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WAITING TIME ON DIALYSIS AS THE STRONGEST MODIFIABLE
RISK FACTOR FOR RENAL TRANSPLANT OUTCOMES

A PAIRED DONOR KIDNEY ANALYSIS1

HERWIG-ULF MEIER-KRIESCHE2,3 AND BRUCE KAPLAN2

Background. Waiting time on dialysis has been
shown to be associated with worse outcomes after liv-
ing and cadaveric transplantation. To validate and
quantify end-stage renal disease (ESRD) time as an
independent risk factor for kidney transplantation,
we compared the outcome of paired donor kidneys,
destined to patients who had ESRD more than 2 years
compared to patients who had ESRD less than 6
months.

Methods. We analyzed data available from the U.S.
Renal Data System database between 1988 and 1998 by
Kaplan-Meier estimates and Cox proportional hazards
models to quantify the effect of ESRD time on paired
cadaveric kidneys and on all cadaveric kidneys com-
pared to living-donated kidneys.

Results. Five- and 10-year unadjusted graft survival
rates were significantly worse in paired kidney recip-
ients who had undergone more than 24 months of di-
alysis (58% and 29%, respectively) compared to paired
kidney recipients who had undergone less than 6
months of dialysis (78% and 63%, respectively; P<0.001
each). Ten-year overall adjusted graft survival for ca-
daveric transplants was 69% for preemptive trans-
plants versus 39% for transplants after 24 months on
dialysis. For living transplants, 10-year overall ad-
justed graft survival was 75% for preemptive trans-
plants versus 49% for transplants after 24 month on
dialysis.

Conclusions. ESRD time is arguably the strongest
independent modifiable risk factor for renal trans-
plant outcomes. Part of the advantage of living-donor
versus cadaveric-donor transplantation may be ex-
plained by waiting time. This effect is dominant
enough that a cadaveric renal transplant recipient
with an ESRD time less than 6 months has the equiv-
alent graft survival of living donor transplant recipi-
ents who wait on dialysis for more than 2 years.

Kidney transplantation is considered the treatment modal-
ity of choice for the majority of patients with end-stage-renal
disease (ESRD). Preemptive transplantation has been advo-
cated over transplantation after a period of dialysis. Initially
this position was motivated by the observation that preemp-

tive renal transplant recipients were doing significantly bet-
ter than patients who had undergone longer periods of main-
tenance dialysis (1, 2). These studies, however, could not
exclude the potential selection bias of lower risk patients who
obtain preemptive transplants and, therefore, could not di-
rectly implicate dialysis as a causal factor for the worse graft
survival in transplants after maintenance dialysis. Evidence
that time on dialysis in itself conferred a higher risk for graft
loss after transplantation came initially from a single-center
study by Cosio et al. who showed that increased time on
dialysis before transplantation was associated with de-
creased patient and graft survival (3). The argument that
time on dialysis itself is an independent risk factor for graft
loss was strengthened by a subsequent retrospective study
that was based on U.S. Renal Data System (USRDS) data
that showed a clear dose effect of the detrimental effect of
dialysis time on transplant outcomes not only for patient and
graft survival but somewhat surprisingly also for death-cen-
sored graft survival in both cadaveric and living transplan-
tation (4). In addition, this study found that the dose-depen-
dent detrimental effect of dialysis time was proportional
across different primary disease groups, making an argu-
ment against the hypothesis that the risk of increased ESRD
time was only related to cumulative disease burden. Shortly
thereafter, Mange et al. confirmed the better outcomes of
living donated grafts in preemptive transplants versus pa-
tients on dialysis for longer periods of time (5).

All previous studies looked at the relative impact of ESRD
time on subsequent renal transplant outcomes, but they did
not quantify this risk factor. In addition, it was difficult to
quantify ESRD time as a risk factor unless proven to be
independent of potential donor-related confounding factors.
It is conceivable that part of the negative effect of ESRD time
is related to poorer kidney grafts going to people who have
been on the waiting list for longer times.

For this reason, we decided to first investigate whether
ESRD time is a risk factor for outcomes after kidney trans-
plantation independent of donor factors and, if so, to subse-
quently quantify the absolute impact of ESRD time in cadav-
eric and living transplantation. Identifying ESRD time as a
donor-independent risk factor would be of great significance
because ESRD time would have to be considered a modifiable
risk factor for kidney transplantation.

To ascertain that ESRD time before kidney transplanta-
tion is a significant risk factor for graft survival independent
of donor factors, we analyzed 2,405 kidney pairs harvested
from the same donor and transplanted subsequently into one
recipient with short ESRD time and the other in a recipient
with long ESRD time (6). We also assessed overall 5- and
10-year graft survival rates by length of pretransplant dial-
ysis in living versus cadaveric transplants in an attempt to
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quantify the relative impact of ESRD time versus living dona-
tion in determining long-term outcomes after transplantation.

MATERIALS AND METHODS

We retrospectively analyzed data available from the USRDS for
renal transplantations performed between 1988 and 1998 in the
United States. In the database, we identified all cadaveric donors
from whom two kidneys had been available for transplantation. We
limited the analysis to kidney pairs that would go to primary adult,
single-organ, renal transplant recipients. All pairs of which one
kidney went to a six-antigen–matched recipient were excluded from
the analysis. We then identified those kidney pairs that went to one
recipient who had been on dialysis for less than 6 months, including
preemptive transplants, and to the other recipient who had been on
dialysis for more than 2 years.

Study endpoints for this cohort of patients were overall graft
survival, patient survival, death-censored graft survival, and patient
survival with a functioning graft. We compared the study endpoints
between the kidney pairs by Kaplan-Meier analysis and estimated
whether observed differences were significant by the log-rank test.

In addition, we used a Cox proportional hazards model to obtain
adjusted survival rates for short versus long pretransplant ESRD
time. These models were adjusted for known risk factors for graft
and patient survival such as recipient demographics (but not donor
demographics), HLA match, panel reactive antibody (PRA), immu-
nosuppressive regimen, and delayed graft function.

We also identified a second cohort of patients in whom all solitary
adult first renal transplants between 1988 and 1998 were included.
In this cohort of patients, we estimated differences in graft survival
by Kaplan-Meier methods and calculated adjusted graft survival
rates from a Cox proportional hazards model, which adjusted for the
covariates and for the donor demographics. To evaluate the relative
impact of waiting time on dialysis versus the affect of living versus
cadaveric transplantation, we introduced an interaction term be-
tween ESRD time and transplant modality in the Cox model.

In addition, we retrospectively analyzed 77,469 patients with
ESRD who had been on the cadaveric renal transplant waiting list
for at least 2 years between 1988 and 1998. We used a Cox nonpro-
portional hazards model that used time to transplantation as the
time-dependent covariate to estimate the risk for death associated
with cadaveric renal transplantation compared to remaining on the
waiting list (7).

A probability of type 1 error less than 0.05 was considered the
threshold of statistical significance. For multiple comparisons, we
used Bonferroni methods to assess statistical significance. Statistical
analysis was performed with SAS version 8.2 and SPSS version 11.0.

RESULTS

Table 1 displays the demographics of recipients of paired
kidneys in the short versus long ESRD time group. Donor
demographics were identical between the groups because of
each kidney pair selected, one kidney went to the short ESRD
time group and one kidney went to the long ESRD time
group. Recipient age was significantly higher in the patients
who had been on dialysis for more than 2 years. Peak percent
PRA before transplantation was significantly higher in pa-
tients in the long ESRD time group, but HLA matching was
not significantly different between the groups. Cold ischemia
time was virtually identical between the groups. Recipient
gender distribution was similar, whereas African American
recipients were observed more frequently in the long ESRD
time group. Immunosuppressive therapy was equally distrib-
uted between the groups. Acute rejection and delayed graft
function were both significantly more frequent in the long
ESRD time group.

By Kaplan-Meier analysis, 5- and 10-year graft survival
rates for paired kidneys (Fig. 1) were significantly worse in
the patients who had undergone more than 24 months of
dialysis (58% and 29%, respectively) compared to the pa-
tients who had been on dialysis for less than 6 months before
transplantation (78% and 63%, respectively, P�0.001 each).
The 5- and 10-year unadjusted death-censored graft survival
rates for paired kidneys were 86% and 77%, respectively, in
patients who had been transplanted early compared to 77%
and 57%, respectively, in patients who were transplanted
late (P�0.001 each).

Five- and 10-year unadjusted overall patient survival for
paired kidneys was 89% and 76%, respectively, in the group
on dialysis less than 6 months compared to 76% and 43%,

TABLE 1. Demographic characteristics of 2,405 recipients of
paired kidneys with short compared to long ESRD

ESRD time
�6 mo

ESRD time
�24 mo P

N 2,405 2,405
Donor age (years) 33.3�16.0 33.3�16.0 nsa

Recipient age (years) 44.3�12.8 47.3�12.5 �0.01a

Peak PRA (%) 12.0�22.9 17.3�26.7 �0.01a

AB mismatch 3.0�1.1 3.1�1.0 nsa

DR mismatch 1.5�0.7 1.5�0.7 nsa

ESRD time (mo) 1.1�1.9 51.2�34.6 �0.01a

Cold time 22.7�10.3 22.8�10.2 nsa

Female recipients 40.2% 41.4% nsb

Female donor 38.1% 38.1% nsb

AA recipient 19.1% 33.2% �0.01b

AA donor 10.8% 10.8% nsb

Mechanical perfusion 12.5% 12.4% nsb

Antibody Induction 33.3% 33.2% nsb

MMF 13.5% 14.4% nsb

Neoral 13.6% 13.6% nsb

Prograf 5.7% 5.6% nsb

DGF 20.1% 31.2% �0.01b

Acute rejection 24.0% 27.4% �0.01b

a t test.
b Chi-square test.
MMF, mycophenolate mofetil; ns, not significant.

FIGURE 1. Unadjusted graft survival in of 2,405 recipients of
paired kidneys with short compared to long ESRD time.
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respectively, in the group on dialysis for more than 2 years
(P�0.001 each). The 5- and 10-year adjusted graft survival
for paired kidneys was 78% and 60%, respectively, in the
short ESRD time group and 65% and 41%, respectively, in
the long ESRD time group, and the relative risk for graft loss
in the long ESRD time group was 1.73 (confidence interval
1.54–1.95, P�0.001).

The unadjusted graft survival of all cadaveric transplants
between 1988 and 1998 is displayed in Figure 2. The 10-year
overall unadjusted graft survival was 71% in the preemptive
group, 49% in the 0 to 6 month dialysis group, 43% in the 6
to 12 month dialysis group, and 38% in the 12 to 24 month
dialysis group and 35% in the patient group who had been on
dialysis for more than 24 months.

For all living donated kidneys, the 10-year overall unad-
justed graft survival (Fig. 3) was 78% in the preemptive
group, 62% in the 0 to 6 month dialysis group, 55% in the 6
to 12 month dialysis group, and 50% in the 12 to 24 month
dialysis group and 48% in the patient group who had been on
dialysis for more than 24 months.

Relative risks for graft loss and 10-year adjusted graft
survival rates in all cadaveric versus living transplants by
ESRD time are displayed in Table 2. Preemptive cadaveric
transplants were assigned the reference group in the inter-
action model to evaluate the relative impact of waiting time
on cadaveric versus living transplants. Only living preemp-
tive transplants did significantly better than preemptive ca-
daveric transplants (10-year adjusted graft survival rate of
75% vs. 69%, P�0.001). All other categories did significantly
worse. Living transplants performed on patients who had
been on dialysis up to 6 months were associated with a
significantly higher risk of graft loss (relative risk�1.4,
P�0.001) than preemptive cadaveric transplants with a pro-
jected 10-year graft survival of 62% versus 69%, respectively.
Cadaveric transplants performed after more than 2 years of
maintenance dialysis had the worst projected 10-year graft
survival of 39%.

The results of the Cox nonproportional hazards model that
investigated the relative benefit of transplantation versus
dialysis in patients on dialysis for at least 2 years is dis-
played in Figure 4. Of the 77,469 patients still on the waiting

list after 2 years, 15,414 eventually underwent cadaveric
renal transplantation whereas 61,055 remained on the wait-
ing list until the study ended in June 1999. After 5 years,
cadaveric renal transplantation was associated with a rela-
tive risk of 0.58 (P�0.001) compared to patients who re-
mained on the cadaveric renal transplant waiting list. The
evolution of the risk over time after cadaveric renal trans-
plantation is displayed in Figure 4.

DISCUSSION

Our study demonstrates that waiting time on dialysis be-
fore transplantation is quantitatively one of the largest in-
dependent modifiable risk factors for graft loss after kidney
transplantation. By analyzing pairs of donor kidneys that
were transplanted in a recipient with short ESRD time and a
recipient with long ESRD time, we can effectively exclude
that part of the elevated risk for graft loss in the recipients
who had undergone dialysis for a prolonged time was a result
of donor characteristics not readily available from the
database.

Because of the national donor policy to share six-antigen–
matched kidneys regardless of waiting time and across organ
procurement organizations, more six-antigen matches can be
found in preemptive cadaveric transplants. To prevent this
potential bias in analyzing graft survival in the paired-kid-
ney analysis, we excluded all kidney pairs of which any
kidney went to a six-antigen–matched recipient. After this
adjustment, the distribution of HLA matches was almost
identical between recipients who received transplants early
and those who received transplants late.

Although we excluded a donor selection bias, it is conceiv-
able that the worse unadjusted graft survival in the long
ESRD time group was to a certain degree a result of higher
risk recipients. On the other hand, higher PRA and more
advanced recipient age are probably intrinsic characteristics
of the patients with prolonged waiting time. When adjusting
in the multivariate analysis for these risk factors, including
African American recipients, we still observed an absolute
difference of 12% worse graft survival in the long ESRD time
recipients at 5 years and 19% worse graft survival at 10
years. This translates into a 15% relative difference in graft

FIGURE 2. Unadjusted graft survival in 56,587 recipients of
cadaveric transplants by length of dialysis treatment before
transplant.

FIGURE 3. Unadjusted graft survival in 21,836 recipients of
living transplants by length of dialysis treatment before
transplant.
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survival at 5 years and an overwhelming 32% relative differ-
ence at 10 years. These numbers quantify the real affect of
length of ESRD time on graft survival and make ESRD time
the largest potentially modifiable risk factor for renal trans-
plant outcomes.

The magnitude of the impact of ESRD time on outcomes is
also reflected by the multivariate model including all pa-
tients, showing a 44% worse 10-year graft survival in cadav-
eric renal transplant recipients on dialysis for more than 2
years. Even in living donated kidneys, in which a potential
donor selection bias is less likely, the overall adjusted 10-
year graft survival rate was 35% worse in recipients who had
been on dialysis for prolonged periods of time.

Note that the beneficial effect of a living transplant com-
pared to a cadaveric transplant gradually fades when living
transplants are performed after the patients have spent pro-
longed times on dialysis. By analyzing ESRD time versus
transplant modality with an interaction term in the multi-
variate analysis, we were able to evaluate the relative benefit
of living transplantation versus waiting time on dialysis. The
10-year–adjusted living graft survivals for transplants after
more than 2 years of dialysis are similar to 10-year–adjusted
cadaveric graft survival for transplants performed within the
first 6 months of dialysis initiation. In fact, much of the
overall beneficial effects of living donation on graft survival
shown in literature (8, 9) seem to be attributable to the on
average shorter ESRD times in these patients. At any given

wait time, living donor recipients still have better graft sur-
vival rates than cadaveric donor recipients; however, this
effect is smaller than the affect of waiting time.

Of the basis of this data, waiting time on dialysis for a
kidney transplant should be considered when determining
the optimal choice of transplant type for a patient with near
ESRD. Also, on the basis of this data, a cadaveric kidney
transplant with an average waiting time of 2 years (U.S.
average) yields a 48% worse 10-year graft survival compared
to a preemptive living transplant. Obviously, waiting times
vary widely across the United States, and pertinent informa-
tion in regard to the locally expected waiting time and the
resulting adjusted 10-year graft survival rates in living ver-
sus cadaveric transplantation can be obtained from Table 2.

Despite the worse outcomes after transplantation in pa-
tients who received transplants after prolonged times on
dialysis, the survival advantage of transplantation over dial-
ysis was maintained even in the patients who had been on
dialysis for more than 2 years. This suggests that whatever
ongoing damage occurs to patients while they are on dialysis
may be halted after transplantation. In fact, the relative
long-term mortality benefit of transplantation over dialysis
in this cohort of patients with ESRD times more than 2 years
was similar to the survival benefit shown for the overall
cohort of transplant recipients published by Wolfe et al. (7).

The reason that an increased waiting time on dialysis is
associated with decreased graft and patient survival can not be
discerned from the data that we have presented. One possible
explanation may be that, while dialysis is clearly a life-saving
therapy, it is a less-than-perfect renal replacement modality
and, thus, the longer patients wait on dialysis for a transplant
the longer patients are exposed to the chronic effects of end-
stage renal failure and dialysis. It is well documented that
patients on dialysis have alterations in the concentration of a
number of substances (e.g., homocysteine, advanced glycosyla-
tion end products, and lipoproteins) that may predispose these
patients to both cardiovascular and renal allograft vascular
damages (10–16). In addition, the poor nutrition, chronic in-
flammatory state, altered immunologic function, and inade-
quate clearance that often accompanies patients with ESRD on
dialysis (17, 18) may predispose these patients to poorer toler-
ance to the immunosuppressive agents after transplantation.
Therefore, patients on long-term dialysis may be at a disadvan-
taged state when they finally receive their transplant.

CONCLUSION

Transplant waiting time on dialysis is one of the strongest
independent modifiable risk factors for renal transplant out-
comes. A large part of the advantage of living versus cadav-

TABLE 2. Adjusted overall 10-year graft survival in cadaveric compared to living donor recipients by ESRD timea

ESRD time
Cadaveric donor Living donor

RR (CI) Graft survival RR (CI) Graft survival

Preemptive 1 (Ref) 69% 0.84 (0.7–0.9) 75%
0–6 mo 1.9 (1.8–2.0) 49% 1.4 (1.2–1.5) 62%
6–12 mo 2.0 (1.9–2.1) 47% 1.6 (1.5–1.8) 56%
12–24 mo 2.3 (2.1–2.4) 43% 1.8 (1.6–1.9) 54%
�24 mo 2.5 (2.3–2.6) 39% 2.1 (1.9–2.3) 49%

a Calculated from Cox model adjusting for donor and recipient demographics, HLA matching, cold ischemia time, and immunosuppressive
regimen.

RR, relative risk; CI, confidence interval; Ref, reference group.

FIGURE 4. Mortality risk of recipients of cadaveric renal
transplants vs. wait-listed patients with ESRD who were on
dialysis for at least 2 years.
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eric transplantation may also be explained by this phenom-
enon. This effect is dominant enough that a cadaveric renal
transplant recipient with ESRD time less than 6 months has
the equivalent graft survival as living-donor transplant re-
cipients who wait on dialysis for more than 2 years.

Organ allocation models geared toward improving out-
comes in patients with ESRD will have to take into account
that changes in average waiting time are a major factor in
determining posttransplant graft and patient survival. Be-
cause waiting times are increasing as a result of the widening
gap between the increase in the demand for organs and the
increase in organ donations, improvements in cadaveric graft
survival seen over the past decade may be difficult to match
in the coming decade.
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DIAGNOSIS AND TREATMENT OF LATENT TUBERCULOSIS
INFECTION IN LIVER TRANSPLANT RECIPIENTS IN AN

ENDEMIC AREA

NATIVIDAD BENITO,1,3 OMAR SUED,1 ASUNCIÓN MORENO,1 JUAN PABLO HORCAJADA,1 JULIÀ GONZÁLEZ,1

MIQUEL NAVASA,2 AND ANTONI RIMOLA2

Background. Treatment of latent tuberculosis infec-
tion (LTBI) with isoniazid is recommended for trans-
plant recipients with positive tuberculin skin test
(TST). However, TST could be an imperfect identifier

of LTBI in this population. In addition, the risk of
isoniazid hepatotoxicity could be high in liver trans-
plant recipients (LTR). A retrospective cohort study
was performed to evaluate the diagnosis and treat-
ment of LTBI in LTR.

Methods. Charts of all 547 patients who received pri-
mary liver transplantation at a University Hospital in
Spain between 1988 and 1998 were reviewed.

Results. TST was performed in 373 patients (71%)
before transplantation. The result was positive in 89
(24%). The median follow-up after transplantation was
49 months. None of the TST-positive patients devel-
oped tuberculosis (TB), but 5 out of 284 patients with
negative TST (1.76%) had active TB (P�0.6). Twenty-
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