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ABSTRACT

BACKGROUND

Transplantation of nonrenal organs is often complicated by chronic renal disease with
multifactorial causes. We conducted a population-based cohort analysis to evaluate the
incidence of chronic renal failure, risk factors for it, and the associated hazard of death
in recipients of nonrenal transplants.

METHODS
Pretransplantation and post-transplantation clinical variables and data from a registry
of patients with end-stage renal disease (ESRD) were linked in order to estimate the cu-
mulative incidence of chronic renal failure (defined as a glomerular filtration rate of 29
ml per minute per 1.73 m2 of body-surface area or less or the development of ESRD)
and the associated risk of death among 69,321 persons who received nonrenal trans-
plants in the United States between 1990 and 2000.

RESULTS

During a median follow-up of 36 months, chronic renal failure developed in 11,426 pa-
tients (16.5 percent). Of these patients, 3297 (28.9 percent) required maintenance dial-
ysis or renal transplantation. The five-year risk of chronic renal failure varied according
to the type of organ transplanted — from 6.9 percent among recipients of heart-lung
transplants to 21.3 percent among recipients of intestine transplants. Multivariate analy-
sis indicated that an increased risk of chronic renal failure was associated with increasing
age (relative risk per 10-year increment, 1.36; P<0.001), female sex (relative risk among
male patients as compared with female patients, 0.74; P<0.001), pretransplantation
hepatitis C infection (relative risk, 1.15; P<0.001), hypertension (relative risk, 1.18;
P<0.001), diabetes mellitus (relative risk, 1.42; P<0.001), and postoperative acute re-
nal failure (relative risk, 2.13; P<0.001). The occurrence of chronic renal failure signif-
icantly increased the risk of death (relative risk, 4.55; P<0.001). Treatment of ESRD with
kidney transplantation was associated with a five-year risk of death that was signifi-
cantly lower than that associated with dialysis (relative risk, 0.56; P=0.02).

CONCLUSIONS

The five-year risk of chronic renal failure after transplantation of a nonrenal organ rang-
es from 7 to 21 percent, depending on the type of organ transplanted. The occurrence of
chronic renal failure among patients with a nonrenal transplant is associated with an in-
crease by a factor of more than four in the risk of death.
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HRONIC RENAL FAILURE IS A RECOG-

nized complication of organ transplanta-

tion.1-8 Calcineurin-inhibitor therapy, a key
component of immunosuppressive regimens for
patients undergoing transplantation, has been im-
plicated as a principal cause of post-transplantation
renal dysfunction,®1° which may lead to severe tu-
bular atrophy, interstitial fibrosis, and focal hyali-
nosis of small renal arteries and arterioles.11-16
Furthermore, renal disease before transplantation,
perioperative hemodynamic insults to the kidneys,
nephrotoxic effects of other drugs, dyslipidemia, hy-
pertension, and diabetes mellitus can all contribute
to chronic renal failure in recipients of nonrenal
organs.17,18

Renal failure after the transplantation of a non-
renal organ complicates medical management,
leading to increased morbidity and mortality.14.19-22
The incidence of chronic renal disease among re-
cipients of nonrenal transplants varies widely, from
10 to 83 percent,1:5:22-24 most likely owing to the
lack of a standard definition of post-transplantation
renal disease, differences in the types of transplan-
tation studied, and variable periods of follow-up.
Furthermore, occurrences of reversible postopera-
tive acute renal failure are included in some reported
estimates.

Reports of the progression of chronic renal fail-
ure to end-stage renal disease (ESRD) in recipients
of nonrenal transplants have been contradicted by
some reports suggesting a self-limited decrease in
renal function without a measurable effect on pa-
tient outcomes.2:%,11,15,25-28 We performed a pop-
ulation-based cohort analysis involving recipients
of heart, lung, liver, and intestine transplants who
were included in the Scientific Registry of Trans-
plant Recipients (SRTR) in order to determine the
incidence of chronic renal failure, the risk factors
for this condition, and the risk of death associated
with itand to describe the outcomes of approaches
to renal replacement (dialysis or kidney transplan-
tation).

METHODS

SOURCES OF DATA
Our study was based on data obtained from the
SRTR, the Centers for Medicare and Medicaid Serv-
ices (CMS), and the Death Master File of the Social
Security Administration (SSA). The SRTR maintains
a data base of all candidates for and recipients of
solid-organ transplants in the United States. Pa-

tients on waiting lists for organ transplantation and
those who receive organ transplants are tracked on a
periodic basis with the use of data-collection forms
completed by organ-transplantation programs and
submitted to the Organ Procurement and Trans-
plantation Network. These follow-up data, in addi-
tion to data from the network regarding patients on
waiting lists and the allocation of organs, are includ-
ed in the SRTR data base. The SRTR supplements
information on vital status with data on deaths from
the SSA’s Death Master File and the Medicare Bene-
ficiary Database maintained by the CMS. Data col-
lection by the SRTR is exempt from oversight under
the “public benefit or service program” provi-
sions of the Code of Federal Regulations (45 CFR
46.101[b1[5]), as approved by the institutional re-
view board of the Health Resources and Services
Administration of the Department of Health and
Human Services.

The Death Master File includes updated informa-
tion on all participants in the Social Security system.
Information on deaths reported to the SSA for the
administration of the death, disability, and retire-
ment benefit programs is kept in the Death Master
File data base.

The CMS maintains a data base of all patients
treated for ESRD in the United States, which in-
cludes information about demographics, treatment,
hospitalization, and costs for Medicare beneficiar-
ies and other patients with ESRD who have re-
ceived maintenance renal-replacement therapy.2°
This data base also includes records of any changes
in vital status or method of renal replacement, in-
cluding kidney transplantation.

STUDY SUBJECTS
The study population for our analysis included pa-
tients who received a heart, lung, heart-lung, liver,
orintestine transplant in the United States between
January 1, 1990, and December 31, 2000. This peri-
od was chosen as a period of relevant clinical-prac-
tice experience and to ensure that the follow-up in-
formation would be complete. We excluded from
the analysis patients in whom the transplantation of
a kidney or pancreas preceded the transplantation
of a heart, lung, liver, or intestine and those who
underwent combined heart-liver, liver—kidney, or
heart—kidney transplantation. The sample in the
analysis included 69,321 patients who received a
first nonrenal solid-organ transplant during the
study period. Patients entered the study on the date
of the transplantation of the nonrenal organ or or-
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gans and were followed until death or December 31,
2001, whichever occurred first.

We constructed an analysis file containing infor-
mation on the base-line demographic and clinical
characteristics of the patients. These base-line data
were linked to serum creatinine levels from post-
transplantation follow-up forms in order to cal-
culate the estimated glomerular filtration rate ac-
cording to the four-variable formula used in the
Modification of Diet in Renal Disease Study.3° The
analysis file was linked to the ESRD data base of
the CMS in order to identify patients who received
renal-replacement therapy after transplantation of a
nonrenal organ. The date of placement on the wait-
ing list for kidney transplantation was tracked for
patients with nonrenal transplants in whom ESRD
developed. The change from dialysis to transplan-
tation was also tracked in order to identify patients
who received a renal transplant from a living donor
and those who received a cadaveric kidney.

STATISTICAL ANALYSIS

The primary end point analyzed was chronic renal
failure (defined as a glomerular filtration rate of
29 ml per minute per 1.73 m? of body-surface area
or less, according to the clinical-practice guidelines
of the National Kidney Foundation3?) or the onset
of ESRD (as determined by the initiation of dialysis
therapy or preemptive kidney transplantation). An
analysis of competing risks32 was conducted to de-
termine the cumulative incidence of chronic renal
failure after transplantation. Variables for chronic
renal failure and death were used to generate a curve
showing the cumulative incidence of chronic renal
failure among patients with each category of trans-
plant.

A multivariate Cox regression model was used to
analyze the relation between chronic renal failure
and the following covariates: age; race; sex; the pres-
ence or absence of pretransplantation hepatitis, di-
abetes mellitus, or systemic hypertension; the use or
nonuse of a calcineurin inhibitor (cyclosporine or
tacrolimus) forimmunosuppressive therapy during
the initial hospitalization for transplantation; the
presence or absence of postoperative acute renal
failure (defined as a 50 percent decrease from base
line in the glomerular filtration rate or the need for
one or more dialysis treatments during the initial
hospitalization for transplantation); and the type
of nonrenal organ transplanted and year of trans-
plantation.

A separate time-dependent Cox regression mod-

el was used to study the long-term effect of chronic
renal failure on mortality. To avoid mingling the risk
of death associated with the transplantation proce-
dure with the relation that may exist between chron-
ic renal failure and mortality, the analysis of the risk
of death associated with chronic renal failure began
three months after transplantation. Patients who
died within three months after transplantation of a
nonrenal organ were not included in the analysis of
post-transplantation death rates.

Next, we evaluated the type of renal-replacement
therapy provided to patients in whom chronic renal
failure developed. We estimated the probability of
receipt of a kidney transplant as treatment for ESRD
among patients who had received a nonrenal trans-
plantand in the general population of patients with
ESRD by using a competing-risks model adjusted
for age, race, cause of ESRD, and time since the on-
set of ESRD.

Finally, a time-dependent Cox regression model
was used to estimate the effect of kidney transplan-
tation on mortality among recipients of a nonrenal
transplant who had ESRD and were on a waiting
list for a kidney. The average relative risk of death
after kidney transplantation was estimated at five
time points after transplantation (days 30, 90, 183,
731, and 1825) for recipients of nonrenal trans-
plants; the reference group for this analysis was the
patients who were treated with dialysis. In this analy-
sis, adjustment was made for the duration of ESRD
before placement on the waiting list, as previously
described.33:34 All reported P values are two-sided,
and a Pvalue of less than 0.05 was considered to in-
dicate statistical significance.

RESULTS

BASE-LINE CHARACTERISTICS

The base-line characteristics of the recipients of
nonrenal transplants are summarized in Table 1.
Recipients of liver and heart transplants accounted
for 53.2 percent and 34.7 percent of the patients,
respectively; recipients of intestine and combined
heart-lung transplants accounted for less than
1 percent each. The average age at the time of trans-
plantation of the nonrenal organ or organs was ap-
proximately 45 years, except among recipients of
intestine and heart-lung transplants (19 years and
33 years, respectively). Coexisting conditions were
present before transplantation in a substantial mi-
nority of the patients; these included drug-treated
hypertension (in 10.2 percent of patients), diabetes
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Table 1. Base-Line Characteristics of Recipients of Nonrenal Organ Transplants in the United States, 1990 to 2000.*
Characteristic Transplant Recipients
All Organs Liver Heart Lung Heart-Lung Intestine
(N=69,321) (N=36,849) (N=24,024) (N=7644) (N=576) (N=228)
Age —yr 45+18 44+18 47+18 4615 33+15 19+18
Male sex — no. (%) 43,688 (63.0) 21,312 (57.8) 18,285 (76.1) 3729 (48.8) 242 (42.0) 120 (52.6)
Race — no. (%)
White 60,118 (86.7) 31,714 (86.1) 20,586 (85.7) 7111 (93.0) 518 (89.9) 189 (82.9)
Black 6,336 (9.1) 3,039 (8.2) 2,802 (11.7) 433(57)  34(5.9) 28 (12.3)
Asian 1,495 (2.2) 1,126 (3.1) 309 (L3)  45(0.6) 13 (2.3) 2(0.9)
Other 1,372 (2.0) 970 (2.6) 327(14)  55(0.7)  11(L9) 9 (3.9)
Height — cm 161.9+29.8  158.5+31.7  164.5+30.1 165.5£17.1 157.6+24.4 142.0+39.4
Weight — kg 73.1+25.5 70.9+25.9 77.3+25.2 68.8+22.4  60.2+20.0  41.0+25.7
Hypertension before transplan- 7,047 (10.2) 2,111 (5.7) 4,343 (18.1) 555 (7.3) 36 (6.3) 2 (0.9)
tation — no. (%)
Diabetes mellitus before trans- 5,633 (8.1) 3,347 (9.1) 1,569 (65) 675(3.8)  21(3.6)  21(9.2)
plantation — no. (%)
Positive for hepatitis B surface 2,292 (3.3) 2,069 (5.6) 164 (0.7) 56 (0.7) 2 (0.3) 1(0.4)
antigen — no. (%)
Positive for hepatitis C antibody 8,402 (12.1) 7,901 (21.4) 389 (1.6) 97 (1.3) 13 (2.3) 2 (0.9)
— no. (%)
Dialysis before transplantation 1,059 (1.5) 825 (2.2) 230 (1.0) 4(0.1) 0 0
—no. (%)
Pretransplantation glomerular
filtration rate — no. (%)
290 ml/min/1.73 m2 35,196 (50.8) 17,057 (46.3) 12,497 (52.0) 5100 (66.7) 369 (64.1) 173 (75.9)
60-89 ml/min/1.73 m2 17,626 (25.4) 9,918 (26.9) 5,558 (23.1) 1979 (25.9) 138 (24.0) 33 (14.5)
30-59 ml/min/1.73 m2 13,088 (18.9) 7,141 (19.4) 5373 (22.4) 495 (65) 62 (10.8) 17 (7.5)
<29 ml/min/1.73 m2 3,411 (4.9) 2,733 (7.4) 596 (2.5) 70 (0.9) 7(12) 5(2.2)
Calcineurin inhibitor during
initial hospitalization
for transplantation —
no. (%)
Tacrolimus 19,473 (28.1) 16,407 (44.5) 1,452 (6.0) 1338 (17.5) 86 (14.9) 190 (83.3)
Cyclosporine 41,797 (60.3) 16,398 (44.5) 19,196 (79.9) 5789 (75.7) 407 (70.7) 7(3.1)
Sirolimus treatment during 590 (0.9) 471 (1.3) 78(0.3)  25(0.3) 2(03)  14(6.1)
initial hospitalization
for transplantation —
no. (%)
Year of organ transplantation
— no. (%)
1990-1993 20,980 (30.3) 10,493 (28.5) 8,490 (35.3) 1761 (23.0) 206 (35.8) 30 (13.2)
1994-1997 26,410 (38.1) 13,780 (37.4) 9,072 (37.8) 3240 (42.4) 232 (40.3) 86 (37.7)
1998-2000 21,931 (31.6) 12,576 (34.1) 6,462 (26.9) 2643 (34.6) 138 (24.0) 112 (49.1)

* Plus—minus values are means +SD. Because of rounding, percentages may not sum to 100.

plantation centers.
- Data were missing for 8051 patients.

 Designations of race were submitted to the Organ Procurement and Transplantation Network by the individual trans-

mellitus (in 8.1 percent), and hepatitis C infection
(in 12.1 percent). The mean (+SD) glomerular fil-
tration rate before transplantation was 75+31 ml per
minute per 1.73 m?; the pretransplantation glomer-
ular filtration rate was less than 60 ml per minute
per 1.73 m2 in 23.8 percent of the patients, and 1.5
percent of the patients had been treated with dialy-
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sis between registration for the transplantation of a
nonrenal organ and the receipt of a transplant.

INCIDENCE OF CHRONIC RENAL FAILURE

The median duration of follow-up from the time of
transplantation of the nonrenal organ to the end of
the cohort study was 36 months (mean, 46+38).
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Figure 1. Cumulative Incidence of Chronic Renal Failure among 69,321 Persons Who Received Nonrenal Organ Trans-
plants in the United States between January 1, 1990, and December 31, 2000.

The risk of chronic renal failure was estimated with a noncompeting-risk model. Measurements of renal function were
obtained at six-month intervals during the first year and annually thereafter.

During follow-up, chronic renal failure developed
in 11,426 patients (16.5 percent). ESRD developed
in 3297 of the patients with newly diagnosed chron-
ic renal failure (28.9 percent). The risk of chronic
renal failure increased over time among patients
with all categories of nonrenal transplants (Fig. 1).
Table 2 shows the five-year cumulative incidence of
chronic renal failure for each category of nonrenal
transplant, which ranged from 6.9 percent among
patients with heart-lung transplants to 21.3 percent
among patients with intestine transplants. ESRD
occurred at a rate of 1.0 to 1.5 percent per year
among patients with a nonrenal transplant.

RISK FACTORS FOR CHRONIC RENAL FAILURE

Multivariate Cox nonproportional-hazards regres-
sion analysis revealed that the overall risk of chronic
renal failure was associated with a number of vari-
ables, including the patient’s age, race, and sex; the
pretransplantation glomerular filtration rate; and
the presence or absence of pretransplantation hy-
pertension, diabetes mellitus, or hepatitis C infec-
tion (Table 3). When the glomerular filtration rate
was analyzed as a continuous variable, a decrement
of 10 ml per minute per 1.73 m? in the pretrans-
plantation glomerular filtration rate was associated
with an increase of 9 percent in the risk of chronic
renal failure (relative risk, 1.09; 95 percent confi-

dence interval, 1.07 to 1.10). Greater reductions in
the pretransplantation glomerular filtration rate31
were also associated with progressive increases in
the risk of chronic renal failure. Overall, Asian pa-
tients and patients in the “other ” category for race
had a lower risk of chronic renal failure than white
patients (relative risk, 0.77 and 0.73, respectively;
P<0.001 for both comparisons). No independent
effect of race on the risk of chronic renal failure
was detected in a comparison of black and white
patients.

Apart from the risk factors that were significant
for all categories of nonrenal transplants, the sus-
ceptibility factors associated with individual types
of nonrenal transplants varied (Table 3). In organ-
specific multivariate Cox regression models, only
age, sex, presence or absence of postoperative acute
renal failure, presence or absence of diabetes melli-
tus, and the year of transplantation were significant-
ly associated with the risk of chronic renal failure
among patients with any of the four major catego-
ries of nonrenal transplants. We did not constructa
separate model for patients with intestine trans-
plants because of the relatively small number of
these patients. A combined regression model was
used for patients with heart transplants and those
with heart-lung transplants because of the nearly
identical findings for these two categories.
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Table 2. Cumulative Incidence of Chronic Renal Failure According to the Type
of Transplanted Organ.*

Type of
Organ

Heart
Heart-lung
Intestine
Liver

Lung

Relative Risk of

Cumulative Incidence of Chronic Chronic Renal Failure

Renal Failure after Transplantation (95% CI)
12 Mo 36 Mo 60 Mo
percentage +SE

1.9+0.1 6.8+0.2 10.9+0.2  0.63 (0.61-0.66)
1.7+0.5 4.2+0.9 6.9+1.1  0.48 (0.36-0.65)
9.6+2.0 14.2+2.4 21.3+3.4  1.36 (1.00-1.86)
8.0+0.1 13.9+0.2 18.1+0.2  1.00 (reference group)
2.9+0.2 10.0+0.4 15.8+0.5  0.99 (0.93-1.06)

* Cl denotes confidence interval.

936

There was a record of treatment with a cal-
cineurin inhibitor (cyclosporine or tacrolimus) dur-
ing the initial hospitalization for transplantation for
88.4 percent of the patients. As compared with the
patients for whom the calcineurin-inhibitor treat-
ment status was known, those with missing or un-
known data on such treatment (at the time of the
initial hospitalization for transplantation) had a
lower risk of chronic renal failure (relative risk, 0.87;
P<0.001). Among patients who had received liver
transplants, the excess risk of chronic renal failure
associated with the use of a calcineurin inhibitor
was greater with cyclosporine therapy than with ta-
crolimus therapy (relative risk, 1.25; P<0.001). In
this subgroup, we found no association between
sirolimus therapy and chronic renal failure. Less
than 1 percent of recipients of all extrarenal organs
(590 patients) received sirolimus, with or without a
calcineurin inhibitor, during the initial hospitaliza-
tion for transplantation.

In keeping with the well-established association
between hepatitis C and various glomerulonephrit-
ides, 3% a positive result on a serologic test for hepa-
titis C before transplantation was significantly asso-
ciated with an elevated risk of chronic renal failure
(overall relative risk, 1.15; P<0.001), except among
recipients of lung transplants. There was an elevated
risk of chronic renal failure among patients with a
previous diagnosis of hypertension (overall relative
risk, 1.18; P<0.001), except among recipients of liv-
er transplants. Diabetes mellitus was associated
with chronic renal failure among patients with
transplants of all categories (overall relative risk,
1.42; P<0.001). Postoperative acute renal failure
(a 50 percent reduction in the glomerular filtration

N ENGL J MED 349;10 WWW.NEJM.ORG

rate or a need for urgent dialysis treatment) occurred
in 7.6 percent of the patients and was associated
with an increase by a factor of more than two in the
risk of chronic renal failure among patients with
transplants of all categories (overall relative risk,
2.13; P<0.001).

RISK OF DEATH AFTER CHRONIC RENAL FAILURE
The risk of death associated with the onset of chron-
ic renal failure after the transplantation of a nonre-
nal organ was evaluated by means of a time-depend-
ent Cox regression model, as described by Mauger
etal.33and Wolfe et al.34 In a comparison with trans-
plant recipients who did not have chronic renal fail-
ure, and with allowance for at least three months of
equivalent follow-up after transplantation, chronic
renal failure was associated with an elevated risk of
death after transplantation (relative risk, 4.55; 95
percent confidence interval, 4.38 to 4.74; P<0.001).
The excess risk of death associated with chronic re-
nal failure was not accounted for by the presence of
ESRD alone, since patients who met the glomeru-
lar-filtration-rate criterion for chronic renal failure
butin whom ESRD had not developed had a risk of
death twice as high as thatamong transplant recip-
ients who did not have chronic renal failure (data
not shown).

RENAL TRANSPLANTATION IN PATIENTS

WITH NONRENAL ORGAN TRANSPLANTS

Forty-six percent (1516) of the patients with nonre-
nal transplants in whom ESRD developed were
placed on a waiting list for kidney transplantation.
In this subgroup, the adjusted annual incidence of
kidney transplantation was 30.9 percent, as com-
pared with 27.4 percent among all patients with
ESRD on waiting lists for transplantation. The ad-
justed median time to kidney transplantation was
689 days for the patients who had received a nonre-
nal transplant, as compared with 771 days for the
overall population of candidates for kidney trans-
plants (P=0.02). Figure 2 shows the mortality rate
among patients with nonrenal transplants who re-
ceived a kidney transplant, as compared with pa-
tients with nonrenal transplants who were being
treated with dialysis and awaiting kidney transplan-
tation. An initial transient increase in mortality after
kidney transplantation (relative risk at 30 days, 3.42;
P=0.05) was followed by a progressive decrease in
risk, so that 141 days after kidney transplantation,
the patients who had received a kidney transplant
had the same mortality rate as the patients still on

SEPTEMBER 4, 2003

Downloaded from www.nejm.org by JOSEPH FELDSCHUH MD on September 17, 2003.
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



RENAL FAILURE AFTER NONRENAL TRANSPLANTATION

Table 3. Risk Factors Associated with Chronic Renal Failure in Recipients of Nonrenal Organ Transplants.*
Overall Relative Risk Relative Risks in Subgroups
Variable (95% Cl) P Value of Recipients
Heart and
Liver Heart-Lung Lung
Transplants Transplants Transplants
Age (per 10-year increment) 1.36 (1.34-1.38) <0.001 1.29 1.56 1.40
Pretransplantation glomerular filtration
rate
=90 ml/min/1.73 m2 1.00 (reference group) 1.00 1.00 1.00
60-89 ml/min/1.73 m2 1.38 (1.30-1.46) <0.001 1.54 1167 1.00t
30-59 ml/min/1.73 m2 2.25 (2.12-2.39) <0.001 2.54 1.92 1.00F
<29 ml/min/1.73 m2 3.41 (3.15-3.70) <0.001 3.78 2.82 1.427
Missing or unknown 1.33 (1.21-1.46) <0.001 1.25 1.29 1.137
Postoperative acute renal failure:: 2.13 (1.99-2.27) <0.001 2.11 3.03 4.56
Dialysis treatment before transplantation 1.46 (1.27-1.68) <0.001 1.45 1.25¢ —§
Male sex 0.74 (0.71-0.77) <0.001 0.71 0.78 0.68
Race
White 1.00 (reference group) 1.00 1.00 1.00
Black 1.02 (0.95-1.10) 0.57 1017 1.05¢ 0.91%
Asian 0.77 (0.66—0.89) <0.001 0.79 0.867 0.327
Other 0.73 (0.63-0.85) <0.001 0.76 0.58 1.341
Calcineurin-inhibitor treatment during
initial hospitalization
Tacrolimus 1.00 (reference group) 1.00 1.00 1.00
Cyclosporine 1.24 (1.17-1.30) <0.001 1.25 0.98 1.09+
Missing or unknown 0.87 (0.80-0.95) <0.001 0.63 1.047 1.107
Sirolimus treatment during initial
hospitalization
No 1.00 (reference group) 1.00 1.00 1.00
Yes 1.19 (0.94-1.52) 0.16 1.211 1.821 0367
Hepatitis B 1.06 (0.96-1.18) 0.25 1.047 1417 0.667
Hepatitis C 1.15 (1.08-1.23) <0.001 1.22 1.34 1.074
Hypertension before transplantation 1.18 (1.10-1.26) <0.001 1.045 1.24 1.26
Diabetes mellitus before transplantation  1.42 (1.33-1.51) <0.001 1.39 151 1.53
Year of transplantation
1998-2000 1.00 (reference group) 1.00 1.00 1.00
1994-1997 1.08 (1.02-1.14) 0.008 1.23 0.80 0.84
1990-1993 1.31 (1.15-1.48) <0.001 1.52 0.927 0.62

* Relative risks were calculated with multivariate Cox nonproportional regression models that included all variables in the

table as covariates. Cl denotes confidence interval.
T The relative risk was not significant (P=0.05).

i Postoperative acute renal failure was defined as a 50 percent reduction from base line in the glomerular filtration rate or
a need for dialysis treatment during the initial hospitalization for transplantation.
§ There were only four patients with lung transplants who had received dialysis treatment before transplantation, so an es-

timate of the relative risk is not available.

the waiting list. Thereafter, the patients who re-
ceived a kidney transplant had a lower risk of death,
which was sustained until five years after transplan-
tation (relative risk at day 1825, 0.56; P=0.02). Be-
cause of the initial excess mortality associated with
the kidney-transplantation procedure, the propor-
tion of patients who survived in the group that re-
ceived a kidney transplant did not match the pro-

N ENGL J MED 349;10 WWW.NEJM.ORG

portion in the group of patients on the waiting list
until 506 days after kidney transplantation.

DISCUSSION

In our cohort study, chronic renal failure emerged
as a relatively common complication in recipients of
nonrenal transplants, affecting 7 to 21 percent with-
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Figure 2. Relative Risk of Death Associated with the Method of Renal Replacement (Dialysis or Kidney Transplantation)
among Recipients of Nonrenal Organ Transplants Who Had Chronic Renal Failure.

in five years after transplantation of a nonrenal or-
gan. The risk of chronic renal failure and the need
for long-term renal-replacement therapy will in-
crease further, given the trend toward increasing
longevity in the overall population of recipients of
nonrenal transplants, which currently numbers
more than 100,000. Such a trend has already been
demonstrated in single-center studies showing an
increasing rate of chronic renal failure in direct pro-
portion to longevity among recipients of heart and
liver transplants.”»19,20,36 The potential for a greater
caseload of patients with ESRD has serious fiscal
implications for the ESRD program of Medicare,
which currently spends $13 billion annually (ap-
proximately 6 percent of the total annual Medicare
budget) on less than 1 percent of the 40 million
Medicare enrollees (300,000 patients with ESRD).2°

In our study of patients with nonrenal trans-
plants, chronic renal failure was associated with an
increase in mortality by a factor of more than four
(relative risk of death, 4.55; 95 percent confidence
interval, 4.38 to 4.74), which is consistent with more
recent evidence of excess risk of death among pa-
tients with chronic renal insufficiency who have had
an acute myocardial infarction or who have conges-
tive heart failure.37:38 In view of the high incidence
of chronic renal failure and the excess risk of death
associated with it, it seems prudent to counsel pa-
tients undergoing transplantation of a nonrenal or-

gan about the likelihood of chronic renal failure, just
as they are typically cautioned about the risks of oth-
er complications — such as post-transplantation
cancer, which occurs much less frequently than
chronic renal failure.

The risk of chronic renal failure in our study was
higher among recipients of liver transplants who
were treated with cyclosporine than among those
who were treated with tacrolimus — a difference
thatwas not evidentamong patients with other types
of transplants. The results of studies comparing the
risk of kidney failure among transplant recipients
receiving cyclosporine-based immunosuppressive
regimens with the risk among those receiving tac-
rolimus-based regimens have been contradicto-
ry.39-43 Most comparative evaluations of calcineurin-
induced nephrotoxic effects are of limited validity,
because either the study patients were recipients of
renal transplants (who lacked the sympathetic in-
nervation of the allograft that has been implicated
in the pathogenesis of toxic effects of calcineurin)
or the study involved a switch from one calcineurin
inhibitor to another after chronic renal failure had
already been established.

The variability in risk among patients with differ-
ent types of organ transplants in our study points to
the existence of other important patient-specific and
organ-specific susceptibility traits. Our data show
that diabetes mellitus, hypertension, and hepatitis C
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infection are independent risk factors in the aggre-
gate, although their prevalence and effect varied ac-
cording to the type of organ transplanted. For exam-
ple, recipients of liver transplants had a prevalence
of hepatitis C 0of 21.4 percent, with an associated 22
percent excess risk of chronic renal failure. In con-
trast, recipients of lung transplants had a prevalence
of hepatitis C of about 1 percent, with no detectable
associated increase in the risk of chronic renal fail-
ure. We did not measure certain cardiovascular risk
factors (e.g., hyperlipidemia and insulin resistance)
that are recognized side effects of immunosuppres-
sive medications#+45 and potential contributors to
the progression of chronic renal failure in patients
who have received different types of transplants.8:20

As in the general population of patients with

ESRD,3446-49 the high mortality associated with
ESRD was substantially mitigated by kidney trans-
plantation among patients with nonrenal trans-
plants in our study and in other studies.>%51 In ad-
dition to the analysis of the influence of calcineurin
inhibitors, attention to preexisting renal diseases,
pretransplantation renal function, and modifiable
cardiovascular risk factors might reduce the long-
term risk of chronic renal failure after the transplan-

tation of nonrenal organs.
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