of multiple drugs with mul-

Table 11: A summary of interventions aimed at improving medi-
cation adherence

Education and medical intervention

Ensure that patients know their medications by name, dosage
and reason for prescription; reinforce these points during
every clinic visit.

Inform patients about the adverse effects of drugs.
Provide written instructions for each change in medication

dose or frequency.
Reduce the number and frequency of medications. Where

possible, medications should be given either once or, at
most, twice daily.

Ensure the patients understand that they need to continue
taking immunosuppressive agents even if the transplanted
organ is functioning well.

Teach patients that chronic rejection is insidious in onset, hard
to diagnose in its early stages and often not reversible once
established.

Attempt to treat adverse effects by means other than dose
reduction.

Inquire about problems during every clinic visit, and address
specific patient concerns.

Monitor compliance with laboratory work, clinic visit and
prescription refills.

Behavioral and psychosocial approaches

Provide positive support to encourage adherent behaviors
during preparation for transplant.

Encourage patient to demonstrate a track record of
medication adherence and knowledge.

Encourage individual team members to develop rapport with
patient.

Identify and involve a backup support system (family or
friends).

Treat depression, anxiety or other psychological issues.
Elicit a personal promise of adherence (e.g. a written

contract).
Use a nonjudgmental approach to the discussion of

adherence.
Address social problems such as insurance changes or

difficulties at school or work.
Tailor interventions for nonadherence to its root cause.
Integrate taking medication into the daily routine.
Consider reminders such as digital alarms or alerts.
Provide ongoing education, discussion and easily accessible

counseling.

Modified with permission (260).

tiple daily dose-administration schedules. Electronic com-
pliance devices, including alarms, are also available for im-
proving medication adherence. The disease-management
assistance system is a device that delivers a programmed
voice message reminder at set times and has been applied
in patients on antiretroviral therapy (279). Finally, an online
pager or mobile phone system may improve adherence to
medication regimens (280). However, except for the obser-
vation method, which can be onerous, all measures have
significant disadvantages, primarily related to their lack of
accuracy. Because there is no perfect measure of nonad-
herence, consideration should be given to use more than
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one approach to measure adherence. The overall approach
to measure adherence requires individualization.

The number of prescribed medications and the dosing fre-
quency has an effect on adherence rates (280,281). When
a regimen is extremely complex, forgetfulness becomes
a contributing factor to nonadherence (282). The complex-
ity of a medication regimen is inversely proportional to
the rate of adherence, with an increasing number of pre-
scribed medications favoring nonadherence (283). Medi-
cations requiring twice-daily administration have resulted
in greater adherence than those administered more than
twice daily (284). The simplification of therapy strategies
includes immunosuppressive as well as nonimmunosup-
pressive medications (e.g. antihypertensives). In addition,
steroid- or CNI-sparing protocols should be considered for
the benefit of reduction of number of drugs, and reduction
of adverse events. Involving a clinical pharmacist may be
helpful to provide comprehensive patient education regard-
ing benefits and adherence effects of their medications. A
significantly greater proportion of patients were adherent
with their immunosuppressive medications at 1 year after
transplant when a pharmacist was involved (284,285).

Behavioral change strategies have been applied in the clini-
cal setting. Behavior modifications have been incorporated
in six adherence-improvement RCTs in KTRs (286,287).
The methods included behavioral contacting, education,
skills training, feedback and reinforcement. These data
indicated that such behavioral intervention is a very in-
dividualized process and adherence motivation needs to
be patient-specific and updated continuously. Using the
medication event-monitoring system to monitor monthly
azathioprine adherence during a 6-month period in KTRs
demonstrated a significant correlation with adherence and
rejection-free survival in the first 6 months after transplan-
tation (288).

Research Recommendations

• Additional prospective cohort studies are needed to
establish the best measures of adherence and the as-
sociation between adherence and outcomes.

• RCTs are needed to test interventions to improve ad-
herence in KTRs.
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Chapter 12: Vaccination

12.1: We recommend giving all KTRs approved, in-

activated vaccines, according to recommended

schedules for the general population, except for

HBV vaccination. (1D)

12.1.1: We suggest HBV vaccination (ideally prior

to transplantation) and HBsAb titers 6–

12 weeks after completing the vaccination

series. (2D)

12.1.1.1: We suggest annual HBsAb titers.

(2D)

12.1.1.2: We suggest revaccination if the

antibody titer falls below 10 mIU/

mL. (2D)

12.2: We suggest avoiding live vaccines in KTRs. (2C)

12.3: We suggest avoiding vaccinations, except in-

fluenza vaccination, in the first 6 months follow-

ing kidney transplantation. (2C)

12.3.1: We suggest resuming immunizations

once patients are receiving minimal main-

tenance doses of immunosuppressive

medications. (2C)

12.3.2: We recommend giving all KTRs, who are at

least 1-month post-transplant, influenza

vaccination prior to the onset of the an-

nual influenza season, regardless of status

of immunosuppression. (1C)

12.4: We suggest giving the following vaccines to KTRs

who, due to age, direct exposure, residence or

travel to endemic areas, or other epidemiological

risk factors are at increased risk for the specific

diseases:

• rabies, (2D)

• tick-borne meningoencephalitis, (2D)

• Japanese B encephalitis—inactivated, (2D)

• Meningococcus, (2D)

• Pneumococcus, (2D)

• Salmonella typhi—inactivated. (2D)

12.4.1: Consult an infectious disease specialist,

a travel clinic or public health official for

guidance on whether specific cases war-

rant these vaccinations. (Not Graded)

KTRs, kidney transplant recipients; HBsAb, antibody to

hepatitis B surface antigen; HBV, hepatitis B virus.

Background

Recommended vaccinations are those approved and sug-
gested by local and national health authorities for their con-
stituent populations. These may vary by country of origin

and geographic location. The efficacy of hepatitis B vacci-
nation is determined by the prevention of hepatitis B in-
fection, which is indirectly measured by the development
of antibody to hepatitis B surface antigen (HBsAb) titers
>10 mIU/mL. Individuals who are at increased risk include
those with direct exposure, or residence in or travel to an
endemic geographic area. In the case of meningococcal
infection, patients who have undergone splenectomy are
at increased risk.

Rationale

• The harm of different infections, and thereby the poten-
tial benefits of vaccinations, vary by geographic region.

• Little or no harm has been described with the use of
licensed, inactivated vaccines in KTRs.

• Most vaccines produce an antibody response, albeit di-
minished, in immunocompromised individuals, includ-
ing KTRs.

• The potential benefits outweigh the harm of immuniza-
tion with inactivated vaccines in KTRs.

• Serious infection can result from live vaccines in im-
munocompromised patients, including KTRs.

• In the absence of adequate safety data to the contrary,
it should be assumed that the harm of live vaccines
outweigh their benefits in KTRs.

• Vaccinations are most likely to be effective when im-
munosuppression is lowest, when KTRs are receiv-
ing the lowest possible doses of immunosuppressive
medication.

• Influenza vaccination needs to be provided on an an-
nual basis in advance of the onset of the annual in-
fluenza season. Even while KTRs are receiving high
levels of immunosuppression, the benefits of timely
vaccination outweigh the risks of delaying vaccination.

• Some KTRs are at increased risk to develop disease at-
tributable to one or more (rare) pathogens based upon
direct exposure from residence in, or travel to, endemic
areas. Although limited efficacy data are available for
these inactivated vaccines to rare pathogens, potential
benefits likely outweigh harm.

Inactivated vaccines

The American Society for Transplantation’s Guidelines for
the Prevention and Management of Infectious Complica-
tions of Solid Organ Transplantation provides guidance on
immunizations relevant to their patient populations (289).
While these recommendations may be appropriate for
North America, they may not apply to KTRs worldwide.

American Journal of Transplantation 2009; 9 (Suppl 3): S42–S43 S41



Chapter 12

Although only a limited number of studies evaluating the
safety and efficacy of inactivated vaccines have been per-
formed in solid-organ transplant recipients in general, and
in KTRs in particular, available evidence suggests that inac-
tivated vaccines are safe. There is no evidence that vacci-
nations lead to an increased risk of rejection.

Unfortunately, data on the efficacy of individual inactivated
vaccines are limited. In general, existing data suggest that
the response to vaccination in KTRs is diminished com-
pared to immunization prior to transplantation. Accordingly,
the optimal timing for immunizing KTRs is prior to trans-
plantation. However, this is not always possible and, in
some cases, repeated vaccinations after transplantation
are necessary. A number of studies have been performed
in organ transplant recipients that demonstrate immuno-
genicity of several inactivated vaccines after solid-organ
transplantation. Influenza vaccination is among the most
thoroughly evaluated in organ transplant recipients. Al-
though response to influenza vaccination may vary among
KTRs and from year to year, 30–100% of immunized KTRs
will achieve protective hemagglutination-inhibiting serum
antibody titers. Of note, the efficacy of influenza vacci-
nation appears to be superior in pediatric compared to
adult KTRs (290). Data are also available supporting the
use of the 23-valent polysaccharide pneumococcal vaccine
for KTRs >2 years of age. In contrast, hepatitis B vaccine
has significantly diminished immunogenicity in organ trans-
plant recipients compared to organ transplant candidates
(291). Specific data regarding the immunogenicity of most
of the remaining inactivated vaccinations are not available
for solid-organ transplant recipients. Although data are lack-
ing, most experts agree that the benefits outweigh the
risks of immunization with inactivated vaccines (289).

There are sufficient data in KTRs indicating that the risk of
vaccination with inactivated vaccines is minimal. The risk
of infection, on the other hand, is higher in KTRs than in the
general population. Therefore, vaccination with inactivated
vaccines is warranted (Table 12).

Live vaccines

The currently licensed live vaccines use either attenuated
viral strains that have been manipulated to reduce their
virulence while attempting to maintain their immunogenic-
ity, or, as in the case of Bacillus Calmette-Guérin (BCG),
substitute a related bacterium that is thought to be less
pathogenic, but still able to provide cross-reacting immu-
nity to the target pathogen. While data are limited, signifi-
cant concern exists for the use of live vaccines in immuno-
compromised patients. To date, only a limited number of
studies have evaluated the use of live viral vaccines in organ
transplant recipients (292). The high incidence of infections
in KTRs is ample cause for concern that live vaccinations
may cause infection in KTRs. While limited published ex-
perience is available describing the use of some live viral
vaccines in organ transplant recipients (292), the limited

Table 12: Recommended vaccines after kidney transplantation

Diphtheria—pertussis–tetanus
Haemophilus influenza B
Hepatitis A∗
Hepatitis B
Pneumovax
Inactivated polio
Influenza types A and B (administer annually)
Meningococcus: administer if recipient is in high risk
Typhoid Vi
∗For travel, occupational or other specific risk, and edemic
regions.
Consider providing booster polysaccharide pneumococcal vacci-
nation every 3–5 years.

number and small sample sizes included in these studies
raise concerns about both the safety and efficacy of these
vaccines in KTRs. Accordingly, most experts agree that, in
general, the risks outweigh the potential benefits of using
live vaccines in KTRs (293).

A number of live vaccinations licensed for use in the gen-
eral population are contraindicated in KTRs (Table 13).

Vaccination timing

The reduced antibody response to different vaccines in
KTRs is most likely due to immunosuppressive medication.
Although there are no RCTs, it is reasonable to assume that
giving vaccines when the amount of immunosuppressive
medications patients are receiving is lowest is most likely
to maximize the response to the vaccine (289)

Immunosuppressive medication amounts are usually high-
est in the first few months after transplantation, when the
risk of acute rejection is also the greatest. Some time dur-
ing the first 6–12 months, the amount of immunosuppres-
sive medication is generally reduced to the lowest mainte-
nance levels, if there is no acute rejection, and this is likely
to be the best time for vaccination. This time of minimal
maintenance immunosuppressive medication, and optimal
time for vaccination, may be different in patients treated
for acute rejection.

Table 13: Contraindicated vaccinations after transplantation

Varicella zoster
BCG
Smallpox
Intranasal influenza
Live oral typhoid Ty21a and other newer vaccines
Measles (except during an outbreak)
Mumps
Rubella
Oral polio
Live Japanese B encephalitis vaccine
Yellow fever

BCG, Bacillus Calmette-Guérin.
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Influenza infection is a potentially important cause of mor-
bidity and mortality in KTRs. The use of influenza vac-
cination has been demonstrated to be safe and gener-
ally effective in organ transplant recipients, including KTRs
(294,295). In particular, it is worth noting that there is no
proven association between the use of influenza vaccina-
tion in organ transplant recipients and the development of
rejection. Accordingly, annual use of influenza vaccination
is recommended for both KTRs and their household con-
tacts. Because acquisition of influenza will occur during
annual seasonal epidemics, it may not be possible to de-
lay giving this vaccine until the patient is out far enough
from transplant or on low levels of immunosuppression.
Given that this is an inactivated viral vaccine, the major
consequence of using this too early is that the immuniza-
tion will not work. Given the potential benefit of providing
the vaccine, it is recommended to give this vaccine prior to
the onset of the annual influenza season, as long as the
recipient is at least 1-month posttransplant. This timing is
chosen as the vaccine is least likely to work during the
first month after transplant, especially if the KTR has re-
ceived induction therapy.

Hepatitis B revaccination

The need for hepatitis B vaccination booster is controver-
sial and the practice varies from country to country. Pa-
tients with impaired immune function tend to have lower
peak HBsAb levels compared to immunocompetent indi-
viduals. There are few data on durability of immunologic
memory in immunocompromised hosts. However, there
have been reports of clinically significant infection due to
hepatitis B virus (HBV) in previously immunized dialysis pa-
tients in whom production of HBsAb was no longer mea-
surable (296).

Serial measurements of HBsAb levels to inform the use
of a booster dose of hepatitis B vaccine has been rec-
ommended for dialysis patients by the US Advisory Com-
mittee on Immunization Practices (296). In addition, the
European Consensus Group on Hepatitis B immunity has
expanded this recommendation to include patients with
impaired immune function (297). Immunological memory
wanes faster in immunocompromised renal transplant re-

cipients. A level above 10 mIU/mL is generally taken to be
protective, but transplant recipients with titers less than
100 mIU/mL tend to lose them rapidly. The potential for low
anti-HBs levels to mask significant infection (indicated by
hepatitis B surface antigen (HBsAg)) and the rapid decline
led a European Consensus Group to suggest booster vac-
cination at titers below 100 mIU/mL. Although there is no
clear evidence to support this recommendation, given the
relative risk–benefit ratio of hepatitis B vaccine, it seems
prudent to assess annually the need for a booster dose of
this immunization.

Additional vaccines

Kidney transplant recipients may be at increased risk for
vaccine-preventable pathogens through residence or travel
to endemic areas, or due to inadvertent exposure. Recom-
mendations for individuals traveling to certain geographic
locations frequently include receipt of one or more im-
munizations against these pathogens. These recommen-
dations would logically apply to KTRs, as long as the
recommended vaccinations are inactivated, for example
salmonella typhi Vi polysaccharide vaccine, or meningo-
coccal vaccine. Consultation with an infectious disease
specialist, travel clinic or public health official is recom-
mended to clarify appropriate use of vaccinations for sce-
narios where travel or exposure may warrant use of these
additional vaccinations.

Although efficacy data may not be available in KTRs, inacti-
vated vaccines are generally safe. In contrast, some immu-
nizations typically recommended for travelers are available
only as live-attenuated vaccines. The use of these vaccines
cannot be recommended, as neither safety nor efficacy
data are available in this patient population.

Research Recommendations

Studies are needed to determine:

• the optimal timing of immunization in KTRs;
• the durability of immunologic response in KTRs vacci-

nated before and after transplantation.
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Chapter 13: Viral Diseases

13.1: BK POLYOMA VIRUS

13.1.1: We suggest screening all KTRs for BKV

with quantitative plasma NAT (2C) at

least:

• monthly for the first 3–6 months after

transplantation (2D);

• then every 3 months until the end of

the first post-transplant year (2D);

• whenever there is an unexplained rise

in serum creatinine (2D); and

• after treatment for acute rejection.

(2D)

13.1.2: We suggest reducing immunosuppressive

medications when BKV plasma NAT is per-

sistently greater than 10 000 copies/mL

(107 copies/L). (2D)

BKV, BK polyoma virus; KTRs, kidney transplant reci-

pients; NAT, nucleic acid testing.

Background

BK polyoma virus (BKV) is a member of the polyoma fam-
ily of viruses. BKV can cause nephropathy, which is diag-
nosed by kidney biopsy. Reduction of immunosuppression
is defined as a decrease in the amount and intensity of im-
munosuppressive medication. Nucleic acid testing (NAT) is
defined as one or more molecular methods used to iden-
tify the presence of DNA or RNA (e.g. polymerase chain
reaction).

Rationale

• The use of NAT to detect BKV in plasma provides
a sensitive method for identifying BKV infection and
determining KTRs who are at increased risk for BKV
nephropathy.

• Early identification of BKV infection may allow mea-
sures to be taken that may prevent BKV nephropathy.

• When NAT is not available, microscopic evaluation of
urine for the presence of decoy cells is an accept-
able, albeit nonspecific, alternative screening method
for BKV disease and the risk for BKV nephropathy.

• Fifty percent of patients who develop BK viremia do so
by 3 months after kidney transplantation.

• Ninety-five percent of BKV nephropathy occurs in the
first 2 years after kidney transplantation.

• BKV plasma NAT >10 000 copies/mL (107 copies/L)
has a high positive predictive value for BKV
nephropathy.

• Reduction of immunosuppressive medication may re-
sult in reduced BKV load and decreased risk of BKV
nephropathy.

• Histologic evidence of BKV nephropathy may be
present in the absence of elevated serum creatinine.

• Reduction in maintenance immunosuppressive medi-
cation is the best treatment for BKV nephropathy.

Whether to screen KTRs with NAT of plasma or urine has
been controversial. A negative urine NAT for BKV has al-
most a 100% negative predictive value (298). By testing
urine, one can avoid performing BKV testing of blood on
those patients with negative urine studies. Based on this,
some experts recommend screening of urine as the defini-
tive site for BKV surveillance (298). However, the presence
of a positive NAT for BKV in urine, in the absence of an
elevated BKV load in the plasma, is not associated with
an increased risk for BKV disease (298). Hence, the use of
urine screening requires performance of NAT on the blood
of those patients whose level of BK viruria exceeds estab-
lished thresholds. This requires patients to return to the
clinic for the additional test. Accordingly, it is suggested
that NAT be performed on plasma, and not the urine of
KTRs.

When NAT is not available, microscopic evaluation of the
urine for the presence of decoy cells is an acceptable, albeit
nonspecific, alternative screening method for BKV disease
and the risk for BKV nephropathy. A negative screening test
rules out BKV nephropathy in most cases (high negative
predictive value). However, a positive screening test has
a very low positive predictive value for BKV nephropathy
(298,299). Thus, many patients with urine decoy cells will
not develop BKV nephropathy. It may be inappropriate to
change therapy in such patients based on the presence of
urine decoy cells alone.

Emerging data suggest that BKV nephropathy can be pre-
vented if immunosuppressive medications are reduced in
patients with BKV detected by a high viral load in plasma
(determined by NAT) (300).

Timing of BKV NAT

The presence of BKV can be identified prior to the onset of
clinical symptoms at a time when only subclinical infection
is present, or in association with clinically apparent BKV
nephropathy. Evidence to date suggests that the presence
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of BK viremia precedes BKV nephropathy by a median of
8 weeks. Approximately, 50% of patients who will develop
BK viremia will do so by 3 months after transplant (298).

Most BKV nephropathy occurs in the first 2 years after
transplant with only 5% of cases occurring between 2
and 5 years after transplant (298). Accordingly, the timing
and frequency of testing in recommended screening algo-
rithms should reflect these data and balance the cost of
screening with the potential to prevent BKV nephropathy.
The proposed screening algorithm is most intense early
after kidney transplantation, with decreasing frequency as
patients are out longer from the transplant. Although we
have not recommended screening beyond the first year af-
ter transplant, an international consensus conference sug-
gested continued annual screening for patients between
2 and 5 years after kidney transplantation (298). Centers
with higher frequency of BKV might follow this approach.
Screening for the presence of BKV should also be per-
formed for patients with unexplained rises in serum cre-
atinine, as this may be attributable to BKV nephropathy.
Finally, screening should be considered for those patients
who have undergone a major increase in immunosuppres-
sive medication, as they may be at risk of developing BKV
nephropathy.

Rising BKV load

There is increased risk of BKV nephropathy associated
with a rising BKV load in plasma (298,299). Although
plasma NAT assays for BKV lack standardization, a thresh-
old plasma BKV level of >10 000 copies/mL (107 copies/L)
is associated with a 93% specificity for the presence of
BKV nephropathy. In the absence of evidence of clinical
disease, KTRs with BKV levels in excess of this thresh-
old are considered to be at risk of progression to BKV
nephropathy (298,299). Histologic evidence of early BKV
nephropathy may be present prior to detection of elevated
serum creatinine (298).

The risk of BKV nephropathy appears to be correlated with
the intensity of immunosuppression, and reduction of im-

Table 14: Treatment of BKV nephropathy by modification of maintenance immunosuppression

Switching Decreasing Discontinuing

Tacrolimus→CsA (trough levels Tacrolimus (trough levels Tacrolimus or MMF (maintain
100–150 ng/mL) (B-III) < 6 ng/mL) (B-III) or switch to dual-drug therapy):

MMF→azathioprine (dosing ≤100 mg/day) (B-III) MMF dosing ≤1 g/day (B-III) CsA/prednisone (B-III)
Tacrolimus→sirolimus (trough levels <6 ng/mL) CsA (trough levels 100–150 ng/mL) Tacrolimus/prednisone (B-III)

(C-III) (B-III)
MMF→sirolimus (trough levels <6 ng/mL) (C-III) Sirolimus/prednisone (C-III)
MMF→leflunomide (C-III) MMF/prednisone (C-III)

BKV, BK polyoma virus; CsA, cyclosporine A; MMF, mycophenolate mofetil.
B-III, ‘moderate evidence to support a recommendation for use’ based on ‘evidence from opinions of respected authorities, based on
clinical experience, descriptive studies or reports of expert committees.’ Likely equivalent to a 2D recommendation.
C-III, ‘poor evidence to support a recommendation’ based on ‘evidence from opinions of respected authorities, based on clinical experi-
ence, descriptive studies or reports of expert committees.’ Likely equivalent to a 2D recommendation.
Reprinted with permission (298).

munosuppression can result in a decrease in BKV load and
a concomitant reduction of risk of development of BKV
nephropathy (301). A RCT reported that withdrawal of the
antimetabolite resulted in clearance of viremia without pro-
gression to BKV nephropathy (300). Although some would
use antiviral therapy (including cidofovir, leflunomide and/or
ciprofloxacin) as treatment, to date there are no definitive
data confirming the effectiveness of these agents for either
treatment or prevention of BKV nephropathy (298,299).

Some centers may choose different treatment strategies
for patients with elevated BKV loads in the absence of
any histologic changes, compared to patients with find-
ings of BKV nephropathy in the absence of serum creati-
nine elevation. The international consensus group recom-
mended performance of kidney biopsy for these patients
(298). When a kidney biopsy is obtained, it should be eval-
uated for the presence of BKV using the cross-reacting
antibody for simian virus 40. However, other experts have
not recommended the performance of a kidney biopsy for
asymptomatic patients with an elevated BKV load (300).

Treating biopsy-proven BKV nephropathy

The treatment of BKV nephropathy is unsatisfactory.
Although there are some centers that would use an-
tiviral therapy (including cidofovir, leflunomide and/or
ciprofloxacin) as treatment, to date there are no defini-
tive data confirming their effectiveness. However, reduc-
tion of immunosuppression does appear to have some im-
pact on BKV nephropathy, though variable rates of graft
loss attributable to BKV nephropathy have been reported
even when reduction of immunosuppression has been
employed (Table 14). A common practice of immunosup-
pressive dose reduction is withdrawal of antimetabolite
(azathioprine or MMF) and reduction in CNI dosage by
50%. An algorithm for the treatment of BKV nephropathy
through modification of baseline immunosuppression has
been proposed (298). Switching from the antimetabolite
MMF or EC-MPS to leflunomide (an immunosuppressive
agent with antiviral activity) has been associated with de-
clining BKV load in blood and improving histology (302),
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although convincing evidence of the efficacy of this, or
other antiviral agents, is lacking.

Research Recommendations

Studies are needed to determine:

• the most cost-effective strategies for screening for
BKV in different populations;

• the efficacy of altering immunosuppressive medication
regimens and of antiviral agents in the prevention and
treatment of BKV nephropathy.

13.2: CYTOMEGALOVIRUS

13.2.1: CMV prophylaxis: We recommend that

KTRs (except when donor and recipient

both have negative CMV serologies) re-

ceive chemoprophylaxis for CMV infection

with oral ganciclovir or valganciclovir for

at least 3 months after transplantation,

(1B) and for 6 weeks after treatment with

a T-cell–depleting antibody. (1C)

13.2.2: In patients with CMV disease, we sug-

gest weekly monitoring of CMV by NAT

or pp65 antigenemia. (2D)

13.2.3: CMV treatment:

13.2.3.1: We recommend that all patients

with serious (including most pa-

tients with tissue invasive) CMV

disease be treated with intra-

venous ganciclovir. (1D)

13.2.3.2: We recommend that CMV dis-

ease in adult KTRs that is not

serious (e.g. episodes that are

associated with mild clinical

symptoms) be treated with ei-

ther intravenous ganciclovir or

oral valganciclovir. (1D)

13.2.3.3: We recommend that all CMV

disease in pediatric KTRs be

treated with intravenous ganci-

clovir. (1D)

13.2.3.4: We suggest continuing therapy

until CMV is no longer detectable

by plasma NAT or pp65 antigen-

emia. (2D)

13.2.4: We suggest reducing immunosuppressive

medication in life-threatening CMV dis-

ease, and CMV disease that persists in the

face of treatment, until CMV disease has

resolved. (2D)

13.2.4.1: We suggest monitoring graft

function closely during CMV dis-

ease. (2D)

CMV, cytomegalovirus; KTRs, kidney transplant recipi-

ents; NAT, nucleic acid testing.

Background

Cytomegalovirus disease is defined by the presence of
clinical signs and symptoms attributable to CMV infec-
tion, and the presence of CMV in plasma by NAT or pp65
antigenemia. CMV disease may manifest as a nonspe-
cific febrile syndrome (e.g. fever, leukopenia and atypical
lymphocytosis) or tissue-invasive infections (e.g. hepati-
tis, pneumonitis and enteritis). Tissue-invasive CMV dis-
ease is defined as CMV disease and CMV detected in
tissue with histology, NAT or culture. Serologically, nega-
tive CMV is defined by the absence of CMV immunoglob-
ulin G (IgG) and immunoglobulin M. Serologically pos-
itive for CMV is defined as being CMV IgG-positive.
Interpretation of CMV serologies may be confounded by
the presence of passive antibody that may have been ac-
quired from a blood or body-fluid contamination. Chemo-
prophylaxis is defined as the use of an antimicrobial agent
in the absence of evidence of active infection, to pre-
vent the acquisition of infection and the development of
disease.

Rationale

• CMV disease is an important cause of morbidity and
mortality.

• There are strategies for preventing CMV infection and
disease that result in marked improvements in out-
comes.

• Risk for CMV after transplantation is strongly depen-
dent on donor (D) and recipient (R) serology, with pa-
tients who are D+/R−, D+/R+ or D−/R+ at risk for
developing CMV infection and disease, and D+/R− at
highest risk for severe CMV disease.

• The incidence of CMV disease in D−/R− is <5%.
• Chemoprophylaxis with ganciclovir or valganciclovir for

at least 3 months after transplantation reduces CMV
infection and disease in high-risk patients.

• Chemoprophylaxis is associated with improved graft
survival compared to preemptive antiviral therapy initi-
ated in response to increased CMV load.

• The use of a T-cell–depleting antibody is a risk factor
for CMV disease.

• Chemoprophylaxis with ganciclovir for patients receiv-
ing a T-cell–depleting antibody protects against the de-
velopment of CMV disease.

• A detectable CMV load at the end of antiviral therapy
is associated with an increased risk of disease recur-
rence.

• CMV infection is associated with acute rejection.
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Preventing CMV

Cytomegalovirus is a frequent and important cause of clini-
cal disease in KTRs. In the absence of antiviral prophylaxis,
symptomatic CMV disease can be seen in approximately
8% of KTRs (303), although older estimates placed it at
10–60% of KTRs (304). In addition to directly attributable
morbidity, CMV may also have an immunomodulatory ef-
fect, and active CMV disease has been associated with
infectious complications as well as acute rejection and CAI
(305). Accordingly, strategies that can prevent CMV infec-
tion and disease should lead to improved outcomes follow-
ing kidney transplantation.

Randomized controlled trials have demonstrated that
the incidence of CMV disease can be reduced by pro-
phylaxis and preemptive therapies in solid-organ trans-
plant recipients (306–308). In trials of KTRs alone, there
is low-quality evidence, largely due to sparse data,
that prophylaxis results in less acute rejection and
CMV infection, with no clear evidence of increased ad-
verse events (see Evidence Profile and accompanying
evidence in Supporting Tables 48–49 at http://www3.
interscience.wiley.com/journal/118499698/toc). However,
there is high-quality evidence from a large systematic re-
view that CMV prophylaxis in solid-organ transplant recip-
ients (307) significantly reduces all-cause mortality, CMV
disease mortality, CMV disease, but not acute rejection
or graft loss. In most of these trials, the majority of or-
gan recipients received kidneys. Thus, the Work Group
concluded that overall there is moderate-quality evidence
to support this recommendation. Observational data sug-
gest that D+/R− KTRs are at the highest risk of devel-
oping severe CMV disease compared to all other KTRs
(306). Studies in this high-risk population have shown that
antiviral chemoprophylaxis reduces the incidence of CMV
disease by about 60% (306). The use of antiviral chemo-
prophylaxis has also been shown to reduce the incidence
of CMV-associated mortality, all-cause mortality, as well as
clinically important disease due to opportunistic infections
(306). Chemoprophylaxis has also been shown to be effec-
tive in KTRs at moderate risk for CMV disease (e.g. CMV
D+/R+, or D−/R+).

In contrast to the situation for antiviral chemoprophylaxis,
the number of studies evaluating the efficacy of viral load
monitoring to inform preemptive therapy in high-risk pa-
tients is limited (308). While results of these studies are
encouraging, they have only demonstrated a reduction in
CMV disease, and this strategy has not yet been shown to
reduce CMV-related mortality (306). At the present time,
the use of viral load monitoring to prompt preemptive ther-
apy is not recommended for these high-risk KTRs (307).
The basis for this concern is both a lack of data in CMV
D+/R− KTRs, the implications of a failure to comply with
the preemptive monitoring approach (an important poten-
tial limitation of this strategy) and the relative safety and
efficacy of universal chemoprophylaxis in high-risk organ
transplant recipients.

The use of CMV viral load monitoring to inform preemp-
tive antiviral treatment with ganciclovir in patients at mod-
erate risk for developing CMV disease has been shown
to be effective (308) and has several potential advantages
compared to the use of universal chemoprophylaxis. Pri-
mary among these is limiting exposure to antiviral agents
only to those KTRs who have demonstrated evidence of
subclinical CMV infection. Based upon this, a consensus
has existed to limit this approach to patients at moder-
ate (but not high) risk for CMV disease (305,307). How-
ever, a recently published RCT comparing oral ganciclovir
prophylaxis to CMV surveillance monitoring to inform pre-
emptive ganciclovir therapy demonstrated an advantage
in long-term graft survival in those KTRs randomized to
received ganciclovir chemoprophylaxis (309). Accordingly,
while many experts have previously felt that both strate-
gies (universal chemoprophylaxis or viral load monitoring to
inform pre-emptive antiviral therapy) were acceptable for
the prevention of CMV disease in this population (305,308),
if confirmed, the newer data may provide evidence that
all KTRs at risk for the development of CMV should re-
ceive chemoprophylaxis and not a preemptive therapy ap-
proach. Some experts recommend the use of viral load
monitoring to inform preemptive antiviral treatment in
this cohort of KTRs at moderate risk for developing CMV
disease.

A number of observational studies have shown that
the incidence of CMV disease is very low (<5%) in
CMV seronegative recipients of CMV seronegative donors
(D−/R−) (307). Although there are no cost–benefit studies
in this low-risk population, the very low incidence of CMV
disease makes it very unlikely that the benefits of pre-
ventive strategies outweigh their harm. The latter include
adverse effects of medication and costs.

There is strong evidence linking the use of antibody treat-
ment of rejection with increased risk of CMV infection and
disease. The use of these agents results in activation of
CMV from latency to active infection.

Chemoprophylaxis

A variety of potential antiviral agents have been evaluated.
RCTs demonstrated that ganciclovir, valganciclovir, acy-
clovir and valacyclovir were each effective in the preventing
CMV infection and disease (307). However, head-to-head
comparisons demonstrated that ganciclovir was more ef-
fective than acyclovir in preventing both CMV infection and
CMV disease. Oral valganciclovir was as effective as intra-
venous ganciclovir in the prevention of both CMV infection
and disease. Oral and intravenous ganciclovir yielded sim-
ilar results. The use of acyclovir and valacyclovir should
be restricted to situations where ganciclovir/valganciclovir
cannot be used.

Most recent RCTs evaluating oral antiviral agents for
the prevention of CMV disease have treated patients
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for 3 months after transplantation (307). A recent meta-
analysis did not find a difference in treatment efficacy for
patients receiving less or more than 6 weeks of therapy.
The impetus behind prolonged treatment is an increasing
recognition of late CMV disease. A RCT evaluating 3 vs.
6 months is currently being conducted.

Three studies have evaluated prophylaxis or CMV disease
in KTRs treated for acute rejection. Two studies evaluating
ganciclovir in patients receiving antilymphocyte antibody
therapy demonstrated a reduction in CMV disease (310). A
third study evaluated the use of intravenous immunoglob-
ulin followed by acyclovir prophylaxis in patients receiv-
ing OKT3 (311). This latter study failed to demonstrate a
protective effect against CMV compared with no therapy.
Accordingly, the use of intravenous ganciclovir or oral val-
ganciclovir has been recommended for CMV prophylaxis
during antilymphocyte antibody therapy (305). The use of
oral ganciclovir should be avoided for patients with high-
level CMV viremia (305). The use of acyclovir or famciclovir
is not recommended, given the absence of data supporting
the efficacy of these agents. It is also suggested that CMV
serologies be repeated for patients CMV-seronegative prior
to transplant, who require antibody therapy as treatment
for rejection to decide their current risk status.

CMV treatment

The presence of CMV in plasma, detected by NAT or pp65
antigenemia, at the end of treatment is a major predictor of
recurrent CMV disease (305). Recent evidence suggests
that the use of oral valganciclovir was effective in the treat-
ment of CMV disease (312). Although the results of this
study are encouraging, the determination of what level of
disease is appropriate for oral therapy in the ambulatory
setting vs. treatment with intravenous ganciclovir (at least
initially) remains unclear. At this point, most experts would
be willing to use oral therapy to treat adult KTRs with mild
CMV disease. A consensus does not exist as to which
patients with tissue-invasive disease might be candidates
for oral therapy. Clearly, patients with more severe dis-
ease, including those with life-threatening disease should
be hospitalized and treated with intravenous ganciclovir.

It is worth noting that similar data are not available for pe-
diatric KTRs or other children undergoing solid-organ trans-
plantation. Accordingly, while the use of oral valganciclovir
may be appropriate for some adult KTRs experiencing mild
to moderate CMV disease, all pediatric KTRs should re-
ceive intravenous ganciclovir for the treatment of CMV dis-
ease. Further, concern also exists with regards to the use
of oral valganciclovir in patients in whom there are ques-
tions regarding adequate absorption of this medication.

CMV viral load testing

While resolution of clinical signs and symptoms are criti-
cal in the management of CMV disease, measurement of
the CMV viral load provides additional useful information.

The use of viral load monitoring identifies both virologic
response (guiding duration of therapy) as well as the pos-
sible presence of antiviral resistance. The presence of de-
tectable CMV load at the end of therapy is associated with
an increased rate of recurrent disease (313). The time to
clearance of CMV in plasma as measured by NAT may be
prolonged compared to pp65, and may be associated with
an increase risk of recurrent CMV disease (314).

Immunosuppression and graft function monitoring

during CMV disease

The reduction of immunosuppression used as part of the
treatment of CMV disease places patients at some risk
for the development of rejection. The presence of CMV in-
fection and disease has been associated with the develop-
ment of rejection independent of reduction of immunosup-
pression. Accordingly, careful monitoring of kidney allograft
function is warranted during treatment of CMV disease to
guide the use of immunosuppression.

Research Recommendations

Randomized controlled trials are needed to determine:

• the benefits and harm of CMV chemoprophylaxis vs.
preemptive antiviral therapy informed by CMV viral load
monitoring;

• the optimal duration of antiviral chemoprophylaxis.

13.3: EPSTEIN-BARR VIRUS AND POST-TRANSPLANT

LYMPHOPROLIFERATIVE DISEASE

13.3.1: We suggest monitoring high-risk (donor

EBV seropositive/recipient seronegative)

KTRs for EBV by NAT (2C):

• once in the first week after transplan-

tation (2D);

• then at least monthly for the first 3–

6 months after transplantation (2D);

• then every 3 months until the end of

the first post-transplant year (2D); and

• additionally after treatment for acute

rejection. (2D)

13.3.2: We suggest that EBV-seronegative pa-

tients with an increasing EBV load have

immunosuppressive medication reduced.

(2D)

13.3.3: We recommend that patients with EBV

disease, including PTLD, have a reduction

or cessation of immunosuppressive med-

ication. (1C)

EBV, Epstein-Barr virus; KTRs, kidney transplant recip-

ients; NAT, nucleic acid testing; PTLD, post-transplant

lymphoproliferative disease.
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Background

Epstein-Barr virus (EBV) disease is defined by signs and
symptoms of active viral infection and increased EBV load.
The EBV viral load is defined as the amount of viral genome
that is detectable in the peripheral blood by NAT. PTLD are
clinical syndromes associated with EBV and lymphoprolif-
eration, which range from self-limited, polyclonal prolifera-
tion to malignancies containing clonal chromosomal abnor-
malities (315). The World Health Organization (WHO) has
developed a histological classification for PTLD (323).

Rationale

• There is a 10- to 50-fold increased risk for EBV dis-
ease (including PTLD) in EBV-seronegative compared
to EBV-seropositive KTRs.

• The EBV viral load measurement is sensitive, but not
specific, for EBV disease and PTLD, particularly in pre-
viously seronegative KTRs.

• The EBV viral load becomes positive before the devel-
opment of EBV disease.

• Early identification of primary infection and viral load
monitoring allows therapeutic interventions to prevent
progression to EBV disease.

• Reducing immunosuppressive medication may pre-
vent EBV disease and PTLD.

• Reducing immunosuppressive medication is an effec-
tive treatment for many patients with EBV disease and
PTLD.

• EBV viral load is detectable and elevated in many pa-
tients experiencing EBV disease, including PTLD, but
can also be elevated in asymptomatic patients.

• The presence of EBV-negative PTLD has been re-
ported, and these lesions may behave differently than
EBV-positive PTLD lesions.

Primary EBV (human herpes virus 4) infection is associated
with an increased incidence of PTLD in KTRs. An EBV-
negative KTR from an EBV-positive donor is at increased
risk for developing PTLD (316,317). A newly detectable
or rising EBV load often precedes EBV disease and PTLD
(318). Identification of seronegative patients with a rising
EBV load offers the opportunity to preemptively intervene
and potentially prevent progression to EBV disease includ-
ing PTLD (319). While this has been observed most fre-
quently in pediatric KTRs, there is no reason to assume
that EBV-seronegative adult KTRs who receive a kidney
from a EBV seropositive recipient are not also at increased
risk of developing EBV disease, and likely to benefit from
EBV load monitoring.

Primary EBV infection in EBV-seronegative organ transplant
recipients occurs most frequently in the first 3–6 months
following organ transplantation (320). This is most likely

due to the fact that the source of the EBV infection is
attributable to either the donor organ or blood products re-
ceived by the patient at or near the time of transplant. Serial
measurement of EBV loads in previously seronegative pa-
tients allows the identification of onset of infection (318).
Continued observation of EBV loads in newly infected pa-
tients identifies those patients with rapidly rising viral loads
who are likely to be at greatest risk of progressing to EBV
disease. Because the most likely sources of EBV infection
in KTRs are either passenger leukocytes from the donor
allograft or blood products exposure (which are more likely
at or near the time of transplantation), the likelihood that
they will develop primary EBV infection is reduced with
time after transplantation. Accordingly, EBV load monitor-
ing should be performed most frequently during the first
3–6 months after transplant. Because the risk of devel-
oping EBV infection after this time period is diminished,
but not eliminated, continued surveillance of EBV load is
recommended, albeit at less frequent intervals.

EBV-seronegative patients with an increasing EBV

viral load

The development of primary EBV infection after kidney
transplantation is associated with a marked increased risk
for the development of EBV disease and PTLD (316,317).
High EBV loads have been found at the time of diagno-
sis of PTLD. Because the EBV load becomes positive 4–
16 weeks prior to development of PTLD (318), the pres-
ence of a rising EBV load identifies patients in whom inter-
vention may prevent PTLD.

The potential role of antiviral therapy as a preemptive re-
sponse to a rising viral load is controversial. Children un-
dergoing liver transplantation had a reduction in the risk for
EBV PTLD with reduced immunosuppressive medication
(tacrolimus) without concomitant use of antiviral therapy
(321). In contrast, evidence is lacking for the efficacy of
preemptive antiviral therapy (e.g. acyclovir, ganciclovir) in
response to an elevated or rising EBV load in the absence
of reduction of immunosuppression.

EBV disease diagnosis

Epstein-Barr virus disease can present with varied mani-
festations, including nonspecific febrile illness, gastroen-
teritis, hepatitis and other manifestations that may be at-
tributable to CMV or other pathogens. Although biopsy to
detect the presence of EBV infection within affected tis-
sue is the most definitive way to confirm the diagnosis of
EBV disease, histological confirmation may not be feasible
for patients with some nonspecific clinical syndromes that
may not localize to specific tissue (e.g. febrile syndromes).
Because the EBV viral load is detectable and elevated in the
vast majority of KTRs with EBV disease, including PTLD,
the combination of the presence of a compatible clinical
syndrome in association with a high EBV load provides a
sensitive and specific approach to the diagnosis of EBV
disease 322). However, it is still necessary to be cautious

American Journal of Transplantation 2009; 9 (Suppl 3): S44–S58 S49



Chapter 13

in considering this diagnosis, as many patients may have
asymptomatic elevations of EBV load. Accordingly, such
patients may be misdiagnosed as having EBV disease, if
they develop intercurrent infections due to an alternative
pathogen at a time that they are having an asymptomatic
elevation in their EBV load. In such patients, a tissue diag-
nosis may be the only method of confirming the presence
or absence of EBV disease.

EBV-associated PTLD

The term PTLD describes a broad category of EBV-
related diseases that have distinct histological appearances
(Table 15) (323). The approach to the management of PTLD
can vary according to the PTLD disease classification. Fur-
thermore, EBV-negative PTLD lesions have been reported.
These lesions may behave differently then EBV-positive le-
sions and may warrant alternative therapeutic options. In
addition, lesions with a characteristic clinical appearance
on physical examination or imaging studies may be due to
alternative pathogens (e.g. pulmonary nodules attributable
to fungal pathogens). Because of all these concerns, it is
imperative that suspected PTLD lesions be biopsied and
undergo histolopathologic evaluation by a pathologist ex-
perienced with the diagnosis of PTLD (315).

Observational studies have suggested KTRs with EBV dis-
ease are at high risk of developing PTLD (324). Observa-
tional studies have also shown that mortality from EBV-
associated PTLD is over 50% (325,326). The presence of
immunosuppression is major risk factor for the develop-
ment of EBV disease, including PTLD, in KTRs (317,327).
In most cases, the progression of clinical symptoms is a
consequence of the inability to mount an adequate EBV-

Table 15: Categories of PTLD

1: Early lesions Reactive plasmacytic hyperplasia
Infectious mononuclueosis-like

2: PTLD—polymorphic Polyclonal (rare)
Monoclonal

3: PTLD—monomorphic
(classify according to
lymphoma classification)

B-cell lymphomas
Diffuse large B-cell lymphoma
(immunoblastic, centroblastic,
anaplastic)
Burkitt/Burkitt-like lymphoma
Plasma cell myeloma

T-cell lymphomas
Peripheral T-cell lymphoma, not
otherwise categorized
Other types (hepatosplenic,
gamma-delta, T/NK)

4: Other types (rare) Hodgkin’s disease-like lesions
(associated with methotrexate
therapy)

Plasmacytoma-like lesions

PTLD, posttransplant lymphoproliferative disease; T/NK, T-cell/
natural killer cell.
Modified with permission (323).

specific cytotoxic T-cell response, because of the immuno-
suppressive medications. It is therefore logical to assume
that reduction of immunosuppression may result in reso-
lution of EBV disease. As many as two thirds of patients
presenting with EBV-associated PTLD will respond to re-
duction or withdrawal of immunosuppressive medication
(315,328). This is less likely to be the case for patients
presenting more than 1 year after transplantation, or with
EBV-associated lymphoma. In these cases, there is an in-
creased tendency for the lesions to behave in a truly malig-
nant fashion. However, because some patients presenting
late after transplant with biopsy evidence of lymphoma
have responded to reduction of immunosuppression, this
strategy may still be considered even in these patients,
though expectations of efficacy will be reduced.

Epstein-Barr virus disease and PTLD are important causes
of morbidity and mortality following kidney transplantation.
Rates of PTLD are higher in pediatric KTRs and those pa-
tients who are EBV-seronegative prior to transplant who
experience primary infection after transplant. While EBV
disease and PTLD may be more common among pediatric
KTRs, adult EBV-seronegative recipients of kidneys from
an EBV-seropositive donor are also felt to be at increased
risk for the development of these complications. Because
of the complexity of this disease and its management, in-
volvement of infectious diseases specialists, oncologists
and transplant physicians in a team approach will likely
maximize therapeutic outcomes.

13.4: HERPES SIMPLEX VIRUS 1, 2 AND VARICELLA

ZOSTER VIRUS

13.4.1: We recommend that KTRs who develop a

superficial HSV 1, 2 infection be treated

(1B) with an appropriate oral antiviral

agent (e.g. acyclovir, valacyclovir, or famci-

clovir) until all lesions have resolved. (1D)

13.4.2: We recommend that KTRs with systemic

HSV 1, 2 infection be treated (1B) with in-

travenous acyclovir and a reduction in im-

munosuppressive medication. (1D)

13.4.2.1: We recommend that intravenous

acyclovir continue until the pa-

tient has a clinical response, (1B)

then switch to an appropriate

oral antiviral agent (e.g. acyclovir,

valacyclovir, or famciclovir) to

complete a total treatment dura-

tion of 14–21 days. (2D)

13.4.3: We suggest using a prophylactic antiviral

agent for KTRs experiencing frequent re-

currences of HSV 1,2 infection. (2D)

13.4.4: We recommend that primary VZV infec-

tion (chicken pox) in KTRs be treated (1C)

with either intravenous or oral acyclovir

or valacyclovir; and a temporary reduction

in amount of immunosuppressive medica-

tion. (2D)
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13.4.4.1: We recommend that treatment

be continued at least until all le-

sions have scabbed. (1D)

13.4.5: We recommend that uncomplicated her-

pes zoster (shingles) be treated (1B) with

oral acyclovir or valacyclovir (1B), at least

until all lesions have scabbed. (1D)

13.4.6: We recommend that disseminated or in-

vasive herpes zoster be treated (1B) with

intravenous acyclovir and a temporary re-

duction in the amount of immunosuppres-

sive medication (1C), at least until all le-

sions have scabbed. (1D)

13.4.7: We recommend that prevention of pri-

mary varicella zoster be instituted in

varicella-susceptible patients after expo-

sure to individuals with active varicella

zoster infection (1D):

• varicella zoster immunoglobulin (or in-

travenous immunoglobulin) within 96

hours of exposure (1D);

• if immunoglobulin is not available or

more than 96 h have passed, a 7-day

course of oral acyclovir begun 7–10 days

after varicella exposure. (2D)

HSV, herpes simplex virus; KTRs, kidney transplant

recipients; VZV, varicella zoster virus.

Background

Superficial herpes simplex virus (HSV) infection is defined
as disease limited to the skin or mucosal surfaces without
evidence of dissemination to visceral organs.

Systemic HSV infection is defined by disease involving vis-
ceral organs.

Primary varicella zoster virus (VZV) infection is infection
in a patient who is immunologically naive to VZV. In gen-
eral, primary VZV presents as ‘chickenpox,’ which most fre-
quently manifests as multiple crops of cutaneous lesions
that evolve from macular, papular, vesicular and pustular
stages. The lesions tend to erupt over the entire body and
will be in different stages. Disseminated VZV can develop
in immunocompromised individuals with involvement of
the lungs, liver, central nervous system and other visceral
organs.

Uncomplicated herpes zoster (shingles) is defined as the
presence of cutaneous zoster limited to no more than three
dermatomes.

Disseminated or invasive herpes zoster is defined as the
presence of cutaneous zoster in more than three der-
matomes, and/or evidence of organ system involvement.

The definition of a clinically significant exposure to an in-
dividual with active VZV infection varies by whether the
infected individual presents with varicella (chickenpox) or
zoster (shingles). Varicella may be spread to a susceptible
individual by either airborne exposure or direct contact with
a lesion. In contrast, an infectious exposure to someone
with zoster requires direct contact with a lesion. Accord-
ingly, a significant exposure to varicella is defined by face-
to-face contact with someone with chickenpox, while a sig-
nificant exposure to someone with zoster requires direct
contact with a lesion. The minimum duration of airborne
exposure necessary to allow transmission is not known. In
general, most experts consider the minimum to be some-
where in the range of 5–60 min.

Rationale

• Superficial HSV infections are typically self-limited in
immunocompetent patients, but immunosuppressive
medication in KTRs increases the risk for invasive and
disseminated HSV infection; treatment of superficial
HSV infections with oral acyclovir or valacyclovir is safe
and effective.

• Systemic HSV infections represent a potentially life-
threatening complication to immunosuppressed KTRs.
Intensive treatment of systemic HSV infection with in-
travenous acyclovir and a reduction in the amount of
immunosuppressive medication is warranted to pre-
vent progression and further dissemination of HSV.

• Primary VZV infection is potentially life-threatening to
KTRs. Treatment with intravenous acyclovir is safe and
effective.

• Herpes zoster infection is potentially life-threatening
to KTRs. Treatment with oral acyclovir or valacyclovir is
safe and effective.

• Disseminated or invasive herpes zoster is life-
threatening to KTRs. Treatment with intravenous acy-
clovir and a temporary reduction in the amount of im-
munosuppressive medication is safe and effective.

• The use of varicella zoster immunoglobulin or commer-
cial intravenous immunoglobulin products within 96 h
of exposure to VZV prevents or modifies varicella in
susceptible individuals.

• Oral acyclovir begun within 7–10 days after varicella
exposure and continued for 7 days appears to be a
reasonable alternative to immunoglobulin to prevent
or modify primary varicella in susceptible individuals
(329,330).

Superficial HSV infection

Serologic evidence of HSV1 and HSV2 is common in
the general population. Although periodic reactivation of
HSV1 and HSV2 infection occurs, these episodes tend
to be self-limited in immunocompetent individuals. How-
ever, episodes of invasive or disseminated HSV may occur
in KTRs receiving immunosuppressive medications, and
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indeed the incidence of invasive HSV is higher in KTRs
than in the general population (331,332).

The highest incidence of HSV reactivation occurs early after
transplantation, with the greatest risk occurring during the
first month following transplantation (333). While presen-
tation later after transplant is associated with a lower risk of
dissemination, treatment of superficial infection with oral
acyclovir, valacyclovir or famciclovir is still recommended,
given the safety and efficacy of these medications (333).
To prevent dissemination, it seems prudent to continue
treatment until there are no new, active lesions.

Systemic HSV infection

In contrast to superficial HSV infection, systemic HSV
infection involving the lungs, liver, central nervous sys-
tem or other visceral organs represents a potentially
life-threatening complication. Because systemic HSV is
life-threatening, hospitalization and treatment with intra-
venous acyclovir is warranted (333). If possible, immuno-
suppressive medications should be reduced or withdrawn
until the infection has resolved.

Intravenous acyclovir should be continued until there is
demonstrative evidence of clinical improvement as mea-
sured by resolution of fever, hypoxia and signs or symp-
toms of hepatitis. Once the patient has reached this level
of improvement, completion of therapy may be carried out
using oral acyclovir or valacyclovir.

Primary varicella zoster infection

Varicella zoster infection can be life-threatening in KTRs
(334,335). Although some centers have begun to institute
the use of oral acyclovir in the outpatient setting for KTRs,
there is little evidence to confirm the safety and efficacy of
this approach. Careful selection of patients with assurance
of close clinical follow-up is necessary if oral acyclovir is to
be used in these patients.

Uncomplicated herpes zoster

Although herpes zoster can be seen in immunocompetent
patients, the presence of immunosuppression is associ-
ated with an increased risk for the development of both
uncomplicated and complicated herpes zoster infection.
Patients with only skin disease, but who have lesions in-
volving more than three dermatomes, are considered to
have disseminated cutaneous zoster. Similarly, patients
with visceral involvement in addition to skin disease are
considered to have disseminated zoster.

Uncomplicated zoster is a clinical syndrome character-
ized by cutaneous clustering of vesicular lesions in a der-
matomal distribution of one or more adjacent sensory
nerves. An important complication of herpes zoster in im-
munocompetent adults is the potential development of
postherpetic neuralgia. RCTs in healthy adults have demon-
strated that the use of acyclovir, valacyclovir or famciclovir
have been associated with more rapid healing of the skin,

as well as a decreased incidence of both acute neuritis and
postherpetic neuralgia (336,337). In immunocompromised
hosts, patients are at risk not only of postherpetic neuralgia
but also of severe local dermatomal infection (334). Simi-
larly, immunosuppressed patients are at increased risk for
the development of disseminated cutaneous zoster and
visceral dissemination. The more severe the level of im-
munosuppression, the greater the risk of dissemination.
Accordingly, prompt initiation of antiviral therapy with close
follow-up is warranted for these patients, even if they have
only superficial skin infection (333).

Disseminated or invasive herpes zoster

Treatment with intravenous acyclovir and temporary re-
duction in the amount of immunosuppressive medication
is efficacious (333,338). Although specific evidence is not
available to guide which immunosuppressive agent should
be reduced, it would seem logical, whenever possible, to
reduce the dosage of CNIs as well as steroids. In the ab-
sence of any evidence of intercurrent rejection, an effort
should be made to maintain the reduced level of immuno-
suppression for a minimum of 3–5 days and until there is
evidence of clinical improvement.

Prevention of primary varicella zoster infection

The use of varicella zoster immunoglobulin has been
demonstrated to prevent or modify varicella in immuno-
suppressed individuals exposed to varicella (330,333,339).
If varicella zoster immunoglobulin is not available, or if >96
h have passed since the exposure, some experts recom-
mend prophylaxis with a 7-day course of oral acyclovir (80
mg/kg/day administered in four divided doses with a max-
imum of 800 mg per dose) beginning on day 7–10 after
varicella exposure (330,339). The use of varicella vaccine
is not recommended as a postexposure prophylactic strat-
egy in KTRs.

13.5: HEPATITIS C VIRUS

13.5.1: We suggest that HCV-infected KTRs be

treated only when the benefits of treat-

ment clearly outweigh the risk of allo-

graft rejection due to interferon-based

therapy (e.g. fibrosing cholestatic hepati-

tis, life-threatening vasculitis). (2D) [Based

on KDIGO Hepatitis C Recommendation

2.1.5.]

13.5.2: We suggest monotherapy with standard

interferon for HCV-infected KTRs in whom

the benefits of antiviral treatment clearly

outweigh the risks. (2D) [Based on KDIGO

Hepatitis C Recommendations 2.2.4 and

4.4.2.]

13.5.3: We suggest that all conventional current

induction and maintenance immunosup-

pressive regimens can be used in HCV-

infected patients. (2D) [Based on KDIGO

Hepatitis C Recommendation 4.3.]
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13.5.4: Measure ALT in HCV-infected pa-

tients monthly for the first 6 months

and every 3–6 months, thereafter. Perform

imaging annually to look for cirrhosis and

hepatocellular carcinoma. (Not Graded)

[Based on KDIGO Hepatitis C Recom-

mendation 4.4.1.] (See Recommendation

19.3.)

13.5.5: Test HCV-infected patients at least every

3–6 months for proteinuria. (Not Graded)

[Based on KDIGO Hepatitis C Recommen-

dation 4.4.4.]

13.5.5.1: For patients who develop new-

onset proteinuria (either urine

protein/creatinine ratio >1 or

24-hour urine protein >1 g on

two or more occasions), per-

form an allograft biopsy with im-

munofluorescence and electron

microscopy. (Not Graded) [Based

on KDIGO Hepatitis C Recom-

mendation 4.4.4.]

13.5.6: We suggest that patients with HCV-

associated glomerulopathy not receive in-

terferon. (2D) [Based on KDIGO Hepatitis

C Recommendation 4.4.5.]

ALT, alanine aminotransferase; HCV, hepatitis C virus;

KDIGO, Kidney Disease: Improving Global Outcomes;

KTRs, kidney transplant recipients.

Background

The Work Group reviewed the KDIGO Hepatitis C Guide-
lines (340) that were applicable to KTRs, and ultimately
agreed with the pertinent guideline statements. Only mi-
nor modifications (to guideline statement 4.4.1 in the
KDIGO Hepatitis C Guidelines) were made, resulting in
recommendation statement 13.5.4. The Transplant Work
Group did not conduct a systematic review, but relied on
the evidence reviewed by the Hepatitis C Work Group. A
brief synopsis of the rationale for the KDIGO Hepatitis C
Guidelines that are pertinent to KTRs is presented, with
further discussion to the modification of recommendation
13.5.4. Details may be found in the Hepatitis C guidelines.

Rationale

Kidney transplant recipients infected with hepatitis C virus
(HCV) have worse patient- and allograft-survival rates than
KTRs without HCV infection. In addition, HCV-infected
KTRs are at increased risk for several complications, includ-
ing worsening liver disease, NODAT and glomerulonephri-
tis. Thus, close follow-up of the HCV-infected KTR is pru-
dent.

There are few data to suggest when and how to screen
HCV-infected KTRs for posttransplant complications. How-
ever, given the higher level of immunosuppression early
after transplantation, the Transplant Guideline Work Group
determined that liver enzymes should be checked ev-
ery month for the first 6 months of the posttransplant
period, and every 3 months thereafter. The detection of
clinically worsening liver enzymes should prompt refer-
ral for hepatologic evaluation. Annual liver ultrasound and
alpha-fetoprotein level to screen for hepatocellular carci-
noma should be considered in patients with cirrhosis on
liver biopsy.

Available evidence indicates that all currently available in-
duction and maintenance immunosuppressive agents can
be used in KTRs infected with HCV. Although immunosup-
pression may cause or contribute to complications of HCV
in KTRs, there is scant evidence that one type of immuno-
suppressive agent is more or less likely to be harmful. The
exception is tacrolimus, which increases the risk for NO-
DAT, and might be expected to impart at least an additive
risk for NODAT to HCV-infected KTRs.

Interferon is effective for viral eradication in HCV-infected
patients, especially when combined with ribavirin. How-
ever, the administration of interferon after kidney trans-
plantation can be deleterious to the allograft and should
generally be avoided in KTRs, unless there is indication of
worsening hepatic injury.

Hepatitis C virus infection has also been implicated in the
pathogenesis of glomerular disease in both native and
transplanted kidneys. Therefore, the Hepatitis C and Trans-
plant Guideline Work Groups concluded that HCV-infected
KTRs should be tested for proteinuria every 3–6 months.
As recommended for all KTRs, patients who develop new-
onset proteinuria (either urine protein/creatinine ratio >1
or 24-hour urine protein greater than 1 g on two or more
occasions) should have an allograft biopsy with immunoflu-
orescence and electron microscopy.

Interferon-based therapies may be effective in treating
HCV-related glomerulopathy in native kidney disease. How-
ever, interferon use in KTRs is associated with an increased
risk of rejection. The risk of kidney allograft loss from pro-
gressive HCV-associated glomerulopathy compared to that
from interferon-induced rejection is unknown. Ribavirin can
reduce proteinuria in HCV-associated glomerulopathy, al-
though its impact on kidney function is unknown and it
does not lead to viral clearance.

13.6: HEPATITIS B VIRUS

13.6.1: We suggest that any currently available

induction and maintenance immunosup-

pressive medication can be used in HBV-

infected KTRs. (2D)
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13.6.2: We suggest that interferon treatment

should generally be avoided in HBV-

infected KTRs. (2C)

13.6.3: We suggest that all HBsAg-positive KTRs

receive prophylaxis with tenofovir, ente-

cavir, or lamivudine. (2B)

13.6.3.1: Tenofovir or entecavir are prefer-

able to lamivudine, to mini-

mize development of potential

drug resistance, unless medica-

tion cost requires that lamivu-

dine be used. (Not Graded)

13.6.3.2: During therapy with antivirals,

measure HBV DNA and ALT lev-

els every 3 months to monitor

efficacy and to detect drug resis-

tance. (Not Graded)

13.6.4: We suggest treatment with adefovir or

tenofovir for KTRs with lamivudine re-

sistance (>5 log10 copies/mL rebound of

HBV-DNA). (2D)

13.6.5: Screen HBsAg-positive patients with cir-

rhosis for hepatocellular carcinoma every

12 months with liver ultrasound and al-

pha feto-protein. (Not Graded) (See Rec-

ommendation 19.3.)

13.6.6: We suggest that patients who are neg-

ative for HBsAg and have HBsAb titer

<10 mIU/mL receive booster vaccination

to raise the titer to ≥100 mIU/mL. (2D)

ALT, alanine aminotransferase; HBsAb, antibody to

hepatitis B surface antigen; HBsAg, hepatitis B surface

antigen; HBV, hepatitis B virus; KTRs, kidney transplant

recipients.

Background

Patients with CKD stage 5 are at increased risk of acquiring
HBV infection. Infection can be acquired through infected
blood products, or transmission from another infected pa-
tient in a dialysis unit. The risk has come down considerably
in Western countries following the introduction of univer-
sal immunization and strict isolation practices, but remains
substantial in developing countries. Screening for HBV in-
fection is done by serologic testing for hepatitis B surface
antigen (HBsAg). NAT for the presence of HBV DNA gives a
more accurate idea of the infection load. Viral replication is
accelerated following introduction of immunosuppression
in KTRs. A number of studies have shown that HBV infec-
tion increases the risk of mortality, most often due to liver
disease and graft failure. Effective antiviral therapy permits
inhibition of viral replication and retards development of
progressive liver disease, and may lower the risk of liver
cancer.

Rationale

• HBV-infected patients exhibit increased viral replication
and are at risk for progressive liver disease after kidney
transplantation.

• HBsAg positivity is an independent risk factor for mor-
tality and graft failure.

• HBsAg-negative patients are at low risk of increased
viral replication and progressive liver disease.

• Prospective studies have shown that antiviral agents
normalize alanine aminotransferase (ALT), and induce
clearance of HBV-DNA and hepatitis B E antigen
(HBeAg). Antiviral agents are best used as prophylaxis,
since KTRs not initiated on antiviral agents at the time
of transplantation often develop enhanced viral replica-
tion and hepatic dysfunction.

• ALT activity is lower in KTRs than in the general pop-
ulation, and is unreliable as a marker of liver disease
activity by itself. Serial monitoring of HBV DNA is re-
quired to assess treatment efficacy. A rise in DNA copy
number suggests development of resistance.

• The newer nucleoside analogues, adefovir and teno-
fovir are effective for treatment of lamivudine-resistant
HBV infection.

Hepatitis B virus infected patients are at risk of exacerba-
tion of the infection, progressive liver disease and devel-
opment of hepatocellular carcinoma after kidney transplan-
tation. The rate of HBV infection in CKD stage 5 patients
as determined by seropositivity for HBsAg varies between
0% and 8% in developed countries (341). The US Centers
for Disease Control and Prevention (CDC) estimates that
the prevalence of HBsAg-positive patients in the US dial-
ysis population has declined from 7.8% to 0.9%, with an
estimated incidence of disease in 2000 of 0.05% (342).
This has largely been due to widespread use of univer-
sal precautions, screening of the blood supply, the use
of erythropoiesis-stimulating agents (ESAs), HBV vaccina-
tion and strict implementation of segregation of HBsAg-
positive from HBsAg-negative patients during hemodialy-
sis with dedicated machines and staff for each group. The
prevalence, however, is much higher (10–20%) in develop-
ing countries.

Hepatitis B virus infection in CKD stage 5 patients is usually
asymptomatic even in the acute phase, with about 80%
of patients progressing to a chronic carrier state (343). Im-
munosuppression following kidney transplantation leads
to increased replication of HBV and results in progressive
liver disease. Assessing the natural history of hepatitis B
among KTRs is difficult for several reasons (344). Amino-
transferase activity is lower in this population, which ham-
pers recognition of HBV-related liver disease (345).

In a meta-analysis (346) of six observational studies
(6050 patients), HBsAg positivity was found to be an
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independent and significant risk factor for mortality (RR
2.49, 95% CI 1.64–3.78) and graft failure (RR 1.44, 95%
CI 1.02–2.04). This finding was confirmed in later observa-
tional studies. In a study of 286 kidney transplant patients,
liver-related death was the most common cause of death in
HBV-positive patients (347). A survey from the South East-
ern Organ Procurement Foundation demonstrated a detri-
mental effect of HBV infection on patient survival (p = 0.02)
and graft survival (p = 0.05) in 13287 patients who under-
went kidney transplantation between 1977 and 1987 in the
United States (348). Patient survival was 62% and 66% at
10 years for HBsAg-positive and -negative KTRs (p = 0.02).
The 10-year survival rate of HBsAg-positive KTRs (45%)
compares poorly with HCV-infected patients (65%). In pa-
tients with biopsy diagnosis of cirrhosis, 10-year survival
was 26% (349).

Many studies provided only limited details of virology and
did not incorporate liver histology before kidney trans-
plantation, leading to underestimation of the severity of
liver disease at the time of transplantation. The only study
that carried out serial biopsies found histological deterio-
ration in 85% of HBsAg-positive patients at a mean inter-
val of 66 months. Approximately, 28% showed cirrhosis,
whereas no patients had been cirrhotic on baseline biopsy
(350). Among those with cirrhosis, hepatocellular carci-
noma was found in 23%, suggesting an annual incidence
of between 2.5% and 5%. Based on these data, an expert
group recommended hepatic imaging every 3 months to
detect hepatocellular carcinoma in patients with cirrhosis
(351).

The standard practice of screening for HBV infection is
testing for HBsAg. The place of routine NAT in these pa-
tients is unclear. Some recent studies have shown that a
proportion of dialysis patients may exhibit occult HBV in-
fection as detected by NAT in the face of a negative HBsAg
(352–360) but not all (361–363). These patients have gen-
erally low viral loads and may have mutations that prevent
appearance of HBsAg. A large proportion of those with
occult infection have antibody to hepatitis B core antigen
(HBcAb) and it has been suggested that testing these pa-
tients by NAT may be a cost-effective strategy for confirm-
ing occult infection. The risk of reactivation of HBV among
patients who are HBsAg-negative and HBcAb-positive is
low, however (364). Berger et al. (365) found recurrence in
2 of 229 (0.9%) such patients. Savas et al. (366) reported
two cases of reactivation and provided a review of 25 pre-
viously reported cases. They noted a wide age range of
patients experiencing recurrence (22–75 years), a male pre-
ponderance, and a posttransplant time of onset between
8 weeks and 15 years. All but one patient had HBsAb titers
of less than 100 mIU/mL, leading the authors to suggest
that vaccination of such patients may be an effective pre-
ventative measure. An expert group recommended routine
use of vaccination in such patients to boost the titers above
100 mIU/mL and lamivudine prophylaxis (see section ‘Phar-

macotherapy,’ below) during periods of intensified im-
munosuppression (351).

The primary goals of management are maximal suppres-
sion of viral replication, while minimizing development of
resistance and prevention of hepatic fibrosis. In view of
the poor likelihood of seroconversion to HBsAb, low rates
of conversion from HBeAg to anti-HBeAg antibody positiv-
ity, and poor reliability of following ALT as a measure of
activity, HBV DNA levels need to be followed to assess re-
sponse to therapy. Serological markers of fibrosis, such as
the commercially available Fibrotest panel, have not been
evaluated in KTRs with HBV infection. Since the replication
is dependent on the overall extent of immunosuppression
rather than an individual drug, efforts should be made to
minimize the doses of all immunosuppressive drugs with-
out compromising graft outcomes. These include use of
the lowest possible dose of steroids. Currently, there is no
evidence for the differential effect of any specific immuno-
suppressive agent on HBV replication.

Pharmacotherapy

There are currently seven medications available for the
treatment of hepatitis B: interferon alfa-2b, pegylated in-
terferon alfa 2a, lamivudine, adefovir, tenofovir, telbivudine
and entecavir. Interferon therapy for HBV infection in KTRs
is associated with high rates of graft loss due to rejec-
tion. In a series (367) of 31 HBsAg-positive KTRs treated
with recombinant interferon-alpha (three million interna-
tional units) three times a week for 6 months, long-term
ALT normalization was noted in 47% of patients and 13%
cleared HBeAg. However, graft loss occurred in five out of
17 patients during therapy and an additional four patients
after the completion of therapy. The use of interferon in
this setting, therefore, is not recommended (351).

Lamivudine, a cytosine analog that inhibits HBV reverse
transcriptase, has been used extensively in KTRs with HBV
infection (Table 16). The utility of lamivudine in stabiliza-
tion of liver function was shown in several observational
studies. A meta-analysis (368) that included 14 prospec-
tive cohort studies (184 patients) determined the mean
overall estimate for ALT normalization, and HBV-DNA and
HBeAg clearance at 81% (95% CI 70–92%), 91% (95%
CI 86–96%) and 27% (95% CI 16–39%), respectively. The
duration of lamivudine therapy was 6–12 months in the ma-
jority (11 of 14) of the studies. Later clinical trials (369–375)
have shown similar results with lamivudine monotherapy
given for 24–69 months. HBeAg and HBV-DNA clearance
occurred in 0–25% and 43–78%, respectively. Changes in
ALT paralleled those in viremia, and 33–77% of patients
maintained normal ALT levels.

Timing of initiation

Data on optimal timing of initiation of antiviral therapy
are scarce. However, the available data support starting
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Table 16: Outcomes of clinical trials of lamivudine therapy

ALT HBsAg HBeAg HBeAg HBV DNA
normalization clearance clearance seroconversion clearance

Author (year) (ref no) (%) (%) (%) (%) (%)

Rostaing (1997) (376) 4/5 (80) 0 0 NA 6/6 (100)
Goffin (1998) (377) 4/4 (100) 0 0 0/1 (0) 4/4 (100)
Jung (1998) (378) 6/6 (100) 0 1/3 (33) NA 6/6 (100)
Kletzmayr (2000) (379) 3/3 (100) 0 2/12 (17) 2/12 (17) 15/16 (93)
Tsai (2000) (380) NA 0 0 NA 7/8 (87.5)
Lewandowska (2000) (381) 17/28 (61) 0 2/26 (8) NA 10/10 (100)
Antoine (2000) (382) NA 0 8/12 (67) NA 9/12 (75)
Mouquet (2000) (383) 8/15 (53) 0 NA NA 13/15 (87)
Fontaine (2000) (384) NA 0 6/13 (46) 6/13 (46) 26/26 (100)
Lee (2001) (385) NA 1/13 (8) 3/8 (37.5) 3/8 (37.5) 10/13 (77)
Han (2001) (386) 6/6 (100) 0 2/3 (67) NA 6/6 (100)
Chan (2002) (369) 14/14 (100) 0 3/14 (21) NA 26/26 (100)
Park (2001) (387) 8/10 (80) 0 1/5 (20) NA 7/10 (70)
Mosconi (2001) (388) NA 0 NA NA 4/4 (100)

ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B E antigen; HBsAg, hepatitis B surface antigen; NA, not available.
Reproduced with permission (368).

treatment at the time of transplantation in HBsAg-positive
patients, irrespective of HBV DNA levels. In a study of 15
patients with normal preoperative ALT (389), seven were
started on lamivudine at the time of kidney transplantation.
Half of those not treated showed transaminase elevations
and HBV viremia in the first year of follow-up, requiring
initiation of lamivudine therapy. In contrast, all seven indi-
viduals who received lamivudine at the time of transplan-
tation continued to have normal ALT and were negative
for HBV DNA throughout the follow-up. In another study of
HBsAg-positive KTRs (386), where lamivudine was given
prophylactically (HBV DNA negative) or preemptively (HBV
DNA positive) to 10 patients or reserved for hepatic dys-
function in 10 patients, 42% in the latter group developed
viremia during follow-up, compared to 10% in the former.
Six in the reactive group developed hepatic dysfunction
compared to none in the prophylactic/preemptive group.
In another study (369) where the decision to start lamivu-
dine was based on HBV DNA levels or liver function status,
all patients had to be started on lamivudine at a mean time
period of 8 months after transplant. More than half the
patients were started on treatment because of abnormal
ALT.

Duration of therapy

The optimal duration of therapy that ensures long-term
remission of viremia and maintenance of normal liver func-
tion and minimizes the development of resistance is not
known. In a meta-analysis, increased duration of lamivu-
dine therapy was positively associated with frequency of
HBeAg loss (r = 0.51, p = 0.04) (Figure 1) (368). Lamivu-
dine discontinuation was attempted by Chan et al. (369) in
12 low-risk patients after stabilization, and was successful
in only five (42%).

At least 24 months of prophylactic treatment has been rec-
ommended (390). The optimal treatment and the choice of
drugs require further study. Withdrawal of antiviral ther-
apy may be associated with a relapse and increased viral
replication, even resulting in liver failure.

Development of resistance is a major clinical problem with
long-term lamivudine use. This is usually reflected by a sec-
ondary increase in the HBV DNA titers. A commonly used
definition is demonstration of >5 log10 copies/mL rebound
of HBV DNA. In most, but not all, instances, it is caused by a
mutation in the tyrosine–methionine–aspartate–aspartate
(YMDD) locus of the HBV DNA polymerase (384). The clin-
ical presentation varies. While some patients show no sig-
nificant biochemical changes or clinical symptoms, others
develop deterioration in liver function (391).

In a study of 29 KTRs (392), resistance was noted in 48%
of patients during a mean follow-up period of 69 months;
all due to YMDD mutations. Resistance was not related to

Figure 1: HBeAg clearance vs. lamivudine duration. HBeAg,
hepatitis B E antigen; Lam, lamivudine. Reproduced with permis-
sion (368).
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patient demographics, HBeAg status, seroconversion rates
or genotype. About 80% with the YMDD mutation had a
hepatitis flare. In the meta-analysis (368), the mean overall
estimate for lamivudine resistance was 18% (95% CI 10–
37%). An increased duration of lamivudine therapy was
positively associated with lamivudine resistance (r = 0.62,
p = 0.02). The cumulative probability of developing resis-
tance was approximately 60% in the later studies.

Patients with lamivudine resistance should be treated with
adefovir or tenofovir. Limited data are available regarding
use of these agents in KTRs. Fontaine et al. (393) gave
adefovir to 11 KTRs with lamivudine-resistant HBV infec-
tion and found it to be effective in bringing about a re-
duction in serum HBV DNA, without any significant ad-
verse effects. Entecavir, a guanosine analog, is 30 times
more potent than lamivudine in suppressing viral replica-
tion. In a multicenter, double-blind RCT comparing ente-
cavir to lamivudine in the general population, entecavir
was shown to result in larger reductions in HBV DNA than
lamivudine. At a dose of 0.5 mg daily, 83% of patients
treated with entecavir had undetectable HBV DNA com-
pared to 58% of those treated with lamivudine (394). In
a study (395) that treated eight adefovir- and lamivudine-
resistant KTRs with entecavir for 16.5 months, there was
a significant decrease in HBV DNA viral load without any
significant adverse effects. Data in the non-CKD popula-
tion shows that, while the risk of resistance to entecavir
is low in treatment-naı̈ve patients, it may be as high as
51% at 5 years (396) in lamivudine-resistant cases. In a
recent study, tenofovir was shown to be superior to ade-
fovir in achieving remission of HBV viremia and hepatic
histologic scores in non-CKD patients. Tenofovir was ef-
fective in lamivudine-resistant cases, and did not produce
resistance up to 48 months of treatment (397). Of the two
agents, tenofovir has a much lower renal toxicity than ade-
fovir, and hence would be the preferred agent in KTRs. It is
not known whether substitution of lamivudine with ente-
cavir or tenofovir for prophylaxis will prevent development
of resistance.

Research Recommendations

• The frequency of occult HBV infection in patients with
CKD stage 5 should be evaluated in different parts of
the world, and its impact on posttransplant outcomes
determined.

• Studies are required to determine whether substitution
of lamivudine with entecavir or tenofovir for prophy-
laxis will prevent development of resistance in KTRs.

13.7: HUMAN IMMUNODEFICIENCY VIRUS

13.7.1: If not already done, screen for HIV infec-

tion. (Not Graded)

13.7.2: To determine antiretroviral therapy, refer

HIV-infected KTRs to an HIV specialist,

who should pay special attention to drug–

drug interactions and appropriate dosing

of medications. (Not Graded)

HIV, human immunodeficiency virus; KTRs, kidney

transplant recipients.

Background

Screening for human immunodeficiency virus (HIV) infec-
tion is defined as the performance of serologic testing for
HIV. A two-step screening is usually performed. In the first
step, patients are screened for the presence of antibodies
against HIV, usually with an enzyme-linked immunosorbent
assay (ELISA). This is an extremely sensitive test. However,
it is not specific. Accordingly, those patients who are posi-
tive on ELISA are then screened using a Western Blot as-
say. The presence of a positive Western Blot assay for HIV
confirms the diagnosis of HIV infection except in children
<18 months of age, where a positive serologic test may be
attributable to the presence of passive antibody acquired
from the child’s mother during the pregnancy. NAT for the
presence of HIV DNA or HIV RNA viral load should be
performed on children <18 months of age with a positive
HIV antibody. Antiretroviral medications are used specifi-
cally for the treatment of HIV infection. Drug–drug interac-
tions are pharmacokinetic interactions between separate
medications that may result in accumulation or more rapid
metabolism of one or both compounds.

Rationale

• Patients with HIV require specialized care in centers
with appropriate expertise.

• Screening for HIV infection should be carried out on all
KTRs (ideally before transplantation) in order to identify
those KTRs that will require specialized care.

• Antiretroviral therapy is necessary to maintain virologic
suppression and normal immunologic function in HIV
patients undergoing kidney transplantation.

• The concomitant use of antiretroviral agents and im-
munosuppressive medications creates the potential
for drug–drug interactions that may substantially alter
blood levels of drugs and require appropriate monitor-
ing and adjustments in dosing.

Case series have documented successful outcomes of
KTRs with HIV (398–400). However, these HIV patients
had been carefully selected and adequately treated for HIV
at the time of transplantation (400). Although HIV is not
an absolute contraindication to kidney transplantation, the
presence of HIV has major implications in the manage-
ment of patients following transplantation. A major issue of
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concern in the management of HIV patients is the need to
be aware of potential drug–drug interactions among an-
tiretroviral therapy and other medications, including im-
munosuppressants. Care must be taken to identify and
select those HIV-infected patients who are most likely to
benefit from kidney transplantation without an unaccept-
ably high risk of opportunistic infections.

Evidence from a National Institutes of Health (NIH)—
sponsored study of organ transplantation in HIV patients
has demonstrated both the effectiveness of transplanta-
tion as well as the complexity of management of KTRs with
HIV (400). Data accrued from the NIH-sponsored study of
organ transplantation in HIV-infected patients has identi-
fied specific drug combinations that are associated with
drug–drug interactions in these patients (401). Accordingly,
attention must be paid and caution must be used in these
patients to account for the potential impact of these inter-

actions. Although the data from the NIH study demonstrate
the feasibility of transplantation for HIV-infected KTRs, the
limited number of HIV patients with CKD stage 5 under-
going kidney transplantation to date suggests the need to
continue performing this procedure under research proto-
cols and in selected centers with appropriate expertise.
Finally, it is worth noting that review of experience to date
suggests that there may be an increased risk for the de-
velopment of acute cellular rejection in patients with HIV
undergoing organ transplantation.

Research Recommendations

• There is a need to determine the optimal immuno-
suppression medication regimen, as well as the best
antiretroviral regimens, for HIV-infected KTRs.
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Chapter 14: Other Infections

14.1: URINARY TRACT INFECTION

14.1.1: We suggest that all KTRs receive UTI

prophylaxis with daily trimethoprim–

sulfamethoxazole for at least 6 months af-

ter transplantation. (2B)

14.1.2: For allograft pyelonephritis, we suggest

initial hospitalization and treatment with

intravenous antibiotics. (2C)

KTRs, kidney transplant recipients; UTI, urinary tract

infection.

Background

A urinary tract infection (UTI) is an infection causing signs
and symptoms of cystitis or pyelonephritis (including the
presence of signs of systemic inflammation), which is doc-
umented to be caused by an infectious agent. Kidney allo-
graft pyelonephritis is an infection of the kidney allograft
that is usually accompanied by characteristic signs and
symptoms of systemic inflammation and a positive urine
and/or blood culture. Occasionally, pyelonephritis is diag-
nosed by allograft biopsy. Antibiotic prophylaxis is the use
of an antimicrobial agent (or agents) to prevent the devel-
opment of a UTI.

Rationale

• UTI is a frequent and potentially important complication
of kidney transplantation.

• The use of antibiotic prophylaxis can reduce the risk of
UTI.

• Kidney allograft pyelonephritis may be associated with
bacteremia, metastatic spread, impaired graft function
and even death.

• KTRs with clinical and laboratory evidence suggestive
of kidney allograft pyelonephritis should be hospitalized
and treated with intravenous antibiotics.

Observational studies have documented a high incidence
of UTI in KTRs (402). Pyelonephritis of the kidney allograft
is a common complication in KTRs (402). It may cause
graft failure, sepsis and death. The use of antibiotic
prophylaxis with trimethoprim–sulfamethoxazole has
been demonstrated to decrease the frequency of bac-
terial infections, including UTI in KTRs (403). The use of
trimethoprim–sulfamethoxazole for the first 9 months fol-
lowing kidney transplant was associated with statistically
significant decreases in number of any bacterial infection,

overall number of UTI and number of noncatheter UTI.
There is moderate-quality evidence that the benefit of
UTI prophylaxis (primarily preventing infection, but unclear
evidence for reducing mortality or preventing graft loss)
outweighs the risks (see Evidence Profile and accom-
panying evidence in Supporting Tables 50–51 at http://
www3.interscience.wiley.com/journal/118499698/toc).
Based upon this, and several other small studies, prophy-
lactic trimethoprim–sulfamethoxazole for 6–12 months
following kidney transplantation is warranted.

Although the use of ciproflaxicin also appeared effec-
tive in the prevention of UTI after KTRs, patients treated
with this regimen were at risk for, and developed Pneu-
mocystis jirovecii pneumonia (PCP) (see Recommenda-
tion 14.2) (404). Accordingly, the use of trimethoprim–
sulfamethoxazole is preferred over ciprofloxacin at least
during the first 6 months after transplantation.

Although some investigators have recommended indefi-
nite use of trimethoprim–sulfamethoxazole, data are not
available demonstrating clinical benefit beyond the first
9 months following kidney transplantation. Evidence sug-
gests that late UTIs tend to be benign, without associ-
ated bacteremia, metastatic foci or effect on long-term
graft function (405). For this reason, we recommend pro-
viding prophylaxis for a minimum of 6 months. For pa-
tients who are allergic to trimethoprim–sulfamethoxazole,
the recommended alternative agent would be nitrofuran-
toin. This agent, which is widely recommended as an al-
ternative to trimethoprim/sulfamethoxazole, is chosen over
ciprofloxacin (despite demonstrated effectiveness in KTRs)
in an effort to limit the likelihood of emergence of antibac-
terial resistance.

Kidney allograft pyelonephritis may be associated with bac-
teremia, metastatic spread, impaired graft function and
even death. Accordingly, KTRs with clinical and labora-
tory evidence suggestive of kidney allograft pyelonephri-
tis should be hospitalized and be treated with intravenous
antibiotics for at least the initial course of therapy. This is
particularly true in early infections (first 4–6 months follow-
ing kidney transplantation). Recognition of the morbidity
and mortality associated with allograft pyelonephritis led to
recommendations in the 1980s to treat UTIs with as long
as a 6-week course of antimicrobials for early UTI following
transplantation. More recently, UTI after kidney transplan-
tation has been associated with considerably lower mor-
bidity and mortality (405). Accordingly, a less-prolonged
course may be required, although patients experiencing
relapsing infection should be considered for a more pro-
longed therapeutic course.
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Because of the potential for serious complications, KTRs
with kidney allograft pyelonephritis should be hospitalized
and treated with intravenous antibiotics, at least initially.
Although evidence derived from RCTs on the optimal du-
ration of therapy for kidney allograft pyelonephritis are not
available, it is anticipated, in the absence of a kidney ab-
scess, that 14 days should be adequate.

14.2: PNEUMOCYSTIS JIROVECII PNEUMONIA

14.2.1: We recommend that all KTRs receive

PCP prophylaxis with daily trimethoprim–

sulfamethoxazole for 3–6 months after

transplantation. (1B)

14.2.2: We suggest that all KTRs receive PCP

prophylaxis with daily trimethoprim–

sulfamethoxazole for at least 6 weeks dur-

ing and after treatment for acute rejection.

(2C)

14.2.3: We recommend that KTRs with PCP diag-

nosed by bronchial alveolar lavage and/

or lung biopsy be treated with high-dose

intravenous trimethoprim–sulfamethoxa-

zole, corticosteroids, and a reduction in

immunosuppressive medication. (1C)

14.2.4: We recommend treatment with corticos-

teroids for KTRs with moderate to se-

vere PCP (as defined by PaO2 <70 mm

Hg in room air or an alveolar gradient of

>35 mm Hg). (1C)

KTRs, kidney transplant recipients; PaO2, partial pres-

sure of oxygen in arterial blood; PCP, Pneumocystis

jirovecii pneumonia.

Background

Pneumocystis jirovecii (formally known as Pneumocys-
tis carinii) is an opportunistic fungal pathogen known to
cause life-threatening pneumonia in immunocompromised
patients, including KTRs. P. jirovecii pneumonia (PCP) is de-
fined as the presence of lower respiratory-tract infection
due to P. jirovecii. A definitive diagnosis of PCP is made
by demonstration of organisms in lung tissue or lower res-
piratory tract secretions. Because no specific diagnostic
pattern exists on any given imaging test, it is imperative
that the diagnosis of PCP be confirmed by lung biopsy or
bronchoalveolar lavage.

Rationale

• Infection with P. jirovecii is life-threatening in KTRs.
• Prophylaxis with trimethoprim–sulfamethoxazole is

safe and effective.
• Although thrice-weekly dosing of trimethoprim–

sulfamethoxazole is adequate prophylaxis for PCP, daily
dosing also provides prophylaxis for UTI and may be
easier for patient adherence.

• Treatment of PCP with high-dose, intravenous
trimethoprim–sulfamethoxazole and reduction of im-
munosuppressive medications are the treatments of
choice for PCP.

• Based upon data from HIV-infected adults, the use of
corticosteroids has been uniformly recommended for
all patients experiencing moderate to severe PCP.

PCP prophylaxis

Pneumocystis jirovecii is an important opportunistic
pathogen known to cause life threatening PCP in KTRs
(406). The most typical time of onset of symptoms of PCP
is 6–8 weeks following initiation of immunosuppressive
therapy. Although PCP is potentially a life-threatening com-
plication of KTRs, the use of chemoprophylaxis has been
shown to be extremely effective in preventing the devel-
opment of clinical disease attributable to this pathogen.
The use of trimethoprim–sulfamethoxazole prophylaxis re-
sulted in a RR of 0.08 (95% CI 0.023–0.036) of developing
PCP compared to either a placebo, control or no interven-
tion (403). Treatment also decreased mortality.

There was no difference in efficacy for PCP when
trimethoprim–sulfamethoxazole was given daily or three
times per week (407). However, in KTRs, the use of
daily trimethoprim–sulfamethoxazole may be associated
with a decreased risk of bacterial infection (403). Although
definitive evidence for the duration of PCP prophylaxis is
not available, most experts agree that it should be con-
tinued for at least 6 months (and perhaps as long as
1 year) following transplantation (406). Because most KTRs
will remain on immunosuppression for the rest of their
lives, some experts recommend a more prolonged and
perhaps even indefinite use of PCP prophylaxis. Indica-
tions for the use of alternative preventive agents include
the development of allergic reactions and/or drug-induced
neutropenia from trimethoprim–sulfamethoxazole. Poten-
tial alternative agents include dapsone, aerosolized pen-
tamidine, atovaquone or the combination of clindamycin
and pyrimethamine (Table 17).

PCP treatment

Prior to the use of trimethoprim–sulfamethoxazole, mor-
tality from PCP in KTRs was very high (409,410). The
treatment of PCP includes both the use of intravenous
trimethoprim–sulfamethoxazole as well as corticosteroids
for KTRs with significant hypoxemia (406). RCTs have
demonstrated that the use of corticosteroids in the
first 72 hours of PCP in HIV patients resulted in im-
proved outcome, including morbidity, mortality and avoid-
ance of intubation (406). The usual duration of treat-
ment is 2–3 weeks. The use of intravenous pentamidine
isethionate should be considered in patients with proven
trimethoprim–sulfamethoxazole allergy. Other treatment
strategies should be restricted to patients with mild PCP
only.
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Table 17: Antimicrobial agents for the prevention of PCP in KTRsa

Agent Adult dose Pediatric dose

Trimethoprim/
sulfamethoxazoleb

Single-strength pill (80 mg as
trimethoprim) or double-strength pill
(160 mg as trimethoprim) daily or
three times per week

150 mg/m2/day as trimethoprim daily or three times per week

Aerosolized
pentamidine

300 mg inhaled every 3–4 weeks via
Respirgard IITM nebulizer

For children ≥5 years old, 300 mg inhaled monthly via Respirgard IITM

nebulizer
Dapsonec 100 mg/day as a single dose or 50 mg

twice a day
Can be administered on a daily or weekly schedule as 2.0 mg/kg/day

(maximum total dosage of 100 mg/day) or 4.0 mg/kg/week
(maximum total dosage of 200 mg/week) orally. Approximately two
thirds of patients intolerant to Trimethoprim/sulfamethoxazole can
take dapsone successfully. Studies in adults show dapsone is as
effective as atovaquone or aerosolized pentamidine but slightly less
effective than Trimethoprim/sulfamethoxazole

Atovaquone 1500 mg/day Administered with a meal as an oral yellow suspension in single
dosage of 30 mg/kg/day for patients 1–3 months and >24 months
of age, and 45 mg/kg/day for infants aged 4–24 months

KTRs, kidney transplant recipients; PCP, Pneumocystis jirovecii pneumonia.
aExcerpted from (408).
bThis is first-line therapy. All other agents should be considered second-line therapy.
cMust screen for glucose 6-phosphate dehydrogenase deficiency prior to using dapsone, as this is a risk factor for development of
methemoglobinemia associated with use of dapsone.

14.3: TUBERCULOSIS

14.3.1: We suggest that TB prophylaxis and treat-

ment regimens be the same in KTRs as

would be used in the local, general popu-

lation who require therapy. (2D)

14.3.2: We recommend monitoring CNI and

mTORi blood levels in patients receiving

rifampin. (1C)

14.3.2.1: Consider substituting rifabutin

for rifampin to minimize interac-

tions with CNIs and mTORi. (Not

Graded)

CNI, calcineurin inhibitor; KTRs, kidney transplant

recipients; mTORi, mammalian target of rapamycin

inhibitor(s); TB, tuberculosis.

Rationale

• KTRs are at increased risk of developing disease due
to tuberculosis (TB).

• KTRs with latent TB, identified by a positive purified
protein derivative (PPD) skin test or a history of TB
disease without adequate treatment, are at highest
risk of developing clinical TB after transplantation and
are therefore good candidates for chemoprophylaxis
with isoniazid.

• Treatment of TB in KTRs has been shown to respond
to standard antimycobacterial therapy.

• The use of rifampin is associated with numerous drug–
drug interactions through its activation of the CYP3A4
pathway.

• This interaction can affect drug levels for CNIs as well
as mTORi.

• Rifabutin achieves similar therapeutic efficacy while
minimizing the potential for drug–drug interactions.

The incidence of TB among KTRs varies according to geo-
graphic locations, with rates of 0.5–1.0% reported in North
America, 0.7–5% in Europe and 5–15% in India and Pak-
istan (411,412). This represents a marked (50- to 100-fold)
increase in the frequency of TB compared to the general
population. In addition, there is also a marked increase in
severity of disease in KTRs with mortality rates 10-fold
higher than in immunocompetent individuals with TB.

The most frequent source of TB infections in KTRs is re-
activation of quiescent foci of Mycobacterium tuberculosis
that persist after initial asymptomatic infection (413). Ac-
cordingly, screening and identification of individuals with
evidence of prior latent infection with TB should allow treat-
ment prior to development of clinical disease, resulting in
improved outcome.

Data from a variety of immunosuppressed populations
demonstrate that treatment of latent TB markedly reduces
the risk of subsequent progression to clinically active TB
(414). A limited number of RCTs have evaluated the bene-
fit of prophylactic treatment with isoniazid for KTRs (415)
or organ transplant patients, including KTRs (416,417). Re-
sults of these studies suggest a benefit to KTRs, although
study size and design limit the strength of these observa-
tions. The use of prophylactic isoniazid in patients with
a past or current positive PPD skin test, and/or a his-
tory of TB without adequate documented treatment, has
been previously recommended by the European Best Prac-
tice Guidelines for Renal Transplantation (411) and the
American Society of Transplantation Guidelines for the
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Prevention and Management of Infectious Complications
of Solid Organ Transplantation (418).

If, according to these guidelines, vaccination with BCG can
give a ‘false-positive’ PPD skin test, then some patients
may be treated unnecessarily. Most believe that the effect
of BCG should not persist for more than 10 years (419).
The use of BCG vaccine is especially common in regions
where the prevalence of TB is high. In these regions, it
is therefore difficult to distinguish PPD skin tests that are
positive due to BCG from those that are positive due to
prior infection with M. tuberculosis. Accordingly, it is rec-
ommended that the history of BCG vaccination should be
ignored and that a 9-month course of prophylactic isoni-
azid should be used (411). It is also possible that dialysis
and transplant patients frequently have false-negative PPD
skin tests. Accordingly, some experts have recommended
use of isoniazid prophylaxis in selected KTRs with a nega-
tive PPD skin test. These would include those with history
of active TB that was not adequately treated, those with
radiographic evidence of previous TB without a history of
treatment and those who have received an organ from a
donor with a history of a positive PPD skin test (418).

Interferon-gamma release assays such as T-SPOT.TB and
QuantiFERON are an alternative to the tuberculin skin test
for detecting latent TB infection. Their sensitivity and speci-
ficity, however, have not been systematically evaluated in
KTRs. Data from CKD stage 5 patients suggest important
limitations for detecting latent TB infection which preclude
their routine use at present (420–423).

Extensive experience in the treatment of immunosup-
pressed patients (including transplant recipients) suggests
that the response to treatment is the same as in immuno-
competent patients. Unfortunately, rifampin is a strong in-
ducer of the microsomal enzymes that metabolize CNIs
and mTORi, and it may be difficult to maintain adequate
levels of these immunosuppressive drugs to prevent re-
jection. The use of rifampin has required doses of CNIs to
be increased two- to threefold (418). One potential alter-
native is to substitute rifabutin for rifampin. Rifabutin has
activity against M. tuberculosis that is similar to rifampin,
but rifabutin is not as strong an inducer of CYP3A4 as ri-
fampin. However, there is little published experience with
rifabutin in KTRs.

There are reports of successful treatment of posttrans-
plant TB with rifampin-sparing regimens (415). In this re-
port, rifampin is substituted with a fluoroquinolone along
with isoniazid, ethambutol and pyrazinamide for the first
2 months. At this point, the latter two are stopped and
fluoroquinolone and isoniazid continued for another 10–
12 months. According to the authors, the success rate is
100% (424–426).

Finally, the rate of recovery of drug-resistant TB is increas-
ing. Since both KTRs and their donors may come from
diverse geographic locations where the prevalence of drug

resistance may vary, all isolates of TB recovered from KTRs
should be submitted for susceptibility testing. Modifica-
tions in treatment should be made once the results of
susceptibility testing become available.

14.4: CANDIDA PROPHYLAXIS

14.4.1: We suggest oral and esophageal Can-

dida prophylaxis with oral clotrimazole

lozenges, nystatin, or fluconazole for 1–

3 months after transplantation, and for

1 month after treatment with an antilym-

phocyte antibody. (2C)

Rationale

• KTRs are at increased risk for oral and esophageal in-
fections due to Candida species.

• The use of oral clotrimazole troches or nystatin pro-
vides effective prophylaxis without systemic absorp-
tion and hence without concerns for side effects.

• Although data regarding the duration of prophylaxis
are not available for KTRs, prophylaxis should logically
be continued until patients are on stable, maintenance
immunosuppression, particularly corticosteroids.

Observational studies have reported a high incidence of
oral and esophageal Candida infections in KTRs. There are
limited data supporting the use of antifungal therapy in
KTRs, although it is beneficial in liver transplant recipients
(427). The standard immunosuppressive agents typically
used in KTRs are associated with an increased risk of de-
veloping Candida infections. The most common source for
these infections is colonization of the oral mucosa. Accord-
ingly, use of topical antifungal therapies such as clotrima-
zole troches and nystatin offer the opportunity to eradicate
fungal colonization without associated risks that may be
present for systemically absorbed antifungal agents. How-
ever, a recent report suggested a potential drug–drug in-
teraction between clotrimazole and tacrolimus (428). It is
important to note that there are drug–drug interactions be-
tween fluconazole and CNIs.

Although data regarding the appropriate duration of pro-
phylaxis for these agents are not available for KTRs, the
risk is greatest early after transplantation when patients
are receiving their highest levels of immunosuppression,
and are more likely to be exposed to antibacterial agents
that increase the risk for Candida infections. Accordingly,
these agents can likely be discontinued once the patient
is on maintenance immunosuppression, particularly when
steroid doses are stable and low.

Research Recommendations

• RCTs are needed to determine the optimal duration
and type of prophylaxis for Candida infections in KTRs.
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Introduction

The incidence of CVD is high after kidney transplanta-
tion (429–434). The annual rate of fatal or nonfatal CVD
events is 3.5–5.0% in KTRs, 50-fold higher than in the
general population (435). By 36 months after transplan-
tation, nearly 40% of patients have experienced a CVD
event (436). Although acute myocardial infarction is com-
mon after transplantation, especially in elderly patients and
those with diabetes (437) congestive heart failure (CHF)
is also a common CVD complication (436). Most of the

Table 18: Independent predictors of CVD in KTRs

Number
Number of Total number statistically

studies (number of subjects significant
Predictor of analyses) (range) Outcomes (p < 0.05)

All CVD 1/1
CAD 1/2

Tobacco use (438–443) 6 (10) 57 027 CeVD 1/2
(427–27 011) PVD 0/2

CHF 1/1
All-cause mortality 2/2

Diabetes (430,442,444–453) 12 (17) 115 510 All CVD 1/1
(158–76 481) CAD 3/3

CeVD 2/2
PVD 2/2

CV mortality 3/3
All-cause mortality 6/6

Obese/elevated BMI (14,443,454–456) 5 (6) 103 295 (2067–51 927) CHF 1/1
CV mortality 1/1

All-cause mortality 2/4
Hypertensiona (439–441,443,450) 5 (5) 29 259 All CVD 1/1

(403–27 011) CeVD 1/1
CHF 2/2

All-cause mortality 1/1
Dyslipidemiab (457–465) 9 (9) 3657 All CVD (combined in 5/9

(21–1124) systematic review) 1/4
2/7
2/7

BMI, body mass index; CAD, coronary artery disease; CeVD, cerebrovascular disease; CHF, congestive heart failure; CVD, cardiovascular
disease; PVD, peripheral vascular disease.
aBased on studies that met criteria for systematic reviews of tobacco use, diabetes and obesity.
bBased on a systematic review performed for the KDOQI Dyslipidemia guidelines (466). This includes smaller studies than would have
been included in a de novo systematic review. In addition, not all associations are independent in multivariable analysis.

‘traditional risk factors’ in the general population, includ-
ing cigarette smoking, diabetes, hypertension and dyslipi-
demias, are also risk factors for CVD in KTRs (Table 18).
In addition, many KTRs have had CKD for an extended
period of time prior to transplantation, and have thereby
acquired additional CVD risk by the time they undergo
transplantation. For all of these reasons, KTRs should be
considered to be at the highest risk for CVD and managed
accordingly.
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Rating Guideline Recommendations

Within each recommendation, the strength of recommendation is indicated as Level 1, Level 2, or Not Graded, and the
quality of the supporting evidence is shown as A, B, C, or D.

Grade* Wording

Level 1 ‘We recommend’

Level 2 ‘We suggest’

Grade for 
quality of 
evidence Quality of evidence

A High

B Moderate

C Low

D Very low

*The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or
where the topic does not allow adequate application of evidence. The most common examples include
recommendations regarding monitoring intervals, counseling, and referral to other clinical specialists. The
ungraded recommendations are generally written as simple declarative statements, but are not meant to
be interpreted as being stronger recommendations than Level 1 or 2 recommendations.



Chapter 15

Chapter 15: Diabetes Mellitus

15.1: SCREENING FOR NEW-ONSET DIABETES AFTER

TRANSPLANTATION

15.1.1: We recommend screening all nondiabetic

KTRs with fasting plasma glucose, oral

glucose tolerance testing, and/or HbA1c

(1C) at least:

• weekly for 4 weeks (2D);

• every 3 months for 1 year (2D); and

• annually, thereafter. (2D)

15.1.2: We suggest screening for NODAT with

fasting glucose, oral glucose tolerance

testing, and/or HbA1c after starting, or

substantially increasing the dose, of CNIs,

mTORi, or corticosteroids. (2D)

CNI, calcineurin inhibitor; HbA1c, hemoglobin A1c;

KTRs, kidney transplant recipients; mTORi, mam-

malian target of rapamycin inhibitor(s); NODAT, new-

onset diabetes after transplantation.

Background

Diabetes is defined according to the WHO and American
Diabetes Association (ADA) (Table 19).

New-onset diabetes after transplantation is diabetes de-
fined by the WHO and ADA that develops for the first time
after kidney transplantation.

Rationale

• The chances of reversing or ameliorating NODAT may
be improved by early detection and intervention.

• Early treatment of NODAT may prevent complications
of diabetes.

• The incidence of NODAT is sufficiently high to warrant
screening.

Fasting plasma glucose, 2-h glucose tolerance testing (af-
ter a 75-g glucose load) and hemoglobin A1c (HbA1c) are
probably suitable screening tests to detect NODAT in
KTRs. The frequency of screening for NODAT is based
on the incidence of NODAT at different times after kid-
ney transplantation. The reported incidence varies by the
definition of diabetes and the type of immunosuppressive
medications used. However, the incidence of NODAT is
highest in the first 3 months after transplantation. The
cumulative incidence of NODAT by the end of the first

year has generally been found to be 10–30% in adults re-
ceiving CsA or tacrolimus plus corticosteroids (468–479),
and 3–13% in children (480,481). The high incidence of
NODAT justifies frequent screening during the first year
after transplantation. A number of risk factors increase the
incidence of NODAT (Table 20), and patients with one or
more of these additional risk factors may benefit from more
frequent screening.

Since tacrolimus, CsA, mTORi and corticosteroids can
cause NODAT, it is reasonable to screen for NODAT af-
ter starting, or substantially increasing the dose of one of
these medications. Treating acute rejection with high-dose
corticosteroids, for example, should prompt screening for
NODAT.

Tacrolimus and CsA may cause NODAT by directly de-
creasing insulin secretion of pancreatic beta cells (489–
493). Logically, reducing the dose or discontinuing these
agents as soon as possible could potentially limit the
damage to beta cells, although the clinical evidence is
anecdotal (494,495). There is anecdotal evidence from
case reports/series that NODAT may be reversed by re-
ducing, replacing or discontinuing CsA, tacrolimus or cor-
ticosteroids (494,495). There are few data on the effects
of corticosteroid reduction on reversing NODAT once it
has occurred. Similarly, few, if any, data are available on
whether discontinuing mTORi will reverse NODAT.

The relative effects of different immunosuppressive agents
on NODAT are difficult to quantify, because RCTs use

Table 19: Criteria for the diagnosis of diabetes

1. Fasting plasma glucose ≥126 mg/dL (7.0 mmol/L). Fasting
is defined as no caloric intake for at least 8 hours.∗

OR
2. Symptoms of hyperglycemia and a casual plasma glucose

≥200 mg/dL (11.1 mmol/L). Casual is defined as any
time of day without regard to time since last meal. The
classic symptoms of hyperglycemia include polyuria,
polydipsia and unexplained weight loss.

OR
3. Two-hour plasma glucose ≥200 mg/dL (11.1 mmol/L)

during an oral glucose tolerance test. The test should be
performed as described by the WHO, using a glucose
load containing the equivalent of 75 g anhydrous glucose
dissolved in water.∗

WHO, World Health Organization.
∗In the absence of unequivocal hyperglycemia, these criteria
should be confirmed by repeat testing on a different day.
Modified with permission (467).
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Table 20: Risk factors for NODATa

Association No
(No. of association

No. of studies (No.
Predictor subjects (range) p < 0.05) of studies)

Tacrolimus (474–477,479,482–485) 100 418 (386–28 941) 7 2
CsA (479,484) 1066 (528–538) 2
Corticosteroids (477,478,484,486) 2035 (386–589) 2 2
Sirolimus (479,484,487,488) 22 525 (528–21 459) 2 2
Acute rejection (477–479) 1436 (386–528) 3
Obesity/higher BMI (471,472,474,476–479,482,484,485,488) 97 702 (386–28 942) 9 2
African American ethnicity (471,472,474–476,479,482,485,488) 103 383 (528–28 942) 8 1
Hispanic ethnicity (US) (474) 15 787 1
Older age (471,472,474–479,484,485,488) 94 487 (386–28 942) 9 2
Male (471,474,476–479,484,485) 64 090 (386–28 942) 8
HLA mismatch (474,476,478,485) 60 560 (522–28 942) 2 2
Deceased-donor kidney (471,474,476–478,485) 63 024 (386–28 942) 1 5
Hepatitis C (474,477,478,482,485,488) 63 805 (386–21 459) 5 1
HCV risk (D+/R−) (476) 28 942 1
CMV risk (D+/R−) (477) 386 1
Beta-blockers nd
Thiazide diuretics nd
History of:

Type 2 diabetes in family (478,484) 1060 (522–538) 1 1
Gestational diabetes nd
Impaired fasting glucose nd
Impaired glucose tolerance nd
HDL-C <40 mg/dL nd
Triglycerides >150 mg/dL (472) 1811 1

BMI, body mass index; CsA, cyclosporine A; CMV, cytomegalovirus; D, transplant donor; HCV, hepatitis C virus; HDL-C, high-density
lipoprotein cholesterol; HLA, human leukocyte antigen; nd, no data; NODAT, new-onset diabetes after transplantation; R, transplant
recipient.
aNODAT was variously defined in studies identifying risk factors and having a sample size at least 100. To convert HDL-C mg/dL to mmol/L
multiply by 0.02586; to convert triglycerides mg/dL to mmol/L multiply by 0.01129.

different regimens and doses, as well as different def-
initions of NODAT, all of which make comparisons diffi-
cult. Nevertheless, it appears that the risk of NODAT with
tacrolimus is greater than with CsA. It is also clear that high
doses of corticosteroids used immediately after transplan-
tation, and in the treatment of acute rejection, are risk
factors for NODAT. Sirolimus has not been as well stud-
ied. Some observational studies have found that sirolimus
use was associated with an increased incidence of NODAT
(487,496,497). Randomized trials have produced conflict-
ing results (498–502). There is no evidence that azathio-
prine or MMF causes NODAT.

The risk of NODAT from immunosuppressive medications
is no doubt higher in individuals with other risk factors, for
example African American or American Hispanic ethnicity,
obesity and age. Thus, the choice of immunosuppressive
medications could be individualized to the risk for NODAT
attributable to other risk factors in each individual patient. In
addition, the risk of NODAT should be considered in light of
the risk of acute rejection. Indeed, the occurrence of acute
rejection and its treatment with corticosteroids is a risk
factor for NODAT. Unfortunately, it is difficult to weigh the

relative risks of rejection and NODAT in individual patients
to determine the best immunosuppressive medication
regimen.

By almost any definition, the risk of NODAT is increased by
obesity. African American and Hispanic ethnicity are gen-
erally defined as self-reported. Since data on African Amer-
ican and Hispanic ethnicity are largely from the United
States, it is unclear if ethnicities defined otherwise and
in other countries have similar risk for NODAT. Older age
is a risk factor that shows a linear relationship with risk,
but there is no clear threshold. HCV infection is defined
by the presence of antibody to the HCV at the time of
transplantation.

A number of other risk factors for diabetes have not
been rigorously studied in KTRs, but there is little rea-
son to believe that they would not also be risk factors
after transplantation. These risk factors include: family
history (type 2 diabetes), gestational diabetes, impaired
fasting glucose, impaired glucose tolerance and dyslipi-
demia (high fasting triglycerides and/or low HDL-C) (503–
507).
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Data from observational studies have shown that NODAT
is associated with worse outcomes, including increased
graft failure, mortality and CVD (474). It is possible that
some of these associations result from unmeasured risk
factors that are common to both NODAT and poor out-
comes. However, it is certainly plausible that NODAT di-
rectly and indirectly contributes to worse outcomes. Un-
treated diabetes may increase the risk of metabolic com-
plications, including hyperkalemia, and even ketoacidosis.
However, there is no evidence from observational studies
to suggest how frequently these complications occur after
NODAT.

Research Recommendations

• Future RCTs of immunosuppressive medication regi-
mens should measure fasting glucose, HbA1c and/or
glucose tolerance tests, and any treatments of dia-
betes, to determine the effect of the medication regi-
mens on the incidence of NODAT.

15.2: MANAGING NODAT OR DIABETES PRESENT AT

TRANSPLANTATION

15.2.1: If NODAT develops, consider modifying

the immunosuppressive drug regimen

to reverse or ameliorate diabetes, after

weighing the risk of rejection and other

potential adverse effects. (Not Graded)

15.2.2: Consider targeting HbA1c 7.0–7.5%, and

avoid targeting HbA1c ≤6.0%, especially if

hypoglycemic reactions are common. (Not

Graded)

15.2.3: We suggest that, in patients with dia-

betes, aspirin (65–100 mg/day) use for the

primary prevention of CVD be based on

patient preferences and values, balancing

the risk for ischemic events to that of

bleeding. (2D)

CVD, cardiovascular disease; HbA1c, hemoglobin A1c;

NODAT, new-onset diabetes after transplantation.

Background

The management of diabetes that is present at the time of
transplantation may be complicated by severe autonomic
neuropathy and other complications of long-standing di-
abetes that may make ‘tight’ control of blood glucose
difficult to achieve. Therefore, we recommend avoiding
intensive therapies targeting HbA1c levels <6.0%. How-
ever, complications of long-standing diabetes that make
the management of diabetes difficult are less likely to be
present in patients with NODAT, and it is not clear whether

NODAT can be safely and effectively managed within a
narrow range of low blood glucose and HbA1c targets.

Rationale

• The benefits and harm of altering the immunosuppres-
sive medication regimen in response to the develop-
ment of NODAT are unclear.

• In the general diabetic population, there is insufficient
evidence for or against targeting a specific HbA1c level
to reduce CVD; however, recent data suggest that mor-
tality may be increased in patients with type 2 diabetes
by targeting HbA1c levels that are <6.0%.

• In KTRs, attempting to reduce HbA1c levels in order to
reduce CVD may result in more complications than in
the general diabetic population.

• Randomized trials in the general population suggest
that aspirin prophylaxis may prevent CVD in patients
with diabetes.

There are no RCTs testing whether changing to differ-
ent immunosuppressive medication regimens reverses or
ameliorates NODAT. There are uncontrolled (largely anec-
dotal) reports on the effects of changing immunosuppres-
sive agents once NODAT has developed (494,495). Given
the associations of NODAT with CsA, tacrolimus, mTORi
and corticosteroids, it is plausible that reducing or eliminat-
ing these immunosuppressive medications may reverse or
ameliorate NODAT. Changes in immunosuppressive medi-
cations that may reverse or ameliorate NODAT include:

i) reducing the dose of tacrolimus, CsA or corticosteroids;
ii) discontinuing tacrolimus, CsA or corticosteroids;
iii) replacing tacrolimus with CsA, MMF or azathioprine;
iv) replacing CsA with MMF or azathioprine.

We could find no published reports of reducing the dose
or discontinuing a mTORi to reverse or ameliorate NODAT.

Optimal glycemic control to prevent microvascular disease
complications has been defined in a number of guidelines
for the general population. A recent systematic review of
these guidelines concluded that the goal for glycemic con-
trol should be as low as feasible without incurring undue
risk for adverse events (508). These authors concluded that
a HbA1c level <7% is a reasonable goal for many, but not
all, patients in the general diabetic population.

While there is evidence in the general diabetic popula-
tion that strict glycemic control reduces microvascular dis-
ease complications, there is less evidence that glycemic
control reduces CVD. The United Kingdom Prospective
Diabetes Study (UKPDS) and the Diabetes Control and
Complications Trial reported nonsignificant trends toward
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Table 21: Pharmacological management of diabetes in KTRs

Drug–drug
Class Drug Dose adjustment interactions

First-generation sulfonylureas Acetohexamide Avoid (517) ↑ CsA levels
Chlorpropamide ↓50% if GFR 50–70 mL/min/1.73 m2 ↑ CsA levels

Avoid if GFR <50 mL/min/1.73 m2 (517,518)
Tolazamide Avoid ↑ CsA levels
Tolbutamide Use with caution (519,520) ↑ CsA levels

Second-generation sulfonylureas Glipizide No dose adjustment ↑ CsA levels
Gliclazide No dose adjustment ↑ CsA levels
Glyburide

(Glibenclamide)a
Avoid if GFR <50 mL/min/1.73 m2 (521) ↑ CsA levels

Glimepiride Start at 1 mg/day ↑ CsA levels
Gliquidoneb No dose adjustment
Glisentideb Avoid if advanced CKD

Alpha-glucosidase inhibitors Acarbose Avoid if Scr >177 lmol/L (2 mg/dL)
(522–524)

Miglitol Avoid if GFR <25 mL/min/1.73 m2

(522–524)

Biguanides Phenformin Contraindicated (522)
Metformin Contraindicated if Scr ≥133 lmol/L (1.5

mg/dL) men, ≥124 lmol/L (1.4 mg/dL)
women (522)

Meglitinides Repaglinide Start 0.5 mg with meals if GFR <40
mL/min/1.73 m2 and titrate carefully (522)

↑ Repaglinide
levels with
CsA (525)

Nateglinide Use with caution if advanced CKD (522)

Thiazolidinedionesc Pioglitazone No dose adjustment (522)
Rosiglitazone No dose adjustment (522)

Incretin mimetic Exenatide Avoid if GFR <30 mL/min/1.73 m2 (522)

Amylin analog Pramlintide No dose adjustment if GFR >20
mL/min/1.73 m2

DDP-4 inhibitor Sitagliptin ↓50% if GFR 30–50 mL/min/1.73 m2

↓75% if GFR <30 mL/min/1.73 m2

Vildagliptine Avoid if advanced CKD on hemodialysis

CKD, chronic kidney disease; CsA, cyclosporine A; DDP-4, dipeptidyl peptidase-4; GFR, glomerular filtration rate; KTRs, kidney transplant
recipients; Scr, serum creatinine.
aGlibenclamide is the same compound as glyburide (526).
bGliquidone and glisentide are not currently available in the United States (522).
cThiazolidinediones may cause fluid retention.

lower CVD with lower HbA1c levels (509,510). A long-term
follow-up of this trial reported that intensive insulin ther-
apy reduced CVD (511). Similarly, in a 10-year follow-up of
the UKPDS, there were reduced myocardial infarctions in
the sulfonylurea–insulin and metformin intensive-therapy
groups (compared to usual care) (512).

Recently, the blood glucose control arm of the Action
to Control Cardiovascular Risk in Diabetes (ACCORD)
was stopped early, because participants in the intensive-
treatment group had experienced increased mortality
(513). In ACCORD, 10 251 adults with long-standing (av-
erage 10 years) type 2 diabetes, and either heart disease

or two or more other risk factors for heart disease, were
randomly allocated to target HbA1c <6.0% vs. standard
treatment targeting HbA1c 7.0–7.9%. Half of the partici-
pants in the intensive-treatment group achieved a HbA1c

of <6.4%, and half of the participants in the standard treat-
ment group achieved a HbA1c of <7.5%. The Data Safety
Monitoring Board halted these diabetes control arms of
the trial 18 months early, because of a higher mortal-
ity rate in the group targeting lower HbA1c levels. In the
intensive-treatment group 257 died, compared with 203
in the standard-treatment group. This was a difference
of 54 deaths, or 3 per 1000 participants per year, over
an average of almost 4 years of treatment. For both the
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intensive- and standard-treatment groups in ACCORD, clin-
icians could use all major classes of diabetes medications
available. Extensive analyses did not determine a specific
cause for the increased deaths, and there was no evidence
that any medication or combination of medications was
responsible.

Similarly, the Action in Diabetes and Vascular Disease (AD-
VANCE) study (514) failed to demonstrate that more in-
tensive glycemic control compared to standard practice
reduced CVD events. The ADVANCE study achieved a me-
dian HbA1c of 6.3% in the intensive-management group
compared with 7.0% in the standard-intervention group.
The results from ACCORD and ADVANCE studies may not
apply to patients with type 1 diabetes, patients with re-
cently diagnosed type 2 diabetes or those whose cardio-
vascular risk is different than the participants studied in
ACCORD and ADVANCE. In particular, the results may not
apply to patients with CKD or to KTRs. Nevertheless, the
results of the ACCORD and ADVANCE trials cast serious
doubt on the advisability of targeting low HbA1c levels to
reduce CVD. Additional trials in the general diabetic popu-
lation may help to determine the optimal strategy for man-
aging diabetes (515).

Kidney transplant recipients with diabetes, especially if the
diabetes was the cause of CKD stage 5, often have difficult-
to-control diabetes, with advanced autonomic neuropa-
thy causing diabetic gastroparesis and hypoglycemic un-
awareness. In a RCT comparing intensive glucose control
with usual care in 99 KTRs, the incidence of severe hypo-
glycemia was significantly higher in the intensive glucose-
control arm (516). Therefore, it may be more difficult to
achieve a HbA1c level <7.0% without undue risk and bur-
den in many KTRs. In addition, some medications used
to treat diabetes may need dose reduction, or should be
avoided in patients with reduced kidney function (Table 21).

Patients with difficult-to-control type 1 diabetes may be
candidates for pancreas transplantation. There has never
been a randomized trial of pancreas transplantation vs. kid-
ney transplantation alone, but there is little question that a
successful pancreas transplantation can improve the qual-
ity of life of patients with difficult-to-control diabetes (527–
529). Whether pancreas transplantation reduces the risk
for CVD is unknown. Pancreas transplantation is best per-
formed either simultaneously with, or subsequent to, a
living-donor kidney transplantation in patients who are al-
ready taking immunosuppressive agents (530). Islet trans-
plantation is still experimental, and long-term survival of
islets has yet to be achieved (531). In addition, the multiple
infusion of islet cells required may sensitize the recipient
to a number of major histocompatibility antigens that can

make it difficult to find a compatible solid organ for trans-
plantation when one is needed (532).

Evidence that the benefits of aspirin (e.g. preventing of
CVD events) outweigh the harm (e.g. bleeding complica-
tions) for patients with diabetes, but without known CVD,
is not strong. Therefore, while some guidelines in the gen-
eral population suggest that aspirin be used for primary
prevention in all patients with diabetes, others do not. For
example, the ADA currently recommends:

• Use aspirin therapy (75–162 mg/day) as a primary pre-
vention strategy in those with type 1 or type 2 dia-
betes at increased cardiovascular risk, including those
who are >40 years of age or who have additional risk
factors (family history of CVD, hypertension, smoking,
dyslipidemia or albuminuria). (C)

• Use aspirin therapy (75–162 mg/day) as a secondary
prevention strategy in those with diabetes with a his-
tory of CVD. (A)

• Aspirin therapy should not be recommended in people
under 30 years of age due to lack of evidence of ben-
efit, and is contraindicated in patients under the age
of 21 years because of the associated risk of Reye’s
syndrome. (E)

where A indicates ‘Clear evidence from well-conducted,
generalizable, randomized clinical trials that are adequately
powered . . .,’ C indicates ‘Supportive evidence from poorly
controlled or uncontrolled studies . . .’ and E indicates ‘Ex-
pert consensus or clinical experience . . .’ (533).

A recent RCT in patients with type II diabetes and periph-
eral vascular disease (PVD) reported that aspirin prophy-
laxis had no effect on CVD events (534). Another small trial
of low-dose aspirin for primary prevention of atheroscle-
rotic events in Japanese patients with type II diabetes
failed to show clear benefit from aspirin (535). The results
of these trials have cast doubt on the use of aspirin in pa-
tients with diabetes to prevent first CVD events. Thus, it is
unclear whether the benefits outweigh the harm for aspirin
use in KTRs with diabetes. The results of other pending tri-
als with aspirin prophylaxis in the general population may
help to clarify the benefits and harm of aspirin for primary
prevention in patients with diabetes.

Research Recommendations

• A RCT is needed to examine aspirin prophylaxis in KTRs
with and without diabetes.
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Chapter 16: Hypertension, Dyslipidemias, Tobacco
Use, and Obesity

16.1: HYPERTENSION

16.1.1: We recommend measuring blood pressure

at each clinic visit. (1C)

16.1.2: We suggest maintaining blood pressure at

<130 mm Hg systolic and <80 mm Hg

diastolic if ≥18 years of age, and <90th

percentile for sex, age, and height if <18

years old. (2C)

16.1.3: To treat hypertension (Not Graded):

• use any class of antihypertensive

agent;

• monitor closely for adverse effects and

drug–drug interactions; and

• when urine protein excretion ≥1 g/day

for ≥18 years old and ≥600 mg/m2/24

h for <18 years old, consider an ACE-I

or an ARB as first-line therapy.

ACE-I, angiotensin-converting enzyme inhibitor; ARB,

angiotensin II receptor blocker.

Background

Most guidelines for the general population define hyper-
tension as persistent systolic blood pressure on at least
2 days ≥140 mm Hg and/or diastolic blood pressure
≥90 mm Hg if age ≥18 years, and ≥95th percentile for
gender, age and height if age <18 years (Table 22). How-
ever, these same guidelines establish treatment goals for
high-risk subpopulations, for example diabetes and CKD,
that are generally systolic <130 mm Hg and/or diastolic
<80 mm Hg for adults, and <90th percentile for gender,
age and height for adolescents and children.

Rationale

• In the general population, there is strong evidence that
treatment of hypertension is effective in preventing
CVD and in retarding the progression of CKD.

• In KTRs, the prevalence of hypertension is high enough
to warrant screening.

• In KTRs, blood pressure is a risk factor for CVD and
CAI.

• In KTRs, there is little reason to believe that the pre-
vention and treatment of hypertension would not also
prevent CVD and kidney allograft injury.

Observational studies and RCTs have conclusively shown
that hypertension is an independent risk factor for CVD and
CKD in the general population.

In addition, evidence from RCTs in the general population
has conclusively shown that reducing blood pressure re-
duces the risk of CVD. These trials have shown benefit to
reducing blood pressure to <140/90 mm Hg even in low-
risk adult populations. Additional benefit may extend to
high-risk populations, such as those with diabetes. RCTs
in CKD have generally shown that blood pressure reduc-
tion reduces proteinuria and slows the rate of decline in
kidney function.

Life expectancy is lower in KTRs than in the general popu-
lation, and it is possible that the benefits and harm of hyper-
tension treatment in KTRs are different than in the general
population. However, the leading cause of death in KTRs is
CVD, making it likely that treatments that reduce the risk of
CVD in the general population will also be cost-effective in
KTRs. Although adverse effects of pharmacological treat-
ment of hypertension in KTRs are different and likely more
common than in the general population, small RCTs and
observational studies suggest that these adverse effects
are generally not severe enough to reduce quality of life or
increase mortality.

The incidence of hypertension in KTRs is 50–90%
(435,542,543). Thus, even conservative estimates on the
incidence of hypertension in KTRs suggest that hyperten-
sion is common enough to warrant close scrutiny in KTRs.
Observational studies have shown that hypertension is an
independent risk factor for CVD after kidney transplanta-
tion (Table 18) (430,544). There are also studies linking
hypertension to poor graft function, although it is difficult
to separate cause and effect relationships in these studies
(545–547).

There are few data to suggest how often patients should
be screened for hypertension after kidney transplantation.
However, the high incidence of hypertension, the chang-
ing risk for hypertension and CVD in KTRs and the ease of
obtaining blood pressure measurements are compelling ar-
guments for measuring blood pressure at every clinic visit.
Patients should be seated quietly for at least 5 min with
feet on the floor and arm supported at heart level. An ap-
propriately sized cuff with bladder encircling at least 80%
of the arm should be used. At least two measurements
should be made. Systolic blood pressure is the point at
which the first of two or more sounds is heard (phase 1),
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Table 22: Guideline definitions of hypertension

Treatment goals (mm Hg)
Hypertension

Guideline definition All In sub-populations

JNC 7 2003 (536) ≥140/90 <140/90 <130/80 in diabetes and CKD
WHO ISH 2003 (537) ≥140/90 <140/90 <130/80 in diabetes
KDOQI 2004 (538) – <130/80 in KTRs
NHBPEWG Children 2004 (539) ≥95th percentilea <95th percentilea <90th percentilea in concurrent conditionsb

ESH ESC 2007 (540) ≥140/90 <140/90 <130/80 in diabetes and high riskc

USPSTF 2007 (541) ≥140/90 See JNC 7d See JNC 7d

CKD, chronic kidney disease; ESC, European Society of Cardiology; ESH, European Society of Hypertension; ISH, International Society for
Hypertension; JNC, Joint National Committee; KDOQI, Kidney Disease Outcomes Quality Initiative; KTRs, kidney transplant recipients;
NHBPEPWG, National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents;
USPSTF, United States Preventative Services Task Force; WHO, World Health Organization.
aFor gender, age and height on three occasions.
bConcurrent conditions are CKD, diabetes and hypertensive target-organ damage (539).
cHigh risk includes patients with stroke, myocardial infarction, renal dysfunction and proteinuria.
dRecommends screening age >18 years and uses JNC 7 treatment thresholds (536).

and diastolic blood pressure is the point before the dis-
appearance of sounds (phase 5). Patients should be pro-
vided with their specific blood pressure readings and goals
(536).

Ambulatory blood pressure monitoring is warranted for the
evaluation of possible ‘white coat hypertension,’ episodic
hypertension, assessing apparent drug resistance, hy-
potensive symptoms with blood pressure treatment and
autonomic dysfunction (536). Ambulatory blood pressure
readings are lower than office blood pressure readings,
with daytime values being higher than values during sleep
(Table 23) (536).

Self-measured blood pressure is also useful in assessing
treatment of hypertension and improving adherence to
treatment (536). Home measurement devices should be
checked regularly for accuracy.

It is unlikely that there will be RCTs in KTRs to determine
whether blood pressure lowering reduces CVD events,
or prolongs patient or graft survival. However, observa-
tional studies have reported that hypertension is associ-
ated with both CVD events and graft survival (Table 18).
Guidelines from the general population recommend tar-
geting <140/90 mm Hg for all patients, even low-risk
patients. However, these same guidelines recommend tar-
geting <130/80 mm Hg for high-risk patients, such as pa-
tients with diabetes and CKD (536,538). There are indeed
RCT data justifying this lower target in these populations.
Although many transplant patients have diabetes and many
have reduced GFR, whether benefits outweigh risks of tar-
geting <130/80 mm Hg is unclear.

Causes of posttransplant hypertension include CNI use,
corticosteroids, kidney allograft dysfunction, allograft vas-
cular compromise (from within the allograft itself, from
within the allograft artery and its anastomosis and from

within arteries immediately proximal to the allograft artery
anastomosis) (548–553), as well as factors related to
the presence of the native kidneys (554–556). Treatment
should include adjusting CNI dose, administering antihyper-
tensive medications and managing other CVD risk factors.
A number of small randomized trials have demonstrated
the efficacy and safety of lowering blood pressure with
most classes of antihypertensive medications. However,
there is insufficient evidence to recommend any class of
antihypertensive agents as preferred for long-term therapy
for reducing CVD or improving long-term graft survival.

The choice of initial antihypertensive agent may be deter-
mined by the presence of one or more common posttrans-
plant complications that may be made better or worse by
specific antihypertensive agents (Table 24). Urine protein
excretion ≥1 g per 24 h if age ≥18 years (and ≥600 mg/m2

per 24 h if age <18 years) is a threshold at which blood
pressure lowering trials have shown efficacy in reducing
the progression of kidney disease in nontransplant pa-
tients (538). To date, there are no RCTs showing that re-
ducing urinary protein in KTRs preserves kidney allograft
function.

In general, no antihypertensive agent is contraindicated in
KTRs. Data from nontransplant patients with CKD suggest
that ACE-Is and ARBs may be have beneficial effects on

Table 23: Adult blood pressure thresholds for defining hyperten-
sion

Method of measurement Threshold (mm Hg)

Office or clinic 140/90
24-h average 125–130/80
Daytime 130–135/85
Night-time 120/70
Home (daytime) 130–135/85

Modified with permission (540).

S72 American Journal of Transplantation 2009; 9 (Suppl 3): S71–S79



Chapter 16

Table 24: Advantages and disadvantages of major antihypertensive agent classes in KTRs

Advantages (additional Disadvantages (adverse
indications that are effects that are

Agent class common in KTRs) common in KTRs)

Thiazide diuretics CHF with systolic dysfunction Hypomagnesemia
High CAD risk Hyperuricemia
Recurrent stroke prevention Hyponatremia
Hyperkalemia Dyslipidemias
Edema Glucose intolerance

Aldosterone antagonists CHF with systolic dysfunction Hyperkalemia
Post MI

Beta-blockers CHF with systolic dysfunctiona Hyperkalemia
Chronic stable angina Dyslipidemias
Post MI Glucose intolerance
High CAD risk
Supraventricular tachycardia

Angiotensin-converting enzyme inhibitorc CHF with systolic dysfunction Hyperkalemia
Post MI Anemia
High CAD risk
Recurrent stroke prevention
Reduce proteinuria
Polycythemia

Calcium-channel blockers Chronic stable angina Edema
High CAD risk Increased CNI levelsb

Supraventricular tachycardia Reduced kidney function
Increased CNI levels (allowing a

reduction in dose and cost)b

ARB, angiotensin II receptor blocker; CAD, coronary artery disease; CHF, congestive heart failure; CNI, calcineurin inhibitor; KTRs, kidney
transplant recipients; MI, myocardial infarction.
aCarvediol, bisoprolol, metoprolol succinate.
bNondihydropyridine calcium blockers.
cARBs may have similar effects as ACE-Is and may be used in patients who do not tolerate ACE-Is.

the progression of diabetic and nondiabetic CKD, particu-
larly in patients with proteinuria (538). However, RCTs in
KTRs have not had sufficient statistical power to deter-
mine whether ACE-I or ARB therapy improves patient or
graft survival (557). On the other hand, ACE-Is and ARBs
may be associated with an increased risk of hyperkalemia
and anemia in KTRs (557–560). Hypertensive KTRs with is-
chemic heart disease and/or CHF may benefit from ACE-Is,
ARBs and/or beta-blockers (561). Diuretics may be effec-
tive in treating hypertension in KTRs, since hypertension
in CNI-treated KTRs may be sodium dependent (562).

Many patients will require combination therapy to control
blood pressure. Most combinations should include a thi-
azide diuretic, unless it is contraindicated. Recent stud-
ies suggest that thiazides may be more effective than
previously thought in patients with reduced kidney func-
tion (563–565). When hypertension is difficult to control,
especially when it is associated with otherwise unex-
plained kidney allograft dysfunction, screening for allograft
vascular compromise, within or proximal to the allograft
artery, should be considered. This usually requires imag-
ing of the allograft vasculature using either an angiogram,
computerized tomographic angiography or magnetic reso-
nance imaging. When hypertension is difficult to control,

and there are no reversible causes, bilateral native kidney
nephrectomies may be considered, especially in a KTR<40
years old.

Research Recommendations

Randomized controlled trials are needed to determine:

• the optimal blood pressure treatment target in KTRs;
• the effect of reducing proteinuria on progression of

CKD in KTRs;
• the effects of ACE-Is/ARBs on patient survival and graft

survival.

16.2: DYSLIPIDEMIAS

(These recommendations are based on KDOQI Dyslipi-

demia Guidelines and are thus Not Graded)

16.2.1: Measure a complete lipid profile in all

adult (≥18 years old) and adolescent (pu-

berty to 18 years old) KTRs (based on

KDOQI Dyslipidemia Recommendation 1):

• 2–3 months after transplantation;
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• 2–3 months after a change in treatment

or other conditions known to cause

dyslipidemias;

• at least annually, thereafter.

16.2.2: Evaluate KTRs with dyslipidemias for sec-

ondary causes (based on KDOQI Dyslipi-

demia Recommendation 3)

16.2.2.1: For KTRs with fasting triglyc-

erides ≥500 mg/dL (≥5.65

mmol/L) that cannot be cor-

rected by removing an underlying

cause, treat with:

• Adults: therapeutic lifestyle

changes and a triglyceride-

lowering agent (based on

KDOQI Recommendation

4.1);

• Adolescents: therapeutic

lifestyle changes (based on

KDOQI Recommendation

5.1).

16.2.2.2: For KTRs with elevated LDL-C:

• Adults: If LDL-C ≥100 mg/dL

(≥2.59 mmol/L), treat to re-

duce LDL-C to <100 mg/dL

(<2.59 mmol/L) (based on

KDOQI Guideline 4.2);

• Adolescents: If LDL-C ≥130

mg/dL (≥3.36 mmol/L),

treat to reduce LDL-C to

<130 mg/dL (<3.36 mmol/L)

(based on KDOQI Guideline

5.2).

16.2.2.3: For KTRs with normal LDL-C, el-

evated triglycerides and elevated

non-HDL-C:

• Adults: If LDL-C <100 mg/dL

(<2.59 mmol/L), fasting

triglycerides ≥200 mg/dL

(≥2.26 mmol/L), and non-

HDL-C ≥130 mg/dL (≥3.36

mmol/L), treat to reduce

non-HDL-C to <130 mg/dL

(<3.36 mmol/L) (based on

KDOQI Guideline 4.3);

• Adolescents: If LDL-C <130

mg/dL (<3.36 mmol/L), fast-

ing triglycerides ≥200 mg/dL

(≥2.26 mmol/L), and non-

HDL-C ≥160 mg/dL (≥4.14

mmol/L), treat to reduce non-

HDL-C to <160 mg/dL (<4.14

mmol/L) (based on KDOQI

Guideline 5.3).

HDL-C, high-density lipoprotein cholesterol; KDOQI,

Kidney Disease Outcomes Quality Initiative; KTRs, kid-

ney transplant recipients; LDL-C, low-density lipopro-

tein cholesterol.

Background

Dyslipidemias are abnormalities in circulating lipoproteins
that are associated with an increased risk of CVD. The
Work Group did not perform systematic reviews of the evi-
dence for management of dyslipidemias in KTRs since this
was performed recently for the KDOQI Dyslipidemia Guide-
lines. Rather, the recommendations of the Work Group are
based on those of the KDOQI Dyslipidemia Guidelines for
the management of dyslipidemia in CKD (566). The Work
Group searched for, but did not find, large RCTs for dyslipi-
demia management in KTRs published since the publica-
tion of the KDOQI Dyslipidemia Guidelines. In addition, the
Work Group searched for, but did not find, new guidelines
for the management of dyslipidemia in the general popula-
tion. Therefore, the Work Group concluded that there was
little new evidence to require modification of the KDOQI
Dyslipidemia Guidelines at this time. However, the Work
Group amended the original guideline statements to apply
to the KTRs.

Rationale

• In the general population, there is strong evidence that
reducing LDL-C decreases the risk for CVD events.

• In KTRs, there is little reason to believe that reducing
LDL-C would not be safe and effective in reducing CVD
events.

• In KTRs, the prevalence of dyslipidemia is high enough
to warrant screening and intervention.

• In KTRs, there is moderate evidence that dyslipidemias
contribute to CVD and that treatment of increased LDL-
C with a statin may reduce CVD events.

A large number of RCTs in the general population have
demonstrated that lowering LDL-C reduces CVD events
and mortality. There is less evidence that treating other
lipoprotein abnormalities, such as increased triglycerides
or reduced HDL-C is effective. Guidelines generally recom-
mend treating patients based on the level of LDL-C and the
level of risk for CVD events.

Although there are drug–drug interactions that must be
monitored in KTRs, the use of 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors (‘statins’) is generally safe
and effective in lowering LDL-C, if appropriate dose modi-
fication is made for patients treated with CNIs. The use of
other lipid-lowering therapies are less certain, but poten-
tially beneficial in KTRs.

The incidence and prevalence of dyslipidemia is high in
KTRs, in large part due to the fact that immunosuppressive
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agents cause or contribute to dyslipidemias. Agents impli-
cated in causing dyslipidemias include corticosteroids, CsA
and mTORi. The overall prevalence of dyslipidemia during
the first year after transplantation is >50%, although the
prevalence is greatly influenced by the type of immuno-
suppression used and the presence of other factors, such
as proteinuria, acute rejection and graft dysfunction. In any
case, this high prevalence of dyslipidemia justifies screen-
ing and monitoring.

Observational studies suggest that hypercholesterolemia
and increased LDL-C are independently associated with
CVD events in KTRs. A RCT found that treatment of LDL-
C with fluvastatin did not significantly reduce the primary
end point (major adverse cardiac events) (567). However,
important secondary end points, including mortality, were
reduced by fluvastatin, and long-term follow-up suggested
that major adverse cardiac events were also reduced (568).
Thus, this study generally confirmed evidence from obser-
vational studies in KTRs, and RCTs in the general popu-
lation, which indicate that increased LDL-C causes CVD,
and treatment of LDL-C with a statin reduces the risk of
CVD.

Although many measurements of lipoproteins can be
linked to CVD events (e.g. apolipoprotein B, lipoprotein (a),
etc.), the preponderance of evidence suggests that eleva-
tions in LDL-C are most closely associated with CVD. As a
result, most guidelines target the screening and treatment
of LDL-C. The measurement of LDL-C, or its estimation with
the Friedewald formula, is reliable and generally available in
most major laboratories around the world. The calculation
of LDL-C requires a fasting lipid panel with total cholesterol,
HDL-C and triglycerides. Directly measured LDL-C changes
little with fasting or nonfasting, but direct measurement is
less readily available.

Treating an underlying cause of dyslipidemia may improve
the lipid profile. Although there are few data in KTRs,
it is reasonable to expect that reducing or eliminating
nephrotic-range proteinuria may improve the lipid profile.
Similarly, treating poorly controlled diabetes may improve
abnormal plasma lipids. Rarely, severe hypothyroidism may
alter plasma lipoproteins. RCTs have shown that corticos-
teroids, CsA and especially mTORi can cause dyslipidemias
in KTRs. In some cases, severe dyslipidemia may require
modification of immunosuppressive medications.

The National Cholesterol Education Program Guidelines
(569) and the KDOQI Guidelines on Dyslipidemia in KTRs
(566) recommend first treating severe hypertriglyceridemia
to avert the risk for pancreatitis. Very high levels of triglyc-
erides (usually in the thousands) generally indicate eleva-
tions in chylomicrons. There is an association between se-
vere hypertriglyceridemia and pancreatitis, prompting the
recommendation to treat severe hypertriglyceridemia as
the first priority. How often severe hypertriglyceridemia
causes pancreatitis in KTRs is unknown.

If severe hypertriglyceridemia is not present, then LDL-
C becomes the therapeutic target. In the KDOQI Dys-
lipidemia Guidelines, all adult KTRs are at high risk for
ischemic heart disease, and therefore should be treated
to maintain LDL-C <100 mg/dL (2.59 mmol/L) (566). The
drug of first choice for reducing LDL-C is a statin. Doses
of statins usually need to be reduced by approximately
50% in patients treated with CsA, and probably also in
patients treated with tacrolimus (although fewer data are
available).

The relatively small number of patients who have normal
or low LDL-C, increased triglycerides and high non-HDL-C
likely have high levels of atherogenic lipoprotein remnants.
Treatment for these patients should be similar to treatment
for patients with high LDL-C (566).

For adolescents, the KDOQI Dyslipidemia Guidelines in-
creased the LDL-C target goal to reflect both the uncer-
tainty of dyslipidemia treatment in adolescents, and possi-
ble the increased risk. The US Preventive Services Task
Force (USPSTF) was unable to determine the balance
between potential benefits and harm of screening chil-
dren and adolescents for dyslipidemia (570). The National
Cholesterol Education Program Report of the Expert Panel
on Blood Cholesterol Levels in Children and Adolescents
recommended selective screening for children and adoles-
cents with a family history of premature coronary heart
disease or at least one parent with a high total cholesterol
level (571).

16.3: TOBACCO USE

16.3.1: Screen and counsel all KTRs, including

adolescents and children, for tobacco use,

and record the results in the medical

record. (Not Graded)

• Screen during initial transplant hospi-

talization.

• Screen at least annually, thereafter.

16.3.2: Offer treatment to all patients who use to-

bacco. (Not Graded)

KTRs, kidney transplant recipients.

Background

Tobacco use includes the inhalation or ingestion of any to-
bacco product, including: the inhalation of tobacco smoke
from cigarettes, cigars, water pipes or other devices; the
nasal absorption of tobacco from snuff and the oral absorp-
tion and ingestion of tobacco from chewing.
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Rationale

• In the general population, there is strong evidence that
tobacco use causes CVD, cancer, chronic lung disease
and premature death.

• In the general population, there is strong evidence that
screening, prevention and treatment measures are ef-
fective in adults. The effectiveness of clinician counsel-
ing of children and adolescents is uncertain.

• In KTRs, there is no reason to believe that the approach
to prevention and treatment of tobacco use should be
different than in the general population.

• In KTRs, cigarette smoking is associated with CVD and
cancer.

• In KTRs, the prevalence of tobacco use is high enough
to warrant intervention.

Evidence-based guidelines for the general population have
concluded that there is strong evidence that tobacco use
causes CVD, cancer and chronic lung disease (572–578).
Although most studies have focused on cigarette smoking,
there is evidence that any tobacco use is harmful (579).
Evidence-based guidelines for the general population have
also concluded that screening patients for tobacco use
and implementing prevention and treatment measures are
effective, at least in the short term, in improving the likeli-
hood of abstinence in adults. However, there are few stud-
ies from the general population showing that interventions
are effective for more than 1 year. There is also insufficient
evidence that interventions are effective in children and
adolescents.

A large number of observational studies have reported
higher rates of CVD and mortality for cigarette smokers
in the general population. In addition, there have been a
large number of RCTs showing that different smoking ces-
sation interventions are effective in increasing the number
of patients who quit smoking (580–582). Recently, RCTs
have also shown that smoking cessation interventions re-
duce mortality in the general population (583,584).

In KTRs, there is no reason to believe that the prevention
and treatment of tobacco use would be different from that
in the general population. In particular, there are no interac-

Table 25: Pharmacological therapies for cigarette smoking cessation in KTRs

Class Drug Special considerations

Nicotine replacement Nicotine gum, inhaler, nasal spray,
lozenge and patch

May use in combinations with other nicotine and
non-nicotine replacement agents

Antidepressant Bupropion SR Monitor CsA blood levels and increase CsA dose as
needed (585)

a4b 2 nicotinic receptor partial agonist Varenicline Warn patients and monitor for serious
neuropsychiatric symptoms including depression
and suicidal ideationa

awww.fda.gov/Cder/Drug/infopage/varenicline/default.htm; last accessed June 21, 2008

tions between pharmacotherapies for aiding in tobacco ab-
stinence and immunosuppressive agents that would pre-
vent the use of either in KTRs (Table 25).

Cigarette smoking at the time of kidney transplanta-
tion has been found to be an independent risk factor
for patient survival, graft survival, ischemic heart dis-
ease, cerebral vascular disease, PVD and CHF (Table 18)
(438,439,442,443,586,587). Smoking has also been found
to be associated with posttransplant malignancies (588).

The prevalence of cigarette smoking at the time of
transplantation varies between 25% and 50% (438,
439,586,588). The prevalence of smoking varies from
country to country, likely due to differences in the preva-
lence of smoking in the general populations of those coun-
tries. However, even in countries where the prevalence is
relatively low, it is high enough to warrant interventions.

Screening (and counseling) adults for tobacco use is
recommended for the general population (572–576).
Guidelines in the general population have cited a lack of
evidence that screening adolescents and children is effec-
tive, although there is likely little harm in including children
and adolescents (573). Screening patients includes ask-
ing them about their tobacco use history (including start
and stop dates), amounts and types of tobacco used and
prior interventions. Patients may not admit that they use
tobacco, and nicotine levels have been used to identify
smokers among KTRs (589). However, there is insufficient
evidence for or against the use of laboratory testing to
detect tobacco use in KTRs or in the general population.

There is no evidence to suggest when and how often to
screen for tobacco use in KTRs. However, there are stud-
ies in the general population that indicate screening and
intervention during hospitalization is more effective than
usual care (575). Therefore, we recommend screening and
intervention for patients during the initial hospitalization for
kidney transplantation. There is no evidence to suggest the
optimal interval after hospitalization for screening and inter-
vention. However, given that initial screening may not be
effective, follow-up screening would seem to be prudent.
In addition, given the fact that at least some patients who
do not use tobacco may begin to use tobacco at some
time after transplantation, periodic screening is indicated.
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The Work Group determined that annual screening is a
reasonable minimum frequency.

Self-help is not adequate for smoking cessation. Both
counseling and pharmacotherapy are effective, either
alone or in combination. In general, the effectiveness of
counseling is proportional to the amount of time spent
counseling; however, even counseling for 3 min or less
is effective (573). The ‘5 As’ of counseling include: (i) ask
about tobacco use, (ii) advise to quit through clear and
personalized messages, (iii) assess willingness to quit, (iv)
assist quitting and (v) arrange follow-up and support (573).

A number of different pharmacological therapies are effec-
tive in increasing the rate of smoking abstinence. There
are five nicotine replacement aids and two other medica-
tions that have been shown to be effective in RCTs in the
general population (Table 25) (580–582). These agents can
and should be used in combination.

Research Recommendations

• Randomized controlled trials are needed to determine
the optimal approach(es) for reducing tobacco use in
KTRs.

16.4: OBESITY

16.4.1: Assess obesity at each visit. (Not Graded)

• Measure height and weight at each

visit, in adults and children.

• Calculate BMI at each visit.

• Measure waist circumference when

weight and physical appearance sug-

gest obesity, but BMI is <35 kg/m2.

16.4.2: Offer a weight-reduction program to all

obese KTRs. (Not Graded)

BMI, body mass index; KTRs, kidney transplant recipi-

ents.

Background

Obesity in adults is defined, as it is in major guidelines
for the general population, as body mass index (BMI)
≥30 kg/m2 (Table 26). Because some individuals may have
BMI ≥30 kg/m2 that is not due to excess body fat, it is
recommended that the definition of obesity in adults in-
clude waist circumference ≥102 cm (≥40 in.) in men and
≥88 cm (≥35 in.) in women.

Body mass index can be calculated either as weight in
kilograms divided by height in meters squared, or as weight
in pounds divided by height in inches squared multiplied by
703 (both methods yielding units kg/m2).

Table 26: Definition and classification of obesity in adults

Obesity class BMI (kg/m2) Disease riska

Underweight <18.5 –
Normal 18.5–24.9 –
Overweight 25.0–29.9 Increased
Obesity, class 1 30.0–34.9 High
Obesity, class 2 35.0–39.9 Very high
Extreme obesity, class 3 ≥40 Extremely high

BMI, body mass index.
aDisease risk is higher for people with large waist circumferences
(men >102 cm (>40 in); women >88 cm (>35 in)); risk for type
2 diabetes, hypertension and CVD.
Modified with permission (590).

In children, obesity is generally defined as BMI above the
95th percentile for age and sex. However, this definition
is largely based on data from the US Caucasian popula-
tion, and may be less applicable to other populations. The
CDC and the American Academy of Pediatrics recommend
the use of BMI to screen for overweight in children be-
ginning at 2 years old (www.cdc.gov/nccdphp/dnpa/bmi/
childrens_BMI/about_childrens_BMI.htm; last accessed
March 30, 2009). For children, BMI is used to screen for
overweight, at risk of overweight or underweight. How-
ever, BMI is not a diagnostic tool in children. For example, a
child may have a high BMI for age and sex, but to determine
if excess fat is a problem, a health-care provider would
need to perform further assessments. These assessments
might include skinfold thickness measurements, evalua-
tions of diet, physical activity, family history and other ap-
propriate health screenings.

The USPSTF found ‘fair evidence’ that BMI is a reason-
able measure for identifying children and adolescents who
are overweight, or at risk for becoming overweight, and
that overweight children and adolescents are at increased
risk for becoming obese adults. Therefore, BMI thresh-
olds should be used to define overweight based on per-
centiles of the general population for age and sex (Table 27)
(591).

Table 27: Definition and classification of obesity for children and
adolescents 6 years of age and older

Obesity risk BMI (kg/m2)a Risk

At risk for 85–94 percentile Becoming
being overweight overweight

Overweight ≥95 percentile Being overweight
as an adult

BMI, body mass index.
aBMI calculated either as weight in kilograms divided by height in
meters squared, or weight in pounds divided by height in inches
squared multiplied by 703. Percentile for age and sex.
Modified with permission (591).
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Rationale

• In the general population, there is strong evidence that
obesity is a risk factor for CVD events and mortality in
adults.

• In the general population, there are few studies exam-
ining the effects of obesity treatment on CVD events
or mortality, but there is evidence that the benefits
of treating obesity on intermediate outcomes for CVD
outweigh harm in adults.

• In KTRs, obesity is associated with CVD events and
mortality.

• In KTRs, there is little reason to believe that weight
reduction measures are not equally effective as in the
general population; however, there is some reason to
believe that pharmacological and surgical management
of obesity may be more likely to cause harm than in
the general population.

Observational studies in the general population have
shown that obesity is an independent risk factor for CVD
(592). Obesity is also associated with a number of risk
factors for CVD, including hypertension, dyslipidemias and
diabetes (590).

A number of RCTs in the general population have shown
that diet may cause modest weight reduction, at least
over a period of 12 months. Pharmacological interventions
are more effective in weight loss than diet alone, but are
associated with more adverse effects. Bariatric surgery is
effective, and may improve health outcomes. Guidelines
in the general population generally recommend screening
and treatment of obesity (www.cdc.gov/healthyweight/
assessing/bmi/childrens_BMI/about_childrens_BMI.html;
last accessed July 27, 2009) (591,593–597).

Observational studies in adult KTRs have reported an asso-
ciation between obesity and mortality, CVD mortality and
CHF (Table 18).

Counseling standard weight reduction diets, as recom-
mended in guidelines in the general population, is unlikely
to cause harm in KTRs. The effects of pharmacological
management of obesity in KTRs are largely unexplored.
Anecdotal evidence suggests that bariatric surgery can
be performed safely in KTRs and results in weight loss,
at least over a relatively short duration of follow-up (598–
600).

Small, uncontrolled trials in KTRs suggest that diet and
other behavior modifications are safe and help reduce
weight over the short term (601,602). There is no evidence
that any one diet is more effective than any other. A reason-
able goal is to create a caloric deficit of 500–1000 kcal/day.
Diets of 1000–1200 kcal/day for women and 1200–1500

kcal/day for men can be effective. Increased physical activ-
ity may help to sustain weight reduction and reduce CVD
risk independent of weight reduction. Exercise may also
be beneficial, although a small RCT in KTRs failed to show
that counseling to encourage exercise reduced weight or
CVD risk factors at 1 year (603). Nevertheless, exercise
capacity increased in this study, and there was no harm
associated with exercise.

A large number of RCTs have examined pharmacologic in-
terventions for weight loss in the general population. These
trials have shown modest weight reduction from medica-
tions vs. placebo at 12 months (604). There are few long-
term studies, and even fewer studies that have examined
health outcomes. In a 4-year RCT, 52% completed treat-
ment with orlistat while 34% completed treatment with
placebo. Mean weight loss was greater with orlistat (–5.8
kg) vs. placebo (–3.0 kg, p < 0.001). The cumulative inci-
dence of diabetes was 6.2% with orlistat vs. 9.0% with
placebo (p = 0.0032). In a RCT, comparing the cannabinoid
receptor antagonist rimonabant with placebo in 839 pa-
tients, rimonabant failed to reduce the primary end point,
change in atheroma volume on coronary intravascular ultra-
sound (605). Of concern are reports of psychiatric adverse
effects from rimonabant (606). Altogether, it remains un-
clear whether the benefits outweigh harm of pharmaco-
logical management of obesity in the general population.

Pharmacological treatment of obesity has not been ade-
quately studied in KTRs. Adverse effects of available agents
limit their usefulness in the general population, and are
likely to have an even greater potential for adverse effects
in KTRs. Orlistat may interfere with the absorption of fat-
soluble vitamins, and there have been case reports of an
interaction between orlistat and CsA, resulting in lower
CsA levels (607–609). Studies in the general population
have shown that sibutamine can cause weight loss, but
adverse effects are common and include increased blood
pressure and heart rate (604). There have been no studies
of sibutamine in KTRs.

There have been no RCTs examining the long-term effects
of bariatric surgery on health outcomes in the general pop-
ulation. Nevertheless, bariatric surgery appears to be more
effective than diet in causing weight reduction (610,611). In
the largest case-control study to date, gastric bypass, verti-
cal banded gastroplasty or gastric banding caused, respec-
tively, −25%, −16% and −14% weight losses from base-
line to 10 years (612). Importantly, there were 129 deaths
in the control group and 101 deaths in the surgery group
(p = 0.04). The most common cause of death in this study
was myocardial infarction (612). In another large observa-
tional study, all-cause mortality (p < 0.0001), deaths from
diabetes (p = 0.0005) and deaths from coronary artery
disease (CAD) (p = 0.006) were lower among 7925 pa-
tients who had undergone bariatric surgery compared to
7925 matched controls (613). Thus, it appears that bariatric
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Table 28: National Heart Lung Blood Institute weight-loss treatment guidelinesa

BMI (kg/m2)

Treatment 25–26.9 27–29.9 30–34.9 35–39.9 ≥40

Behavior modification Yes Yes Yes Yes Yes
Pharmacotherapy If there are Yes Yes Yes

comorbiditiesb

Bariatric surgery If there are If there are If there are
comorbiditiesc comorbiditiesc comorbiditiesc

BMI, body mass index.
a. Modified with permission (590).
b. Comorbidities considered important enough to warrant pharmacotherapy are: established coronary heart disease, other atherosclerotic
diseases, type 2 diabetes, sleep apnea, hypertension, cigarette smoking, high LDL-C, low HDL-C, impaired fasting glucose, family history
of early CVD, and age (male ≥45 years, female ≥55 years).
c. Comorbidities considered important enough to warrant surgery are: established coronary heart disease, other atherosclerotic
diseases, type 2 diabetes, and sleep apnea.

surgery can produce sustained weight reduction and im-
prove health outcomes.

Guidelines in the general population recommend weight
loss surgery in patients with severe obesity, that is
BMI ≥40 kg/m2 or ≥35 kg/m2 with comorbid conditions.
Bariatric surgery may include gastric banding or gastric
bypass (Roux-en-Y). Uncontrolled studies suggest that
bariatric surgery may be performed safely in selected KTRs
(598–600). However, the incidence of complications may
also be greater in KTRs (614).

Guidelines in the general population recommend tailoring
treatment to the severity of obesity and its comorbidities
(Table 28).

Childhood obesity in the general population is associated
with a higher prevalence of CVD risk factors, such as

dyslipidemias, hypertension and diabetes. However, CVD
events may take decades to develop. Few studies have
examined the safety and efficacy of weight reduction in
children or adolescents. The USPSTF concluded that evi-
dence was insufficient to recommend for or against rou-
tine screening for obesity in children and adolescents
as a means to prevent adverse health outcomes. There
are likewise few studies on the treatment of obesity in
children and adolescent KTRs; therefore, there is no ba-
sis for a different recommendation than for the general
population.

Research Recommendations

• Additional research is needed to determine the effect
of bariatric surgery on outcomes in KTRs.
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Chapter 17: Cardiovascular Disease Management

17.1: Consider managing CVD at least as intensively

in KTRs as in the general population, with ap-

propriate diagnostic tests and treatments. (Not

Graded)

17.2: We suggest using aspirin (65–100 mg/day) in all

patients with atherosclerotic CVD, unless there

are contraindications. (2B)

CVD, cardiovascular disease; KTRs, kidney transplant

recipients.

Background

The Work Group chose to deal with the prevention of CVD
after kidney transplantation, and considered the manage-
ment of CVD complications to be beyond the scope of this
guideline. However, in patients with known CVD, prophy-
laxis includes aspirin.

Rationale

• There is good evidence that atherosclerotic CVD is
prevalent in KTRs.

• There is no reason to believe that the management
of complications of atherosclerotic CVD is different in
KTRs than in the general population.

• In the general population, there is strong evidence that
aspirin reduces atherosclerotic CVD events in patients
with known CVD.

• There is little reason to believe that the benefits of
aspirin would not exceed the harm in KTRs with CVD,
as in patients with CVD in the general population.

Randomized controlled trials, and meta-analyses of these
trials, have demonstrated that low-dose aspirin is safe

and effective in reducing CVD events in patients at high
risk for CVD. This has led to several guidelines suggest-
ing that low-dose aspirin should be used in patients with
known CVD (secondary prevention) (615–617). The Amer-
ican Heart Association, for example recommends using
aspirin for patients with established coronary and other
atherosclerotic vascular disease, including peripheral arte-
rial disease, atherosclerotic aortic disease and carotid dis-
ease (616).

In KTRs, there is little reason to believe that low-dose as-
pirin would not be as effective as it is in the general pop-
ulation. There is some evidence that platelet function is
abnormal in KTRs, increasing the risk for thrombosis (618).
Some observational data suggest that aspirin is safe in
KTRs. In at least one retrospective observational study,
the use of aspirin was associated with better graft survival
(619). Given the high incidence of CVD in KTRs, the ben-
efits of aspirin prophylaxis may be expected to outweigh
risks, principally of bleeding.

Evidence from the general population suggests that as-
pirin prophylaxis is effective in preventing CVD events in
patients at high risk for CVD events, such as patients with
known CVD. Most guidelines recommend that patients in
the general population with known CVD should receive as-
pirin prophylaxis unless aspirin is contraindicated. Data for
other antiplatelet agents are sparse; however, many guide-
lines recommend that clopidogrel may be used in patients
who cannot take aspirin.

Research Recommendations

• A RCT is needed to determine the efficacy and safety
of aspirin in KTRs.
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Introduction

Introduction: Malignancy Risks After Kidney
Transplantation

Kidney transplant recipients from around the world are at
greater risk of developing cancer compared to the general
population (Table 29). This is especially true for cancers
associated with viral infections (e.g. EBV-associated lym-
phomas). Some cancers are common in the general pop-
ulation and also occur at a higher incidence in KTRs (e.g.
colon cancer). Some are common in KTRs because they
are common in the general population and have a similar
incidence in KTRs (e.g. breast cancer). Others are rare,
but occur at a substantially higher rate in KTRs (e.g. Kaposi
sarcoma) (620,621). There are also cancers that may cause
stage 5 CKD, and are therefore seen more commonly in
KTRs (e.g. myeloma and renal cell carcinoma).

Table 29: Cancers categorized by SIR for kidney transplant patients and cancer incidencea

Common cancers in transplant
Common cancersb population (estimated)c Rare cancersd

High SIRe Kaposi’s sarcoma Kaposi’s sarcomaf Eye
(>5) (with HIV)e Vaginaf

Non-Hodgkin lymphoma
Kidney
Non-melanoma skinf

Lipf

Thyroid
Penisf

Small intestinef

Moderate SIRe Lung Oro-nasopharynx Melanoma
(>1–5, p < 0.05) Colon Esophagus Larynx

Cervix Bladder Multiple myeloma
Stomach Leukemia Anusf

Liver Hodgkin’s lymphoma
No increased risk showne Breast Ovary

Prostate Uterus
Rectumf Pancreas

Brain
Testis

HIV, human immunodeficiency virus; SIR, standardized incidence ratio.
aIn approximate descending order of estimated frequency (SIR × rate in general population).
bIncidence in both general and transplant population ≥10 per 100 000 people; based on world incidence (622). Age-standardized rate.
Normalized to world population.
cIncidence in general population <10 per 100 000, but estimated incidence in transplant population (SIR × general population incidence)
≥10 per 100 000 people.
dIncidence in both general and transplant population <10 per 100 000 people.
eExcerpted from Table 4 of Grulich et al. (623).
fBased on US incidence (624). Age standardized rate (normalized to US population).

Cohort studies have demonstrated the variability of risk
for cancer with both age and sex, with young KTRs hav-
ing a risk 15–30 times greater than the general popula-
tion of the same age, while the risk is only two times
greater for 65-year-old KTRs (625). After the develop-
ment of cancer, the survival of transplant recipients is
poor, and treatment options are limited by the trans-
plant or comorbidities. It is thus important to consider
options for preventative measures and screening KTRs,
which can theoretically deliver benefits of lower mor-
bidity and mortality through reduced incidence or early
interventions.
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Rating Guideline Recommendations

Within each recommendation, the strength of recommendation is indicated as Level 1, Level 2, or Not Graded, and the
quality of the supporting evidence is shown as A, B, C, or D.

Grade* Wording

Level 1 ‘We recommend’

Level 2 ‘We suggest’

Grade for 
quality of 
evidence Quality of evidence

A High

B Moderate

C Low

D Very low

*The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or
where the topic does not allow adequate application of evidence. The most common examples include
recommendations regarding monitoring intervals, counseling, and referral to other clinical specialists. The
ungraded recommendations are generally written as simple declarative statements, but are not meant to
be interpreted as being stronger recommendations than Level 1 or 2 recommendations.



Chapter 18

Chapter 18: Cancer of the Skin and Lip

18.1: We recommend that KTRs, especially those who

have fair skin, live in high sun-exposure climates,

have occupations requiring sun exposure, have

had significant sun exposure as a child, or have

a history of skin cancer, be told that their risk of

skin and lip cancer is very high. (1C)

18.2: We recommend that KTRs minimize life-long sun

exposure and use appropriate ultraviolet light

blocking agents. (1D)

18.3: We suggest that adult KTRs perform skin and

lip self-examinations and report new lesions to

a health-care provider. (2D)

18.4: For adult KTRs, we suggest that a qualified health

professional, with experience in diagnosing skin

cancer, perform annual skin and lip examination

on KTRs, except possibly for KTRs with dark skin

pigmentation. (2D)

18.5: We suggest that patients with a history of skin

or lip cancer, or premalignant lesions, be referred

to and followed by a qualified health professional

with experience in diagnosing and treating skin

cancer. (2D)

18.6: We suggest that patients with a history of skin

cancer be offered treatment with oral acitretin, if

there are no contraindications. (2B)

KTRs, kidney transplant recipients.

Background

Skin cancers include basal cell carcinoma, squamous cell
carcinoma and malignant melanomas.

Fair-skin individuals are Caucasians and especially those
with blond hair and light complexion (626).

High sun-exposure climates are in areas of the world that
are near the Equator, and those that have poor ozone-layer
protection.

Appropriate ultraviolet light/sun avoidance includes the use
of shade and avoidance of sunlight during peak hours of
radiation, wearing protective clothing and the use of ultra-
violet light blocking sunscreens.

Skin and lip self-examination is accomplished by close in-
spection of all skin areas, using a mirror and/or the assis-
tance of a family member, such as a spouse.

Qualified health professionals with experience in diagnos-
ing skin cancer include physicians, physician’s assistants
or nurse practitioners with experience in diagnosing skin
cancer.

Qualified health professionals with experience in diagnos-
ing and treating skin cancer include dermatologists, physi-
cians or surgeons with experience in diagnosis (including
skin biopsies and their interpretation) and treatment of skin
cancer.

Acitretin has been used at doses between 0.2 and
0.4 mg/kg/day in RCTs to prevent skin cancers.

Rationale

• Patients who are at high risk can be identified.
• Patient behaviors can reduce the risk.
• Educating patients who are at high risk will encourage

them to undertake behaviors that will reduce that risk.
• Sun exposure is a risk factor for skin cancer.
• Avoiding sun exposure may reduce the incidence of

skin cancer.
• Self-examination will detect skin cancer at an earlier

stage than other measures.
• Early detection and treatment will reduce the morbidity

and mortality of skin cancer.
• Skin and lip examination by a qualified health profes-

sional can detect skin cancer early.
• Advice to undertake regular skin self-examination is

poorly recalled and implemented.
• Acitretin may reduce the risk for recurrent squamous

cell skin cancer in KTRs.
• Although adverse effects associated with the use of

acitretin are common, and often necessitate discon-
tinuing therapy, the benefits may outweigh harm in
selected KTRs.

Skin cancers occur with a much higher incidence in KTRs
compared to the general population. In addition, risk fac-
tors for skin cancers in the general population are also
likely to be risk factors for skin cancer in KTRs. These in-
clude: fair skin, living in high sun-exposure climates, having
occupations with sun exposure, having had significant sun
exposure as a child, or having a history of skin cancer (627).

Most measures for reducing the risk of skin cancer (de-
scribed in guideline statements above) require patient
cooperation. Although there are only limited RCT data
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demonstrating that informing KTRs of their increased risk
for skin cancer helps to reduce that risk, the benefits of
patient education are very likely to outweigh harm (628).

There is evidence that geographical locations associated
with increased sun exposure are associated with increased
risk of skin cancer in both KTRs and the general population
(629). There is also evidence in the general population that
the use of sunscreen reduces the incidence of squamous
cell cancer (630). Although there is no evidence in KTRs
that avoidance of sun exposure or the use of sun block-
ers reduces skin cancer, potential benefits likely outweigh
harm. Sun can be blocked by staying in shaded environ-
ments, wearing protective clothing, a wide-brim hat and
sunglasses that block ultraviolet light. There is a concern
that use of sunscreens may lead to behaviors which in-
crease total sunlight exposure (631).

It is plausible that self-examination will lead to earlier de-
tection of skin cancer than less frequent skin examinations
by health-care providers (632). It is also plausible that early
detection will lead to early treatment, and thereby reduce
morbidity and mortality. However, skin self-examination
has not been shown to be effective in reducing overall
cancer-specific mortality and morbidity in either the gen-
eral population or in KTRs. Nevertheless, since the costs
and adverse effects of self-screening are low, the use of
education programs to encourage self-examination, espe-
cially in areas of high prevalence of skin cancer, is justified.

American (627) and European (633) transplantation pro-
fessional guidelines recommend skin cancer screening in
KTRs, monthly skin self-examination and at least annual
total body skin examination by a dermatologist or expert
physician (634). The USPSTF concluded that there is insuf-
ficient evidence to recommend for or against population
skin cancer screening using total skin examination (635),
while The American College of Preventive Medicine rec-
ommended screening for high-risk individuals (636).

Advice to undertake regular skin examination is poorly
recalled and implementation is thus not reliable (637).
Nonetheless, in a community-based RCT of regular skin
screening, the intervention group reported considerably
higher rates of performance (638). Visual inspection by
KTRs is also likely not to be as reliable for detecting skin
cancer as regular skin examinations by qualified health pro-
fessionals. Studies in the general population have shown
that individuals with adequate training and experience, for
example dermatologists, detect skin cancer earlier than
general practitioners (639). General practitioners with ex-
perience may perform as well as dermatologists in some
areas (640). In the absence of experienced general practi-
tioners, resources may be insufficient to allow KTRs to be
seen annually by a dermatologist. Therefore, a strategy that
combines primary screening with referral of suspicious le-
sions to a dermatologist may be most cost-effective. Pa-

tients who have had a skin cancer are much more likely to
develop a second lesion than patients with no history of
skin cancer (641). Therefore, patients who have had a skin
cancer are more likely to benefit from regular screening by
a dermatologist, or health-care professional with compara-
ble training. Early diagnosis and removal of skin cancers
is essential to reduce disfiguring surgery and to prevent
mortality from advanced or metastatic lesions.

There is a paucity of RCT data assessing whether the ben-
efits of altering the immunosuppressive medication reg-
imen to reduce the incidence of skin cancer outweigh
harm. For example, in a recent RCT, KTRs 10–15 years
after transplant were randomly allocated to convert CNI to
sirolimus (N = 555) vs. remaining on CNI (N = 275) (119).
At 2 years of follow-up, 12 (2.2%) in the conversion group
vs. 21 (7.7%) in the CNI group had investigator-reported
skin cancer (p < 0.001). However, the number of adverse
effects in the sirolimus conversion arm was higher than
those in the CNI control arm. Indeed, the Drug Safety Mon-
itoring Board halted enrollment for patients with eGFR 20–
40 mL/min/1.73 m2 early, because in this stratum (N = 77)
the composite safety end point (first occurrence of biopsy-
proven acute rejection, graft failure or death) was signifi-
cantly higher in the conversion vs. the control group (119).
The Work Group concluded that it remains unclear whether
there is a high-risk population of KTRs in which benefits
from converting one immunosuppressive regimen to an-
other to reduce skin cancer outweigh harm.

In three RCTs, which together included a total of 93 KTRs
(10–15 years after transplant), those treated with acitretin
for 6–12 months demonstrated a reduction in the rate
of formation of new skin cancers compared to untreated
controls, with no differences between doses of 0.2 and
0.4 mg/kg/day (642). In these trials, several individuals had
adverse effects attributed to therapy (642); however, these
adverse effects generally resolved upon discontinuation
of treatment. Adverse effects that resulted in treatment
withdrawal included: headache (N = 3), dyslipidemia
(N = 2) musculoskeletal complaints (N = 2) and skin
rash (N = 2). In addition, the duration of treatment and
follow-up were relatively short in these trials. Altogether,
the Work Group concluded that there is moderate-quality
evidence that there are tradeoffs to prophylaxis with
acitretin (see Evidence Profile in Supporting Table 52 at
http://www3.interscience.wiley.com/journal/118499698/
toc); some KTRs may consider that the benefits of
treatment outweigh the harm.

Research Recommendations

• A RCT is needed to better define the optimal dose and
the benefits and harm of acitretin to prevent recurrent
skin cancer in KTRs.
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Chapter 19: Non-Skin Malignancies

19.1: Develop an individualized screening plan for each

KTR that takes into account the patient’s past

medical and family history, tobacco use, compet-

ing risks for death, and the performance of the

screening methodology. (Not Graded)

19.2: Screen for the following cancers as per lo-

cal guidelines for the general population (Not

Graded):

• Women: cervical, breast and colon cancer;

• Men: prostate and colon cancer.

19.3: Obtain hepatic ultrasound and alpha feto-protein

every 12 months in patients with compensated

cirrhosis. (Not Graded) [See Recommendations

13.5.4 (HCV) and 13.6.5 (HBV).]

HBV, hepatitis B virus; HCV, hepatitis C virus; KTR, kid-

ney transplant recipient.

Background

Screening for cancer has both benefits and harm. In KTRs
with multiple comorbidities, it is essential to consider the
extent and magnitude of potential harm, so it can be
weighed against the risks of disease and benefits of early
detection. There is good reason to believe that screen-
ing test performance, harm from interventions and the life
years to be gained by early intervention may be substan-
tially different in KTRs compared to that in the general
population. Hence, careful individual appraisal needs to be
exercised when making recommendations for screening
of KTRs (643).

In general, the better the individual’s prognosis, the higher
the risk of disease, and the lower the risk of harm from
screening, the greater is the chance of benefit (644). If, on
the other hand, the individual has a poor prognosis from
cardiac or other comorbidity, the risk of the disease to be
screened is not high and the harm from screening is sig-
nificant, the less it can be justified. For example cervical
cancer screening of an unvaccinated 45-year-old patient
with a well-functioning kidney allograft and no comorbidi-
ties is easier to recommend than fecal occult blood test-
ing (FOBT) and subsequent colonoscopy in a 69-year-old
patient with type II diabetes and severe CAD. The likely in-
cidence of disease needs to be taken into account as well
as the standardized incidence ratio (SIR) as performed in
Table 29, since the two factors taken together define the
likely risk of any given disease in an individual KTR. Un-
fortunately, there are no RCTs on screening for cancer in
KTRs.

Rationale

• Comorbidities and competing risks in KTRs may influ-
ence the potential benefits and harm from screening
for some cancers.

• The decision to screen for cancer should be individual-
ized.

Screening for cervical cancer

• In the general population, there is good evidence that
the benefits of screening outweigh harm.

• In KTRs, cervical cancer is more common than in the
general population, and screening may therefore be
more beneficial.

• In KTRs with quality of life and life expectancy not
greatly reduced from that of general population, the
benefits of screening may outweigh harm.

• In the general population, there is evidence that the
benefits of human papillomavirus (HPV) vaccination
outweigh harm.

• In KTRs, although vaccination may be less effective,
there is little reason to believe that benefits would not
outweigh harm.

Initiation of screening for cervical cancer is recommended
for women within 3 years of onset of sexual activity or age
21 (whichever comes first) in order to detect malignant
lesions resulting from persistent human papillomavirus
(HPV) infection (www.ahrq.gov/clinic/uspstf/uspscerv.htm;
last accessed July 17, 2009) (645). Cervical cancer is
more common, may develop more rapidly and may be
more aggressive in immunosuppressed patients (646,647),
suggesting that KTRs should be screened more fre-
quently (648). American and European transplant guide-
lines recommend annual screening for cervical cancer with
pelvic examination and Pap smear (627,633). Use of HPV
DNA testing has not achieved widespread acceptance
(www.ahrq.gov/clinic/uspstf/uspscerv.htm; last accessed
July 17, 2009). Screening for cervical cancer also provides
an opportunity to inspect the anal, vaginal and vulvar re-
gions for cancers that are also increased in female KTRs.
The cost of cervical cancer screening in KTRs is modeled
at US$ 12 000 per life-year saved comparable to the gen-
eral population (US$ 25 000 to 50 000 per life-year saved)
(649).

In the general population, there is strong evidence that the
benefits of vaccination outweigh harm, but the longest
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duration of follow-up is 52 months at present. HPV
vaccination of girls prior to exposure to HPV infection (for
the oncogenic strains 16 and 18, which account for approx-
imately 70% of cervical cancers, and for the wart-causing
strains 6 and 11) has been adopted in a number of coun-
tries (650,651). The vaccine is inactivated and could thus
be used both prior to transplantation and in KTRs, but there
is no evidence for effectiveness or safety in immunosup-
pressed patients.

Screening for breast cancer

• In the general population, there is weak evidence that
the benefits of screening outweigh harm.

• In KTRs, the incidence of breast cancer is similar to
that in the general population.

• In KTRs with quality of life and life expectancy similar
to that of general population, the benefits of screening
may outweigh harm.

Mammography for women in the general population ages
50–74 decreases breast cancer mortality by 23% (95% CI
13–31%) (652,653). The incidence of breast cancer is very
similar in both the general population and in KTRs. There
are no RCTs or studies on which to base advice for or
against breast cancer screening in KTRs. The two factors
that might influence the decision to screen are screening
test performance and potential life-years saved from inter-
vention. American and European transplant guidelines rec-
ommend screening in KTRs between 50 and 69 years with
an option to screen above the age of 40 years (627,633).
Test accuracy for mammography varies with the best re-
sults in older women, and the worst results in younger
women. Consideration should also be given to the poten-
tial physical and emotional harm from false-positive and
false-negative screening tests. Models of screening for
breast cancer in KTRs suggest that it is cost-effective in
nondiabetic Caucasians (654).

Screening for prostate cancer

• In the general population, there is little evidence that
the benefits of screening outweigh harm.

• In KTRs, the incidence of prostate cancer is similar to
that in the general population.

• In KTRs, it is unclear whether the benefits of screening
outweigh harm.

Screening for prostate cancer, using prostate-specific anti-
gen (PSA) and/or digital rectal examination, is controversial
in the general population. The most recent recommenda-
tion from the USPSTF is to avoid screening men 75 years
or older (www.ahrq.gov/clinic/uspstf/uspsprca.htm; last
accessed July 17, 2009). They also concluded that there
was insufficient evidence to assess the balance of bene-

fits and harm for screening men younger than 75 years old
(www.ahrq.gov/clinic/uspstf/uspsprca.htm; last accessed
July 17, 2009). The incidence of prostate cancer in KTRs is
similar to that in the general population, and being one of
the commonest cancers in males, there is a high absolute
risk (Table 29). However, there are no data on screening
test performance, or benefits in KTRs, and there is good
reason to believe that the performance of PSA testing
may be different in KTRs compared to the general pop-
ulation. No advice is thus given for or against screening
for prostate cancer in KTRs, beyond following local recom-
mendations/standards for prostate cancer screening in the
general population.

Screening for colorectal cancer

• In the general population, there is good evidence that
the benefits of screening outweigh harm for individuals
age 50 years and older.

• In KTRs, the incidence of colon cancer is increased
compared to the general population, especially among
KTRs less than 50 years of age.

• In KTRs, there are reasons to believe that FOBT may
be less specific for colon cancer than in the general
population, but there is no evidence to believe that
colonoscopy is less sensitive or specific.

Studies in the general population have demonstrated that
the benefits of screening generally outweigh the harm
(655–658). Guidelines for the general population in Aus-
tralia/New Zealand, the US and in Europe, recommend
screening individuals 50 years and older, using annual
FOBT and/or colonoscopy (655). The standardized inci-
dence of colorectal cancer is increased in KTRs compared
to the general population, and there is good evidence
that colon cancer occurs at a younger age in KTRs com-
pared to the general population (Table 29). American and
European transplantation guidelines recommend screen-
ing either at age 50 years, or at the age at which it is
recommended in the general population in each country
(627,633).

Screening with FOBT may be less specific in KTRs, given
that the incidence of positive tests from CMV infection
and drug toxicities may be high. The harms of colonoscopy
must be carefully considered in each individual based upon
their comorbidities, since the consequences of the poten-
tial complications of colonoscopy are influenced negatively
by immunosuppression. In the absence of data on the ben-
efits and harm of screening of KTRs for colon cancer, it is
suggested that screening should be performed as currently
recommended for the general population with careful in-
dividual risk–benefit analysis based upon overall prognosis
and comorbidities. A recent analysis suggests that the ben-
efits may outweigh the harm from screening of KTRs aged
35–50 years (659).
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Screening for hepatocellular cancer

• In KTRs, the risk of hepatocellular carcinoma is higher
than in the general population.

• In the general population, there is no evidence that the
benefits of screening outweigh harm.

There are screening recommendations in high-risk groups
(patients with cirrhosis and those who are hepatitis B
carriers) that include abdominal ultrasound and alpha-feto
protein testing every 6–12 months (660–662). Testing ev-
ery 6 months is based on the estimated doubling time
of this tumor (660). The Work Group chose a 12-month
testing interval, given uncertainties of the benefits and
harm of testing. Both tests have limited specificity and
sensitivity (663). Nonetheless screening by gastroenterol-
ogists in high-risk patients is reported to be about 50%
by questionnaire survey in the United States (664,665),
the interventions have significant risks and no RCTs have
demonstrated survival benefits. There have been several
cost-effectiveness studies but the conclusions have var-
ied widely from very cost-effective to values exceeding
US$ 250 000 per quality-adjusted life-year (666). The US
National Cancer Institute does not recommend screen-
ing (www.cancer.gov/cancertopics/pdq/screening/hepato
cellular/healthprofessional/page2; last accessed July 17,
2009) largely because of a concern of uncommon but sig-
nificant harm due to invasive testing after false-positive
screening. There have been two large population-based
RCTs in Asia in HBV-infected subjects. The larger study
showed some benefit, but was of poor quality, and the
second showed no benefit (667,668).

The highest-risk group of KTRs with otherwise good prog-
nosis are those with compensated cirrhosis and chronic
viral hepatitis, especially HBV (669). Given that the bene-
fits are inconclusive in high-risk nontransplant patients, the
recommendation of the US National Cancer Institute is not
likely to differ in KTRs.

Screening for renal cell cancer

• In KTRs, the incidence of renal cell carcinoma is much
higher than in the general population; however, there
is no evidence that the benefits of screening outweigh
harm.

Screening is not generally recommended in the general
population. Both relative and absolute risks of renal cell
cancer are substantially increased in KTRs compared to
the general population. Although there is no good evi-
dence that mortality is reduced, several United States,
European and Asian centers are screening for renal cell
carcinoma after transplant (670–672). The rate of renal cell
carcinoma (number per years of follow-up) is difficult to
determine from these reports, but appears to vary con-
siderably. Two important risk factors for renal cell carci-
noma in these reports were prior renal cell carcinoma and
the presence of acquired cystic disease. A medical deci-
sion analysis conducted several years ago, predominantly
in dialysis patients with low expected survival rates, de-
termined that the benefits of routine screening would be
low (673). Screening will likely detect many unimportant
lesions that will require further investigation, treatment
and thus possible harm. Nonetheless, significant benefits
could accrue to higher-risk transplant recipients with better-
than-average life expectancy. Patients with prior renal cell
cancer are at risk of both recurrence and new primaries, ir-
respective of whether they have been transplanted. Some
diseases, such as analgesic nephropathy, tuberous scle-
rosis and acquired cystic disease are associated with an
increased risk of renal cell carcinoma. The American So-
ciety of Transplantation guidelines found no evidence to
advise screening with either imaging or urine cytology
(627).

Research Recommendations

• Observational studies are needed to better define age-
specific SIR for most cancers, with preliminary analy-
ses suggesting that younger KTRs have a greatly in-
creased SIR compared to older KTRs.

• Studies on the performance of FOBT in KTRs would
help determine its potential role for screening KTRs.

• A RCT should be performed to assess the benefits and
harm of screening vs. no screening for renal cell carci-
noma. Preliminary data are needed to define mortality
rates from renal cell carcinoma after transplantation,
and determine age-specific SIR, since analyses sug-
gest that younger KTRs have a greatly increased SIR
in comparison to older KTRs.
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Chapter 20: Managing Cancer with Reduction
of Immunosuppressive Medication

20.1: We suggest consideration be given to reducing

immunosuppressive medications for KTRs with

cancer. (2C)

20.1.1: Important factors for consideration in-

clude (Not Graded):

• the stage of cancer at diagnosis;

• whether the cancer is likely to be ex-

acerbated by immunosuppression;

• the therapies available for the cancer;

• whether immunosuppressive medi-

cations interfere with ability to ad-

minister the standard chemotherapy.

20.2: For patients with Kaposi sarcoma, we suggest

using mTORi along with a reduction in overall

immunosuppression. (2C)

KTRs, kidney transplant recipients; mTORi, mam-

malian target of rapamycin inhibitor(s).

Rationale

• In KTRs, cancers that have a high or moderately in-
creased SIR (e.g. ≥3.0) are likely caused or exacer-
bated by immunosuppressive medication.

• In KTRs that develop cancers likely to be caused or ex-
acerbated by immunosuppressive medication, reduc-
ing immunosuppressive medication may prolong sur-
vival.

• In KTRs, cancers that have a low SIR (e.g. ≤1.5) are
unlikely to have been caused or to be exacerbated by
immunosuppressive medication.

• In KTRs that develop cancers that are unlikely to be
caused or exacerbated by immunosuppressive med-
ication, reducing immunosuppressive medication is
less likely to have a significant effect on survival, and
may increase the risk for acute rejection.

• Reduced quality of life from graft loss must be balanced
against the potential for prolonging survival by reducing
immunosuppression.

• Reducing immunosuppressive medications may re-
duce complications of cancer chemotherapy.

• In KTRs with Kaposi sarcoma, dramatic reductions in
lesion size have been associated with a change in im-
munosuppressive medication to mTORi.

In KTRs, non–renal cell cancers that have a high SIR (e.g.
≥3.0) are likely caused or exacerbated by immunosuppres-
sive medication. There is strong evidence that immuno-
suppressive medication increases the risk of some spe-
cific types of cancer, notably cancer that may be caused
by viruses (Table 30). There is little evidence that specific
immunosuppressive agents are more likely than others to
increase the risk of cancer. It is more likely that the total
amount of immunosuppressive medication increases the
risk for cancer, rather than the type of immunosuppressive
medication per se. Observational data have suggested that
there is an association between PTLD and the use of bio-
logical anti–T-cell agents (674). There is evidence from post
hoc analysis of RCTs that there was a reduction in cancer
incidence in sirolimus treatment arms (119,675). However,
the numbers of patients developing cancer were small, and
the post hoc nature of the analysis increases the possibility
that the results were due to chance.

To reduce immunosuppressive medications in KTRs diag-
nosed with cancer is a difficult decision. There is evidence
that the risk of de novo cancer returns to pretransplant lev-
els after graft failure (676–679), suggesting that reducing
immunosuppressive medication may be warranted. Exper-
imental studies have demonstrated the specific capacity of
CNIs to increase metastasis (680). Clinical studies have im-
plicated antiproliferative agents in increased, and mTORi in
relative reduction in cancer risk. However, there have been
no RCTs testing the effects of reducing or withdrawing
immunosuppressive medications in posttransplant cancer,
and it is possible that established cancer and de novo can-
cer behave differently under the influence of immunosup-
pression. The standard established treatment for PTLD and
Kaposi’s sarcoma includes reducing immunosuppression,
and this has proven to be sufficient to control or eliminate
tumors in some KTRs (681).

The decision to reduce or withdraw immunosuppressive
medication must also balance quality of life with and with-
out a functioning transplant, if cessation of medication
results in graft rejection. Altogether, evidence suggests
that consideration should be given to reducing immuno-
suppressive medications in each individual, but since this
evidence is weak, the type of cancer, stage of disease, and
patient preferences should be taken into account.

In KTRs, cancers that have a low SIR (e.g. <3.0) are un-
likely to be caused or exacerbated by immunosuppressive
medication. In distinction to those cancers in which the
SIR is elevated in immunosuppressed KTRs, cancers in
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Table 30: Viral-associated cancers

Malignancy site/Type of cancer

Virus Sufficient evidence Limited evidence

HBV and HCV Liver
Human T-cell lymphotropic virus type 1 Non-Hodgkin lymphoma
Human Herpes virus 8 Kaposi sarcoma
EBV Nasopharynx, Non-Hodgkin lymphoma,

Hodgkin lymphoma
HPV Tongue, mouth, tonsil, anus, vagina, cervix, penis Nonmelanoma skin, larynx

EBV, Epstein-Barr virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HPV, Human papillomavirus.
Modified with permission (621).

which there is no evidence for an increased risk from im-
munosuppression have no rationale for reducing or ceasing
therapy.

In KTRs who develop cancers that are unlikely caused or
exacerbated by immunosuppressive medication, reducing
immunosuppressive medication will likely have little effect
on survival, and may increase the risk for acute rejection.
There are no data to support or refute altering immuno-
suppression after development of cancer of the prostate,
breast, ovary, uterus, pancreas, brain glioma or testis.
However, many of the complications of cancer chemother-
apy are also complications of immunosuppressive agents
used in KTRs, and reducing immunosuppressive medica-
tions to prevent or treat complications of chemotherapy is
warranted.

Several case series in patients with established Kaposi
sarcoma have demonstrated benefits from conversion
from standard immunosuppression to either sirolimus or
everolimus. Cases with disease limited to the skin have
had resolution of the skin lesions, while the responses
of disseminated solid-organ invasive disease have been
less convincing (682,683). The strong benefit seen in
these case series, together with experimental data and
a clear scientific rationale for efficacy through inhibition
of vascular endothelial growth factor-F receptors, have
lead to the conclusion that patients with Kaposi sar-
coma should be immunosuppressed with these agents
in preference. On the other hand, there are also case
series that have shown regression of Kaposi’s sarcoma
with a reduction in immunosuppressive medication alone
(684).
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Rating Guideline Recommendations

Within each recommendation, the strength of recommendation is indicated as Level 1, Level 2, or Not Graded, and the
quality of the supporting evidence is shown as A, B, C, or D.

Grade* Wording

Level 1 ‘We recommend’

Level 2 ‘We suggest’

Grade for 
quality of 
evidence Quality of evidence

A High

B Moderate

C Low

D Very low

*The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or
where the topic does not allow adequate application of evidence. The most common examples include
recommendations regarding monitoring intervals, counseling, and referral to other clinical specialists. The
ungraded recommendations are generally written as simple declarative statements, but are not meant to
be interpreted as being stronger recommendations than Level 1 or 2 recommendations.



Chapter 21

Chapter 21: Transplant Bone Disease

(See KDIGO Clinical Practice Guideline for the Diagnosis,
Evaluation, Prevention and Treatment of Chronic Kidney
Disease–Mineral and Bone Disorder [CKD–MBD].)

21.1: In patients in the immediate post-kidney trans-

plant period, we recommend measuring serum

calcium and phosphorus at least weekly, until

stable. (1B)

21.2: In patients after the immediate post-kidney

transplant period, it is reasonable to base the

frequency of monitoring serum calcium, phos-

phorus and PTH on the presence and magnitude

of abnormalities, and the rate of progression of

CKD. (Not Graded)

21.2.1: Reasonable monitoring intervals would

be (Not Graded):

• In CKD stages 1–3T, for serum calcium

and phosphorus, every 6–12 months;

and for PTH, once, with subsequent

intervals depending on baseline level

and CKD progression.

• In CKD stage 4T, for serum calcium

and phosphorus, every 3–6 months;

and for PTH, every 6–12 months.

• In CKD stage 5T, for serum calcium

and phosphorus, every 1–3 months;

and for PTH, every 3–6 months.

• In CKD stages 3–5T, measurement

of alkaline phosphatases annually, or

more frequently in the presence of el-

evated PTH.

21.2.2: In CKD patients receiving treatments for

CKD–MBD, or in whom biochemical ab-

normalities are identified, it is reasonable

to increase the frequency of measure-

ments to monitor for efficacy and side

effects. (Not Graded)

21.2.3: It is reasonable to manage these abnor-

malities as for patients with CKD stages

3–5. (Not Graded)

21.3: In patients with CKD stages 1–5T, we suggest

that 25(OH)D (calcidiol) levels might be mea-

sured, and repeated testing determined by base-

line values and interventions. (2C)

21.4: In patients with CKD stages 1–5T, we sug-

gest that vitamin D deficiency and insufficiency

be corrected using treatment strategies recom-

mended for the general population. (2C)

21.5: In patients with an eGFR greater than approxi-

mately 30 mL/min/1.73 m2, we suggest measur-

ing BMD in the first 3 months after kidney trans-

plant if they receive corticosteroids or have risk

factors for osteoporosis as in the general popu-

lation. (2D)

21.6: In patients in the first 12 months after kid-

ney transplant with eGFR greater than approx-

imately 30 mL/min/1.73 m2 and low BMD, we

suggest that treatment with vitamin D, cal-

citriol/alfacalcidiol, or bisphosphonates be con-

sidered. (2D)

21.6.1: We suggest that treatment choices be in-

fluenced by the presence of CKD–MBD,

as indicated by abnormal levels of cal-

cium, phosphorus, PTH, alkaline phos-

phatases, and 25(OH)D. (2C)

21.6.2: It is reasonable to consider a bone biopsy

to guide treatment, specifically before

the use of bisphosphonates due to the

high incidence of adynamic bone dis-

ease. (Not Graded)

21.6.3: There are insufficient data to guide treat-

ment after the first 12 months. (Not

Graded)

21.7: In patients with CKD stages 4–5T, we suggest

that BMD testing not be performed routinely,

because BMD does not predict fracture risk as

it does in the general population and BMD does

not predict the type of kidney transplant bone

disease. (2B)

21.8: In patients with CKD stages 4–5T with a known

low BMD, we suggest management as for pa-

tients with CKD stages 4–5 not on dialysis. (2C)

25(OH)D, 25-hydroxyvitamin D; BMD, bone mineral

density; CKD, chronic kidney disease; CKD–MBD,

chronic kidney disease–mineral and bone disorder;

eGFR, estimated glomerular filtration rate; KDIGO,

Kidney Disease: Improving Global Outcomes; PTH,

parathyroid hormone.

Background

We largely deferred to the KDIGO CKD–MBD Guideline
that is pertinent to KTRs (684a). We reviewed these rec-
ommendations, but did not conduct independent evidence
reviews.
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Rationale

• The risk of fractures following kidney transplantation is
high.

• It is not clear how to identify KTRs who might benefit
from treatment.

• Bone disease is multifactorial, and most KTRs have
preexisting CKD–MBD.

• In non-KTRs, low bone mineral density (BMD) or a loss
of BMD predicts fractures, but data are scant for KTRs.

• No RCTs in KTRs have examined bone-specific thera-
pies on patient-level outcomes, including mortality or
fractures.

• Treatment with calcium, calcitriol or vitamin D analogs,
and/or bisphosphonates has been suggested to im-
prove BMD in KTRs.

• A small study of calcitriol demonstrated worsened
bone turnover, but improved mineralization.

• A small study of treatment with bisphosphonates
demonstrated worsening bone turnover and mineral-
ization.

• There are insufficient data to suggest any bone-specific
therapies after the first year of kidney transplantation.

CKD–MBD is common in KTRs. Most KTRs have some
degree of CKD, and thus CKD–MBD may be present.
Transplant-specific therapies, especially corticosteroids,
may further affect CKD–MBD management. Biochemical
abnormalities are common after transplantation. The scope
and magnitude of the biochemical abnormalities of CKD–
MBD fluctuate early, compared to late after transplanta-
tion. Posttransplant bone disease represents an important
complication observed in a substantial proportion of pa-
tients, but the etiology and pathology vary. Early studies
have demonstrated a rapid decrease in BMD in the first
6–12 months after successful kidney transplantation, and
continued loss, albeit at a lower rate, for many years (685).
Fractures are common and are associated with substantial
morbidity.

The etiology of transplant bone disease is multifactorial.
Patients come to transplantation with preexisting CKD–
MBD. In addition, there are potentially deleterious effects
of immunosuppressive agents (see Supporting Table 53 at
http://www3.interscience.wiley.com/journal/118499698/
toc), impaired kidney function, and other factors, such as
postmenopausal status, presence of diabetes, smoking,
physical inactivity and duration of CKD stage 5 (686). Pre-
vious studies in KTRs have shown a correlation between
the cumulative dose of glucocorticoids and BMD. Based
on a few bone biopsy studies in KTRs, glucocorticoids
appear to be the primary determinant of subsequent bone
volume and turnover. Thus, the cumulative and mean
prednisone dose correlated negatively with bone turnover,
whereas there was no correlation with CsA cumulative
dose or serum parathroid hormone (PTH) (687). The

possible role of CNIs remains incompletely studied, with
contradictory reports on their effects on bone turnover
(687).

Arterial calcification is also common after a kidney trans-
plant, but it may be due to the effects of the uremic
state and dialysis rather than the transplant itself. In
KTRs (CKD stages 1–5T), only one prevalence study was
identified, demonstrating a prevalence of calcification of
24.4% (444). Although this cross-sectional study was large
(n = 1117), calcification was assessed by posterio-anterior
plain abdominal X-ray examination of the aorto-iliac re-
gion, which is likely to be less sensitive than computer-
ized tomography based imaging. In addition, one of the
major difficulties in interpreting calcification in the trans-
plant population is the carryover effect from CKD stage
5 or stage 5D. Currently, only one preliminary study is
available suggesting that the progression of cardiovascu-
lar calcification may be halted after renal transplantation
(688).

KTRs who develop persistently low levels of serum phos-
phorus (<1.0 mmol/L) should be considered for treat-
ment with phosphate supplementation. However, phos-
phate administration is not without risk, and caution should
be exerted, as it may exacerbate an already existing
secondary hyperparathyroidism. Therefore, every attempt
should be made in order to prescribe the strict minimum
doses.

Although no clinical trials have specifically addressed the
frequency of monitoring in KTRs, KTRs usually have CKD,
and therefore are likely to have CKD–MBD. Thus, the man-
agement of the biochemical abnormalities of CKD–MBD
after transplant should be similar to that proposed for non-
transplant CKD and based on the prevalence of abnormal-
ities, and the risks associated with those abnormalities.

A recent study of 303 KTRs in the United States found
that 11–25% had abnormal calcium or calcium X phospho-
rus product in the first year following transplant, and 24%
with eGFR 40–60 mL/min/1.73 m2 had intact PTH levels
>130 pg/mL (130 ng/L) at 1 year after kidney transplanta-
tion (689). Another series from the UK (690) evaluated 244
KTRs; 104 in the first year, and the remainder more than
1 year after transplant. Hypercalemia was present in
40% of recently transplanted recipients and 25% of long-
term patients. Vitamin D insufficiency (40–75 nmol/L) was
present in 29% and 43%, deficiency (12–39 nmol/L) in
56% and 46%, and severe deficiency (<12 nmol/L) in 12%
and 5%, respectively. A larger cohort from Switzerland
(691) evaluated 823 KTRs, on average 7 years after trans-
plantation. They found only 27% had a PTH within normal
range (i.e., 15–65 pg/mL [15–65 ng/L]), whereas 70% had
hyperparathyroidism (PTH >65 pg/mL [65 ng/L]), and 2.8%
were hypoparathyroid (PTH <15 pg/mL [15 ng/L]). Serum
phosphorus was normal in 74% (0.85–1.45 mmol/L), and
increased in only 3.6%. Finally, serum calcium was normal
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in most patients (85.9%), with only 2.8% and 11.3% being
hypo- and hypercalcemic, respectively. Thus, disorders of
mineral metabolism may persist many years after trans-
plantation.

There are few data describing the risk relationship of
biochemical abnormalities of CKD–MBD and mortality in
KTRs. A study of 773 KTRs found no relationship between
serum calcium, phosphorus or PTH and mortality (692).
However, patients with the highest quintile of phosphorus
had increased risk of kidney allograft loss. Similarly, those
with the highest quintile of calcium had an increased risk
of kidney allograft loss.

Hypercalcemia following kidney transplantation is com-
mon and is usually due to hyperparathyroidism that per-
sists from the preceding period of CKD. In 30–50% of
KTRs, abnormal PTH secretion persists, causing hypercal-
cemia that may require parathyroidectomy (693–696). The
same principles for managing patients with CKD stages 3–
5 with CKD–MBD will apply for patients with CKD stages
3–5T.

Studies demonstrating that low BMD, or loss of BMD, pre-
dict fractures are lacking in KTRs. In one study (697), re-
ductions in BMD have been associated with an increased
fracture rate in studies of osteoporosis in postmenopausal
women, in men, in patients treated with glucocorticoids,
and in heart or liver transplant recipients. However, the eti-
ology of posttransplant bone disease is likely influenced by
pretransplant CKD–MBD, and ongoing CKD–MBD follow-
ing transplantation, given that most patients have some
impairment of CKD. Thus, studies in the general popula-
tion and other solid-organ transplant recipients may not be
applicable to KTRs.

Vitamin D

Trials evaluating vitamin D as preventive therapy assessed
changes in BMD as the primary outcome. In two stud-
ies, an increase in BMD was observed with calcitriol
and alfacalcidol, vs. ‘no treatment’ or placebo (698,699).
Except for mild hypercalcemia in the study by Joseph-
son et al. (700). there were few adverse effects. Un-
fortunately, there are no RCTs examining beneficial or
harmful effects of bone-protective agents on patient-
level outcomes, for example fractures, hospitalizations or
mortality.

Bisphosphonates

Two studies have evaluated bisphosphonates in KTRs.
Coco et al. (701) studied KTRs who received intravenous
pamidronate at baseline, 1, 2, 3 and 6 months after trans-
plantation. A rapid decrease of lumbar spine BMD was pre-
vented in the pamidronate group. No changes in hip BMD
were observed. There were no differences in the number
of fractures between the groups after 1 year. Bone biop-
sies were done at the time of transplantation in 21 patients

and in 14 patients after 6 months, six in the pamidronate
group and eight in the control group (701). The mean acti-
vation frequency after 6 months was significantly lower in
the pamidronate-treated patients than in the controls. All
of the pamidronate-treated patients had adynamic bone
disease on the 6-month biopsy; four patients with initial
hyperparathyroidism and one with mixed uremic osteodys-
trophy developed adynamic disease. In the control group,
three of eight had adynamic bone disease. Bone turnover
improved in five of eight (62%) of controls and in none
of the pamidronate biopsies. It worsened in one control
biopsy (12%) and in five of six (83%) of pamidronate biop-
sies. Overall, the histology shows development of ady-
namic bone disease in the pamidronate-treated patients,
but the results are limited by small numbers and short
follow-up time. It is also not clear if the potential bene-
fit from preserving bone volume outweighs the potential
harm of decreased bone formation and/or prolonged min-
eralization.

Grotz et al. (702) evaluated intravenous ibandronate
at baseline and 3, 6, and 9 months after trans-
plantation. Loss of trabecular and cortical bone as-
sessed by BMD was prevented by ibandronate.
Fewer vertebral deformities by X-ray were observed
in the ibandronate group compared to the controls.
No significant side effects or decreased GFR were
reported.

Overall, the quality of the preventive studies with bispho-
sphonates was ranked as moderate. Some of the studies
showed limited fracture data and/or bone biopsy informa-
tion. The observation in the study by Coco et al. that pa-
tients showed early evidence of and progression to ady-
namic bone disease should raise caution about the use of
bisphosphonates in KTRs.

Only one RCT in KTRs late after transplantation evaluated
the effect of calcitriol plus calcium carbonate vs. no treat-
ment (703). This study enrolled 45 patients, with only 30
of them completing the trial. Bone biopsies were an evalu-
ated end point. Although significant improvement in BMD
was observed after 1 year in the treatment group, no dif-
ferences were observed between the treatment and non-
treatment groups. No fracture data were reported. Thus,
the overall quality of the evidence is low. Bone biopsy re-
sults showed that bone turnover was better in 43% of
the control biopsies and 12% of the calcitriol biopsies, but
worse in 28% of the control biopsies and 50% of the cal-
citriol biopsies. No adverse effects were recorded.

Only one randomized comparison trial examined the effect
of bisphosphonates in long-term KTRs with established
osteopenia or osteoporosis. Jeffery et al. evaluated 117
patients with reduced BMD (T score ≤ −1). Patients were
randomized to daily oral alendronate and calcium vs. cal-
citriol and calcium (704). One year of therapy was com-
pleted by 90 patients. Both treatments showed significant
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increases in lumbar spine and femur BMD. No differences
between groups were demonstrated.

Special considerations in children

In a four-arm study of 60 pediatric KTRs, alfacalcidol ± calci-
tonin was compared to alendronate with respect to BMD
and selected biochemical markers (705). No differences
were found. No fracture data were reported. Another 30
patients from the same investigators were given either
alfacalcidol or placebo therapy, and BMD and selected bio-
chemistries were assessed (706). There were no differ-
ences in outcomes. Given the paucity of data about CKD
stages 1–5T, and the inherent inaccuracy in the use of
dual energy X-ray absorptiometry to assess BMD in pe-
diatric patients, there is currently insufficient evidence to
recommend specific treatments for posttransplant renal
bone disease in children.

Research Recommendations

• Observational studies are needed to determine the
level of BMD that is predictive of fractures in KTRs.

• RCTs are needed in KTRs with low BMD at the time
of transplantation to evaluate the effects of bisphos-
phonates or calcitriol and vitamin D analogs on patient-
level outcomes, such as all-cause mortality, hospital-
ization, fracture, cardiovascular morbidity and mortality
and quality of life.

• For KTRs with low serum calcidiol levels at the time
of transplantation, RCTs are needed to determine the
effect of vitamin D supplementation on change in BMD
and patient-level outcomes, such as all-cause mortality,
hospitalization, fracture, cardiovascular morbidity and
mortality and quality of life.
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Chapter 22: Hematological Complications

22.1: Perform a complete blood count at least (Not

Graded):

• daily for 7 days, or until hospital discharge,

whichever is earlier;

• two to three times per week for weeks 2–4;

• weekly for months 2–3;

• monthly for months 4–12;

• then at least annually, and after any change

in medication that may cause neutropenia,

anemia or thrombocytopenia.

22.2: Assess and treat anemia by removing underlying

causes whenever possible and using standard

measures applicable to CKD. (Not Graded)

22.3: For treatment of neutropenia and thrombocy-

topenia, include treatment of underlying causes

whenever possible. (Not Graded)

22.4: We recommend using ACE-Is or ARBs for initial

treatment of erythrocytosis. (1C)

ACE-I, angiotensin-converting enzyme inhibitor; ARB,

angiotensin II receptor blocker; CKD, chronic kidney

disease.

Background

Hematologic abnormalities are common adverse effects
of immunosuppressive medications and of transplant-
or immunosuppression-related comorbidities. In addi-
tion, hematologic abnormalities can cause potentially
life-threatening complications. Therefore, screening is
warranted. In most laboratories, a complete blood count
includes hemoglobin, white blood count (with differential)
and platelet count. Anemia is defined as a hemoglobin
<13.5 g/dL (135 g/L) in adult males, <12.0 g/dL (120 g/L)
in adult females and <5th percentile for children (707).
Neutropenia is defined as a neutrophil count <1500/lL
(1.5 × 109/L). Thrombocytopenia is defined as platelet
count <150 000/lL (1.5 × 1011/L).

Erythrocytosis

Erythrocytosis or polycythemia is variably defined in the
literature as hemoglobin >16–18 g/dL, or hematocrit >50–
52%. Some report gender-specific hematocrit thresh-
olds (men 53–55%; women 48–51%) and others require
evidence of persistence over a specified time period
or on multiple determinations (627,708–710). The Work
Group has chosen to define erythrocytosis as hemoglobin
>17 g/dL or a hematoctrit >51%.

Rationale

• In KTRs, anemia, neutropenia and thrombocytopenia
are common.

• In KTRs, anemia is associated with morbidity and
mortality, neutropenia with infection and thrombocy-
topenia with bleeding. In addition, these hematologic
abnormalities may be an indication of treatable, but
potentially life-threatening, underlying disorders.

• In KTRs, monitoring and identifying the underlying
cause and treatment will reduce the morbidity and mor-
tality of anemia, neutropenia and thrombocytopenia.

Anemia

The Work Group reviewed the KDOQI Guidelines on Ane-
mia in CKD, and concluded that these evidence-based
guidelines can and should guide anemia management in
KTRs (707). Readers can find a detailed discussion of ane-
mia in CKD in these guidelines. Anemia in the immedi-
ate posttransplant period is likely to be caused by pre-
transplant anemia and operative blood loss. The correction
of anemia after transplantation is dependent on achiev-
ing hemostasis, immunosuppressive medications, iron de-
ficiency, other causes of bone marrow suppression and
factors affecting kidney function (e.g. DGF).

After the immediate posttransplant period, infections, re-
jection, immunosuppressive medications, other medica-
tions such as ACE-Is and ARBs (Table 31), hemolysis, and—
less often—cancer, may cause or contribute to anemia.
There is some evidence that KTRs may have a level of ane-
mia greater than can be expected based on the level of
kidney function, even without specific causes (711,712).
When and how to evaluate anemia is well defined in the
KDOQI guidelines for KTRs who are not actively bleeding,
and have stable kidney function (707). Treatment should be
directed at the underlying cause. Iron deficiency is com-
mon. There is evidence from a single small RCT that iron
supplementation results in a higher hematocrit (44%) com-
pared to no iron (36%) in KTRs (713).

Altering immunosuppressive agents to treat anemia
should be considered, but may be difficult, especially in
the early posttransplant period when acute rejection rates
are highest and maintaining adequate immunosuppression
is critical. Some, but not all, studies have identified anemia
as an independent predictor of mortality in the intermedi-
ate posttransplant period (733–735). However, there are no
RCTs showing that benefits of therapy with an ESA out-
weigh harm, or the optimal hemoglobin target, in KTRs.
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Table 31: Medications associated with hematologic abnormalities

Medications that cause hematologic abnormalities

Commonly Uncommonly

Anemia Azathioprine (714–717) CNIs (722,723)
MPA (718,719) OKT3 (722,723)
Sirolimus (50) Trimethoprim–sulfamethoxazole
Leflunomide (720)
ACE-I (721)
ARB (721)

Neutropenia Azathioprine (714,715) Rituximab (726)
MPA (718) ACE-I (727)
Sirolimus (50) Ticlopidine/clopidogrel (728)
Leflunomide (720) Other antimicrobials (728)
Lymphocyte-depleting antibodies (8)
Valganciclovir (724)
Trimethoprim–sulfamethoxazole (725)

Thrombocytopenia Sirolimus (42) OKT3 (730)
MPA (729) Valganciclovir (722,723)
Azathioprine (729) Ticlopidine/clopidogrel (731)
Lymphocyte-depleting antibodies (8) Heparin (732)

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CNI, calcineurin inhibitor; MPA, mycophenolic acid;
OKT3, muromonab (anti–T-cell antibody).

There are two small RCTs using ESAs in the early post-
transplant period, but the overall effects on anemia were
small (711,736). Another small trial showed that patients
receiving ESAs before transplant, who attained normal
hemoglobin levels, had outcomes that were no different
than those with low hemoglobin levels (737). There is no
evidence to support routine ESA administration in antici-
pation of anemia (see Supporting Tables 54–55 at http://
www3.interscience.wiley.com/journal/118499698/toc).

The European Best Practices Guidelines for kidney trans-
plantation recommend regular screening and careful eval-
uation of anemia (721). They also identify immunosuppres-
sive agents, ACE-Is and ARBs as causative agents. They
recommend following the European Best Practices Guide-
lines for anemia management, which recommend that an
ESA not normally be discontinued in patients undergoing
surgery or who develop an intercurrent illness (738). No
recommendation was made on whether to continue or
stop ESAs in the immediate posttransplant period. Patients
with a failing kidney transplant should be followed as any
other patient with failing kidney function.

Neutropenia

Many of the same factors responsible for anemia also
cause neutropenia (Table 31). Although there are no RCTs
on screening for these abnormalities, the potential con-
sequences of not screening are severe. Infection is the
second most common cause of death, after CVD, in KTRs
(739). In the nontransplant population with iatrogenic neu-
tropenia (absolute neutrophil count <500/lL [5 × 108/L]),
patients are at increased risk for serious infection (740).
A possible major contributor to neutropenia in KTRs is
that kidney dysfunction may delay clearance of medica-

tions that can suppress leukocyte production by the bone
marrow.

Medications are a common cause of leukocyte abnormali-
ties. There are a number of RCTs that document leucope-
nia in the first 1–3 years after transplantation. Unfortu-
nately, the definition of leucopenia differs among studies;
therefore, direct comparison across trials is problematic.
Different classes of immunosuppressive agents have dif-
fering effects on leucocytes. CNIs are not generally asso-
ciated with leucopenia. In contrast, antiproliferative agents
are an important cause of leucopenia. In early trials, aza-
thioprine was associated with leucopenia (714,715). In the
European Trial of MMF vs. placebo with CsA and pred-
nisone, there was more leucopenia in the group treated
with 2 g/day MMF (14%, n = 165) vs. placebo (4%,
n = 166) (718). In the tricontinental MMF trial, there was
slightly less (significance not stated) leucopenia in the arm
treated with 2 g/day MMF (19%, n = 171) vs. the arm
using 100–150 mg/day azathioprine (30%, n = 162) (729).
In two trials evaluating the safety of EC-MPS vs. MMF,
there were no significant differences in leucopenia (42,43).
These study protocols included rules to reduce the dose or
discontinue these agents in the presence of leucopenia,
which likely limited the severity and overall incidence of
very low counts.

In a Cochrane systematic review, mTORi were asso-
ciated with more leukopenia (RR 2.02, 95% CI 1.12–
3.66, by meta-analysis) than CNIs (50). No mention was
made of differences in leucopenia in patients treated with
sirolimus vs. placebo with CsA and prednisone, or in
the meta-analysis comparing sirolimus to other antipro-
liferative agents (50,741). The Symphony trial compared
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four interventions: standard-dose CsA and MMF (n = 384),
low-dose CsA with MMF (n = 408), low-dose tacrolimus
and MMF (n = 403) and sirolimus and MMF (n = 380) (30).
At the end of 12 months, leucopenia occurred in 10.2%,
10.1%, 13.4% and 10.3% of patients, respectively (p >

0.05).

There is no evidence that IL2-RAs cause significant hema-
tologic abnormalities. In contrast, lymphocyte-depleting
antibodies are associated with more (p < 0.001) leucope-
nia (33%, n = 141) compared to the IL2-RA, basiliximab
(14.6%, n = 137) (8). More leucopenia was demonstrated
in a RCT comparing groups treated with lymphocyte-
depleting antibodies with tacrolimus or CsA to one with
tacrolimus and no lymphocyte depleting antibodies (7).
Addition of steroids also has an impact on leucopenia. In
one trial, leucopenia was seen more often (significance
not stated) in the steroid-free (17.9%) and the steroid-
withdrawal (16.5%) arms compared to the standard steroid
arm (13.8%) (48).

Other medications commonly used in KTRs to treat co-
morbidities are associated with leucopenia. Valganciclovir
was associated with more leucopenia compared to gan-
ciclovir (8.2% vs. 3.2%) in a RCT of high-risk solid-organ
transplant recipients (724). However, the alternative an-
tiviral valacyclovir was not associated with more leucope-
nia compared to placebo in a RCT of CMV prophylaxis in
KTRs, but drug-induced leucopenia in the treatment arm
may have offset the CMV-induced leucopenia in the control
arm (742). Combined therapy with antiviral and antiprolif-
erative agents may increase the incidence of leucopenia
(743).

The risk of neutropenia from trimethoprim–sulfametho-
xazole in KTRs is unclear. There have been several small
RCTs, and they did not report differences in the incidence
of leucopenia (744,745). In a bone marrow transplantation
study, prophylaxis with trimethoprim–sulfamethoxazole
(vs. ciprofloxacin) was associated with a 6-day de-
layed recovery of neutropenia (746). Case reports of
agranulocyctosis have been reported with trimethoprim–
sulfamethoxazole (725).

Thrombocytopenia

Many of the factors that cause anemia and leucopenia
also cause thrombocytopenia (Table 31). There are also
relatively uncommon conditions, such as recurrent or de
novo thrombotic microangiopathy, that can cause kid-
ney dysfunction, hemolytic anemia and thrombocytope-
nia (722,723). Thrombocytopenia is also associated with
several medications used in KTRs. mTORi are associated
with much higher RRs of thrombocytopenia compared
to CNIs (RR 7.0, 95% CI 3.0–16.4) (42). Sirolimus also
demonstrated more thrombocytopenia in comparison to
azathioprine and MMF (RR 1.95, 95% CI 1.29–2.97) (50).

Thrombocytopenia was also frequently observed in the tri-
continental MMF trial (5% MMF 3 g/day; 9% MMF 2 g/
day; 12% azathioprine, significance not stated) (729). In
a (potentially underpowered) study comparing thymoglob-
ulin to basiliximab induction, thrombocytopenia (platelet
count <80 000/lL) was not significantly different (10.6%
vs. 5.8%, p = 0.19) in the thymoglobulin group vs. the basil-
iximab group (8). Thrombocytopenia is also observed in
patients with thrombotic microangiopathy associated with
CNIs and, rarely, other medications such as clopidogrel and
valacyclovir (722,723,731).

Other causes of leucopenia and thrombocytopenia in-
clude severe sepsis, viral infection (CMV, parvovirus
B19) and other medications (716,717,719,720,726–
728,730,732,747–753). Idiopathic thrombocytopenia has
rarely been described after transplantation, and can be re-
lated to autoimmunity transferred from the donor (754).
Transient thrombocytopenia has also been described in re-
cipients of allografts whose donors had suffered dissemi-
nated intravascular coagulation (755).

Patients with low platelet counts are at increased risk
of bleeding. Treatment of thrombocytopenia includes re-
moving the offending drugs or treating other underlying
causes. For example, case series have shown that par-
vovirus B19 associated hematologic abnormalities can be
treated with intravenous immunoglobulin (751). Plasma-
pheresis has also been used to treat HUS/thrombotic mi-
croangiopathy that may be associated with thrombocy-
topenia (723). There are several case reports documenting
the use of colony-stimulating factors (CSFs) to treat neu-
tropenia in kidney transplant patients (756–758). However,
there is potential for harm with treatment. One case re-
port suggested that CSFs may have been associated with
worsening graft function (758). There are clinical practice
guidelines in the cancer literature that can be referred to
for the use of CSFs (616). The review performed by the
American Society of Clinical Oncology (616) found there is
ample evidence that CSFs shorten the duration of neu-
tropenia. There are, however, inadequate data to know
whether or not there is benefit in afebrile neutropenic (ab-
solute neutrophil count <1000/lL [1 × 109/L]) patients.
There is evidence, though, that patients with febrile neu-
tropenia (absolute neutrophil count <500/lL [5 × 108/L])
benefit from CSFs along with antibiotics if there is pneu-
monia, fungal infection, hypotension, sepsis syndrome or
multisystem organ failure.

The European Best Practice Guidelines on kidney trans-
plantation recommend regular screening and careful eval-
uation of neutropenia in KTRs (759). The combination of
allopurinol and azathioprine should be avoided to prevent
neutropenia (616). There are not likely to be any RCTs to
determine when to give CSFs in KTRs. Guidance for their
use will be derived mostly from local clinical practice and
oncology guidelines (708). There are similar guidelines for
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the treatment of thrombocytopenia with platelet transfu-
sion (760).

Erythrocytosis

• Erythrocytosis is a well-known complication of kidney
transplantation.

• In the general population, erythrocytosis is associated
with morbidity (fatigue, dyspnea, thrombotic events,
etc.) and mortality.

• In the general population, there is some evidence that
correction is associated with a reduction in thrombotic
events.

• In KTRs, adverse consequences of erythrocytosis may
be less common than in the general population.

• In KTRs, treatment of erythrocytosis is effective and
safe with angiotensin blockade.

The incidence of erythrocytosis varies from 8% to 22%
among reports identified from earlier clinical practice guide-
line publications (627,708–710). More recent studies doc-
ument that erythrocytosis still occurs in KTRs (761–765).
Many studies do not differentiate between increased red
cell mass or reduced plasma volume. Erythrocyctosis
tends to occur within the first 2 years, but can occur much
later. It may revert spontaneously in 20% or more of cases
(709,710).

The mechanisms of erythrocytosis are unclear and are
likely multifactorial. Sustained increases in erythropoietin
have not been consistently found, but seem to be in-
creased to a greater extent than expected for the level
of hematocrit (766). Other proposed mediators of erythro-
cytosis include endogenous androgens, renin–angiotensin
system activation and other growth factors (710). Iden-
tified clinical risk factors that have been reported in-
clude male gender, polycystic kidney disease, smoking,
immunosuppression, reduced kidney function, absence
of rejection, renal artery stenosis, hydronephrosis, hyper-
calcemia, longer duration of dialysis, higher pretransplant
hemoglobin, angiotensin-converting enzyme genotype, hy-
pertension and diabetes mellitus (709,710,761–765,767–
778).

The consequences of erythrocytosis can be severe. Evi-
dence for the adverse outcomes related to erythrocyto-
sis arise mostly from observations in patients with poly-
cythemia vera. Historical observations document 20%
of polycythemia vera patients present with a thrombotic
event, and subsequent thrombosis occurs in as many as
50%; however, the associated risk of thrombosis has been
difficult to quantify (779,780). Patients with polycythemia
vera have a reduced life expectancy, but this is, in part,
related to malignant progression (781). In addition, a large
study of elderly patients without polycythemia vera under-
going noncardiac surgery showed that an elevated hemat-

ocrit was associated with short-term mortality and cardiac
morbidity (782).

In the general population, treatment of erythrocytosis is
effective. In a large observational study of patients in the
general population with polycythemia vera and a prior his-
tory of thrombosis, pharmacological therapy to reduce red
cell volume was associated with a 53% reduction in re-
current thrombotic events (783). Many of the recurrences
occurred in patients with inadequate treatment (hematocrit
>45%).

In KTRs, erythrocytosis can be asymptomatic, or patients
may complain of fatigue, headaches, plethora, dyspnea
or blurred vision (709,767,776). The more serious con-
sequences include increased risk of venous and arterial
thrombosis (767,768,784). One small case control study
found more thromboembolic events in patients with poly-
cythemia (11 events in 53 patients) compared to those
without erythrocytosis (0 in 49 matched controls) (767).
Most other studies in KTRs either did not report adverse
events, described no concurrent controls, or found no in-
crease in adverse events (770,771,774). In a large registry
analysis of KTRs, erythrocytosis was not found to be a risk
factor for stroke (450). Since erythrocytosis is now readily
treatable, and the potential consequences of not treating
are severe (venous and arterial thrombosis), there are not
likely to be any long-term RCTs to compare the effect of
treatment vs. no treatment on outcomes.

There are a number of small RCTs of fair quality and case
series demonstrating the use of ACE-Is or ARBs to re-
duce hematocrit by an absolute value of between 4% and
15% (785–797). Given the small sample sizes and the lack
of data on critical clinical outcomes, there is only a low
level of evidence (see Evidence Profile and accompanying
evidence in Supporting Tables 56–58). In a RCT compar-
ing enalapril (2.5 mg/day, n = 15) to placebo (n = 10),
the hematocrit dropped by 6.6% in the treatment arm
compared to only 1.3% in the control arm (p = 0.004)
(788). In another small trial, 15 patients were random-
ized to an ACE-I (enalapril) and 12 patients an ARB (losar-
tan) (796). Hemoglobin levels decreased significantly in
both groups (174–149 g/L for enalapril and 171–159 g/L
for losartan); however, the drop was greater (p = 0.05)
with enalapril (32.6 g/L decrease) than losartan (17.0 g/L
decrease). Theophylline has been found to be useful in
the transplant population with dramatic absolute reduc-
tions in hematocrit of 8–12% (798,799). However, several
trials have found that ACE-Is were superior when com-
pared directly to theophylline (800–802). In the study by
Trivedi et al., the hematocrit fell by 7.6% in the ACE-
I arm (fosinipril, n = 9) and did not change significantly
(rose by 2.3%) in the theophylline arm (n = 5) (802).
Other strategies include phlebotomy and bilateral nephrec-
tomy, but these are invasive and the latter can be asso-
ciated with significant morbidity (803). Clinicians should
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also be aware that both ACE-Is and ARBs are associ-
ated with small, reversible reductions in kidney function
(557).

The European Best Practice Guidelines on kidney trans-
plantation recommend that first-line treatment of erythro-
cytosis (>52% hematocrit in men and >49% in women) be
ACE-Is or ARBs (708). The American Society of Transplan-
tation states that erythrocytosis (>17–18 g/dL or hemat-
ocrit >51–52%) causes potentially life-threatening compli-
cations and is readily treatable.

Research Recommendations

• RCTs on the use of ESAs and the optimal hemoglobin
in KTRs are needed.

• RCTs on the use of CSFs and target cell counts are
needed.

• Studies are needed to document the incidence and
severity of erythrocytosis with current drug regimens.

• Studies are needed to document the role of ACE-Is and
ARBs in reducing the incidence of erythrocytosis.
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Chapter 23: Hyperuricemia and Gout

23.1: We suggest treating hyperuricemia in KTRs when

there are complications, such as gout, tophi, or

uric acid stones. (2D)

23.1.1: We suggest colchicine for treating acute

gout, with appropriate dose reduction for

reduced kidney function and concomi-

tant CNI use. (2D)

23.1.2: We recommend avoiding allopurinol in

patients receiving azathioprine. (1B)

23.1.3: We suggest avoiding NSAIDs and COX-2

inhibitors whenever possible. (2D)

CNI, calcineurin inhibitor; COX-2, cyclo-oxygenase-

2; KTRs, kidney transplant recipients; NSAID, nons-

teroidal anti-inflammatory drug.

Background

Definitions of hyperuricemia differ widely. Local laborato-
ries often report the upper normal range as a population
mean plus two standard deviations (gender-specific), and
this performs well in clinical practice (804). An interna-
tional task force recommends that a level of >0.36 mmol/L
(6.0 mg/dL) be defined as hyperuricemia in the general pop-
ulation (804). For each 0.06 mmol/L (1.0 mg/dL) increase
above 0.06 mmol/L, the adjusted RR of gout increases by
2.33 (95% CI 2.00–2.71). The threshold of 0.36 mmol/L
is associated with 67% sensitivity and 78% specificity for
diagnosing gout. A threshold of 0.42 mmol/L (7.0 mg/dL)
is associated with a 57% sensitivity and 92% specificity
(805). However, because of gender differences, men are
less likely to experience gout at level between 0.36 and
0.42 mmol/L (6.0 and 7.0 mg/dL) and a higher level (>0.42
mmol/L [7.0 mg/dL]) is generally used for men (804). De-
tailed information is not available in KTRs, but the Work
Group chose to define hyperuricemia as >0.36 mmol/L
(6.0 mg/dL) in women and >0.42 mmol/L (7.0 mg/dL) in
men.

Rationale

• Hyperuricemia is very common in KTRs.
• Hyperuricemia increases the incidence of gout and

other complications in KTRs, and it may be associated
with loss of kidney function and CVD.

• Important drug interactions and precautions will alter
treatment strategies in KTRs with gout.

The incidence of hyperuricemia approaches 80% in KTRs
(806,807). A recent analysis of 29 597 US Medicare re-
cipients found that the cumulative incidence of gout was
7.6% at 3 years after transplantation (808). This relatively
high incidence is consistent with a number of smaller re-
ports (809–812).

The mechanisms responsible for hyperuricemia and gout
are complex. Several studies have shown rates to be
higher with CNIs, and especially CsA, when compared
to azathioprine (806,808,809,811). The incidence of hype-
ruricemia appears to be similar with CsA and tacrolimus
regimens, both being higher compared to regimens with-
out CNIs. For example, in a recent large RCT, uric acid
levels were similar between patients treated with low-
dose CsA and tacrolimus at the end of 1 year, and signif-
icantly higher in comparison to patients on sirolimus and
MMF (813). Consistent with these results is a study in
which 35 patients were converted from CsA to tacrolimus
had no change in uric acid levels (814). However, in an-
other report of patients converted from CNIs to sirolimus,
there was a significant reduction in uric acid levels (815).
Similarly, in a small (n = 28) RCT of liver transplant re-
cipients, conversion from CNIs to MMF was associated
with a 15–20% reduction in uric acid levels (816). Other
risk factors associated with hyperuricemia and gout are
prior history, higher BMI, diuretics, older age, more recent
year of transplantation and hypertension (806–809,812,
817).

Of the clinical manifestations of hyperuricemia, gout is
the most common. It can be disabling and is associ-
ated with lost time from work. Impressive tophaceous
deposits in the hands can occur (806,812). Evidence that
hyperuricemia causes or contributes to progressive kid-
ney disease or CVD is weak, even in the general popula-
tion (804,818,819). Acute kidney injury from very high uric
acid levels has been reported (820). A large registry co-
hort study recently demonstrated an association of gout
with elevated mortality (adjusted hazard ratio 1.26, 95%
CI 1.08–1.47) and graft loss (adjusted hazard ratio 1.22,
95% CI 1.01–1.49) (808). This association with mortality,
though, has not been observed in other studies. There are
no RCTs to show that lowering uric acid levels is asso-
ciated with better graft survival, kidney function or patient
survival. There is one small (n = 54) recent RCT in nontrans-
plant patients with kidney impairment, however, in which
improved function with uric acid reduction failed to reach
statistical significance (821). Case series have not shown a
consistent benefit of uric acid reduction on kidney function
in CKD (822).
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Monitoring patients for hyperuricemia at the time of other
routine blood monitoring might help prevent further in-
creases in uric acid levels and greater risks for gout. There
is evidence that dietary interventions (losing weight and
reduced meat and alcohol consumption) and avoiding di-
uretics in the general population can lower uric acid levels
(804). There are no studies in KTRs. Several medications
used in KTRs can lower uric acid levels. For example, in
a randomized crossover trial of 26 KTRs, losartan was as-
sociated with an 8% fall in uric acid levels (823). The uric
acid lowering effect would not be the sole reason for us-
ing these medications, but could be substituted if these
medications were needed for other indications. Monitor-
ing might also give clinicians an increased level of suspi-
cion for dealing with atypical symptoms of gout. Measuring
uric acid levels is indicated in patients with suspected gout;
however, during an acute gouty attack, levels may be nor-
mal (804). Treatment of asymptomatic hyperuricemia has
not been generally recommended in the general population
or KTRs, but it is advocated in those with recurrent symp-
tomatic episodes of gout, tophi or radiographic changes of
gout (627,804,824).

Treatment of gout is beyond the scope of these guide-
lines. There are evidence-based reviews on the treatment
of hyperurcemia and gout (824). Briefly, oral colchicines
and/or nonsteroidal anti-inflammatory agents are recom-
mended as first-line agents for gout (824). Nonsteroidal
anti-inflammatory agents and cyclo-oxygenase-2 inhibitors
can be associated with significant reductions in kidney
function and acute kidney injury (825–827). Patients with
normal kidney function may use these agents in moder-
ate doses for short periods of time, but nonsteroidal anti-
inflammatory agents should be avoided in KTRs whenever
possible (806).

Cochicine levels may be increased in patients with reduced
kidney function and in patients treated with CsA (and
presumably tacrolimus). Life-threatening colchicine toxic-
ity has been described in patients with reduced kidney
function receiving colchicine 1 mg/day for only 5–8 days
(828). A disabling myoneuropathy has also been described
in patients with reduced kidney function receiving long-

term colchicine therapy (829,830). Therefore, prolonged
use of colchicine should be avoided in patients with eGFR
<60 mL/min/1.73 m2. However, colchicine can be used
at reduced doses for <1 week in patients with eGFR
>10 mL/min/1.73 m2 not requiring dialysis. In patients
with eGFR <60 mL/min/1.73 m2, avoid doses higher than
0.6 mg/day. Intraarticular or short-term systemic steroids
have also been used if the above therapies are contraindi-
cated or not tolerated (824).

Allopurinol is a common uric acid lowering agent (804).
However, allopurinol and azathioprine used together can
result in profound, life-threatening pancytopenia (627,753),
and thus this combination should be used with extreme
caution, or not at all. If used together, azathioprine should
be reduced by at least 50% and frequent complete blood
counts should be used to monitor the interaction (806).
Further dose reductions may be needed. Mycophenolate
does not interact with allopurinol and can be used in place
of azathioprine if an antiproliferative agent is necessary for
immunosuppression (831). Patients allergic to allopurinol
may be given benziodarone (832,833).

The American Society of Transplantation guidelines recom-
mended measuring uric acid levels once 2–3 months after
transplantation, with additional screening in patients with
reduced function and on diuretics (627). The Caring for Aus-
tralasians with Renal Impairment guidelines for patients
with CKD state that treating hyperuricemia does not re-
tard progression and cannot be recommended; patients on
protein-restricted diets treated with allopurinol may require
dose reductions (822). The European Best Practice guide-
line on kidney transplantation recommends that the com-
bination of allopurinol and azathioprine be avoided (708).

Research Recommendations

• A RCT with adequate statistical power is needed
to study the effect of treating asymptomatic hyper-
uricemia on preventing loss of kidney function, gout
and CVD.
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Chapter 24: Growth and Development

24.1: We recommend measuring growth and develop-

ment in children (1C):

• at least every 3 months if <3 years old (in-

cluding head circumference) (Not Graded);

• every 6 months in children ≥3 years until final

adult height. (Not Graded)

24.2: We recommend using rhGH 28 IU/m2/week

(or 0.05 mg/kg/day) in children with persistent

growth failure after kidney transplantation. (1B)

24.3: We suggest minimizing or avoiding corticos-

teroid use in children who still have growth po-

tential. (2C)

rhGH, recombinant human growth hormone.

Rationale

• CKD and CKD stage 5 can cause growth failure in chil-
dren before kidney transplantation.

• Despite successful kidney transplantation, growth fail-
ure can persist.

• Recombinant human growth hormone (rhGH) is safe
and effective in children with growth failure after kidney
transplantation.

• Children with growth failure (height <3rd percentile,
height target standard deviation score <−2, or height
velocity <25% for chronological age) grow faster after
kidney transplantation with 28 IU/m2/week of rhGH for
1 year compared to no treatment.

• Long-term steroid use has a negative effect on normal
growth in children.

• Steroid minimization/avoidance protocols may be safe
and effective in children.

The three major factors that can influence growth follow-
ing successful kidney transplantation are age at transplan-
tation (prepubertal vs. pubertal), allograft function and use
of corticosteroid therapy. The height increment associated
with the pubertal growth spurt is suboptimal in patients
with CKD (834) and the lack of normal pubertal growth
spurt in KTRs contributes to inadequate final adult height
(835). Persistent growth failure, despite successful kidney
transplantation, led to rhGH use being studied to address
concerns regarding efficacy in the presence of corticos-
teroid immunosuppression, increasing risk of acute rejec-
tion and the potential for increasing the already raised inci-
dence of malignancy in an immunosuppressed population.

Randomized controlled trials have shown that rhGH is
effective in improving the growth of children with CKD
during the first year of administration, with increases in
all height indices (836), including children with growth
retardation after kidney transplantation. The summary
of RCTs, eight of which included children with kidney
transplants (836), showed that treatment with rhGH (28
IU/m2/week) resulted in a significant increase in height
standard deviation score at 1 year and a significant in-
crease in height velocity at 6 months and 1 year. However,
there was no further increase in height indices during the
second year of administration, compared to untreated
controls. On average, children treated with rhGH had an
improvement in height standard deviation score by 0.8,
height velocity by 3.8 cm/year and height velocity standard
deviation score by 6 above nontreated controls (836).
Most of the children in the studies after kidney transplant
were on relatively low doses of glucocorticoids, with GFR
>20 mL/min/1.73 m2 and all were greater than 1 year after
transplant with height <3rd percentile, height standard
deviation score <−2 or height velocity <25% for chrono-
logical age at the time of starting therapy. Overall, there
is a moderate level of evidence that rhGH is better than
placebo for increasing growth and that 28 IU/m2/week
is superior to 14 IU/m2/week (see Evidence Profile and
accompanying evidence in Supporting Tables 59–61 at
http://www3.interscience.wiley.com/journal/118499698/
toc). Alternatively, a multicenter placebo-controlled trial
showed that a rhGH dose of 0.05 mg/kg/day significantly
increased height in children with CKD (837).

Cohort studies in children with CKD have demonstrated
that response to rhGH therapy is better in prepubertal than
pubertal children (838), and in CKD stages 3 and 4 com-
pared to CKD stage 5 (838). However, in short-term stud-
ies, there was no significant difference in the magnitude of
rhGH-related growth with either pubertal status (including
pediatric KTRs (839,840)) or between CKD stages 3 and 4
compared to CKD stage 5 (836).

Although no RCTs have been published with final adult
height as an outcome, published data do provide some
indirect support that rhGH improves final adult height in
children with CKD, including KTRs. A longitudinal study
of children with CKD treated with rhGH and followed un-
til they achieved final adult height indicated that treated
children had sustained catch-up growth where untreated
matched children had progressive growth failure (838). Im-
proved final height in rhGH-treated children has also been
reported from US Transplant Registry data (841). However,
it still needs to be determined whether rhGH therapy will
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result in an increase in final adult height in children who
have received a kidney transplant.

Reported adverse events related to rhGH include asthma,
acute rejection, deterioration in kidney function, pa-
pilledema, raised fasting glucose and glucose intolerance.
However, a meta-analysis found no significant difference
between treatment and controls in the change in bone
age, kidney function, cholesterol, triglycerides, apolipopro-
teins and glucose tolerance (836). Additionally, there is no
evidence that rhGH acts to advance the pubertal growth
spurt.

Persistent growth failure, despite successful kidney trans-
plantation, led to rhGH use being studied to address con-
cerns regarding efficacy in the presence of corticosteroid
immunosuppression, increasing risk of acute rejection and
the potential for increasing the already raised incidence
of malignancy in an immunosuppressed population (842).
None of the four RCTs in pediatric KTRs (839,843–845) re-
ported an increase in acute rejection associated with rhGH
therapy or an adverse effect of this treatment on graft func-
tion. However, two did determine that prior acute rejection
history is a risk factor for the development of acute re-
jection following the initiation of rhGH therapy (844,845).
The conclusion drawn from these RCTs was that rhGH is a
well-tolerated and effective treatment in growth-retarded
KTRs. However, no pharmaceutical company that manufac-
tures rhGH has applied to the FDA or European agencies
to extend approval for this treatment to the pediatric KTR
population.

Concern about a relationship between rhGH use and the
development of renal cell carcinoma in pediatric KTRs re-
ceiving growth hormone therapy led researchers to probe
databases maintained by the pharmaceutical companies
that produce rhGH for evidence of an association (846).
Only the International Growth Database collected data on
kidney malignancy in KTRs on rhGH. rhGH was not found
to be an independent risk factor for the development of
renal cell carcinoma (846). Isolated incidents of PTLD have
been reported in patients receiving rhGH, but a definitive
relationship has not been shown.

When considering rhGH therapy for growth-delayed pe-
diatric KTRs, the health-care provider should inform the
patient and family that the benefits to growth need to be
balanced with possible adverse events and the difficulty of
adhering to a daily subcutaneous injection regimen.

Corticosteroids have been used in pediatric KTRs as main-
tenance immunosuppressive therapy and as a treatment
for acute rejection since the 1960s (847,848). A correlation
between a daily corticosteroid dose in excess of 7 mg/m2

of body surface area and impaired growth in pediatric

KTRs has been reported (849). Over the years, practition-
ers have made efforts to reduce steroid use in pediatric
KTRs in an effort to avoid the potentially negative impact
on growth. In a prospective clinical trial of steroid mini-
mization, researchers studied 35 KTRs at 14–27 months
following transplantation, 17 of whom received alternate-
day corticosteroid therapy and 18 of whom received daily
corticosteroid therapy (850). At 1 year, the mean height
standard deviation score was +0.49 in the alternate-day
group, compared with −0.12 in the daily-dose group. An
analysis of the North American Pediatric Renal Transplant
Cooperative Study database also found that short-term im-
provement in height standard deviation score was asso-
ciated with alternate-day dosing of corticosteroids (851).
No decline in graft function was observed in patients re-
ceiving daily vs. alternate-day steroid therapy. However,
it is important that, when considering alternate-day dos-
ing as a strategy for steroid minimization, the health-care
provider address the potential for increased incidence of
nonadherence due to the potential difficulty of this dosing
regimen.

In 2001, a pilot study reported the initial positive results
of steroid avoidance using anti-IL2 receptor antibody for
induction and every 2 weeks for the first 5 months after
transplant, in addition to tacrolimus and MMF as mainte-
nance immunosuppression therapy (852). A follow-up re-
port in 2003 indicated a significant improvement in the
mean height standard deviation score at 1 year in the
corticosteroid-avoidance group when compared with a
historical control group who had received corticosteroid
treatment daily (853). This led to a prospective multicen-
ter RCT of steroid avoidance where 130 unsensitized pri-
mary KTRs 0–21 years of age were randomized to steroid-
free vs. steroid-based immunosuppression (2004–2006)
with a 3-year follow-up (854). Patients in both arms re-
ceived tacrolimus and MMF immunosuppression. Prelimi-
nary analysis does not reveal an overall significant growth
advantage at 1 year in children receiving steroid-free or
steroid-based immunosuppression. Longer-term follow-up
of current and future RCTs will be important in determin-
ing the effect of steroid-free or minimization protocols on
growth and graft function in pediatric KTRs.

Research Recommendations

• A RCT is needed to determine whether higher doses
of rhGH during puberty improve pubertal growth in chil-
dren with persistent growth failure after kidney trans-
plantation.

• Further follow-up of ongoing and future studies is
needed to evaluate the effect of steroid minimization
or avoidance on growth.
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Chapter 25: Sexual Function and Fertility

25.1: SEXUAL FUNCTION

25.1.1: Evaluate adults for sexual dysfunction af-

ter kidney transplantation. (Not Graded)

25.1.2: Include discussion of sexual activity and

counseling about contraception and safe

sex practices in follow-up of adult KTRs.

(Not Graded)

KTRs, kidney transplant recipients.

Rationale

• Sexual dysfunction is common in men and women
KTRs.

• Many patients will not spontaneously report sexual
dysfunction.

• Modification of medications may alleviate sexual dys-
function.

• Therapies are available, although less are available for
women than men.

• Sexual dysfunction negatively affects quality of life.
• Contraception can help prevent unwanted pregnan-

cies.
• Safe sex practices can help prevent the acquisition of

disease.

Sexual dysfunction is frequent in patients with all stages
of CKD, particularly among patients with CKD stage 5 or
after transplantation (855). Sexual dysfunction in KTRs may
have both organic and psychological causes (856–858). The
scope of the problem includes erectile dysfunction, de-
creased libido and lower frequency of intercourse.

Following kidney transplantation, the metabolic milieu im-
proves, and for some patients sexual function improves
as well (859). For others, sexual function does not change
and may even worsen (860). One study compared sexual
function in men and women on hemodialysis, peritoneal
dialysis, with patients with rheumatoid arthritis or after
transplantation and found that men and women on dialysis
had statistically increased incidence of ‘hypoactive sexual
desire’ compared with those after transplantation. Men on
hemodialysis had a significantly higher incidence of ‘sex-
ual aversion disorder’ as well as ‘inhibited male orgasm.’
In this study, the ‘male erectile disorder’ did not differ be-
tween the dialysis and transplant groups. Overall, the study
concluded that sexual dysfunction in dialysis patients was

a consequence of lost sexual interest attributable to fatigue
(858).

Problems with sexual function are common following kid-
ney transplantation, but the reported prevalence varies.
Problems with sexual function in general have been re-
ported in the range of 45–50% (855,861). One survey
found that more than 30% reported a problem to be mod-
erate or severe in magnitude (861). There are few studies
focused on this issue for women (861). For men, erec-
tile dysfunction can affect quality of life and be associated
with anxiety, depression and loss of self-esteem (862). Fol-
lowing transplantation, erectile dysfunction may improve,
especially for younger men (862,863). However, for oth-
ers the problem may not change or may even get worse
(862–864). An Egyptian study of 400 male KTRs reported
erectile dysfunction in 36% (865). In a study of simultane-
ous pancreas–kidney transplant recipients, 79% suffered
from some degree of erectile dysfunction (866). Transplant
surgery may contribute to erectile dysfunction. Diversion
of blood from the penile arteries when the internal iliac ar-
teries are used for transplant anastomosis may play a role
(863).

Therapy with 5-phosphodiesterase inhibitors may be effec-
tive. These agents are helpful for some, but not all patients
(864,867). A double-blind crossover RCT of KTRs found that
sildenafil was more effective than placebo with respect to
erectile function, orgasmic function, intercourse satisfac-
tion and overall satisfaction (868). There was no significant
difference with respect to sexual desire in this study (868).
Modification of medications may also be useful for patients
with erectile dysfunction and/or decreased libido.

Whether to evaluate men with sexual dysfunction, or initi-
ate a trial with a 5-phosphodiesterase inhibitor, is often un-
clear. When 5-phosphodiesterase inhibitors are prescribed,
care must be taken that the patient is hemodynamically
stable and that he avoids alpha-adrenergic antagonists.
How to counsel and approach therapy in women with sex-
ual dysfunction is less clear.

Follow-up of KTRs should include discussion of sexual ac-
tivity, and counseling about contraception and safe sex
practices, as is true for patients in the general popula-
tion (and therefore beyond the scope of this guideline).
Sexually active patients who are not in long-term monoga-
mous relationships should use latex condoms during sex-
ual contact to reduce their risk for exposure to CMV,
HSV, HIV, HPV, HBV, HCV and other sexually transmit-
ted infections. Sexually active KTRs should avoid sexual
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practices that could result in oral exposure to feces or gen-
ital secretions.

Recommendations for contraception should be made on
an individual basis with consideration given to what is most
effective, as well as what can actually be used. Concerns
regarding intrauterine devices have included the potential
for infection, as well as that they may be less effective
in transplant recipients (869). Whether current intrauterine
devices may be more effective and less risky in this patient
population is unknown.

Research Recommendations

• Studies are needed to determine the etiology, diagno-
sis and treatment of sexual dysfunction in KTRs.

25.2: FEMALE FERTILITY

25.2.1: We suggest waiting for at least 1 year

after transplantation before becoming

pregnant, and only attempting preg-

nancy when kidney function is stable

with <1 g/day proteinuria. (2C)

25.2.2: We recommend that MMF and EC-MPS

be discontinued or replaced with aza-

thioprine before pregnancy is attempted.

(1A)

25.2.3: We suggest that mTORi be discontin-

ued or replaced before pregnancy is at-

tempted. (2D)

25.2.4: Counsel female KTRs with child-bearing

potential and their partners about fertil-

ity and pregnancy as soon as possible

after transplantation. (Not Graded)

25.2.5: Counsel pregnant KTRs and their part-

ners about the risks and benefits of

breastfeeding. (Not Graded)

25.2.6: Refer pregnant patients to an obstetri-

cian with expertise in managing high-risk

pregnancies. (Not Graded)

EC-MPS, enteric-coated mycophenolate sodium; KTRs,

kidney transplant recipients; MMF, mycophenolate

mofetil; mTORi, mammalian target of rapamycin in-

hibitor(s).

Background

Female KTRs of child-bearing potential are those who are
not peri- or postmenopausal, and those who have a uterus
and at least one ovary. There are no prospective studies
on the risks of immunosuppressive medications in preg-
nancies. Evidence that a drug is not safe in pregnancy may

come from case reports, or animal studies demonstrat-
ing toxicity at doses comparable to those which might be
used in humans (normalized to body surface area). In the
absence of data, a drug should be presumed to be unsafe,
and patients should be treated accordingly.

Rationale

• Fertility is increased in KTRs compared to CKD stage
5 before transplantation.

• Pregnancy and childbirth in KTRs have a high incidence
of complications to mother and child.

• Complications of pregnancy and childbirth can be min-
imized by the use of lower-risk immunosuppressive
agents and multidisciplinary care that includes an ob-
stetrician with expertise in managing high-risk preg-
nancies.

Pregnancies in patients with CKD stage 5 are uncommon
(870). However, fertility is improved and often restored af-
ter successful kidney transplantation (871,872). The risks
of pregnancy and childbirth to both mother and child are
higher for KTRs, compared to the general population, but
in stable KTRs pregnancies most often have a good out-
come. In KTRs with good kidney function, no proteinuria,
and well-controlled blood pressure, there is little risk of
graft loss (873–876). However, KTRs with reduced kidney
function are at higher risk for allograft dysfunction and
graft failure (877). There are few published data in KTRs
on which to base a safe recommended GFR. Data in the
nontransplant population indicate that women with GFR
<40 mL/min/1.73 m2 and proteinuria >1 g/day are at in-
creased risk for a significantly accelerated GFR decrease,
as well as low-birth-weight babies (878). These data were
used for the recommendations noted above. It is unclear
whether or not the same levels apply to KTRs. Cyclosporine
levels decline during pregnancy (877). Nevertheless, the in-
cidence of acute rejection during pregnancy appears to be
relatively low (877).

An American Society of Transplantation consensus confer-
ence recommended that patients wait for 1 year without
acute rejection before pregnancy with the proviso that in-
dividual circumstances may modify the appropriate time
frame to a shorter or longer time period. Each situation
needs to be evaluated on a case-by-case basis (879). It was
recently reported that pregnancy within the first 2 years
following transplantation may increase the risk of graft
loss (880). On the other hand, there have been success-
ful pregnancies before the end of the first posttransplant
year (872). Some reports suggest that there is a high inci-
dence of hypertension (873) and preeclampsia in pregnant
KTRs (881). Deliveries are more likely to be by caesarean
section, for medical indications. The transplant kidney is
neither affected by, nor does it affect, a vaginal delivery. In

American Journal of Transplantation 2009; 9 (Suppl 3): S106–S109 S107



Chapter 25

the absence of medical indications, vaginal deliveries are
possible (873).

There is also a higher risk to the fetus for pregnan-
cies in KTRs. There is a higher risk of preterm delivery
(<37 weeks) and low birth weight (<2500 g) (873,877,882).
The fetus, of course, is exposed to potentially teratogenic
immunosuppressive agents (882). There are no RCTs indi-
cating which, if any, immunosuppressive agents are safe
to use in pregnancy.

Mycophenolate has been reported to cause severe struc-
tural malformations. A characteristic phenotype associ-
ated with in utero exposure to MMF is emerging that
includes cleft lip and palate, microtia, and absence of
external auditory canals (883–885). Thus, MMF should
generally be changed to azathioprine during pregnancy, a
practice endorsed by the European Best Practice Guide-
lines (886). These guidelines suggest a 6-week window
after discontinuing MMF and starting azathioprine, be-
fore pregnancy is attempted (886). These same concerns
should also apply to EC-MPS. Azathioprine is rated by the
FDA as category ‘D’ (i.e. there is evidence of human fe-
tal risk, but the benefits from use in pregnant women
may be acceptable despite the risk). Despite the FDA
category D, azathioprine has been used safely over the
years in pregnant transplant recipients. It is considered
an acceptable immunosuppressant to use in this clinical
setting.

In a meta-analysis of the use of CsA during pregnancy, the
incidence of major fetal malformations was 4.1% (2.6–
7.0%) (877). This was numerically higher than, but not
statistically significantly different from, the rate with non-
CNIs. Prednisone at doses low enough to prevent thymic
aplasia (usually less than 15 mg/day) is safe in pregnant
KTRs. High levels of azathioprine and prednisone can be
associated with problems that do not occur when they are
used at standard doses.

There are few reports of the use of mTORi and preg-
nancy. The FDA categorizes sirolimus as ‘C.’ Category
C indicates that either studies in animals have revealed
adverse effects on the fetus (teratogenic or embryoci-
dal effects or other) and there are no controlled stud-
ies in women, or studies in women and animals are not
available (887). The FDA-approved package labeling for
sirolimus notes that sirolimus was embryotoxic or feto-
toxic in rats at doses 0.2–0.5 of the clinical doses ad-
justed for body surface area (887). A voluntary registry
reported only seven cases of pregnancy in organ trans-
plant recipients receiving sirolimus (885). None were asso-
ciated with adverse outcomes, although in most the drug
was discontinued when pregnancy was discovered. There
are case reports of normal-term pregnancies in women
receiving sirolimus (888,889). However, in the absence
of adequate safety data, it is prudent to avoid mTORi in
pregnancy.

An American Society of Transplantation consensus con-
ference concluded that breastfeeding for KTRs is not
contraindicated (879). For KTRs who opt to breastfeed,
prednisone is likely to be safe (890). Prednisone and aza-
thioprine are detectible in breast milk (891), but there are
no data for MMF or sirolimus. CsA is excreted into breast
milk and is not recommended in breastfeeding mothers
(877).

Research Recommendations

• Observational studies are needed to determine the in-
cidence and complications of pregnancies in KTRs.

25.3: MALE FERTILITY

25.3.1: We suggest that male KTRs and their

partners be advised that:

• male fertility may improve after kid-

ney transplantation (2D);

• pregnancies fathered by KTRs appear

to have no more complications than

those in the general population. (2D)

25.3.2: We recommend that adult male KTRs be

informed of the possible risks of infertil-

ity from mTORi. (1C)

25.3.2.1: We suggest that adult male

KTRs who wish to maintain fer-

tility should consider avoiding

mTORi, or banking sperm prior

to mTORi use. (2C)

KTRs, kidney transplant recipients; mTORi, mam-

malian target of rapamycin inhibitor(s).

Rationale

• Male fertility improves in most KTRs, and may become
normal.

• Outcomes of pregnancies fathered by KTRs are similar
to those of the general population.

• Rapamycin is associated with low sperm counts. The
abnormality is reversible with discontinuation of ra-
pamycin.

Chronic kidney disease is associated with impaired sper-
matogenesis, decreased testosterone production, de-
creased libido and increased gonadotropins (892). Uremic
hypogonadism is reversible in individuals with successful
long-term kidney transplantation (893). Studies from the
azathioprine as well as CsA eras show that testosterone
levels rise after transplantation. Gonadotropins may de-
crease, but may not normalize, and semen analysis in most
KTRs is normal (893–898). Longer time on dialysis prior to
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transplantation and kidney dysfunction may be risk factors
for those with residual testicular dysfunction (896,899).
Testicular biopsies performed after transplantation show
significant improvement, with some residual reduction in
sertoli cells and spermatogonia (900).

Although it is unclear whether CsA plays a role in male
infertility, it is clear that rapamycin can lead to male in-
fertility (893,899). It causes low sperm counts (901–904)
by interrupting the stem cell factor/c-kit system that reg-
ulates germ cell proliferation, meiosis and apoptosis, con-
sequently inhibiting spermatogenesis (905). The effects of
rapamycin appear to be reversible (901–903).

With regards to potential congenital abnormalities, out-
comes of pregnancies fathered by male KTRs do not differ

from those of the general population (906). These con-
clusions are based on data from the National Transplant
Pregnancy Registry. This registry is voluntary and thus po-
tentially subject to reporting bias. Nevertheless, the data
captured by this registry are crucial but limited. Fewer preg-
nancy outcomes are reported to the registry for men than
women.

Research Recommendations

• Observational studies are needed to determine the in-
cidence and complications of pregnancies fathered by
KTRs.
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Chapter 26: Lifestyle

26: We recommend that patients are strongly encour-

aged to follow a healthy lifestyle, with exercise,

proper diet, and weight reduction as needed. (1C)

(See also Obesity, Recommendation 16.4.1.)

Rationale

• There are abundant data from the general population
that a lifestyle that includes exercise, a proper diet and
avoidance of obesity improves longevity and quality of
life.

• Although there is only one small RCT in KTRs, there is
no reason to believe that exercise is not as beneficial
in KTRs as in the general population.

• There is no reason not to believe that a proper diet can
help prevent CVD and other complications in KTRs as
in the general population.

• There is little harm associated with exercise, a proper
diet and weight reduction; therefore, any benefit is
likely to outweigh harm.

Data from RCTs in the general population suggest that
exercise, proper diet and weight reduction (in obese pa-
tients) improve longevity, quality of life and other major
health outcomes. In a RCT involving 100 KTRs, the group
randomly allocated to receive regular telephone counsel-
ing on exercise had a greater exercise tolerance at 1
year after transplantation compared to the control group
that did not receive counseling (603). This study did not
have adequate statistical power to examine major CVD
outcomes.
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Chapter 27: Mental Health

27: Include direct questioning about depression and

anxiety as part of routine follow-up care after kid-

ney transplantation. (Not Graded)

Rationale

• Depression and anxiety are more common in KTRs
than in the general population.

• Depression and anxiety may be associated with med-
ication nonadherence, sleep disorders and other ad-
verse effects that make the diagnosis and treatment
of depression and anxiety important.

• Therapies are available for the treatment of depression
and anxiety.

Anxiety and depression are common in dialysis patients,
much more so than in the general population (907–913). For
many patients with kidney failure, kidney transplantation is
a better kidney replacement therapy than dialysis. How-
ever, kidney transplantation does not change underlying
systemic disorders or reverse previously sustained phys-
ical damage. When the kidney graft is not working well,
new medical problems may arise, and when the graft fails,
the patient generally faces a return to an unwelcome form
of therapy, thereby increasing stress. Whether because of
new or preexisting medical conditions, medications such
as corticosteroids, or work status changes, KTRs are at risk
for anxiety and depression.

There have been few studies of mental-health disorders
in KTRs. Many of the studies focus on quality of life,
which encompasses psychological domains but does not
necessarily examine anxiety and depression, or other
mental-health disorders (914). A meta-analysis comparing
emotional distress and psychological well-being among dif-
ferent forms of renal replacement therapies revealed less
emotional distress and greater well-being with success-
ful kidney transplantation than with other CKD stage 5
treatment modalities (915). However, case mix differences
among the groups likely influenced the results, making it
unclear whether it was the difference in patients or treat-
ment modalities that accounted for the differences in out-
come (915).

Studies of depression and anxiety in KTRs report conflict-
ing results. Some have reported similarly high rates of de-
pression in KTRs compared to dialysis patients (916,917),
while others have reported less depression (918,919).
Some have reported less anxiety in KTRs (920) and, in oth-

ers, no difference compared to dialysis patients (917,919).
A study examining 5- to 22-year-old KTRs found that 36%
had emotional trauma and/or depression (921). Return to
dialysis after graft loss has been associated with severe
depression (918).

Anxiety and depression in KTRs have been associated with
a poor quality of life, poor marital relations, sexual func-
tion and sleep quality (922). In one study, a high level of
posttransplantation anxiety was associated with reduced
functioning socially, having physical complaints, and more
economic problems. High levels of anxiety were also as-
sociated with depression (923). Depression has also been
associated with medication nonadherence (283,924).

Hospitalization for psychosis is not increased in KTRs com-
pared with patients on chronic dialysis (925). Hospitaliza-
tion for psychosis has been associated with increased risk
for death, as well as graft loss (925). Depression identified
in Medicare claims has been associated with an increased
risk of graft failure, return to dialysis and death with a func-
tioning graft (926).

Psychotherapy may be helpful (927). One RCT comparing
individual and group psychotherapy in KTRs found that both
approaches resulted in lower Beck Depression Inventory
scores. Individual therapy was associated with a better out-
come in this study (928). As most transplant centers have
social workers, these individuals may be a useful resource
for counseling. Antidepressants are often used. Given that
some of these drugs are metabolized by the CYP3A4 en-
zyme pathway, levels of immunosuppressive medications
also metabolized through this pathway may need to be
adjusted (929).

How best to assess the mental health of transplant recip-
ient is unclear. The screening tools used by psychologists
are time-consuming and not familiar to general practition-
ers. Simple strategies, such as direct questioning on re-
view of systems, or brief screening tools (930), may be a
simple and useful initial screening approach. Further stud-
ies are needed to better understand how to monitor for
mental-health disorders in KTRs.

Research Recommendations

• Studies are needed to determine the optimal approach
to screening and intervention for depression and other
mental disorders in KTRs.
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Appendix: Methods for Guideline Development

Aim

The overall aim of the project was to create a clinical
practice guideline with recommendations for the care of
the KTRs using an evidence-based approach. After topics
and relevant clinical questions were identified, the perti-
nent scientific literature on those topics was systematically
searched and summarized.

Overview of process

The development of the guideline included sequential and
concurrent steps:

• Appoint the Work Group and Evidence Review Team
(ERT), which were responsible for different aspects of
the process.

• Confer to discuss process, methods and results.
• Develop and refine topics.
• Define specific populations, interventions or predictors

and outcomes of interest.
• Create and standardize quality assessment methods.
• Create data-extraction forms.
• Develop literature search strategies and run searches.
• Screen abstracts and retrieve full articles based on pre-

determined eligibility criteria.
• Extract data and perform critical appraisal of the litera-

ture.
• Grade quality of the outcomes of each study.
• Tabulate data from articles into summary tables.
• Grade the quality of evidence for each outcome and

assess the overall quality and findings of bodies of
evidence with the aid of evidence profiles.

• Write recommendations and supporting rationale
statements.

• Grade the strength of the recommendations based on
the quality and strength of the evidence and other con-
siderations.

• Peer review by KDIGO Board of Directors in December
2008 and the public (March 2009), with subsequent
revisions.

The Work Group, KDIGO Co-Chairs, ERT, liaisons and
KDIGO support staff met for four 2-day meetings for train-
ing in the guideline development process, topic discussion
and consensus development.

Creation of groups

The KDIGO Co-Chairs appointed the Co-Chairs of the Work
Group, who then assembled the Work Group to be re-
sponsible for the development of the guideline. The Work
Group consisted of domain experts, including individuals

with expertise in adult and pediatric nephrology, transplant
surgery and medicine, critical-care medicine, cardiology, in-
fectious diseases, oncology and epidemiology, along with
a patient advocate. Tufts Center for Kidney Disease Guide-
line Development and Implementation at Tufts Medical
Center in Boston, MA, USA, was contracted to provide
expertise in guideline development methodology and sys-
tematic evidence review. The ERT consisted of physician–
methodologists with expertise in nephrology and internal
medicine, and research associates and assistants. The ERT
instructed and advised Work Group members in all steps
of literature review, critical literature appraisal and guide-
line development. The Work Group and the ERT collab-
orated closely throughout the project. The ERT also in-
cluded methodological input and assistance with literature
searches from methodology experts at the Cochrane Renal
Group in Sydney, Australia.

Systematic Review: General Process

The first task of the Work Group was to define the overall
topics and goals for the guideline. The Work Group Co-
Chairs drafted a preliminary list of topics. The Work Group
identified the key clinical questions. The Work Group and
ERT further developed and refined each topic, specified
screening criteria, literature search strategies and data-
extraction forms.

The ERT performed literature searches, and organized
screening of abstracts and articles. The ERT also coordi-
nated the methodological and analytic processes of the
report, and defined and standardized the methodology of
performing literature searches, data extraction and sum-
marizing the evidence. Throughout the project, the ERT
offered suggestions for guideline development, led dis-
cussions on systematic review, literature searches, data
extraction, assessment of quality and applicability of arti-
cles, evidence synthesis, grading of evidence and recom-
mendations and consensus development. With input from
the Work Group, the ERT finalized eligible studies, per-
formed all data extraction and summarized data into sum-
mary tables. They also created preliminary evidence pro-
files (described below), which were completed by the Work
Group members. The Work Group members reviewed all
included articles, data-extraction forms and summary ta-
bles for accuracy and completeness. The Work Group took
the primary role of writing the recommendations and ra-
tionale statements, and retained final responsibility for the
content of the recommendation statements and the ac-
companying narrative.
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For questions of treatments in the KTRs, systematic re-
views of the eligible RCTs were undertaken (Table 32).
For these topics, the ERT created detailed data-extraction
forms, and extracted information on baseline data for the
populations, interventions, study design, results and pro-
vided an assessment of quality of evidence. The ERT then
tabulated studies in summary tables, and assigned grades
for the quality of the evidence in consultation with the
Work Group.

For nontreatment questions, that is questions related to
prevalence, evaluation and risk relationships, the ERT con-
ducted systematic searches, screened the yield for rele-
vance and provided lists of citations to the Work Group.
The ERT created summary tables of selected observa-
tional incidence and predictor studies. The Work Group
took primary responsibility for reviewing and summarizing
this literature in a narrative format. The ERT also searched
online databases for estimates of incidence rates of differ-
ent cancers among larger countries representative of differ-
ent regions. The primary database used was Cancer Mon-
dial (http://www-dep.iarc.fr). SIRs for cancer in solid-organ
transplant recipients were taken from a meta-analysis by
Grulich et al. (623).

For topics on which previous or ongoing KDIGO or KDOQI
guidelines have provided recommendations for KTRs, new
systematic reviews were not performed. These include
anemia, hepatitis C, mineral and bone disorders and pe-
diatric nutrition. For these topics, the relevant recommen-
dations and rationale text were excerpted and refined as
necessary. The Work Group Chairs and selected mem-
bers conferred with Co-Chairs of the concurrent KDIGO
mineral and bone disorder guideline and KDOQI pediatric
nutrition guideline on transplant bone disease (Chapter 21),
and growth and development (Chapter 24).

Refinement of Topics

The Work Group Co-Chairs prepared the first draft of the
scope of work document as a series of mock (prelimi-
nary) recommendations to be considered by Work Group
members. At their first 2-day meeting, members added
further mock guideline topics until the initial working doc-
ument included all topics of interest to the Work Group.
The inclusive, combined set of questions formed the ba-
sis for the deliberation and discussion that followed. The
Work Group strove to ensure that all topics deemed clini-
cally relevant and worthy of review were identified and ad-
dressed. The four major topic areas of interest for the care
of KTRs included immunosuppression, infections, CVD
and cancer. In addition, there were several miscellaneous
topics.

At the initiation of the guideline development process, it
was agreed that this guideline would focus on patients who
have had kidney transplantations. Thus, with few excep-

tions (e.g. the timing of vaccinations), all topics, systematic
reviews and study eligibility criteria were restricted to pa-
tients with existing kidney transplantations. The guideline
does not address management issues regarding choos-
ing patients for kidney transplantation, pretransplant care,
intraoperative care (except for the timing of initiating im-
munosuppression) or management of patients who have
lost their grafts. In addition, in regards to care of comor-
bidities and complications after kidney transplantation (e.g.
infections, cancer and CVD), this guideline focuses primar-
ily on monitoring and prevention of the conditions, as op-
posed to treatment of the conditions (with some excep-
tions, e.g. for infectious diseases). However, where the
recommended treatment of conditions differed from the
general population (e.g. due to drug interactions with im-
munosuppression agents), standard treatment recommen-
dations are offered.

Based on the list of topics, the Work Group and ERT devel-
oped a list of specific research questions for which system-
atic review would be performed (Table 32). For each sys-
tematic review topic, the Work Group Co-Chairs and the
ERT formulated well-defined systematic review research
questions using a well-established system (931). For each
question, explicit criteria were agreed on for the popula-
tion, intervention or predictor, comparator, outcomes of
interest and study design features. A list of outcomes of
interest was generated. The Work Group ranked patient-
centered clinical outcomes (such as death, graft loss or
infections) as more important than intermediate outcomes
(such as cholesterol level or hypertension). The outcomes
were further categorized as being of critical, high or mod-
erate importance to KTRs. Outcomes of low importance
were not considered for the purpose of systematic re-
view and evidence synthesis. The specific criteria used
for each topic are described below in the description of
the review topics. In general, eligibility criteria were de-
termined based on clinical value, relevance to the guide-
line and clinical practice, determination whether a set of
studies would affect recommendations or the strength of
evidence and practical issues such as available time and
resources.

Literature Searches and Article Selection

The MEDLINE, Cochrane Central Registry for trials, and
Cochrane database of systematic reviews were searched
from 1985 through January 2007 by the ERT to capture
all citations relevant to the topic of kidney transplanta-
tion, including original articles, systematic reviews and
previous guidelines. The Cochrane Renal Group ran par-
allel searches in their Renal Registry database and these
supplemented the primary ERT searches. The search was
updated through February 2008 and supplemented by arti-
cles identified by Work Group members through November
2008.
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Table 32: Systematic review topics and screening criteria

Chapter 1: Induction Therapy

Population KTRs in the first 24 h after transplant
Predictor, reference standard IL2 (mab) vs. no induction, antithymoglobulin vs. no induction, antithymoglobulin vs. IL2
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN, infection, cancer, NODAT, fracture, BMD, erythrocytosis, neutropenia, quality of life,
adverse events

Study design RCT
Minimum number of subjects N ≥ 50

Chapter 2: Initial Maintenance Immunosuppressive Medications

Population KTRs
Intervention, reference standard Tac vs. CsA (CsA or CsA-ME) (with AZA, MMF, Sirolimus, Everolimus), CNI vs. non-CNI regimens,

MMF vs. AZA, MMF formulation vs. other MMF formulation, CNI-sparing (withdrawal), CNI-free,
steroid withdrawal, steroid avoidance

Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,
CAN, infection, cancer, NODAT, erythrocytosis, neutropenia, fracture, BMD, hypertension,
hyperuricemia, hyperlipidemia, quality of life, adverse events

Study design RCT
Minimum number of subjects N ≥ 100

Chapter 3: Long-Term Maintenance Immunosuppressive Medications

Population KTRs
Intervention Tac vs. CsA (CsA or CsA-ME) (with AZA, MMF, sirolimus, everolimus), CNI vs. non-CNI regimens,

MMF vs. AZA, MMF formulation vs. other MMF formulation, CNI-sparing (withdrawal), CNI-free,
steroid withdrawal, steroid avoidance

Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,
CAN, infection, cancer, NODAT, erythrocytosis, neutropenia, fracture, BMD, hypertension,
hyperuricemia, hyperlipidemia, quality of life, adverse events

Study design RCT
Minimum number of subjects N ≥ 100

Chapter 4: Strategies to Reduce Drug Costs

Population KTRs
Intervention CsA-ME generics, other generic medications
Outcomes Pharmacokinetics, pharmacodynamics
Study design RCT
Minimum number of subjects N ≥ 20

Chapter 5: Monitoring Immunosuppressive Medications

Population KTRs
Intervention MMF fixed dose vs. AUC-adjusted doses, C0 vs. C2 CsA to determine dosing, anti-HLA antibodies
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN, infection, cancer, NODAT, erythrocytosis, neutropenia, fracture, BMD, hypertension,
hyperuricemia, hyperlipidemia, quality of life, adverse events

Study design RCT
Minimum number of subjects N ≥ 10

Chapter 6: Treatment of Acute Rejection

Population KTRs with biopsy-proven acute rejection
Predictor Adding induction agents or other (intravenous immunoglobulin, plasma exchange), change of

maintenance regimen
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN, infection, cancer, NODAT, fracture, BMD, erythrocytosis, neutropenia, quality of life,
adverse events

Study design RCT
Minimum number of subjects N ≥ 100

Chapter 7: Treatment of Chronic Allograft Injury

Population KTRs with CAN or biopsy-proven CNI toxicity
Intervention, predictor Reduction in CNI, change in maintenance immunosuppression, adding ancillary treatments (ACE-I,

ARB, etc.), CNI dose reduction, CNI withdrawal, replacement of CNI with another
immunosuppression agent, comparisons with placebo or other treatments

Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,
CAN, biopsy changes, infection, cancer, NODAT, erythrocytosis, neutropenia, fracture, BMD,
hypertension, hyperuricemia, hyperlipidemia, quality of life, adverse events

Continued.
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Table 32: Continued

Chapter 7: Treatment of Chronic Allograft Injury

Study design RCT
Minimum number of subjects N ≥ 100

Chapter 8: Monitoring Kidney Allograft Function

Population KTRs
Intervention Protocol monitoring vs. no protocol, different frequencies of monitoring
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN
Study design RCT; minimum follow-up time: ≥6 months
Minimum number of subjects N ≥ 10

Chapter 9: Kidney Allograft Biopsy

Population KTRs
Intervention Protocol biopsy vs. not, different protocols, treatment of ‘borderline’ rejection based on protocol

biopsy vs. no biopsy
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN, recurrent disease
Study design RCT; minimum follow-up time: ≥6 months
Minimum number of subjects N ≥ 10

Chapter 10: Recurrent Kidney Disease

Population KTRs with biopsy-proven recurrent disease
Intervention Any
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN, recurrent disease, GFR/SCr or eGFR, biopsy changes, serious adverse events
Study design RCT
Minimum number of subjects N ≥ 20

Chapter 11: Preventing, Detecting, and Treating Nonadherence

Population KTRs
Intervention Any
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN, use of immunosuppressive medications as prescribed
Study design RCT
Minimum number of subjects N ≥ 20

Chapter 12: Vaccination

Population KTRs (for PCP: any solid-organ recipient)
Intervention Polyoma virus/BKV nephropathy: biopsies, urine NAT, urine decoy cells

EBV: acyclovir/ganciclovir, change immunosuppression agent, intravenous immunoglobulin, anti-CD20
antibody

HSV/VZV: acyclovir/ganciclovir
PCP: sulfamethoxazole–trimethoprim vs. dapsone vs. pentamidine, prophylaxis vs. no
prophylaxis, different protocols
HBV: monitoring, drug prophylaxis
UTI: antibiotic prophylaxis
TB: PPD, QuantiFERON screening
Fungal: screening, prophylaxis

Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,
CAN, relevant disease, adverse events

Study design RCT
Minimum number of subjects N ≥ 10

Chapter 13: Viral Diseases

Population KTRs
Intervention Polyoma virus/BKV nephropathy: reduce immunosuppression, cidofovir, leflunomide

CMV: reduce immunosuppression, gancyclovir, valgancyclovir, intravenous immunoglobulin, acyclovir
EBV: acyclovir, gancyclovir, reduce immunosuppression, intravenous immunoglobulin, anti-CD20

antibody
HBV: interferon (timing), pegylated interferon, lamivudine, adefovir, entecavir

Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,
CAN, relevant disease, BKV nephropathy, change in management, HBV, liver disease progression
(by biopsy), hepatocellular carcinoma, adverse events

Continued.
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Table 32: Continued

Chapter 13: Viral Diseases

Study design RCT, cohort
Minimum number of subjects N ≥ 20 for RCT; N ≥ 100 for cohort

Chapter 14: Other Infections

Population KTRs
Intervention Antibiotic prophylaxis, PPD, Quantiferon screening, screening and prophylaxis for fungal infections
Outcomes UTI, active TB, fungal disease, mortality, acute rejection, graft loss, kidney function, DGF, CAN,

adverse events
Study design RCT, cohort
Minimum number of subjects N ≥ 20 for RCT; N ≥ 100 for cohort

Chapter 15: Diabetes Mellitus

Population KTRs with NODAT
Intervention Change in immunosuppressive medications
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN, CVD events, fasting glucose
Study design RCT, cohort; minimum follow-up time: ≥6 months
Minimum number of subjects N ≥ 100 for RCT; N ≥ 500 for cohort

Chapter 16: Hypertension, Dyslipidemias, Tobacco Use, and Obesity

Population KTRs with CVD risk factors
Intervention Smoking cessation, obesity: weight loss
Outcomes Reduction in risk factor, all-cause mortality, DGF, slow graft function, acute rejection, graft

failure/survival, kidney function, CAN, CVD
Study design RCT; minimum follow-up time: ≥6 months
Minimum number of subjects N ≥ 20

Systematic reviews were not performed for hypertension or dyslipidemia
Referred to KDOQI Guidelines for hypertension and dyslipidemia

Chapter 17: Cardiovascular Disease Management

Population KTRs with CVD
Intervention Aspirin, dipyridamole, ticlopidine, clopidogrel, cilostazol, pentoxyifylline
Outcomes Bleeding
Study Design RCT
Minimum number of subjects N ≥ 20

Chapter 18: Cancer of the Skin and Lip

Population KTRs
Intervention Not applicable
Outcomes Incidence
Study Design Registry data
Minimum number of subjects N ≥ 1000

Chapter 19: Non-Skin Malignancies

Population KTRs
Intervention Not applicable
Outcomes Incidence
Study design Registry data or systematic review
Minimum number of subjects N ≥ 1000

Chapter 20: Managing Cancer with Reduction of Immunosuppressive Medication

Population KTRs with cancer
Intervention Change in immunosuppressive regimens
Outcomes Mortality, acute rejection, graft loss, kidney function, DGF, CAN, adverse events
Study design RCT
Minimum number of subjects N ≥ 10

Chapter 21: Transplant Bone Disease

Systematic review not performed
Referred to KDIGO CKD–MBD Guideline

Chapter 22: Hematological Complications

Population KTRs with anemia, erythrocytosis or neutropenia
Intervention Erythrocyte stimulation therapies, changes in immunosuppressive medications, granulocyte CSF,

other treatments

Continued.
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Table 32: Continued

Chapter 22: Hematological Complications

Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,
CAN, quality of life, CVD, infections, hemoglobin or hematocrit, neutropenia duration, adverse
events

Study design RCT
Minimum number of subjects N ≥ 10

Chapter 23: Hyperuricemia and Gout

Population KTRs with hyperuricemia
Intervention Changes in immnosuppressive medications, allopurinol, serum uric acid
Outcomes Gout, all-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney

function, CAN, CVD events
Study Design RCT, cohort
Minimum number of subjects N ≥ 20 for RCT; N ≥ 100 for cohort

Chapter 24: Growth and Development

Population Adult and pediatric KTRs
Intervention Growth hormone, immunosuppressive regimens
Outcomes Growth, growth retardation, development
Study design RCT, cohort, systematic review
Minimum number of subjects N ≥ 20 for RCT; N ≥ 100 for cohort

Chapter 25: Sexual Function and Fertility

Population Kidney transplant patients with sexual dysfunction, mothers who are pregnant, have a transplant
during pregnancy, are lactating, or fathers who has a transplant at conception

Intervention Erectile dysfunction medications
Outcomes All-cause mortality, DGF, slow graft function, acute rejection, graft failure/survival, kidney function,

CAN, erectile dysfunction, pregnancy outcomes, pregnancy complications, immunosuppression
medication levels in milk

Study design RCT, cohort
Minimum number of subjects N ≥ 10 for RCT; N ≥ 1 for mothers, fathers or N ≥ 50 for pregnancy in cohort

Chapter 26: Lifestyle

Systematic review not performed
Chapter 27: Mental Health

Population Kidney transplant patients with depression

ACE-I, angiotensin-converting enzyme inhibitor; Anti-HLA, anti-human leukocyte antigen; ARB, angiotensin II receptor blocker; AUC,
area under the concentration-time curve; AZA, azathioprine; BKV, BK polyoma virus; BMD, bone mineral density; CAN, chronic allograft
nephropathy; CKD–MBD, chronic kidney disease–mineral and bone disorder; CMV, cytomegalovirus; CNI, calcineurin inhibitor; CsA,
cyclosporine A; CsA-ME, cyclosporine A microemulsion; CSF, colony-stimulating factor; CVD, cardiovascular disease; DGF, delayed graft
function; EBV, Epstein-Barr virus; eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; HBV, hepatitis B virus; HSV,
herpes simplex virus; IL2 (mab), interleukin-2 (monoclonal antibody); KDIGO, Kidney Disease: Improving Global Outcomes; KDOQI,
Kidney Disease Outcomes Quality Initiative; KTRs, kidney transplant recipients; MMF, mycophenolate mofetil; N, number of subjects;
NAT, nucleic acid testing; NODAT, new-onset diabetes after transplantation; PCP, pneumocystis jirovecii pneumonia; PPD, purified protein
derivative; RCT, randomized controlled trial; SCr, serum creatinine; Tac, tacrolimus; TB, tuberculosis; UTI, urinary tract infection; VZV,
varicella zoster virus.

During citation screening, journal articles reporting origi-
nal data were reviewed. Editorials, letters, stand-alone ab-
stracts, unpublished reports and articles published in non–
peer-reviewed journals were excluded. The Work Group
also decided to exclude publications from journal supple-
ments and Transplantation Proceedings journal because
of potential differences in the process of how they get
solicited, selected, reviewed and edited compared to peer-
reviewed publications.

Potentially relevant existing systematic reviews were ex-
amined. If these reviews were deemed to adequately ad-
dress topics of interest (even if only selected outcomes
were reviewed), de novo searches on these topics were

limited to the time period since the end of the literature
search within the systematic reviews.

The MEDLINE and Cochrane search results were screened
by the ERT for relevance using predefined eligibility crite-
ria (Table 32). Restrictions by sample size and duration of
follow-up were based on methodological and clinical con-
siderations. Generally, it was deemed that trials with fewer
than 100 people would be unlikely to have sufficient power
to find significant differences in patient-centered clinical
outcomes in KTRs. However, for specific topics where
sparse data were available, lower sample-size thresholds
were used to provide some information for descriptive
purposes.
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Table 33: Literature search yield of RCTs

RCTs included Systematic
Abstracts RCTs RCTs RCTs data- in summary reviews in

Topic identifieda retrieved accepted extracted tablesb evidence profiles

Immunosuppression 134 93 87 84 7
Monitoring and infections 24 23 17 17 5
CVD 15 094 11 2 2 0 0
Malignancy 0 0 0 0 1
Miscellaneous 18 18 13 13 2

CVD, cardiovascular disease; RCT, randomized controlled trial.
aAll topics and all study designs combined.
bAvailable at www.kdigo.org.

For most topics, the minimum mean duration of follow-
up of 6 months was chosen based on clinical reasoning.
For the treatments of interest, the proposed effects on
patient-centered clinical outcomes require long-term expo-
sure and, typically, would not be expected to become evi-
dent before several months of follow-up. For all treatment
topics, all RCTs in children with five or more individuals per
arm were included.

From the onset of the guideline development process, it
was known that for numerous topics of interest (e.g. care
of comorbidities and complications after kidney transplan-
tation) very few or no RCTs of KTRs exist. In addition,
several topics required data on predictors of outcomes
as opposed to treatment efficacy. Therefore, for selected
topics, large observational studies were reviewed. As de-
scribed below, in general, associations from only multivari-
able regression analyses were considered. The observa-
tional studies were not graded for quality. For these topics,
the ERT completed its search in December 2007 and did
not update the search.

Figure 2: Literature search

diagram for systematically

reviewed RCTs. ERT, Evi-
dence Review Team; RCT,
randomized controlled trial.

Literature Yield for Systematic Review
Topics

Table 33 and Figure 2 summarize the numbers of ab-
stracts screened, articles retrieved and data extracted and
included in summary tables.

Data Extraction

The ERT designed data-extraction forms to capture infor-
mation on various aspects of the primary studies. Data
fields for all topics included study setting, patient de-
mographics, eligibility criteria, kidney transplantation de-
tails, numbers of subjects randomized, study design, study
funding source, descriptions of interventions (or predic-
tors), description of outcomes, statistical methods used,
results, quality of outcomes (as described below), limita-
tions to generalizability and free-text fields for comments
and assessment of biases.
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Table 34: Hierarchy of outcomes

Hierarchya Outcomesb

Critical
importance

Mortality, graft loss, cardiovascular events,
malignancy (except skin)

High importance Acute rejection, CAN, skin cancer, NODAT,
infection (disease), bone fracture, quality of
life

Moderate
importancec

DGF, kidney function, proteinuria, lipids, blood
pressure, BMD, bone marrow suppression,
diarrhea, infection (marker)

BMD, bone mineral density; CAN, chronic allograft nephropathy;
DGF, delayed graft function; NODAT, new-onset diabetes after
transplantation.
aOutcomes of lesser importance are excluded from review.
bThis categorization was the consensus of the Work Group for the
purposes of this transplant guideline only. The lists are not meant
to reflect outcome ranking for other areas of CKD management.
The Work Group acknowledges that not all clinicians, patients or
families or societies would rank all outcomes the same.
cAll surrogate (intermediate) outcomes that were evaluated were
classified as moderate.

Summary Tables

Summary tables were developed to tabulate the data from
studies pertinent to each question of intervention (see
Supporting Tables 2 and 4 as examples at http://www3.
interscience.wiley.com/journal/118499698/toc). Each sum-
mary table contains a brief description of the outcome,
baseline characteristics of the population, intervention, re-
sults and methodological quality. Baseline characteristics
include a description of the study size, country of resi-
dence, age, percentage of deceased donors and dates of
transplant. Intervention and concomitant therapies and the
results were all captured. The final column was assigned
for a grade for methodological quality. The studies were
listed by outcome within the table based on the hierarchy
of important outcomes (Table 34). Categorical and continu-
ous outcomes were summarized in separate sets of tables.
Work Group members were asked to proof all data in sum-
mary tables on RCTs. Separate sets of summary tables
were created for nonrandomized studies of incidence and
predictors of outcomes.

Due to the large number of recommendations in-
cluded here and the large volume of literature reviewed,
summary tables are not published with this report.
They are available at http://www3.interscience.wiley.com/
journal/118499698/toc.

Evaluation of Individual Studies

Study size and duration

The study (sample) size is used as a measure of the weight
of the evidence. In general, large studies provide more
precise estimates. Similarly, longer-duration studies may

Table 35: Classification of study quality

Good quality: Low risk of bias and no obvious reporting errors,
complete reporting of data. Must be prospective. If study of
intervention: Must be RCT.

Fair quality: Moderate risk of bias, but problems with
study/paper are unlikely to cause major bias. If study of
study/intervention: Must be prospective.

Poor quality: High risk of bias or cannot exclude possible
significant biases. Poor methods, incomplete data, reporting
errors. Prospective or retrospective.

be of better quality and more applicable, depending on
other factors.

Methodological quality

Methodological quality (internal validity) refers to the de-
sign, conduct and reporting of the outcomes of a clinical
study. A three-level classification of study quality was used
(Table 35). Given the potential differences in quality of a
study for its primary and other outcomes, the study quality
was assessed for each outcome. Variations of this sys-
tem have been used in most KDOQI and all KDIGO guide-
lines, and have been recommended by the US Agency
for Healthcare Research and Quality Evidence-Based Prac-
tice Center program (http://effectivehealthcare.ahrq.gov/
repFiles/2007_10DraftMethodsGuide.pdf; last accessed
March 30, 2009).

Each study was given an overall quality grade. Each re-
ported outcome was then evaluated and given an individual
grade depending on the quality of reporting and method-
ological issues specific to that outcome. However, the qual-
ity grade of an individual outcome could not exceed the
quality grade for the overall study.

Results

The type of results used from a study was determined by
the study design, the purpose of the study and the Work
Group’s question(s) of interest for which the results were
used. Decisions were based on the screening criteria and
outcomes of interest.

Grading the quality of evidence and the strength

of a recommendation

A structured approach, based on GRADE (932–934) and
facilitated by the use of Evidence Profiles (see Table 36 for
an example), was employed in order to grade the quality
of the overall evidence and the strength of recommenda-
tions. For each topic, the discussion on grading of the qual-
ity of the evidence was led by the ERT, and the discussion
regarding the strength of the recommendations was led
by the Work Group Chairs. The ‘strength of a recommen-
dation’ indicates the extent to which one can be confident
that adherence to the recommendation will do more good
than harm. The ‘quality of a body of evidence’ refers to the
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Table 37: GRADE system for grading quality of evidence

Step 1: Starting grade for Final grade for
quality of evidence based quality of evidence
on study design Step 2: Reduce grade Step 3: Raise grade for an outcome

Randomized trials = High Study quality Strength of association High
Observational study = Low −1 level if serious limitations +1 level is strong,a no plausible confounders Moderate
Any other evidence = −2 levels if very serious +2 levels if very strong,b no major threats to Low

Very Low limitations validity Very Low
Consistency Other
−1 level if important

inconsistency
+1 level if evidence of a dose response

gradient
Directness +1 level if all residual plausible confounders

would have reduced the observed effect−1 level if some uncertainty
−2 levels if major uncertainty
Other
−1 level if sparse or imprecise data
−1 level if high probability of

reporting bias

Modified with permission (933); adapted from (932,935).
aStrong evidence of association is defined as ‘significant RR of >2 (<0.5)’ based on consistent evidence from two or more observational
studies, with no plausible confounders.
bVery strong evidence of association is defined as ‘significant RR of >5 (<0.2)’ based on direct evidence with no major threats to validity.

extent to which our confidence in an estimate of effect is
sufficient to support a particular recommendation (934).

Grading the quality of evidence for each outcome

Following GRADE, the quality of a body of evidence per-
taining to a particular outcome of interest was initially cat-
egorized based on study design. For questions of interven-
tions, the initial quality grade was ‘High’ when the body
of evidence consisted of RCTs. In theory, the initial grade
would have been ‘Low’ if the evidence consisted of ob-
servational studies or ‘Very Low’ if it consisted of studies
of other study designs; however, the quality of bodies of
evidence was formally determined only for topics where
we performed systematic reviews of RCTs. The grade
for the quality of evidence for each intervention/outcome
pair was decreased if there were serious limitations to
the methodological quality of the aggregate of studies, if
there were important inconsistencies in the results across
studies, if there was uncertainty about the directness of
evidence including limited applicability of the findings to
the population of interest, if the data were imprecise or
sparse, or if there was thought to be a high likelihood of
bias. The final grade for the quality of the evidence for
an intervention/outcome pair could be one of the follow-
ing four grades: ‘High,’ ‘Moderate,’ ‘Low’ or ‘Very Low’
(Table 37).

Grading the overall quality of evidence

Each clinical outcome was ranked by the Work Group as to
its level of clinical importance to the patient. The quality of
the overall body of evidence was then determined based
on the quality grades for all outcomes of interest, taking
into account explicit judgments about the relative impor-
tance of each outcome. The resulting four final categories

for the quality of overall evidence were: ‘A,’ ‘B,’ ‘C’ or ‘D’
(Table 38) (932). This evidence grade is indicated within
each recommendation.

Assessment of the net health benefit across all

important clinical outcomes

The net health benefit was determined based on the an-
ticipated balance of benefits and harm across all clinically
important outcomes. The assessment of net medical ben-
efit was affected by the judgment of the Work Group and
the ERT. The assessment of net health benefit is summa-
rized in Table 39.

Grading the strength of the recommendations

The strength of a recommendation is graded as Level 1
or Level 2. Table 40 shows the KDIGO nomenclature for
grading the strength of a recommendation and the implica-
tions of each level for patients, clinicians and policy makers.
Recommendations can be for or against doing something.
Table 41 shows that the strength of a recommendation is
determined not just by the quality of the evidence, but also
by other, often complex, judgments regarding the size of

Table 38: Final grade for overall quality of evidence

A: High quality of evidence. We are confident that the true effect
lies close to that of the estimate of the effect.

B: Moderate quality of evidence. The true effect is likely to be
close to the estimate of the effect, but there is a possibility
that it is substantially different.

C: Low quality of evidence. The true effect may be substantially
different from the estimate of the effect.

D: Very low quality of evidence. The estimate of effect is very
uncertain, and often will be far from the truth.
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Table 39: Balance of benefits and harm

When there was evidence to determine the balance of medical
benefits and harm of an intervention to a patient, conclusions
were categorized as follows:
• Net benefits = the intervention clearly does more good than

harm.
• Tradeoffs = there are important tradeoffs between the

benefits and harm.
• Uncertain = it is not clear whether the intervention does

more good than harm.
• No net benefits = the intervention clearly does not do more

good than harm.

the net medical benefit, values and preferences and costs.
Formal decision analyses, including cost analysis, were not
conducted.

Ungraded statements

The KDIGO consensus statement on grading (933) had rec-
ommended a category for a ‘consensus-based statement.’
This category was designated for guidance by the Work
Group based predominantly on expert opinion in areas of
low- or very low-quality evidence. However, it became clear
that ‘consensus-based’ was not a distinguishing feature,
since all recommendations are supported by Work Group
consensus. Still, it was felt that having a category that al-
lows the Work Group to issue general advice would be
useful. Typically, an ungraded statement meets the follow-
ing criteria: it provides guidance based on common sense;
it provides reminders of the obvious; it is not sufficiently
specific to allow application of evidence to the issue, and
therefore it is not based on systematic evidence review.
Common examples include recommendations about fre-
quency of testing, referral to specialists and routine med-
ical care. We strove to minimize the use of ungraded rec-
ommendations.

Table 40: KDIGO nomenclature and description for grading recommendations

Implications

Grade∗ Patients Clinicians Policy

Level 1: ‘We recommend’ Most people in your situation
would want the recommended
course of action and only a
small proportion would not

Most patients should receive the
recommended course of action

The recommendation can be
adopted as a policy in most
situations

Level 2: ‘We suggest’ The majority of people in your
situation would want the
recommended course of
action, but many would not

Different choices will be
appropriate for different
patients. Each patient needs
help to arrive at a management
decision consistent with her or
his values and preferences

The recommendation is likely to
require debate and involvement
of stakeholders before policy
can be determined

∗The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or where the topic does not allow
adequate application of evidence. The most common examples include recommendations regarding monitoring intervals, counseling and
referral to other clinical specialists. The ungraded recommendations are generally written as simple declarative statements, but are not
meant to be interpreted as being stronger recommendations than Level 1 or 2 recommendations.

This grading scheme with two levels for the strength of
a recommendation together with four levels of grading
the quality of the evidence, and the option of an un-
graded statement for general guidance, was adopted by
the KDIGO Board in December 2008.

Format for Guideline Recommendations

Each section contains one or more specific recommenda-
tions. Within each recommendation, the strength of rec-
ommendation is indicated as level 1 or level 2 and the qual-
ity of the supporting evidence is shown as A, B, C or D.
These are followed by a brief background with relevant def-
initions of terms, then the rationale starting with a ‘chain
of logic,’ which consists of declarative sentences summa-
rizing the key points of the evidence base and the judg-
ments supporting the recommendation. This is followed
by a narrative in support of the rationale. In relevant sec-
tions, research recommendations suggest future research
to resolve current uncertainties.

Limitations of Approach

While the literature searches were intended to be compre-
hensive, they were not exhaustive. MEDLINE and various
Cochrane databases were the only databases searched.
Hand searches of journals were not performed, and re-
view articles and textbook chapters were not systemati-
cally searched. However, important studies known to the
domain experts that were missed by the electronic liter-
ature searches were added to retrieved articles and re-
viewed by the Work Group. Not all topics and subtopics
covered by this guideline could be thoroughly and sys-
tematically reviewed. Decisions to restrict the topics were
made to focus the systematic reviews on those topics
where existing evidence was thought to be likely to pro-
vide support for the guideline. Although nonrandomized
studies were reviewed, the majority of the ERT and Work
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Table 41: Determinants of strength of recommendations

Factor Comment

Balance between
desirable and
undesirable effects

The larger the difference between the desirable and undesirable effects, the more likely a strong
recommendation is warranted. The narrower the gradient, the more likely a weak recommendation is
warranted.

Quality of the evidence The higher the quality of evidence, the more likely a strong recommendation is warranted.
Values and preferences The more variability in values and preferences, or more uncertainty in values and preferences, the more likely

a weak recommendation is warranted.
Costs (resource

allocation)
The higher the costs of an intervention—that is, the more resources consumed—the less likely a strong

recommendation is warranted.

Reprinted with permission (934).

Group resources were devoted to review of randomized
trials, since these were deemed to be most likely to pro-
vide data to support level 1 recommendations with very
high- or high-quality (A or B) evidence. Where randomized
trials are lacking, it was deemed to be sufficiently unlikely
that studies previously unknown to the Work Group would
result in a higher-quality level 1 recommendations. A small
number of supplemental sets of evidence were collected
with a nonsystematic review approach. Any such evidence
that is summarized is noted. Decisions to take a nonsys-
tematic review approach for these topics were made due
to time constraints and resource limitations.

Review of the Guideline Development
Process

Several tools and checklists have been developed to
assess the quality of the methodological process for
guideline development. These include the Appraisal of
Guidelines for Research and Evaluation (AGREE) crite-
ria (936) and the Conference on Guideline Standardiza-
tion (COGS) checklist (937). Supporting Table 62 shows
the COGS criteria that correspond to the AGREE check-
list and how each one of them is addressed in this
guideline.
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