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THE SUPERIOR RESULTS OF LIVING-DONOR RENAL
TRANSPLANTATION ARE NOT COMPLETELY CAUSED BY

SELECTION OR SHORT COLD ISCHEMIA TIME: A SINGLE-
CENTER, MULTIVARIATE ANALYSIS

J. I. ROODNAT,1,5 I. C. VAN RIEMSDIJK,1 P. G. H. MULDER,2 I. DOXIADIS,4 F. H. J. CLAAS,4 J. N. M.
IJZERMANS,3 T. VAN GELDER,1 AND W. WEIMAR1

Background. The results of living-donor (LD) renal
transplantations are better than those of postmortem-
donor (PMD) transplantations. To investigate whether
this can be explained by a more favorable patient se-
lection procedure in the LD population, we performed
a Cox proportional hazards analysis including vari-
ables with a known influence on graft survival.

Methods. All patients who underwent transplanta-
tions between January 1981 and July 2000 were in-
cluded in the analysis (n!1,124, 2.6% missing values).
There were 243 LD transplantations (including 30 un-
related) and 881 PMD transplantations. The other
variables included were the following: donor and re-
cipient age and gender, recipient original disease,
race, current smoking habit, cardiovascular disease,
body weight, peak and current panel reactive anti-
body, number of preceding transplants and type and
duration of renal replacement therapy, and time since
failure of native kidneys. In addition, the number of
human leukocyte antigen identical combinations, first
and second warm and cold ischemia periods, left or
right kidney and fossa, donor kidney anatomy, donor
serum creatinine and proteinuria, and transplanta-
tion year were included.

Results. In a multivariate model, donor origin (PMD
vs. LD) significantly influenced the graft failure risk
censored for death independently of any of the other
risk factors (P!0.0303, relative risk!1.75). There was
no time interaction. When the variable cold ischemia
time was excluded in the same model, the significance
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of the influence of donor origin on the graft failure
risk increased considerably, whereas the magnitude
of the influence was comparable (P!0.0004, relative
risk!1.92). The influence of all other variables on the
graft failure risk was unaffected when the cold isch-
emia period was excluded. The exclusion of none of
the other variables resulted in a comparable effect.
Donor origin did not influence the death risk.

Conclusion. The superior results of LD versus PMD
transplantations can be partly explained by the di-
chotomy in the cold ischemia period in these popula-
tions (selection). However, after adjustment for cold
ischemia periods, the influence of donor origin still
remained significant, independent of any of the vari-
ables introduced. This superiority is possibly caused
by factors inherent to the transplanted organ itself,
for example, the absence of brain death and cardiovas-
cular instability of the donor before nephrectomy.

The dire need of kidneys for transplantation has led to
increasing numbers of living (un)related donor transplanta-
tions. In univariate analyses, living-donor (LD) kidney trans-
plantations have been shown to have better results compared
with postmortem donor (PMD) transplantations (1–5).

Figure 1 shows the results of a univariate analysis regard-
ing survival with a functioning graft (overall graft survival)
of LD versus PMD transplantations performed at our center.
At 5 years, the graft survival is 80% in those who received an
organ from an LD versus 58% in those who received an organ
from a PMD. We speculated whether this difference could be
attributed completely to organ origin or whether other dif-
ferences between the LD and the PMD populations play a
role. We investigated whether the difference in graft survival
between the two populations can be explained on the basis of
differences in the prevalence of variables with a known in-
fluence on graft survival. We performed a multivariate anal-
ysis to correct for other variables with a known influence on
the graft failure risk censored for death.

MATERIALS AND METHODS

Patients

The first living (un)related renal transplant performed at the
University Hospital Rotterdam “Dijkzigt” was in 1981. Between Jan-
uary 1981 and July 2000, 1,124 kidney transplantations were per-
formed. The analysis was performed in June 2001, and all patients
had at least 1 year of follow-up. One or more variables were missing
in 29 patients (2.6%).

Immunosuppression

Initially, azathioprine was the primary immunosuppressant, ad-
ministered in a dose of 2 to 3 mg/kg body weight. From July 1983
onward, cyclosporine has been the primary immunosuppressant,
administered on the basis of 12-hr trough levels. Steroids were
started on the day of transplantation and were gradually tapered to
a maintenance dose of 10 mg of prednisone daily 6 months after
transplantation. Throughout the study period, patients were in-
cluded in several immunosuppressive treatment protocols. Although
some of these treatments resulted in a significant reduction in the
number of acute rejection episodes, none of them resulted in a sig-
nificant increase in 1-year graft or patient survival.

Statistical Analysis

Two separate analyses were performed: Graft survival censored
for death was the endpoint of observation in the first analysis, and
patient survival censored for graft failure was the endpoint of obser-
vation in the second analysis. The observation included a 3-month
period after graft failure. There were no exclusions for technical or
nonimmunologic failures. Potential associations with survival were
analyzed with the Cox proportional hazards regression model. Apart
from donor origin (LD or PMD), the 23 variables mentioned in Table
1, transplantation year, and native kidney disease were candidate
explanatory variables (26 variables).

Because the number of variables was large compared with the
number of events (n!362), a univariate analysis was performed on
all variables separately. The nine variables with the highest P values
(P"0.23) were excluded, and the model was run with the 17 other
variables. Variables were selected by backward elimination using
likelihood ratio tests. When no more variables met the criteria for
exclusion, the nine variables that were excluded previously were
included simultaneously in the model and tested again using back-
ward elimination.

Linearity of the influence of all variables was checked by the
introduction of high-order variables (e.g., squares). To investigate
the time dependency of the effect of all remaining variables on the
risk for graft failure censored for death, we performed an analysis
according to Smits et al. (6). First, an attempt was made to estimate
and test time dependency by one coefficient for the interaction be-
tween the linear predictor as a whole and the logarithm of time (one
mutual time interaction term). Next, a comparison was made with a
model in which each explanatory variable had its own interaction
with the logarithm of time, irrespective of its coefficient in the linear
predictor of main effects. In case the latter model seemed superior in
terms of goodness-of-fit, backward elimination was used to further
try to take out time dependencies to obtain the final model.

Because the influence of azathioprine and cyclosporine on survival
seemed to not satisfy the proportional hazards assumption, we chose
to stratify for immunosuppressive medication. The analyses were
performed with SPSS for Windows version 9.0 (SPSS Inc., Chicago,
IL). P values 0.05 or less were considered significant.

RESULTS

Similar to the trend observed in many centers worldwide,
the number of LD transplantations performed in our center
has increased, and the number of PMD transplantations has

FIGURE 1. Kaplan Meier curve comparing survival after living-
donor (LD) versus postmortem donor (PMD) transplantation.
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decreased. The percentage of LD transplantations represents
more than one-third of the total number of transplantations
performed in the last 5 years. Most LDs were siblings (who
more often donated to brothers than to sisters), and parents
were the next most frequent donors. Partner donation has
increased during the last 2 years.

The LD and PMD recipient populations differed in many
respects. Transplantation characteristics are shown in Table
1. Recipients were significantly younger and donors were
significantly older in the LD population compared with the
PMD population. Peak and current panel reactive antibody
were lower in those who received an LD organ. Recipients of
an LD organ waited a shorter time for the transplantation,
and hemodialysis was used less often. This is because more
patients received an LD organ without preceding renal re-
placement therapy. Warm ischemia time was significantly
longer in the LD population because of the introduction of
laparoscopic donor nephrectomy in 1999. As would be ex-
pected, cold ischemia time was significantly shorter in the
LD population. Donor serum creatinine was significantly
lower in the LD population. Although the mean number of
human leukocyte antigen (HLA) mismatches was not differ-
ent between the groups, there were significantly more HLA
identical transplantations in the LD population. In addition,
there were more first transplants, more female donors, and
more frequent normal anatomy in the LD population (Table
1). The prevalence of the various native kidney diseases was
not different between the populations.

There were 362 failures and 244 deaths in the period
studied. In the method by Smits et al., (6) the interaction of
each variable with the logarithm of time is proportional to
the main effect of that variable, with the same proportional-
ity parameter for all variables. This constant proportionality
parameter was tested for significance, and the model was not

significantly better compared with the model without time-
interaction variables (P!0.6974). However, this model is a
simplification of the model in which the interaction with the
logarithm of time is left completely free (i.e., independent of
the main effect). Subsequently, this complete model was
tested, and here we did find an amelioration of the fit of the
model with all variables having their own interaction with
time (P!0.008 likelihood ratio test). Because not all time-
interaction variables significantly influenced the risk, we
decided to eliminate those according to the backward elimi-
nation method. Finally, only two time-interaction variables
were left that exerted a significant effect on the risk of fail-
ure. These were cold ischemia time (P!0.0126) and donor
serum creatinine (P!0.0393). This final model did not fit
significantly worse with the data than the model with all
time interactions (P!0.099 likelihood ratio test).

Donor origin significantly influenced the graft failure risk
censored for death without interaction with any of the other
variables or time. To find out which variables were most
influential for the success of LD renal transplantation and its
superior results, each variable (one at a time) was eliminated
from the model. Thus, the model was run nine times, each
time omitting another variable. When the model was run
without cold ischemia time, the same variables turned out to
influence the risk for graft failure with comparable signifi-
cance and magnitude in both models (Table 2). However, the
influence of donor origin became more significant with a
comparable magnitude (Table 2). The exclusion of none of the
other variables resulted in such a large shift in significance of
the influence of donor origin (data not shown). The other
variables with a significant influence on the graft failure risk
are shown in Table 2.

Donor origin was not found to influence the death risk in a
separate analysis.

TABLE 1. Transplantation characteristics
All LD PMD P

Number 1,124 243 881
Recipient age (mean#SD) 44.8#13.5 39.5#13.7 46.3#13.0 $0.0001
Male recipients (%) 58.5 58.4 58.5 NS
Recipient race (% white) 80.1 81.9 79.6 NS
Recipient weight (kg) 68.9#14.0 70.0 68.6 NS
Current smoking (%) 38.4 39.9 38.0 NS
Cardiovascular disease (%) 11.4 10.3 11.7 NS
Peak PRA (mean#SD) 27.6#30.0 18.9#25.8 30.0#30.7 $0.0001
Current PRA (mean#SD) 10.9#21.0 8.4#19.1 11.6#21.5 0.035
First transplant (%) 79.4 87.7 77.2 0.001
No preceding RRT (%) 9.7 24.7 5.6 $0.0001
Time since failure native kidneys (mo) 41.2#50.9 28.1 44.8 $0.0001
Time on RRT before present transplantation (mo) 30.3#31.4 16.6#23.8 34.0#32.2 $0.0001
Donor age (mean#SD) 39.8#16.3 45.6#12.7 38.2#16.8 $0.0001
Male donors (%) 58.9 49.4 61.5 $0.0001
Donor creatinine (umol/L) 86.4#36.7 74.2#14.9 89.9#40.1 $0.0001
Donor proteinuria (%) 19.1 0 25.8 $0.0001
Normal anatomy kidney (%) 78.7 84.4 77.2 0.013
Left kidney (%) 45.6 48.1 44.9 NS
Left fossa (%) 47.4 48.6 47.1 NS
First warm ischemia period (min) 1.4#3.5 2.7#4.2 1.1#3.2 $0.0001
Second warm ischemia period (min) 30.5#11.0 28.4#10.4 31.1#11.1 $0.0001
Cold ischemia period (hr) 21.6#12.0 2.5#0.8 27.3#7.3 $0.0001
HLA identical (%) 16.0 23.0 14.1 0.001

LD, living donor; PMD, postmortem donor; PRA, panel reactive antibody; SD, standard deviation; RRT, renal replacement therapy; HLA,
human leukocyte antigen; NS, not significant.
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DISCUSSION

There have been few studies comparing the influence of
donor origin (LD or PMD) with the risk of graft failure in a
multivariate analysis (7–9). There were two multicenter
studies with large numbers of patients (7, 8) and one small
single-center study (9). All of the studies investigated the
graft failure risk uncensored for death and showed a better
prognosis for the LD population. This means that death was
included in the analysis as an endpoint of observation. In-
cluding death as an endpoint of observation will influence
and obscure the results, because the risk factors that deter-
mine death are unlikely to be the same as those that deter-
mine graft failure (10). Even worse, a variable that favorably
affects the risk for graft failure may have a negative effect on
the risk for death. This has been shown in the present study
and other studies for recipient age; increasing recipient age is
associated with increasing risk of death but with a decreas-
ing risk of graft failure censored for death (11–13). Cold
ischemia time was included in all three studies; the effect on
the risk was not mentioned (7), not significant (8), and re-
spectively significant (9).

The population studied in the present analysis consisted of
patients who received an LD or a PMD transplantation. Most
donors are siblings and parents, but the number of partners
is increasing. Table 1 shows the characteristics, and it is
striking that there are remarkable differences between the
two populations concerning variables that are known from
other studies to influence graft survival. In fact, the differ-
ences between the populations could explain the differences
in graft survival between the LD and PMD populations. In
the LD population, we more often see a lower number of
previous transplants, lower peak and current panel reactive
antibody, shorter cold ischemia period, lower donor serum
creatinine, shorter period of renal replacement therapy be-
fore the present transplantation, normal anatomy of the kid-
ney graft, and more HLA identical combinations. These have
all been associated with a better prognosis (5, 7–9, 13–23).
Conversely, lower recipient and higher donor age are associ-
ated with a worse prognosis concerning graft survival, and
they are also dominate in the LD population (11, 12, 24). In
the Cox proportional hazard analysis, all these influences are

weighed, and the influence of one variable can be expressed
adjusted for the influences of all other variables in the anal-
ysis. We found that the relative risk for graft failure censored
for death is significantly influenced by donor origin, indepen-
dently of any of the other variables (Table 2, P!0.0303).
However, after exclusion of cold ischemia time and its time-
dependent effect, the influence of donor origin is more signif-
icant (P!0.0004, relative risk!1.92), whereas the influence
of the remaining variables is unaffected (Table 2). In the
complete model, no interaction is found between cold isch-
emia period (and its time interaction) and donor origin. There
is a dichotomy in cold ischemia time on the basis of donor
origin, because 95% of the recipients of an LD organ have cold
ischemia times between 77 and 255 min, whereas recipients
of a PMD organ have cold ischemia times between 821 and
2,536 min. All this indicates that the superior results after
LD transplantation are partly, but not completely, the result
of the shorter cold ischemia periods in this population. An
increased sharing of unknown immunologic variables (e.g.,
minor antigens) in the LD population that beneficially influ-
ences graft survival cannot be excluded. The rest of the
difference in graft survival between LD and PMD popula-
tions seems to be the quality of the donor organ itself. It is
possible that donor-related factors preceding and during ne-
phrectomy, for example, brain death, use of vasopressins,
cardiovascular instability, and differences in anesthetics dur-
ing LD and PMD kidney procurement, could explain this
difference (25–29).
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METABOLIC EFFECTS OF A CORTICOSTEROID-FREE
IMMUNOSUPPRESSIVE REGIMEN IN RECIPIENTS OF

PANCREATIC TRANSPLANT

LIVIO LUZI,1,4 LUCIA PICENI SERENI,1 ALBERTO BATTEZZATI,1 ATTILIO ELLI,2

JEAN-PAUL SOULILLOU,3 AND DIEGO CANTAROVICH3

Background. A corticosteroid (CS)-free immunosup-
pressive regimen may be considered less diabetogenic
than treatments including CSs principally after pan-
creas transplantation.

Methods. To test whether a CS-free immunosuppres-
sive treatment is metabolically superior to a regimen
including CSs, we prospectively studied 19 CS-free si-
multaneous pancreas and kidney (SPK) transplant re-
cipients (body mass index!22"1 kg/m2; cyclosporine
dose!400"19 mg/kg/day; azathioprine dose!77"8 mg/
day; basal plasma C-peptide!1.3"0.12 ng/mL) and 12
matched CS-treated SPK transplant recipients (pred-
nisone dose!9"1 mg/day; basal C-peptide!2.2"0.2 ng/
mL) by means of the 6,6-2H2-glucose infusion and the
euglycemic insulin clamp (1 mU/kg/min, insulin infu-
sion rate). In addition, six renal transplant recipients
receiving a CS-free regimen were also studied as a
control group.

Results. In the postabsorptive state, CS-treated SPK
transplant recipients demonstrated comparable
plasma glucose levels but higher plasma insulin levels
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