
Update in Renal Transplantation
Colm C. Magee, MD; Manuel Pascual, MD

R enal transplantation is the treatment of choice for most patients with end-stage renal
disease. The shortage of donor organs, however, remains a major obstacle to success-
ful, early transplantation. This shortage has actually worsened despite an increase in
living family-related and unrelated donors. On the other hand, over the last 10 years,

allograft and recipient survival have significantly improved. This encouraging outcome reflects many
factors, particularly a favorable shift in the balance between the efficacy and toxicity of immuno-
suppressive regimens. As acute rejection and early graft loss have become less common, the focus
is increasingly directed toward the prevention and treatment of the long-term complications of
renal transplantation. These include suboptimal allograft function, premature death, cardiovascu-
lar disease, and bone disease. Thus, a multidisciplinary approach—rather than management of im-
munological issues alone—is now required to optimize long-term outcomes of renal transplant
recipients. Arch Intern Med. 2004;164:1373-1388

Successful renal transplantation allows
freedom from the lifestyle restrictions and
complications associated with dialysis and
is therefore associated with better quality
of life.1 One study of United States Renal
Data System (USRDS) data compared out-
comes in patients on the transplant wait-
ing list (ie, who were continuing to re-
ceive dialysis) with those of controls who
had received a kidney transplant. It found
that, after 3 to 4 years of follow-up, trans-
plantation reduced the risk of death over-
all by 68%.2 Transplantation conferred a
survival benefit in almost all subgroups,
including in elderly or obese patients or
those with hepatitis C. In addition, over
the long term, it is more cost-efficient than
dialysis.3 Thus, transplantation remains the
optimal therapy for patients with end-
stage renal disease (ESRD).

TRANSPLANTATION OUTCOMES

Short-term outcomes such as allograft sur-
vival, patient survival, and rates of acute

rejection in the first 12 months after trans-
plantation are excellent and continue to
improve. For recipients of a first cadav-
eric kidney in the United States, current
1-year patient and graft survival probabili-
ties are about 95% and 88%, respectively.
For recipients of a first living donor kid-
ney, current 1-year patient and graft sur-
vival probabilities are 98% and 94%, re-
spectively4 (Figure 1). Registry data
indicate that rates of acute rejection in the
first 6 months have decreased to less than
20%5 (Figure 2). Similar improvements
have been reported from other countries.
These impressive results reflect incre-
mental improvements in crossmatching
tests (pretransplantation in vitro assays to
detect donor antibodies to recipient HLA
antigens), immunosuppressive regimens,
antimicrobial prophylaxis, and overall
surgical and medical care. For example,
more effective anti-cytomegalovirus
(CMV) prophylaxis with ganciclovir or
valganciclovir has reduced—but not
eliminated—the morbidity and mortality
related to CMV disease.6 This reduction,
in turn, has allowed the relatively safe use
of more intensive immunosuppressive
protocols, and thus lower rates of acute
rejection.
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Although static in the 1980s,
long-term renal allograft survival has
slowly but steadily increased in the
last decade. For example, esti-
mated cadaveric graft half-lives were
7.9 years for the 1988-1989 (2-
year) cohort, 9.2 years for the 1994-
1995 cohort, and 11.6 years for the

1998-1999 cohort.7 Of note, this im-
provement was concurrent with
greater use of organs from older and
less optimal deceased donors. The
half-lives of living donor grafts have
also improved, even though donor
age has increased and the degree of
matching for HLA antigens de-
creased.7 The latter change reflects
the major increase in living unre-
lated donors such as spouses. Esti-
mated living donor graft half-lives
were 12.5 years for the 1988-1989
cohort, 15.8 years for the 1994-
1995 cohort, and 19.3 years for the
1998-1999 cohort.7

CURRENT
IMMUNOSUPPRESSIVE

REGIMENS

Because the risk of acute rejection
is greatest in the early posttrans-
plantation period, more intensive
immunosuppression is given at that
time and progressively decreased in
the following weeks and months. As
long as the allograft is viable, some
immunosuppresion is required. The
degree of maintenance immunosup-
pression required is now a matter of
debate; standard immunosuppres-
sion is associated with many ad-
verse effects including nephrotox-

icity, increased risk of infection, and
cancer. Furthermore, it does not al-
low the development of allograft tol-
erance.8 Single-center results with
very-low-dose maintenance immu-
nosuppression are encouraging9 but
larger, randomized studies are re-
quired before such strategies can be
widely recommended.

The main target of immunosup-
pressive drugs remains the CD4+ T
cell because of its critical role in or-
chestrating the rejection response.10

Most immunosuppressive regimens
incorporate glucocorticoids, a calci-
neurin inhibitor (CNI), and an anti-
proliferative agent (Table1). The ra-
tionale for such “triple therapy” is that
adequate immunosuppression can be
achieved without a need for toxic
doses of any one agent.

In the immediate posttrans-
plantation period, induction therapy
with lymphocyte-depleting antibod-
ies or anti-interleukin 2 (anti–
IL-2) receptor monoclonal antibod-
ies is sometimes also used to provide
additional immunosuppression. In-
duction therapy also allows de-
layed introduction of CNIs, the early
use of which might exacerbate de-
layed graft function (usually de-
fined as initial failure of the allo-
graft to function, with a need for
dialysis within the first week after
transplantation). The long-term ben-
efits of induction therapy are con-
troversial, as registry data suggest
little effect on overall graft sur-
vival.11 Since immediately after trans-
plantation most activated T cells
should be reactive only against do-
nor antigens, and only activated
T cells should express the full IL-2
receptor, IL-2 receptor blockers po-
tentially provide specific and safe
immunosuppression.

Glucocorticoids

Glucocorticoids remain a corner-
stone of immunosuppression in
most patients. Dosage is progres-
sively decreased in the first 3 to 6
months after transplantation, eg, to
5 to 10 mg/d of prednisone. The ad-
verse effects of steroids are well
known; of particular importance in
transplant recipients are hyperlip-
idemia, hypertension, glucose intol-
erance, and osteoporosis. Unfortu-
nately, complete withdrawal of
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Figure 1. One-year survival probabilities for first cadaveric and living donor allografts and their
recipients, adjusted for age, sex, race, and primary diagnosis. Despite impressive increases in cadaveric
allograft survival, living donor allograft survival is consistently superior. Source: US Renal Data System
2002 Annual Data Report.
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Figure 2. Annual incidences of early acute
rejection, late acute rejection, and delayed graft
function. Note that although rejection rates have
fallen dramatically, rates of delayed graft
function remain unchanged. The latter reflects
nonimmunological variables such as ischemia
times and use of suboptimal cadaveric donors.
Adapted with permission from Gjertson.5
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steroids has traditionally been asso-
ciated with rejection, and with both
short- and long-term graft dysfunc-
tion in a subset of recipients.12 How-
ever, there is optimism that newer
immunosuppressants such as my-
cophenolate mofetil (MMF) and ta-
crolimus will allow the safe use of
much lower doses of steroids or their
avoidance altogether. Certainly, non-
steroid or low-dose protocols should
now be considered in patients at risk
for significant toxicity (eg, those with
pretransplantation osteoporosis),
and steroid withdrawal should be

considered in patients who have de-
veloped significant posttransplan-
tation toxicity (eg, new onset of dia-
betes mellitus). Recipients treated
without steroids must be followed
up closely for possible rejection.

Calcineurin Inhibitors:
Cyclosporine and Tacrolimus

These drugs inhibit calcineurin, a piv-
otal enzyme in T-cell–receptor sig-
naling, and thereby reduce the syn-
thesis of several critical T-cell growth
factors, including IL-2.10 Trough

blood concentrations are used to
guide dosing but recent studies have
shown that lower C2 concentrations
(ie, blood concentrations 2 hours af-
ter ingestion) of cyclosporine corre-
late better with the risk of acute re-
jection.13,14 There are no published
studies to date showing better long-
term outcomes with C2 monitoring
of cyclosporine metabolism.

Tacrolimus is more effective
than cyclosporine in preventing
acute rejection at doses currently
used, and there is now some evi-
dence that medium-term outcomes

Table 1. Drugs Used in Maintenance Immunosuppression of Kidney Transplant Recipients

Drug Mechanisms of Action Adverse Effects
Common Signs of

Acute Toxicity
How Drug Dose is

Monitored/Adjusted
Important Drug

Interactions

Glucocorticoids Blockade of cytokine
gene transcription
in lymphocytes,
antigen-presenting
cells, and other
immune cells

Glucose intolerance,
hypertension,
hyperlipidemia,
osteoporosis,
osteonecrosis,
myopathy, cosmetic
defects, growth
suppression in
children

Multiple Standard center
protocol

Cyclosporine and
tacrolimus
potentiate
diabetogenic effects

Cyclosporine Inhibits calcineurin
and ultimately
lymphocyte
synthesis of IL-2

Nephrotoxicity (acute
and chronic),
hyperlipidemia,
hypertension,
glucose intolerance,
hirsutism, gum
enlargement

Rising plasma
creatinine, tremor

Trough blood
concentrations or 2
hours after dosing

Inducers and
inhibitors of
cytochrome P450
decrease and
increase blood
concentrations,
respectively

Tacrolimus Inhibits calcineurin
and ultimately
lymphocyte
synthesis of IL-2

Broadly similar to
those of
cyclosporine;
diabetes mellitus
more common;
hypertension,
hyperlipidemia and
cosmetic defects
less common

Rising plasma
creatinine, tremor,
GI upset

Trough blood
concentrations

Same as for
cyclosporine

Azathioprine Inhibits leukocyte
proliferation

Bone marrow
suppression; rarely,
hepatitis and/or
pancreatitis

Marrow suppression Initially, 1-2 mg/kg per
day; dose reduced
in case of marrow
suppression

Allopurinol inhibits
metabolism of drug,
thereby greatly
increasing toxicity

Mycophenolate
mofetil

Inhibits leukocyte
proliferation;
relatively more
selective for
lymphocytes than
azathioprine

Bone marrow
suppression,
nausea, abdominal
pain, diarrhea;
invasive CMV
disease more
common than with
azathioprine

Marrow suppression,
diarrhea

Initially 500-1000 mg
bid; dose reduced in
case of marrow
suppression or GI
adverse effects

GI symptoms
exacerbated by
tacrolimus

Sirolimus Inhibits leukocyte
proliferation

Bone marrow
suppression,
hyperlipidemia,
diarrhea, interstitial
pneumonitis (rare)

Marrow suppression,
diarrhea

Trough blood
concentrations

Inducers and
inhibitors of
cytochrome P450
decrease and
increase blood
concentrations,
respectively;
sirolimus enhances
nephrotoxicity of
cyclosporine and
tacrolimus

Abbreviations: bid, twice daily; CMV, cytomegalovirus; DM, diabetes mellitus; GI, gastrointestinal; IL-2, interleukin 2; IMPDH, inosine monophosphate dehydrogenase.
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are better with tacrolimus.15 For
these reasons and because its ad-
verse effects profile is perceived to
be better, tacrolimus is becoming the
CNI of choice in kidney transplant
recipients in many centers in the
United States.16 Both drugs are me-
tabolized by the intestinal and he-
patic cytochrome P450 system. In-
ducers or inhibitors of this system
should be prescribed with caution
and more frequent monitoring of cy-
closporine and tacrolimus concen-
trations should be performed. Al-
though both drugs can cause acute
nephrotoxicity, their role in caus-
ing significant chronic allograft dys-
function is unclear.17

Antiproliferative Drugs

Antiproliferative drugs include aza-
thioprine, MMF, and sirolimus.
These drugs function principally by
inhibiting mitosis and thus prolif-
eration of lymphocytes. The anti-
proliferative effects are not lympho-
cyte specific, however, and bone
marrow suppression is the most
common adverse effect. Azathio-
prine has been used in clinical trans-
plantation for over 40 years but
MMF is a more powerful immuno-
suppressant associated with better
short-term—and probably better
long-term—outcomes.18,19 Thus, in
the last 5 years, MMF has replaced
azathioprine for patients with new
transplants in many centers. The
combination of MMF and tacroli-
mus is very effective in preventing
acute rejection but is associated with
a high incidence of adverse gastro-
intestinal effects such as nausea, ab-
dominal discomfort, and diarrhea.
This probably reflects both intrin-
sic effects of tacrolimus and the
higher MMF plasma concentra-
tions obtained when the drug is pre-
scribed with tacrolimus rather than
cyclosporine.20

Sirolimus (rapamycin) is the
most recently licensed immunosup-
pressive agent in renal transplanta-
tion. It functions by inhibiting “sig-
nal 3” in T-cell activation—by
blocking the downstream effects of
IL-2 and other growth factors on ini-
tiation of the cell cycle and, ulti-
mately, inhibiting T-cell prolifera-
tion.21 Sirolimus is also metabolized
via the cytochrome P450 system. In

a randomized controlled trial, siro-
limus was associated with a lower in-
cidence of acute rejection but, when
combined with cyclosporine and ste-
roids, with more adverse effects than
azathioprine.22 Two properties of
sirolimus may benefit transplant re-
cipients. First, its antiproliferative ef-
fects could prevent graft atheroscle-
rosis (a beneficial effect analogous
to that of sirolimus-coated stents in
coronary artery disease); second, its
antineoplastic effects could reduce
the high incidence of posttransplan-
tation tumors. Data on long-term
outcomes with sirolimus are not yet
available, however. Therefore, its
role in the prevention of these im-
portant posttransplantation compli-
cations and in routine mainte-
nance therapy remains to be defined.

FUTURE IMMUNOSUPPRESSIVE
DRUGS AND REGIMENS

Most drugs under investigation con-
tinue to target T cells because of their
central role in allograft rejection, but
there is growing interest in anti–B-
cell and antiplasma therapies. Ex-
perimental agents include those
modulating cell surface molecule in-
teractions, T-cell receptor signal-
ing (such as inhibitors of Janus ki-
nase [ Jak]) , or lymphocyte
trafficking.23 The search for safe and
effective tolerance-inducing regi-
mens in human transplantation con-
tinues. Tolerance is best defined as
the absence of destructive antigraft
immune responses in the presence
of an otherwise competent im-
mune system.24 Tolerance to self-
antigens is the norm in humans and
manipulation of its physiological
mechanisms is a focus of ongoing re-
search.24

The availability in clinical prac-
tice of at least 6 distinct mainte-
nance drugs and several lymphocyte-
deplet ing and IL-2–receptor
antibody preparations now allows
physicians much more flexibility in
prescribing for the individual pa-
tient: a one-size-fits-all approach is
no longer necessary or desirable. In
this era of low acute rejection rates,
more attention can be paid to mini-
mizing adverse effects of immuno-
suppressants.25 For example, recipi-
ents with hyperlipidemia and
hypertension can be prescribed ta-

crolimus, MMF, and minimal doses
of steroids; conversely, cyclospor-
ine might be preferable to tacroli-
mus in recipients at high risk for
posttransplantation diabetes (see
below). There is also a revival of in-
terest in regimens that avoid or mini-
mize exposure to steroids or the
CNIs.25,26

Has the improvement in short-
term outcomes been won at a heavy
price? Are we seeing more compli-
cations related to excessive immu-
nosuppression? On the one hand, re-
cipient survival is clearly improving.
Lower rates of acute rejection mean
that fewer recipients are receiving
extra courses of high-dose steroids
and lymphocyte-depleting antibod-
ies to treat acute rejection. Rates of
CMV disease have fallen in the
1990s, reflecting better antiviral
prophylaxis.6 On the other hand,
the rise in incidence of reported
cases of polyoma virus–induced in-
terstitial nephritis very likely re-
flects the consequences of more in-
tense immunosuppression.27 There
is also evidence that rates of post-
transplantation lymphoprolifera-
tive disease (PTLD) have increased
slightly in the 1990s.28 Only in the
next 10 to 20 years will we learn
whether the more intensive regi-
mens of the 1990s lead to even
greater rates of neoplasia late after
transplantation.

CONTROLLING THE HUMORAL
ALLOIMMUNE RESPONSE

Antibody responses against donor or-
gans have traditionally proved very
difficult to control. Recently, impor-
tant advances have been made in re-
versing humoral immune responses
after transplantation (ie, treating
humoral rejection) and before trans-
plantation (ie, eliminating donor-
recipient HLA incompatibilities,
thus allowing more transplanta-
tion procedures).

Acute Humoral Rejection

Acute humoral rejection is less com-
mon than cellular rejection but is tra-
ditionally associated with a poorer
prognosis. Staining of the renal peri-
tubular capillaries for the comple-
ment-split product, C4d, has been
shown to be an accurate histologic
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marker of this form of rejection, fa-
cilitating its early identification.29 We
and others have also demonstrated
that a regimen of plasmapheresis (to
remove antidonor antibodies) and of
enhanced immunosuppression with
tacrolimus, MMF, and intravenous
IgG (to further suppress produc-
tion of antidonor antibodies) can
completely reverse humoral rejec-
tion, allowing restoration of excel-
lent graft function.30,31 The role of
sirolimus in controlling humoral re-
jection is being evaluated.

Desensitization to HLA
Alloantigens

A significant minority of patients are
“highly sensitized” in that they ex-
hibit immunological reactivity to a
broad panel of non–self-human an-
tigens, particularly those of the HLA
system. This reactivity reflects prior
exposure to the antigens via previ-
ous transplantation, blood products,
or pregnancy. All physicians in-
volved in the care of patients with re-
naldiseaseshouldbeaware that trans-
fusion of red cells to these patients
shouldbeminimized; if required, leu-
kocyte-depleted products should be
used,as it is the leukocyte fractionthat
is richest in HLA antigens. Fortu-
nately, erythropoietin can reduce
transfusion requirements and re-
lated sensitization.32

Highly sensitized patients of-
ten cannot find a compatible living
donor and wait many years for a ca-
daveric allograft. A recent exciting
advance has been the successful de-
sensitization of some of these pa-
tients, thus allowing living donor or
cadaveric transplantation. Several
centers have reported encouraging
short-term results—albeit with small
patient numbers—using regimens
that include plasmapheresis, intra-
venous IgG, MMF, and tacroli-
mus.30,33 Intravenous IgG alone may
suffice, and has the advantage of
minimal toxicity.34 Longer-term re-
sults of these approaches are awaited
but desensitization will likely be in-
creasingly offered to highly sensi-
tized patients otherwise precluded
from transplantation. Excellent
short-term outcomes are also being
reported with transplantation of kid-
neys across the ABO blood group
“barrier.”

OVERCOMING THE
ORGAN SHORTAGE

The incidence and prevalence of di-
alysis-dependent patients continue
to increase in the United States and
in most other countries.4 Unfortu-
nately, even with a slight increase in
numbers of available cadaveric do-
nors and a large increase in living do-
nors, transplantation has not kept
pace with the “epidemic” of ESRD.
Thus, the rate of transplantation per
100 dialysis patient-years is actu-
ally decreasing in the United States
(Figure 3). The inevitable out-
come is longer waiting times. In-
deed, the management of patients on
the waiting list (ensuring that they
remain fit for transplantation) is be-
coming a significant workload for
larger transplantation centers.7 Sev-
eral strategies to increase organ do-
nation rates are discussed here.

Increasing Living Related
and Unrelated Donation

The many advantages of living do-
nation are summarized in Table 2.
One major advantage is that pre-
emptive transplantation (before the
need for dialysis) is more feasible.
Not only does preemptive transplan-
tation avoid complications associ-
ated with dialysis itself but recent
studies show it to be associated with
less acute rejection and better allo-
graft survival rates.35 This intrigu-
ing finding may reflect the avoid-
ance of proinflammatory effects of
advanced uremia or dialysis itself.
For preemptive transplantation to
succeed, early referral of patients
with chronic kidney disease to ne-
phrologists and transplantation cen-
ters is essential.

The advantages of living dona-
tion—and greater public and pro-
vider awareness of this method—
have spurred increases of 68% and
1000%, respectively, in the num-
bers of living related and unrelated
donors in the United States over the
last decade.4 In fact, the number of
living donors surpassed that of ca-
daveric donors in 2001 and 2002.36

Despite the poor matching for HLA
antigens associated with unrelated
donation, outcomes are excel-
lent.37 This emphasizes the benefits
of transplanting a healthy kidney, ie,

minimum perioperative ischemia
and reperfusion injury.

For reasons that include pa-
tient preference, surgeon prefer-
ence, and marketing strategy, lapa-
roscopic nephrectomy is becoming
the donor nephrectomy method of
choice in the larger transplantation
centers in the United States.38 To the
donor it has the benefits of less post-
operative pain, quicker convales-
cence, and a better cosmetic result
than with the traditional open ne-
phrectomy. These benefits have
probably contributed to the in-
crease in donation rates.39 Disad-
vantages of the laparoscopic method

350

200

250

300

6.0

5.5

5.0

4.5

4.0

3.5

3.0
1995 1996 199919981997 2000

Year

Ne
w

 E
SR

D 
Ca

se
s 

pe
r M

ill
io

n 
Po

pu
la

tio
n,

 N
o.

 (S
ol

id
 L

in
e 

)

Renal Transplants per 100 Dialysis Patient-Years, No. (Dashed Line)

Figure 3. The solid line shows steady increase
in the incident number of patients with
end-stage renal disease (ESRD) in the United
States in the late 1990s. Although the absolute
number of transplantations per year has
increased somewhat, this has meant that the
rate of transplantations per 100 patients
receiving dialysis days has fallen (dashed line).
The gray line shows the rate of transplantations
in black Americans alone per 100 dialysis
patient-days. Source: US Renal Data System
2002 Annual Data Report.

Table 2. Potential Advantages
of Living Donor Kidney
Transplantation

Waiting time while treated with dialysis
can be minimized; preemptive
transplantation often feasible

Close HLA matching often feasible
Expansion of total donor pool
Elective surgery
Minimal ischemic damage to allograft
Excellent graft survival and recipient

survival
Psychosocial benefits to donor
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include higher rates of early graft
dysfunction, probably for the fol-
lowing reasons: higher intra-
abdominal pressures during the pro-
cedure; longer warm ischemia
duration; less experience with the
technique, which entails a learning
curve; and more manipulation of the
renal vessels.40 One randomized trial
found better donor and similar re-
cipient outcomes with hand-
assisted than with open live-donor
nephrectomy.41

Balancing the professional goal
of alleviating the recipient’s illness
with the precept, “first, do no harm,”
is crucial in the evaluation of poten-
tial living kidney donors. Four con-
ditions must be satisfied before liv-
ing donation can proceed: the risk to
the donor must be low, the donor
must be fully informed, the decision
to donate must be independent and
voluntary, and there must be a good
chance of a successful recipient out-
come.42 To avoid conflict of inter-
est, the proposed donor should be
meticulously evaluated by a physi-
cian not involved in the care of the
proposed recipient.43 Potential kid-
ney donors must be informed that
donation can have adverse medical,
psychological, and financial conse-
quences. Most donors, however, ob-
tain psychological benefits from the
donation.43 Withthecareful selection
of donors and an experienced surgi-
cal team,theincidenceofseriousperi-
operativecomplications isvery low.43

Most follow-up studies of individu-
als who have undergone nephrec-
tomy—for donation or other rea-
sons—are reassuring.43,44 Minor
asymptomatic increases in urinary
protein excretion may occur and
blood pressure may become slightly
elevated. Nevertheless, concern has
been expressed about the long-term

medical consequences to the do-
nor.45,46 Ideally, a national registry of
donorswouldbeestablished toallow
more rigorous long-term follow-up.

More Use
of Expanded-Criteria Donors

As the name suggests, expanded-
criteria donors are those who tradi-
tionally would not have been con-
sidered for donation. The term
applies mainly, but not exclusively,
to cadaveric donation and encom-
passes non–heart-beating (NHB) do-
nors, elderly donors, and donors with
diseases such as hypertension; ex-
amples are shown in Table 3. The
main concern regarding many forms
of expanded-criteria donation is the
transplantation of an inadequately
functioning nephron mass.47 Not sur-
prisingly, short- and long-term out-
comes with such grafts have been
somewhat inferior to those ob-
tained from “normal-criteria” do-
nors. However, it should be empha-
sized that receiving an allograft from
an expanded-criteria donor confers
a significant survival advantage over
remaining a dialysis patient on the
transplant waiting list.48

Most deceased donors have
sustained brainstem death but
maintain renal perfusion because
of cardiorespiratory support. It is es-
timated that the use of allografts from
NHB donors—those who have sus-
tained cardiorespiratory arrest—
could increase the supply of cadav-
eric kidneys by up to 40%.49 The use
of allografts from NHB donors has
lagged behind this estimate, particu-
larly in the United States, for sev-
eral reasons.49 First, early posttrans-
plantation complications, such as
primary nonfunction of the allo-
graft and delayed graft function, are
more common with such allografts.
This is to be expected, as prolonged
hypotension is well known to cause
temporary ischemic kidney dam-
age. Case-control studies and regis-
try data, however, indicate that it
does not necessarily translate into
poorer long-term graft or recipient
survival.50,51 Second, in many cen-
ters, there are unresolved—but not
unresolvable—legal and logistic is-
sues related to the diagnosis of car-
diac death in the context of organ re-
trieval; to obtaining family consent;

and to starting organ preservation
measures (such as in situ cooling)
before consent is available.52 Very
clear criteria for cardiac death must
be developed by cardiologists and an-
esthesiologists (as neurologists have
for brain death) and there must never
be a perception that an anticipated
NHB donation is influencing the care
of critically ill patients. It is impor-
tant to note that, albeit with much
effort, NHB donation can signifi-
cantly increase organ supply and
yield excellent results.

Other Strategies

Spain has achieved near-maximal
rates of cadaveric organ donation
through the placement of special-
ized transplant-coordinating staff in
all major hospitals,53 and the Span-
ish model is currently being imple-
mented in other countries. In the
United States, using a standardized
donor management protocol has
been shown to increase organ pro-
curement rates.54 Other proposals to
increase rates of cadaveric dona-
tion include adoption of presumed
consent to donate (in practice, not
feasible in the United States or many
Western countries), and use of fi-
nancial incentives.55 The latter is
highly controversial, and oppo-
nents argue that it represents the
commodification of body parts and
encourages exploitation of the poor.

Xenotransplantation

If transplantation of vital organs
from other mammals to humans
were safe and effective, the organ cri-
sis could be solved. Most research
has concentrated on pig-into-
primate combinations. Several ma-
jor obstacles must be overcome be-
fore transplantation of whole porcine
organs into humans becomes fea-
sible. First, although hyperacute re-
jection involving complement has
been mostly overcome by the devel-
opment of transgenic pigs express-
ing human regulators of comple-
ment activity, very aggressive forms
of humoral and cellular rejection still
occur.56 Preventing these immuno-
logical complications may require
very aggressive immunosuppres-
sion. Second, the transmission of
zoonotic diseases—particularly ret-

Table 3. Examples of the
Conditions Encountered With
Expanded-Criteria Donors

Non−heart-beating status
Age �60 years
Hypertension
Diabetes mellitus
Hepatitis C
Renal disease
Prolonged perioperative ischemia
Abnormal renal biopsy finding at time

of organ retrieval
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roviruses—from animals to hu-
mans remains a concern.57,58 Third,
even if immunological incompat-
ibility is overcome, physiological in-
compatibility may be problematic.
Would a porcine kidney respond
correctly to human antidiuretic hor-
mone? Would its vitamin D deriva-
tives and erythropoietin be physi-
ologically active? Finally, research
in this area is extremely expensive
and industry support has waned
somewhat.59 Thus, whole-organ
xenotransplantation is unlikely to
become a clinical reality soon. Al-
ternatives under study include trans-
plantation of xenogeneic cells or
pancreatic islets, or immunoisola-
tion of xenogeneic tissue in cap-
sules or membranes.

TRANSPLANTATION IN
SPECIFIC GROUPS

The Elderly

The elderly are forming an increas-
ing percentage of the ESRD popula-
tion.4 Many elderly patients with
ESRD have significant comorbidity,
particularly cardiovascular disease
and type 2 diabetes. Nevertheless, age
per se is not a contraindication to
transplantation: among elderly pa-
tients carefully screened and deemed
fit for the procedure, long-term out-
comes are clearly better with trans-
plantation than dialysis.2,60,61 The
percentage of recipients with a func-
tioning transplant who are older than
65 years increased from 5.2% in 1992
to 10.6% in 2000,4 and elderly pa-
tients experience the same benefits
from living donor transplantation as
younger patients. Interestingly, al-
though matching older cadaveric kid-
neys to older recipients is a com-
mon practice—presumably in an
attempt to allocate the best kidneys
to younger recipients—it may not im-
prove overall graft survival.62 El-
derly recipients should receive less in-
tensive immunosuppression to
minimize their relatively high risk of
infection, as acute rejection is less
common in this subgroup.

Black Americans

In the United States, incident rates of
ESRD in blacks continue to be al-
most 4 times greater than in whites.4

Even after adjusting for clinical vari-
ables, blacks are less likely than
whites to be referred for renal trans-
plantation evaluation and to be placed
on a transplant waiting list.63,64 When
they are, rates of living and cadav-
eric donor transplantation are also
lower for blacks, who thus must wait
longer for a transplant. The latter dis-
crepancy is illustrated in Figure 3. Po-
tential living donors who are black
are more likely to have contraindi-
cations to donation such as hyper-
tension or type 2 diabetes melli-
tus.65 Although 12% of cadaveric
donors are black, a percentage simi-
lar to that of blacks in the United
States, overall, most cadaveric do-
nors are white.66 Because distribu-
tions of HLA antigens and ABO blood
groups differ between blacks and
whites, algorithms of organ distribu-
tion based on these important char-
acteristics tend to disadvantage
blacks. Furthermore, blacks on the
waiting list tend to be more highly
sensitized to HLA antigens than their
white counterparts. Adjusting for
these variables reduces but does not
eliminate discrepancies in wait-
listing and in waiting times, how-
ever.67 These differences probably
also reflect economic, psychosocial,
and unmeasured clinical factors.67,68

Similar patterns regarding access to
effective therapies such as cardiovas-
cular surgery or treatment of lung
cancer have been well docu-
mented.68,69 Even after renal trans-
plantation, outcomes are poorer in
blacks: compared with other ethnic
groups, they have higher rates of
acute rejection and lower rates of al-
lograft survival.4,65

What can be done to remedy the
discrepancies in access to renal trans-
plantation? First, formal educa-
tional programs oriented toward mi-
norities can significantly increase
their living donation rates.70 Sec-
ond, a reduction in emphasis on HLA
matching in the organ allocation al-
gorithm would direct more cadav-
eric kidneys to blacks (this change is
now being implemented).71 Of
course, such a change is only worth-
while if the slightly poorer HLA
matching has minimal impact on al-
lograft survival for all recipients.

What can be done to improve
posttransplant outcomes in blacks?
Standard measures, such as a greater

use of living donors, will help. Post
hoc analysis of several trials sug-
gest that rejection rates in black re-
cipients can be lowered with the use
of tacrolimus or higher doses of
MMF.72,73 Prolongation of Medi-
care or other benefits for immuno-
suppressive drugs will particularly
benefit blacks, as they are at greater
risk for late rejection and graft loss
when immunosuppressive drugs are
stopped because of the inability to
pay.65 Single-center and registry data
from the 1990s are showing a re-
duction in the racial disparities in re-
nal allograft survival, probably due
in large part to the use of the newer
immunosuppressive drugs.70,74 More
work needs to be done in this area,
however.

Patients With End-Stage Renal
Disease and HIV Infection

Until recently, human immunode-
ficiency virus (HIV) infection was
considered an absolute contraindi-
cation to renal transplantation. This
reflected fears that immunosuppres-
sion would facilitate progression of
infection, and that valuable allo-
grafts would be wasted because of
the relatively short survival time of
HIV-positive patients who undergo
transplantation. With dramatic im-
provements in the survival time of
HIV-positive patients, these pre-
mises are being reexamined.75,76

Those HIV-positive patients inter-
ested in transplantation should be re-
ferred to specialized centers as their
management is extremely complex.
One difficulty is the potential for sig-
nificant interactions between the
multiple antiviral and immunosup-
pressive medicines, some of which in-
hibit and some of which induce the
cytochrome P450 system.75

HIGH MORBIDITY
AND MORTALITY LATE
AFTER TRANSPLANT:

AN ONGOING PROBLEM

Long-term graft survival is improv-
ing but remains inadequate. The
principal causes of renal allograft loss
beyond the first posttransplanta-
tion year are shown in Figure4 (pa-
tient death is the principal cause of
loss of a functioning graft).74 The
main cause of death remains cardio-
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vascular disease, followed by infec-
tion and malignancy. Because early
outcomes have improved so much,
the focus in renal transplantation is
increasingly on strategies to im-
prove long-term outcomes by pre-
venting and treating cardiovascu-
lar disease, infection, bone disease,
neoplasia, and chronic allograft ne-
phropathy.17 It should be noted that
many of the risk factors for cardio-
vascular and other diseases arise be-
fore transplantation, and therefore
are associated with the uremic state.
Thus, optimal management of the
patient begins years before trans-
plantation, in the chronic kidney dis-
ease stage. Better control of hyper-
tension, anemia, hyperlipidemia, and
hyperparathyroidism before trans-
plantation will very likely lead to bet-
ter posttransplant outomes.

Cardiovascular Disease in Renal
Transplant Recipients

American and European registry data
show that the leading cause of death
is cardiovascular disease (in 30%-

40% of cases).77,78 Death rates from
cardiovascular disease, although
lower than in dialysis patients, still
greatly exceed those of the general
population. The cumulative inci-
dence of coronary heart disease,
cerebrovascular disease, and periph-
eral vascular disease 15 years after
transplantation has been estimated
at 23%, 15%, and 15%.79 Address-
ing risk factors for these conditions
must now be an important compo-
nent of routine posttransplant man-
agement (Table 4). Cessation of
cigarette smoking is essential, not
only to reduce the risk of cardiovas-
cular disease but also because con-
tinued smoking after transplanta-
tion is associated with poorer renal
allograft survival, even after censor-
ing for death.80 Pretransplant screen-
ing for coronary heart disease is in-
dicated in most patients.

A high prevalence of cardio-
myopathy (presenting clinically as
congestive heart failure or as left
ventricular enlargement on echo-
cardiography) has been noted in re-
nal transplant recipients.81,82 One ret-

rospective analysis found that the
development of congestive heart fail-
ure after transplantation was as com-
mon as the development of coro-
naryheartdisease; furthermore, itwas
associated with the same risk of
death.81 The authors thus proposed
the interesting concept that trans-
plant recipients are in a state of “ac-
celerated heart failure.” The effects of
treating anemia and hypertension
(which are very prevalent after trans-
plant) on rates of development of car-
diomyopathy require study.

Hypertension. The prevalence of hy-
pertension after transplantation is at
least 60% to 80%.79 Causes include
steroid use, CNIs, weight gain, al-
lograft dysfunction, native kidney
disease, and, less commonly, trans-
plant renal artery stenosis. The com-
plications of posttransplant hyper-
tension are presumed to be a
heightened risk of cardiovascular
disease and of allograft failure,83 al-
though distinguishing cause and
effect is difficult. Hypertension
should thus be aggressively man-
aged in all recipients. In general, the
Seventh Report of the Joint Na-
tional Committee on Prevention, De-
tection, Evaluation, and Treatment
of High Blood Pressure (JNC VII)
guidelines for the management of
hypertension in the setting of
chronic kidney disease, including a
target blood pressure of less than
130/80 mm Hg, are appropriate.84

Nonpharmacological measures such
as weight loss, moderation of so-
dium intake, moderation of alco-
hol intake, and increased exercise
have traditionally not been empha-
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Figure 4. A, Causes of allograft loss. B, Causes of death from postransplantation years 1 through 5. Adapted with permission from Cecka.74

Table 4. Putative Risk Factors for Cardiovascular Disease
After Renal Transplantation*

Atheroma Cardiomyopathy Vascular Calcification

Older age Hypertension Hyperphosphatemia†
Male Anemia† Hyperparathyroidism
Smoking Fluid overload†
Hyperlipidemia
Obesity
Hyperhomocysteinemia
Diabetes mellitus

*Adapted from Briggs78 with permission from Oxford University Press.
†Mainly pretransplantation.
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sized in transplant clinics. The dos-
age of steroids and CNIs should be
minimized, where possible. More
than 1 antihypertensive drug therapy
will still be required in many cases.
Diuretics, angiotensin-converting
enzyme inhibitors, and angioten-
sin receptor blockers should be used
with caution in the first 3 months af-
ter transplantation as they may el-
evate plasma creatinine levels and
thus complicate management. Al-
though thiazide diuretics have the
advantages of being well proven to
reduce the cardiovascular compli-
cations of hypertension,85 of being
inexpensive, and of enhancing the
antihypertensive effects of other
drugs,86 they are probably under-
used, as has been documented in the
general hypertensive population.87

While studies have shown that an-
giotensin-converting enzyme inhibi-
tors and angiotensin receptor block-
ers are safe and effective in treating
posttransplant hypertension and in
reducing proteinuria in the short-
term, no long-term randomized
studies have been published to date
confirming specific renoprotective
effects of these drugs in renal trans-
plant recipients. Nevertheless, it
seems reasonable to apply the same
indications for their use as in the
general hypertensive population.

Dyslipidemia. The prevalence of hy-
percholesterolemia and hypertriglyc-
eridemia after transplantation has
been estimated as 60% and 35%, re-
spectively,79 mostly because of ste-
roid, CNI (cyclosporine more than ta-
crolimus), and sirolimus use. Because
cardiovascular disease is so preva-
lent in these patients, it is reason-
able to consider the renal transplant
recipient status a “coronary heart dis-
ease risk equivalent” when applying
the guidelines. This implies target-
ing plasma low-density lipoprotein
cholesterol levels less than 100 mg/dL
(5.6 mmol/L) via a combination of
therapeutic lifestyle changes and drug
therapy. Reduction in steroid dose
and switching from cyclosporine to
tacrolimus therapy will also aid in the
treatment of dyslipidemia.

Statins are the cholesterol-
lowering drug of choice in trans-
plant recipients. A recently pub-
lished trial of statin use in renal
transplant recipients showed them to

be safe and effective in lowering
plasma low-density lipoprotein cho-
lesterol concentrations.88 Cardiac
deaths and nonfatal myocardial in-
farcts, although not overall mortal-
ity, were reduced. Because the me-
tabolism of many statins is partly
inhibited by the CNIs, blood concen-
trations of statins may be increased in
transplant recipients, thereby increas-
ing their risk for adverse effects such
as rhabdomyolysis. This interaction
is further enhanced if additional in-
hibitors of cytochrome P450, eg, dil-
tiazem, are administered.89 Mea-
sures to minimize the risk of statin
toxicity include the following: start-
ing with low statin doses; using prava-
statin or fluvastatin (which appear to
have the least interaction with CNIs);
avoiding other inhibitors of the cy-
tochrome P450 system; avoiding fi-
brates; and periodically checking
plasma creatine kinase levels and liver
function.89 Rarely, nonstatin drugs are
used to lower plasma lipids in trans-
plant patients. Bile acid seques-
trants, if used, should be taken sepa-
rately from CNIs as they impair
absorption of these drugs. Fibrates
should be prescribed with extreme
caution to patients taking statins and
CNIs.

Hyperhomocystinemia. Plasma ho-
mocysteine concentrations, which
are elevated in patients receiving di-
alysis, typically fall after transplan-
tation but do not normalize. One
prospective study found hyperho-
mocystinemia in 70% of renal trans-
plant patients, and hyperhomocys-
tinemia was an independent risk
factor for cardiovascular events.90

Until clinical trial results are avail-
able, no firm recommendations can
be made regarding B vitamin thera-
pies for lowering hyperhomocys-
tinemia in transplant recipients. The
effects of immunosuppressive drugs
on plasma homocysteine concentra-
tions, if there are any, remain to be
determined.

Anemia. Ideally, kidney transplan-
tation should lead to increased pro-
duction of erythropoietin and reso-
lution of anemia. However, although
underappreciated, posttransplant
anemia is a common problem. A
cross-sectional analysis of trans-
plant recipients in our clinic found

an anemia prevalence of 40%91 and
others have reported similar find-
ings.92 This high prevalence mainly
reflects suboptimal graft function
and effects of medications that im-
pair erythropoiesis (MMF, trimeth-
oprim-sulfamethoxazole [SMX-
TMP], and angiotensin-converting
enzyme inhibitors). Observational
studies have shown a strong asso-
ciation between posttransplant ane-
mia and posttransplant develop-
ment of congestive heart failure.82,93

Pending the results of studies of the
treatment of posttransplantation
anemia, it seems reasonable to man-
age anemia according to guidelines
developed for patients with chronic
(native) kidney disease, ie, focus-
ing on iron repletion and using
erythropoietin, for example.94

Diabetes Mellitus

Diabetes mellitus remains the lead-
ing cause of ESRD in the United States
and worldwide.4 The current epi-
demicof type2diabeteswill likely fur-
ther increase the incidence and preva-
lence of ESRD due to this condition.
Although the survival of diabetic
transplant recipients is less than that
of their nondiabetic counterparts,
transplantation still confers them a
survival advantage compared with
diabetic patients receiving dialysis as
they remain on the waiting list.2

Glucose control worsens after
transplantation because of gluco-
corticoid and CNI use, increased
food intake, weight gain, and resto-
ration of kidney function.95 Further-
more, diabetes now develops after
transplantation in up to 10% of
adults, although this incidence has
decreased with the lower cumula-
tive doses of steroids and CNIs now
used.96 Risk factors for posttrans-
plantation diabetes include greater
recipient age, nonwhite ethnicity,
steroid treatment for rejection, and
high doses of CNIs.96 High-dose ta-
crolimus is particularly diabeto-
genic, and more so in recipients with
hepatitis C infection.97,98

Rates of preventive care test-
ing (eg, of eyes, plasma lipids, and
blood hemoglobin A1c) in trans-
plant recipients with diabetes, al-
though higher than in dialysis pa-
tients, lag behind guidelines and
indeed behind the rates for general
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Medicare patients.4 Again, this em-
phasizes the need to think beyond
immunological management alone
and adopt a multidisciplinary ap-
proach to the care of the renal trans-
plant recipient. The major benefits
of intensified multifactorial inter-
vention in type 2 diabetes are
clear.99,100 Adoption of such inter-
ventions in diabetic transplant re-
cipients will require much effort, but
will likely yield equally impressive
results.

A subset of diabetic patients
with ESRD are candidates for kid-
ney-pancreas transplantation. The
organs can be transplanted simul-
taneously or as a staged procedure
(pancreas after kidney [PAK]). Pan-
creatic allograft survival with the
PAK procedure has been poorer than
with simultaneous transplantation
but this difference is narrowing.101

Furthermore, PAK affords the ad-
vantages of preemptive living do-
nor kidney transplantation, better re-
nal transplant outcomes, and fewer
surgical complications.102 The per-
centage of pancreas transplants per-
formed via the PAK procedure has
been recently increasing.101 Improve-
ments in surgical techniques and im-
munosuppression have resulted in
steady increases in pancreas allo-
graft survival.101 There is accumu-
lating evidence that, in selected pa-
tients, overall and cardiovascular
mortality is reduced with kidney-
pancreas transplantation com-
pared with kidney transplantation

alone.103,104 A benefit of reversing or
halting the microvascular compli-
cations of diabetes is likely but ran-
domized controlled trials have not
been conducted and would be dif-
ficult to perform.105,106 Shapiro et al107

have reported excellent prelimi-
nary outomes in pancreatic islet
transplantation in non-ESRD pa-
tients using a regimen of dacli-
zumab, tacrolimus, and sirolimus
without steroids. Studies in type 1
diabetic renal transplant recipients
are now under way.

Cancer

Data from tumor registries clearly
demonstrate that the overall inci-
dence of cancer in renal transplant re-
cipients is greater than in patients re-
ceiving dialysis and in the general
population.108,109 This increase in in-
cidence applies to most cancers (at
least in the Australian/New Zealand
ANZDATA Registry), but the risks for
certain transplant-associated can-
cers such as lymphomas and skin
cancers are dramatically increased
(Table 5).109 Interestingly, the in-
cidence of common non–skin can-
cers (ie, breast, lung, colorectal, and
prostate cancers) is only slightly in-
creased, if at all.

The reported cancer incidence
may be increased for several rea-
sons. First, immunosuppression al-
lows uncontrolled proliferation of
oncogenic viruses and probably in-
hibits normal tumor surveillance

mechanisms. There is experimen-
tal evidence that CNIs may have tu-
mor-promoting effects mediated by
their effects on transforming growth
factor � production.110 Second, re-
cipient factors related to the pri-
mary renal disease (eg, abuse of an-
algesics, hepatitis B infection, and
hepatitis C infection) may also pro-
mote neoplasia. Finally, ascertain-
ment bias may occur because of as-
siduous monitoring and reporting of
transplantation patients.

The cumulative amount of im-
munosuppression, rather than a spe-
cific drug, is the most important fac-
tor increasing the cancer risk. Thus,
the single most important measure
to prevent cancers is to minimize ex-
cessive immunosuppression. Pri-
mary and secondary preventive strat-
egies for breast, lung, bowel, and
urogenital cancers (eg, mammogra-
phy, smoking cessation, endos-
copy, and pelvic examination in
women) should be similar to those
recommended for the general popu-
lation but should be more rigorous
for cancers of the skin.111 Thus,
transplant recipients should be spe-
cifically counseled to minimize ex-
posure to sun, wear protective cloth-
ing, and apply sunscreen to exposed
areas. Premalignant skin lesions
should be treated with cryotherapy
or surgical excision.111,112

The long-term impact of the
newer immunosuppression regi-
mens on predisposition to cancer is
unknown but it is certainly of some
concern. A general rule is that when
cancer occurs, immunosuppres-
sion should be greatly decreased. In
some cases, rejection of the graft will
result but the risks and benefits of
continuing immunosuppression
must be judged on a case-by-case ba-
sis. Unlike for lung and cardiac al-
lografts, the loss of a renal allograft
is not fatal, as dialysis is always an
option. The potential antitumor
effect of sirolimus has been dis-
cussed above.

Posttransplantation
Lymphoproliferative Disease

The cumulative incidence of post-
transplantation lymphoprolifera-
tive disease (PTLD) in renal trans-
plant recipients is between 1% and
5%.79 More than 90% of PTLD cases

Table 5. Relative Risk of Cancer Following Primary Cadaveric
Kidney Transplantation (N = 8881) Compared With an
Age-Matched Australian Population, 1963-2002*

Form or Site of Cancer† Relative Risk (95% Confidence Interval)

Kaposi sarcoma (varies between ethnic groups) 76.0 (44.3-130.4)
Carcinoma of vulva or vagina 35.5 (25.7-49.1)
In situ carcinoma of uterine cervix 17.2 (13.5-21.9)
Non-Hodgkin lymphoma 8.7 (7.3-10.3)
Liver 7.8 (4.8-12.9)
Kidney 6.7 (5.3-8.4)
Malignant melanoma 3.6 (3.0-4.2)
Invasive carcinoma of uterine cervix 3.0 (1.8-5.0)
Colon 2.6 (2.1-3.2)
Bladder 6.5 (5.2-8.3)
Lung, trachea 2.1 (1.7-2.6)
Breast 1.2 (0.9-1.5)
Prostate 0.7 (0.5-0.9)
Total (includes others not shown) 3.0 (2.9-3.2)

*Adapted from Chapman and Webster.109

†Nonmelanotic skin cancers are not included but the cumulative risk of skin cancer 20 years after
transplantation in Australia is greater than 50%.
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are non-Hodgkin lymphomas, and
most are of recipient B-cell ori-
gin.113 Most cases occur in the first
24 months after transplantation.
Risk factors include (1) the combi-
nation of an Epstein-Barr virus
(EBV)-positive donor and an EBV-
negative recipient; (2) the combi-
nation of a CMV-positive donor and
anCMV-negative recipient; (3)being
a pediatric recipient (in part be-
cause children are more likely to be
EBV-negative); and (4) receiving
more intensive immunosuppres-
sion.114 Infection and transforma-
tion of B cells by EBV is important in
the pathogenesis of many cases of
PTLD: the proliferation that trans-
formed B cells is initially poly-
clonal, but a malignant clone may
evolve. The clinical and pathologi-
cal spectrum and treatment of PTLD
is quite variable and has been re-
viewed recently.115,116

Treatment involves reduction
or cessation of immunosuppres-
sion and various combinations of an-
tiviral therapy, radiotherapy, che-
motherapy, and surgery. The
prognosis of severe forms of PTLD
has traditionally been poor but will
likely improve. First, techniques for
monitoring EBV load after trans-
plantation are being developed.
These may prove useful in identify-
ing patients who are at high risk for
developing PTLD or who have early
disease, and ultimately facilitate pre-
emptive therapy for such patients.
Second, several relatively nontoxic
immunotherapies have been devel-
oped and some are already in clini-
cal use. These include biological im-
mune modifiers such as interferon
� and IL-6, adoptive immuno-
therapy with virus-specific T cells,
and elimination of B cells using rit-
uximab, an anti-CD20 monoclonal
antibody.116 Although long-term data
on the effects of rituximab in PTLD
are awaited, the drug is being in-
creasingly used because of its favor-
able therapeutic index.

Infections After Renal
Transplantation

The transplantation procedure and
subsequent immunosuppression in-
crease the risk of serious infection. As
outlinedbyFishmanandRubin,117 the
patterns of infection can roughly be

considered under 3 periods: 0 to 1
month, 1 to 6 months, and more than
6 months after transplantation.

Most infections in the first
month after transplantation are simi-
lar to those that can be seen in any
surgical ward: infections of wounds,
lungs, and urinary tract and vascu-
lar catheters; they are usually treated
accordingly.

Weeks of intense immunosup-
pression now increase the risk of op-
portunistic infections from micro-
organisms such as CMV, EBV,
Listeria monocytogenes, Pneumocys-
tis carinii, and Nocardia species.
Typical preventive measures for in-
fections from 1 to 6 months after
transplantation include antiviral pro-
phylaxis (for 3-6 months after trans-
plantation) and SMX-TMP prophy-
laxis (for 6-12 months).

With reduction in immunosup-
pression, the risk of infection usu-
ally decreases in the long term (�6
months after transplantation) and
becomes quite similar to that of the
general population. Thus, a previ-
ously stable patient with a plasma
creatinine concentration of 1.4
mg/dL (123.76 µmol/L) presenting
3 years after transplantation with
community-acquired pneumonia is
much more likely to have pneumo-
coccalormycoplasmal infection than
pneumocystosis. Two groups, how-
ever, remain at significantly higher
risk foropportunistic infection: those
with poor graft function and those
receiving late additional immuno-
suppression (typically in cases of
rejection). These patients should
continue to receive SMX-TMP.

CMV Disease

Chances of exposure to CMV (as evi-
denced by anti-CMV IgG) in-
creases with age, and more than two
thirds of donors and recipients are
latently infected prior to renal trans-
plantation. Cytomegalovirus dis-
ease (confirmed by recent labora-
tory testing and evidence of tissue
inflammation and/or dysfunction)
can arise because of reactivation of
latent recipient virus, reactivation of
latent donor-derived virus, or pri-
mary infection with donor-derived
virus.118 Not surprisingly, the risk of
CMV disease is highest in CMV-
positive donor/CMV-negative re-
cipient pairings; lowest in CMV-
negative donor/CMV-negative
recipient pairings; and intermedi-
ate in CMV-positive donor/CMV-
positive recipient pairings and CMV-
negative donor/CMV-positive
recipient pairings.

Cytomegalovirus disease usu-
ally arises 1 to 6 months after trans-
plantation, although gastrointesti-
nal and retinal involvement often
occurs later. Typical clinical fea-
tures are fever, malaise, and leuko-
penia; patients may be symptom-
atic or there may be laboratory
evidence of specific organ involve-
ment (Table 6). Urgent investiga-
tion and immediate empiric treat-
ment is needed in severe cases. The
virus can be detected in blood or tis-
sue fluids by rapid shell-vial cul-
ture, antigen assays, or polymerase
chain reaction (serology studies are
of little benefit in the acute set-
ting); the optimal test depends on lo-

Table 6. Manifestations of Cytomegalovirus (CMV) Disease
in the Renal Transplant Recipient

Tissue Affected Clinical Features Comment

Systemic Fever, malaise, myalgia Nonspecific but important clue to
CMV disease

Marrow Leukopenia Ganciclovir and valgancyclovir can
also cause leukopenia

Lungs Pneumonitis May be life-threatening; check for
coinfection with other organisms

Gastrointestinal tract Inflammation and ulceration
of esophagus or colon

May be life-threatening; often
occurs late

Liver Hepatitis Rarely severe
Eyes (retina) Blurred vision, flashes,

floaters
Rare in renal transplants; if occurs,

usually late
Kidney Whether direct infection of allograft

occurs is unknown
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cal expertise. The virus can also be
identified in involved tissue by im-
munohistochemistry techniques.
Importantly, low or negative CMV
concentrations in peripheral blood
do not exclude organ involvement
(especially of the gastrointestinal
tract); therefore, bronchoscopy, en-
doscopy, or any other appropriate in-
vestigation should be aggressively
pursued according to symtoms and
signs. A tissue diagnosis is also re-
quired to exclude coinfection with
other microbes, eg, P carinii.

Cytomegalovirus disease is
treated with reduction in immuno-
suppression and specific antiviral
agents, usually ganciclovir or valgan-
ciclovir. The latter has much better
oral bioavailability and is increas-
ingly used instead of intravenous gan-
ciclovir. Foscarnet is nephrotoxic and
should only be used for the rare cases
resistant to ganciclovir. Although
supportive data for the treatment are
unavailable, it is reasonable to add
CMV hyperimmune globulin in se-
vere cases.

The prevention of CMV dis-
ease is of great clinical importance.
One strategy is to provide prophy-
laxis to all patients at risk, ie, when
the donor and/or recipient has posi-
tive serology findings for CMV. An-
other strategy is to provide prophy-
laxis only to those at greatest risk or
those who show laboratory evi-
dence of new virus replication. Both
have advantages and disadvan-
tages.119 Ganciclovir and valganci-
clovir are commonly used as preven-
tive agents, typically for 3 to 4 months
after transplantation. One random-
ized controlled trial found valacyclo-
vir to be effective in preventing CMV
disease120 but further studies are
needed to confirm this report.

Pneumocystosis

In the absence of prophylaxis, pneu-
mocystosis occurs most commonly
in the first year after transplanta-
tion (although not in the first
month) but can occur later, espe-
cially if immunosuppression is in-
creased. Typical symptoms of pneu-
monia due to P carinii are fever,
shortness of breath, and nonproduc-
tive cough. Chest radiography char-
acteristically shows bilateral inter-
stitial-alveolar infiltrates. Diagnosis

requires detection of the organism
in a clinical specimen by colorimet-
ric or immunofluorescent stains. Be-
cause the organism burden is usu-
ally lower than in HIV-infected
patients, the sensitivity of induced
sputum or bronchoalveolar lavage
specimens is lower in renal trans-
plant recipients; tissue biopsy should
be quickly obtained if these tests are
negative and the clinical suspicion
remains high. The treatment of
choice remains SMX-TMP.121 High-
dose SMX-TMP may increase plasma
creatinine concentration without af-
fecting glomerular filtration rate, ie,
“real” kidney function. Unlike in
HIV-positive patients, there is no
firm evidence to support the use of
higher-dose steroids during the early
treatment phase of pneumocysto-
sis in renal transplant patients.

Fortunately, antimicrobial pro-
phylaxis is very effective in prevent-
ing pneumonia due to P carinii. The
preventive agent of choice is SMX-
TMP: it is inexpensive and gener-
ally well tolerated, and also pre-
vents urinary tract infections and
opportunistic infections such as no-
cardiosis, toxoplasmosis, and liste-
riosis. Alternatives drugs include
dapsone with or without pyrimeth-
amine, atovaquone, and aerosol-
ized pentamadine.

Immunization in Renal
Transplant Recipients

This topic has been recently re-
viewed.122 Generally accepted guide-
lines are as follows: (1) immuniza-
tions should be completed at least
4 weeks before transplantation; (2)
immunization should be avoided in
the first 6 months after transplan-
tation because of ongoing adminis-
tration of high-dose immuno-
suppressive agents and a risk of
provoking graft dysfunction; and (3)
live vaccines should be avoided
altogether after transplantation.
Household members of transplant
recipients should receive yearly im-
munization against influenza.

Summary

Minimizing infection risk after trans-
plantation requires a meticulous sur-
gical technique; monitoring or pro-
phylaxis for viral infection in the first

3 to 6 months; SMX-TMP prophy-
laxis for the first 6 to 12 months; and,
of course, avoidance of excessive im-
munosuppression. The last point is
particularly relevant for elderly re-
cipients. When infection is sus-
pected, early aggressive diagnosis (eg,
by bronchoscopy in patients with
pneumonitis) and therapy are essen-
tial.117 If life-threatening infection oc-
curs, immunosuppression must be
stopped or greatly reduced (stress-
dose steroids may still be required).

BONE DISORDERS AFTER
RENAL TRANSPLANTATION

Bone disease in the dialysis patient is
multifactorial and involves varying
degrees of hyperparathyroidism, vi-
tamin D deficiency, adynamic bone
disease, aluminum intoxication, and
amyloidosis. Successful renal trans-
plantation offers the potential to re-
verse or at least prevent further pro-
gression of these conditions.
Unfortunately, bone disease can be a
major problem after renal transplan-
tation because of the persistence of the
above conditions, suboptimal kid-
ney function, and the superimposed
effects of steroids on bone.

Osteoporosis

Reduction in bone mineral density
is now recognized as a very com-
mon complication of solid organ
transplantation: one recent review
estimated an incidence up to 60% in
the first 18 months after renal trans-
plantation.79 It is important to note
that the pathophysiology and treat-
ment of osteoporosis may differ from
that seen in the general population
(Table 7). The principal cause is
steroid use—through direct inhibi-
tion of osteoblastogenesis, induc-
tion of apoptosis in bone cells, in-
hibition of sex hormone production
(in both men and women), de-
creased gut calcium absorption, and
increased urinary calcium excre-
tion.123 Other factors that may play
a role include persistent hyperpara-
thyroidism after transplantation,
postmenopausal state, vitamin D de-
ficiency and/or resistance, and phos-
phate depletion. Low bone mineral
density is likely to be a risk factor
for fractures in renal transplant re-
cipients, although this has not yet
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been proven. In fact, limited evi-
dence suggests that low bone min-
eral density, as identified by dual-
energy x-ray absorptiometry
(DEXA), is not a risk factor for fu-
ture fracture.124,125 There is no doubt,
however, that pathological frac-
tures are common after renal trans-
plantation. The estimated total frac-
ture rate after renal transplantation,
which is 2% per year in nondiabetic
patients, 5% per year in type 1 dia-
betic patients, and up to 12% per year
in pancreas-kidney recipients.126

Interventions to minimize post-
transplantation bone loss are sum-
marized in Table 7. Implementation
of these measures immediately after
transplantation is essential, as most of
the bone loss occurs in the first 6
months when the doses of steroids are
highest. The role of DEXA in the di-
agnosis and of bisphosphonates in the
prevention of posttransplantation
bone disease requires further pro-
spective study. There is evidence that
bisphosphonates effectively prevent
posttransplantation bone loss,127 but
trials reported to date have been un-
derpowered to detect reductions in
posttransplantation fracture rates.
There is still some concern that these
agents, by suppressing bone remod-
eling, could worsen the mechanical
integrity of bone in conditions such
as osteomalacia or adynamic bone.126

Furthermore, albeit at very high
doses, bisphosphonates can be neph-
rotoxic.128 A reasonable approach is
to obtain DEXA of 3 bone sites (lum-
bar spine, forearm, and hip) at the
time of transplantation in patients
with conventional risk factors for os-
teoporosis. In those considered to be
at high risk for osteoporosis-related
fracture based on clinical features and
DEXA results, posttransplantation ad-
ministration of bisphosphonates and
the use of minimal-dose steroids or
of nonsteroid protocols should be
considered. Close collaboration with
a bone endocrinologist in these situ-
ations is also advised. All patients
should receive calcium and syn-
thetic forms of vitamin D after kid-
ney transplantation unless there are
contraindications.

Hyperparathyroidism

Incomplete resolution of hyperpara-
thyroidism is very common after re-

nal transplantation.This reflectsmul-
tiple factors: inherent slowinvolution
of parathyroid cells, suboptimal re-
nal function, suboptimal produc-
tion of 1,25-dihydroxyvitamin D3,
and steroid-induced reduction in in-
testinal calcium absorption.125 Post-
transplantation hyperparathyroid-
ism can cause hypercalcemia and
exacerbate bone loss. If hypercalce-
mia is severe and associated with
complications such as graft dysfunc-
tion, early parathyroidectomy is in-
dicated.Less severecasescanbegiven
a trial of medical therapy. Better con-
trol of hyperparathyroidism before
transplantation remains the key to
preventing significant posttransplan-
tation parathyroid disease.

Osteonecrosis

Osteonecrosis or avascular necro-
sis of bone has been reported to oc-
cur in 3% to 16% of renal trans-
plant recipients.129 Hip, knee, ankle,
shoulder, or elbow joints can be in-
volved. If severe, significant joint
damage can occur. The principal
cause is steroid use. Fortunately, the
incidence has greatly declined be-
cause renal transplant recipients now

receive lower cumulative doses of
steroids (maintenance doses are
lower, and fewer “pulses” are re-
quired because acute rejection is less
common). The presenting symp-
tom is joint pain. Magnetic reso-
nance imaging, radionuclide bone
scan, and plain films (in order of de-
creasing sensitivity) are used to con-
firm the diagnosis. Severe cases re-
quire surgery.

LATE ALLOGRAFT
DYSFUNCTION AND LATE

ALLOGRAFT LOSS: AN
ONGOING PROBLEM

After censoring for death, chronic al-
lograft nephropathy is the most im-
portant cause of long-term graft loss.
This has been recently reviewed.17

Chronic allograft nephropathy is pref-
erable to the older designation of
chronic rejection because it encom-
passes the role of immunological
and nonimmunological factors
(Table 8). Typical clinical fea-
tures of chronic allograft nephropa-
thy are hypertension, low-grade pro-
teinuria, and slowly rising plasma
creatinine level more than 6 months
after transplantation. There is of-

Table 7. Differences Between Postmenopausal and Posttransplantation Osteoporosis

Postmenopausal
Osteoporosis

Posttransplantation
Osteoporosis

Pathophysiologic status
Sex hormone deficiency Yes Sometimes
Background of uremic bone

disease
No Yes

Osteoblast activity and bone
breakdown

Increased Sometimes increased

Osteoblast activity and bone
synthesis

Increased Decreased

Ongoing renal dysfunction
and hyperparathyroidism

No Common

Net effect on bone mass Reduced Reduced
Clinical status

Main sites of fracture Axial skeleton Appendicular skeleton
Diagnosis

DEXA predicts fracture risk Yes More studies are needed
Prevention/treatment measures

Weight-bearing exercise Recommended Recommended
Calcium intake Recommended Recommended
Synthetic vitamin D intake* Recommended Recommended
Hormone therapy Only with other

indications
Only with other indications

Bisphosphonates Often
recommended

Pending more studies,
reserved for patients at
highest risk for fracture

Abbreviation: DEXA, dual-energy x-ray absorptiometry.
*In transplant recipients, calcitriol is preferable to cholecalciferol if the glomerular filtration rate is

50 mL/min or less.
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ten a history of acute rejection. Spe-
cific treatment options are limited
and progression to ESRD is usually
slow but inevitable. Recipients with
failing allografts should be man-
aged similarly to those with native
chronic kidney disease with regard
to treatment of anemia, hyperpara-
thyroidism, hypertension, and other
complications of renal failure.
Chronic allograft nephropathy it-
self is not a contraindication to fu-
ture transplantation; indeed, allo-
graft loss is a common diagnosis in
those joining the organ waiting list.

CONCLUSIONS

The last 10 years have seen contin-
ued advances in our ability to safely
suppress the renal transplant recipi-
ent’s antigraft immuneresponses.This
has resulted in impressive increases
in allograft survival. Although acute
rejection and early graft loss have be-
come relatively uncommon, late graft
loss and premature death (mainly
from cardiovascular disease) remain
major challenges. The focus is there-
fore switching not only toward the
prevention and treatment of chronic
allograftnephropathyandothermedi-
cal complications of renal transplan-

tation, but also of cardiovascular dis-
ease and the prior uremic state. In
many cases, recipients must be man-
aged similarly to those with native
kidney disease—with rigorous con-
trol of hypertension, dyslipidemia,
anemia, hyperparathyroidism, and
diabetes. This will require signifi-
cant effort from transplant physi-
cians, primary care physicians, and
other specialists. Despite impressive
increases in the numbers of living do-
nors and efforts to expand cadaveric
donation, the organ shortage also re-
mains an important problem.
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