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Renal Disease in Recipients
of Nonrenal Solid Organ Transplantation

Akinlolu O. Ojo, MD, PhD

Summary: Worldwide, more than 250,000 individuals who have received a liver, heart, lung,
or intestinal transplant are living longer. Twenty percent to 25% of these recipients experi-
ence perioperative acute renal failure, with 10% to 15% requiring renal replacement therapy.
Chronic kidney disease (CKD) is also highly prevalent, affecting 30% to 50% of the nonrenal
organ transplant population with an annual end-stage renal disease risk of 1.5% to 2.0%. Both
acute renal failure and CKD contribute to increased morbidity and premature mortality. The
dominant causative factor for renal disorders seen in nonrenal transplant recipients are the
calcineurin inhibitors (CNI) and rapamycin analogues, which singly or in combination lead to
a variety of nephrotoxic injury. However, 25% to 30% of nonrenal transplant recipients with
CKD have other conditions such as hypertension, focal segmental glomerulosclerosis, diabe-
tes mellitus, and hepatitis C infection as the principal underlying cause. Management strate-
gies for renal disease in the nonrenal transplant recipients include the following: (1) delayed
introduction of CNI after graft implantation, (2) withdrawal or minimization of long-term CNI
therapy, (3) timely use of an appropriate dialysis modality, and (4) expeditious introduction
of supportive measures such as anemia management, phosphate binding therapy, and dietary
modification. Compared with maintenance dialysis, kidney transplantation reduces long-term
mortality by 60% to 70% in nonrenal transplant recipients with end-stage renal disease.
Semin Nephrol 27:498-507 © 2007 Elsevier Inc. All rights reserved.
Keywords: Calcineurin inhibitors, nephrotoxicity, immunosuppressive drugs, liver trans-
plantation, cardiac transplantation, lung transplantation
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ore than 250,000 individuals have re-
ceived a nonrenal organ transplant
worldwide. Compared with the

980s, these organ transplant recipients are
ow enjoying improved longevity. In the
nited States alone, 70,000 individuals were
live with a heart, liver, lung, or intestinal
ransplant at the end of 2005. To put this in
erspective, the number of individuals living
ith a kidney-only transplant (100,000 in

005) exceeds those living with a nonrenal
ransplant by only 30,000. Because many
ore nonrenal transplant recipients survive
ell into the second and sometimes third
ecade of life, the time at risk for renal dis-
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ase has lengthened so that many more cases
f posttransplant renal dysfunction are now
bserved.1– 4 Because of the broad spectrum
f renal disorders that occurs in this
opulation, nearly all nonrenal organ trans-
lant recipients will require the service of a
ephrologist in their posttransplant course.
ndeed, the demand for nephrologic care in
onrenal organ transplant recipients almost
quals that of the entire kidney-only trans-
lant population.
This article aims to provide the nephrologist

nd other renal care providers with information
n the descriptive epidemiology, pathogenesis,
isk factors, and the clinical management of
enal disease in nonrenal transplant recipients
ho invariably will be encountered in both the
utpatient setting and the hospital environ-
ent. Typically, the nephrologic care of nonre-

al transplant recipients is complicated by the

resence of concurrent medical conditions that

rs in Nephrology, Vol 27, No 4, July 2007, pp 498-507
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Nonrenal solid organ transplantation 499
ay contribute to the worsening of renal dis-
ase and the need to manage an immunosup-
ressive regimen, which often is the primary
ffending agent underlying the renal disease in
he majority of these recipients. Because of the
ritical need to maintain allograft function,
ithout which survival is not possible, pru-
ency of action and professional tact takes on
xtra value in dealing with the primary trans-
lant providers to avoid precipitous withdrawal
r minimization of specific immunosuppressive
gents even when such agents are the glaringly
bvious culprit in precipitating or worsening of
he renal disease.

PIDEMIOLOGY

enal disease has been recognized as a seri-
us and common complication of nonrenal
olid-organ transplantation for several de-
ades.5,6 Both acute and chronic renal failure
ccurs with a high frequency in nonrenal
ransplant recipients. Acute renal failure of-
en is defined as 25% decline or 0.5 mg/dL
ncrease in serum creatinine level above pre-
perative baseline or serum creatinine levels
reater than 2.0 mg/dL.7–12 The incidence of
erioperative acute renal failure is 20% to
0% in heart transplant recipients, 46% to
1% in liver transplant recipients, and 5% to
0% in lung transplant recipients.7–12 In the
rst 30 days after transplantation, renal re-
lacement therapy (RRT) in the form of inter-
ittent hemodialysis or continuous veno-ve-

ous hemodialysis is required in 10% to 15%,
0% to 25%, and 8% to 10% of heart, liver, and

ung transplant recipients, respectively.13–16

he occurrence of acute perioperative acute
enal failure (ARF) requiring RRT is associated

Table 1. Cumulative Risk of Stages IV to V CK

Time Since
Transplantation,

mo

Percentage

Heart Heart

12 1.9 1
36 6.8 4
60 10.9 6
ith a 1-year recipient survival rate of 40% to
0% in each type of nonrenal transplant com-
ared with a 1-year survival rate of 92% in
ecipients without ARF.13–16

Chronic kidney disease (CKD) also is a per-
asive problem in nonrenal transplant recipi-
nts. Although definitions vary, CKD is clini-
ally evident in 80% to 100% of nonrenal
ransplant recipients who have survived 36
onths after transplantation.6,17 By using the
armonized definition of CKD produced by
he Kidney Disease Outcomes Quality Initia-
ive of the National Kidney Foundation,18 an
nalysis of approximately 70,000 nonrenal or-
an transplant recipients in the US Scientific
egistry of Transplant Recipients19 found an
djusted risk of stages IV to V CKD of 20% to
5% at 60 months in nonrenal transplant re-
ipients. Table 1 shows the adjusted cumula-
ive risk of stages IV to V CKD at 12, 36, and
0 months in 5 different groups of nonrenal
ransplant recipients.19 The risk levels sum-
arized in Table 1 are consistent with the

esults from several other studies from single
ransplant centers.8,20 –27 In this unique popu-
ation, CKD leads to serious medical compli-
ations and escalates the use of health care
esources. First, poor renal function may re-
uire complete avoidance of potentially use-
ul drugs or drastic alteration of immunosup-
ressants, anti-infectives, and other indicated
herapeutic agents. Second, CKD has been
ssociated with an increased frequency of
ospitalizations and infectious complica-
ions.8 Third, CKD is associated with a 2- to
-fold excess risk of mortality among affected
ecipients.12,20,25,28 Last, dysfunction of the
ransplanted liver, heart, or lung allograft may
nsue in association with CKD.12,26

Nonrenal Transplant Recipients

ecipients With Stages IV to V CKD

g Intestine Liver Lung

9.6 8.0 2.9
14.2 13.9 10.0
21.3 18.1 15.8
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500 A.O. Ojo
ISK FACTORS AND PATHOGENESIS

s with the general population, the major tra-
itional risk factors for renal disease (systemic
ypertension, atherosclerotic cardiovascular
isease, diabetes mellitus, and advancing age)
ave been shown to be strong independent
redictors of CKD after nonrenal organ trans-
lantation.19,23,26,28–30 Nonrenal organ trans-
lant recipients often are exposed to a variety
f nonimmunomodulating nephrotoxic agents
hat may initiate or worsen existing renal dys-
unction.16,31 Most commonly, contrast agents
nd antimicrobial drugs contribute to renal fail-
re in these populations.16,31 As a result, inter-
ittent episodes of ARF with incomplete recov-

ry are common in otherwise stable nonrenal
ecipients long after transplantation. ARF at
nytime, even when not requiring RRT, contrib-
tes to the long-term risk of chronic kidney
isease in heart, lung, and liver transplant re-
ipients.8,19,32–34 The levels of renal function at
he time of transplantation and need for peri-
perative RRT are associated with an increased
isk of CKD.8,19,28 Fig. 1 shows the prevalence
f different causes of CKD in heart and liver
ransplant recipients who underwent renal bi-
psy.

A list of global risk factors and organ-specific
redisposing factors for renal disease are
hown in Table 2. The nonrenal transplant re-

igure 1. Histologic renal diagnosis in solid organ transp
iagnoses. (A) Orthotopic heart recipients with ESRD (
ational Kidney Foundation 1987.6,93 (B) Orthotopic live
lant hepatorenal syndrome. Adapted and reprinted w
nd-stage renal disease (ESRD) after orthoptopic liver tra
isk of development and treatment. Transplantation. 20
ipient may be predisposed to renal disease
onsequent to the nature and cause of the un-
erlying disease that led to end-stage organ fail-
re. Among liver transplant recipients, chronic

cipients with ESRD. Some cases have multiple histologic
4). Adapted and reprinted with permission, Copyright
ients with ESRD (n � 45). *Nonrecovery from pretrans-
rmission from Gonwa TA, Mai ML, Melton LB, et al.
tation (OLTX) using calcineurin-based immunotherapy.
:1934-9 (http://lww.com).8

Table 2. Risk Factors for Renal Disease in
Nonrenal Transplant Recipients

Risk factors common to all organ types
Age at transplantation
Systemic hypertension
Diabetes mellitus
Drug-induced nephrotoxicity

(nonimmunomodulating agents)
Perioperative ARF

Cardiac transplantation
Systemic atherosclerosis
Renal hypoperfusion caused by congestive

heart failure
Cyanotic congenital heart disease

Lung transplantation
Cystic fibrosis
Pulmonary hypertension
FSGS secondary to chronic hypoxia

Liver transplantation
Secondary Immunoglobulin A nephropathy
Hepatitis B– or C–associated

glomerulonephritides
Hepatorenal syndrome
Oxalosis
Repeat liver transplantation MELD

score � 21
lant re
n � 2
r recip
ith pe

nsplan
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Nonrenal solid organ transplantation 501
iral hepatitides independently cause kidney
isease and a large proportion of liver trans-
lant recipients show significant glomerular
isease on renal histology before liver trans-
lantation even when clinical features of kid-
ey disease are absent.35 Prolonged hepatorenal
yndrome may not resolve completely after
iver transplantation.36 Heart transplant recipi-
nts most often suffer from systemic atheroscle-
osis involving small and large renal vessels.37–39

retransplant histology in cardiac transplant
andidates showed advanced arteriolar hyalino-
is and obsolescent glomeruli in a large percent-
ge of patients before transplantation or to
xposure to calcineurin inhibitors (CNIs).39

hronic glomerular hypoxia associated with cy-
notic congenital cardiac disorders and chronic
ung disease has been associated with second-
ry focal segmental glomerulosclerosis (FSGS).
n one study of lung transplant recipients, cys-
ic fibrosis was accompanied by an increased
isk of posttransplant renal failure.40

CNIs (cyclosporine and tacrolimus) are es-
ential posttransplant immunosuppressive
gents with inherent nephrotoxicity that often
ead to a number of distinct renal syndromes
ncluding oligoanuric acute renal failure,
hronic kidney disease, type IV renal tubular
cidosis, hyperkalemia, and thrombotic mi-
roangioapthy.41–44 In comparison studies in
hich clinical features are evaluated, cyclo-

porine and tacrolimus generally have similar
cute and chronic nephrotoxic effects. Acute
NI nephrotoxicity is caused by intense vaso-
onstriction of the renal microcirculation, par-
icularly the afferent arteriole, resulting in an
cute reversible decrease in glomerular perfu-
ion and glomerular filtration rate (GFR). This
cute hemodynamic insult is not immediately
ssociated with damage to the renal paren-
hyma—hence, it is a functional prerenal ef-
ect. The chemical mediators of CNI-mediated
enal vasoconstriction are thought to include
rachidonic acid metabolites (especially throm-
oxane) and endothelin. Local activation of the
ympathetic nervous system and effects on ni-
ric oxide metabolism also play a role. More
evere acute CNI toxicity may be associated
ith signs of damage (such as vacuolization) to
enal tubular cells—these changes are not spe- p
ific. In general, there is some correlation be-
ween trough blood concentrations and acute
ephrotoxicity.45

There is a large body of evidence indicating
hat the chronic nephrotoxic effect of CNIs is
ediated by angiotensin II (ang II).46,47 Cyclo-

porine-induced arteriolopathy develops only
n the afferent arteriole where renin is localized
bundantly.48 Chronic cyclosporine administra-
ion in human beings stimulates both plasma
enin and prorenin activity with concurrent hy-
erplasia of the juxtaglomerular apparatus.49–51

ncreased synthesis of the pluripotent fibro-
enic cytokine transforming growth factor �
TGF-�) appears to be a central pathophysio-
ogic process by which CNIs cause chronic re-
al injury.52 TGF-�1–induced gene product is
xpressed prominently in the renal tissue of
NI-treated heart, lung, and renal transplant

ecipients.46,52–54 Angiotensin-converting en-
yme inhibitor–mediated reductions in TGF-�1
oncentrations correlated directly with preser-
ation of renal function in patients with dia-
etic nephropathy.55 Although serum levels of
GF-� are not reliable indicators of prosclerotic
ytokine activity,56,57 the correlation between
GF-�1 and renal function deterioration sup-
ort the role of TGF-�1 as a downstream effec-
or cytokine of angiotensin II (ang II) in the face
f CNI exposure.

Ang II and aldosterone have central roles in
he development of tubulointerstitial fibrosis
nd glomerulosclerosis, which are the hall-
arks of CNI-induced CKD (Fig. 2). Ang II,

drenocorticotropic hormone (ACTH), and po-
assium stimulate the synthesis and secretion of
ldosterone from the zona glomerulosa of the
drenal gland.58 Acting synergistically and inde-
endently, ang II and aldosterone participate
irectly in renal vascular injury and vascular
hrombosis.59–67 In the presence of ang II, ex-
erimental infusion of aldosterone increases
he expression of plasminogen activator inhib-
tor-1 (PAI-1) in a concentration-dependent
ashion.68 PAI-1 is a SERPIN family cytokine that
romotes extracellular matrix protein deposi-
ion by mesangial cells.68 Renal histology in
yclosporine-treated organ transplant recipi-
nts showed hyperplastic juxtaglomerular ap-

aratus.49,51,69 Although there are extrarenal
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502 A.O. Ojo
ites of ang II synthesis, the intrarenal renin
ngiotensin aldosterone system (RAAS) is, by
ar, physiologically dominant because the con-
entration of ang II in the peritubular capillaries
nd proximal tubules is approximately 1,000
imes higher than in the systemic circulation.70

GF-� is essential to the immunosuppressive
ffect of CNI. Ang II stimulates the synthesis of
GF-�, platelet-derived growth factor, and nu-
lear factor �B, hence leading to exuberant
broblast proliferation, collagen deposition,
nd inflammation.74 In an experimental model
f CNI nephropathy, cyclosporine produced ar-
eriolopathy in the renal tissue together with
ncreased renal cortical expression of messen-
er RNA for TGF-�, collagen I, collagen IV,
bronectin, and epidermal growth factor.74 The
ounterbalancing effects of tissue inhibitors of
etalloproteinases and plasmin on excessive

xtracellular matrix deposition is abrogated by
ng II through its up-regulation of PAI-1 and
ecreased synthesis of tissue inhibitors of met-
lloproteinases. In summary, human and exper-
mental evidence empirically supports the con-
truct that CNI-induced stimulation of ang II
nd aldosterone production act synergistically
o promote intrarenal fibrosis and glomerulo-
clerosis, which manifest as CKD on chronic

Figure 2. Pathogenesis of calcineurin inhibitor-induce
xposure to CNI.71-73,75 f
Other immunosuppressive agents that may
e risk factors for renal disease are the mamma-

ian target of rapamycin (mToR) agents (siroli-
us and everolimus), which are being used

ncreasingly as CNI-sparing agents in organ
ransplant recipients. These agents may poten-
iate the nephrotoxic effects of CNI when used
n combination with standard doses of CNI.76–78

sed without CNI, the mToR have not been
hown to cause deterioration of the GFR,79 but
any recent reports have implicated these

gents in the development of new-onset pro-
einuria in both renal and nonrenal transplant
ecipients.80,81

IAGNOSIS AND MANAGEMENT

RF

normal serum creatinine measurement is an
nsensitive marker of ARF in the nonrenal trans-
lant population, particularly in the periopera-
ive period when creatinine generation may be
ompromised by end-organ failure–induced
uscle atrophy and malnutrition. Typical clini-

al features of isolated CNI nephrotoxicity in-
lude an increasing creatinine level over hours
o days and a bland urinalysis. Signs of extrare-
al toxicity such as tremor may be present. The

rotoxicity. Adapted and reprinted with permission.94,95
ractional excretion of sodium may be low
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Nonrenal solid organ transplantation 503
�1%), in keeping with the functional prerenal
ffects of CNI. Rarely, there are signs of an
cute thrombotic microangiopathy: increased
lasma lactate dehydrogenase (LDH) levels, de-
reased hemoglobin and platelet levels, shisto-
ytes on blood smear, and low serum haptoglo-
in levels. In the immediate posttransplant
eriod, a kidney biopsy almost never is per-

ormed and the diagnosis relies almost exclu-
ively on clinical findings. The presence of mul-
iple nephrotoxic insults should lead to
requent screening for ARF before telltale signs
f increased serum creatinine concentration
nd/or oligoanuria supervenes. Recipient with
higher risk of ARF include those with a newly

ransplanted heart who show temporary right
eart failure (because of recipient pulmonary
ypertension) or a newly transplanted liver re-
ipient with prolonged intraoperative hypoten-
ion or initial nonfunction of the liver allograft
esulting in hepatorenal syndrome. Bleeding,
cute myocardial infarction, or sepsis with as-
ociated hypovolemic, cardiogenic, or distribu-
ive shock, respectively, or amphotericin and
ther nephrotoxic agents should alert the renal
rovider to imminent ARF.
The management of ARF in the immediate or

arly posttransplant period is largely support-
ve. Standard measures to optimize the mean
rterial pressure and optimize renal perfusion
hould be used. When possible, nephrotoxic
rugs should be stopped. Nonnephrotoxic al-
ernatives to amphotericin now are available
nd should be considered when antifungal ther-
py is required.82 In instances in which the
nitial renal function is poor, antilymphocyte
ntibody preparations (such as interleukin-2–
eceptor blockers or thymoglobulin [Genzyme,
ambridge, MA]) can be used to delay introduc-

ion of the CNI without an increased risk of
ejection. This strategy is being tested in 3 on-
oing randomized controlled trials sponsored
y Roche (Basel, Switzerland) and Genzyme.

KD

he typical presentation of CKD in nonrenal
ransplant recipients is a large decrease in the
FR in the first 6 months posttransplant, often
0% to 50%.31 Thereafter, the GFR usually sta-

ilizes or decreases more slowly. However, a t
ignificant percentage of patients ultimately
rogress to end-stage renal disease (ESRD).
ther clinical features include hypertension.
espite the antiproteinuric effect of the CNI,
roteinuria may be present if secondary FSGS
evelops, particularly in patients with congen-

tal heart disease or in liver recipients with
econdary Immunoglobulin A nephropathy as a
esult of poor liver allograft function. Labora-
ory features of a low-grade thrombotic mi-
roangiopathy also are present.83,84 In advanced
ases, renal ultrasonography shows normal- or
educed-size kidneys unless there is concomi-
ant diabetic nephropathy or other kidney dis-
ases associated with nephromegaly.

Renal biopsy is not performed frequently in
onrenal transplant recipients with CKD
ainly because at the time of clinical presenta-

ion or referral to the nephrologist most pa-
ients already have contraindications that miti-
ate against safely performing a diagnostic renal
iopsy (small kidneys, acquired bleeding disor-
ers, severe orthopnea, inability to lie prone for
n extended period of time, and inability to
ooperate with respiratory maneuvers). In the
eries in which renal biopsy was performed and
histologic diagnosis was established, arteriol-
pathy, stripped interstitial fibrosis, and obso-

escent glomeruli were the typical find-
ngs.8,36,85 Histopathologic findings consistent

ith but not pathognomonic of CNI-induced
hronic nephrotoxicity include stripped atro-
hy and fibrosis of the tubulointerstitium, hya-

inization of arterioles and glomeruli at various
tages of ischemic collapse, and sclerosis. In 26
iver transplant recipients who underwent renal
iopsy, Pillebout et al85 found the predominant
istologic lesions to be CNI arteriolopathy in
6%, diabetic nephropathy in 34%, and FSGS in
4%. Gonwa et al8 reported on 45 liver recipi-
nts with ESRD who had undergone renal bi-
psy and found CNI-induced changes in 73%,
SGS in 7%, cystic kidney disease in 7%, and
ther diagnoses in 7%. In a series of 24 heart
ransplant recipients, Coopersmith et al36 found
ypertensive nephrosclerosis in 30%, FSGS in
6%, diabetic nephropathy in 6%, and CNI-me-
iated lesions in 60%.

The clinical management of CKD in nonrenal

ransplant recipients is based on a combination
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f the specific measures such as manipulation
f CNI therapy (the dominant causative factor)
nd the application of consensus guidelines for
he management of CKD in the nontransplant
opulation. Appropriate and early treatment of
ypertension, diabetes mellitus, and hepatitis C
ill limit renal damage from these conditions.
here is a modicum of evidence that calcium
hannel blockers improve GFR if added to a
NI-immunosuppressive regimen based on the

ationale that calcium channel blockers reduce
he degree of afferent arteriole vasoconstric-
ion.31 Because of the central efficacy role of
NI in posttransplant immunosuppression,

here has been reluctance to pursue protocols
ithout CNI in recipients of nonrenal trans-
lants. Moreover, immunologic events such as
cute rejection of nonrenal organs have poten-
ially catastrophic consequences because a
ack-up analogous to dialysis in renal transplan-
ation is not available. Safe reduction in CNI
osage, at least in patients with a low likelihood
f acute rejection, has been shown to slow the
ate of CKD progression.86–88 Protocols that
ncorporate mycophenolate mofetil or mToR
an be used to reduce CNI dosage. Sirolimus or
verolimus should be used with great caution in
he immediate posttransplant period because of
ound healing complications caused by the

ntiproliferative effect of this class of agents.89

Treatment of ESRD in nonrenal transplant
ecipients with hemodialysis or peritoneal dial-
sis is feasible and 3% to 5% of the chronic
emodialysis population are nonrenal trans-
lant recipients. Maintenance dialysis is associ-
ted with a prohibitively high risk of premature
ortality in this population. Many series have

ound that kidney transplantation confer signif-
cant survival benefits in nonrenal transplant
ecipient with ESRD.8,9,36 Kuo et al90 found im-
roved survival in a series of 9 cardiac recipi-
nts who underwent deceased donor renal
ransplantation. Coopersmith et al36 also showed
urvival benefits of kidney transplantation in a
eries of heart, lung, and liver transplant recip-
ents with ESRD. Gonwa et al8 found a 6-year
urvival rate of 71.4% in liver transplant recipi-
nts who received kidney transplantation after
he onset of ESRD compared with 27% for their

ialysis-treated counterparts. Molmenti et al91
eported an equally large survival advantage of
idney transplantation in liver transplant recip-
ents. Although kidney transplantation was as-
ociated with an increased risk of death in the
arly postoperative period after kidney trans-
lantation, the surgical risk dissipated by 6
onths after transplantation and, in the long

erm, recipients see a 40% to 70% lower risk of
eath compared with wait-listed, dialysis-
reated, nonrenal transplant recipients.90–92
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