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Abstract
A reduction in cold ischemia time (CIT) can be associated with better renal allograft outcomes.
However few published surveys of CIT of deceased donor kidneys transplanted in the U.S. are
available. We therefore surveyed the CIT using the United Network for Organ Sharing data of the
last decade. A reduction in CIT was observed during the 10-yr period with an overall reduction of
4.8 hr (n = 75,072; mean ± SD, 24.4 ± 10.9 hr in 1990 vs. 19.6 ± 8.4 hr in 2000, P < 0.001) with
fewer kidneys being cold stored over 30 hr in the second half (13% in 1996–2000 vs. 25% in 1990–
1995, P < 0.001). Although the overall rates of delayed graft function were not different between the
two periods (24% in 1990–1995 vs. 25% in 1996–2000), possibly be due to increase in the use of
ECD and DCD kidneys and the persistence of CIT over 20 hr in the second half, the 6-month post-
transplant graft function (serum creatinine: 1.63 ± 0.01 mg/dL in 1996–2000 vs. 1.75 ± 0.01 mg/dL
in 1990–1995; P < 0.001) and the 3-yr graft survival (80% in 1996–2000 vs. 72% in 1990–1995; P
< 0.001) were better. Thus, our analysis demonstrates an overall reduction in mean CIT over the last
decade mainly due to fewer kidneys being cold stored over 30 hr in the latter half. This raises the
possibility that besides the influence of improved immunosuppression, reduction in CIT might have
also contributed to the recently observed improvements in graft function and survival.
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Introduction
Cold preservation of kidneys continues to play a critical role in the success of deceased-donor
kidney transplantation. However, prolonged cold storage can lead to severe injury causing
delayed graft function (DGF) and higher graft loss (1–3). With the increasing utilization of
extended criteria donors (ECD) and donors after cardiac death (DCD), attempts are made to
avoid prolonged CIT. Few published studies have however, surveyed the extent of CIT. In this
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analysis the extent of CIT reduction in deceased-donor kidney transplants in the U.S. over the
last decade was determined. Attempts were also made to assess the effect of CIT reduction on
post-transplant outcomes.

Methods
Using UNOS data of October 15, 2004 and applying the criteria, organ = kidney, donor type
= cadaver, and transplant date = January 01, 1990 to December 31, 2000, we identified 83,987
deceased-donor kidney transplant recipients in the registry. The CIT was missing in 8,915
(10.6%). The data of remaining 75,072 recipients and donors formed the basis for this analysis.
The data of those with and without CIT were comparable for key graft survival-related
variables. The criteria we used to define DGF (i.e., the recipients’ need for dialysis during the
first week of transplantation) and identify ECD and DCD kidneys in the database were standard
(4). The graft survival rates were determined by Cox proportional hazard models. The CIT was
used as continuous and categorical variable. For the latter, CIT was banded at 10 hr interval
(5). The 6-month post-transplantation serum creatinine values were plotted against CIT. The
covariates differences were determined by the analysis of variance (ANOVA) and chi-square
methods. For Cox multivariate analysis, all covariates were assessed for proportional hazard
assumption and the variables were simultaneously introduced using the single-step method. A
P-value < 0.05 was considered statistically significant. All statistical analyses were carried out
using the Statistical Package for Social Sciences (SPSS) computer program, version 12.0.

Results
The recipient characteristics provided in Table 1 include details for the 1st and 2nd halves of
1990–2000 and the values are presented under CIT categories. The donor and recipient age
and the percentages of ECD and DCD kidneys were significantly higher in 1996–2000 than in
1990–1995. The rate of HLA mismatch and percentage of recipients with a peak PRA of >30%
were not different. However, the wait-to-transplant time and the percentage of kidneys
transported more than 500 miles were significantly higher in 1996–2000 than in 1990–1995.
Moreover, CIT correlated positively with the transport-distance of the kidneys (r = 0.26, P <
0.001). The pump-usage to preserve kidneys did not differ between the two periods (14% vs.
15%). The percentages of ECD kidneys were distributed equally across the CIT categories in
1990–1995 and 1996–2000. However, we found a significantly higher percentage of DCD
kidneys in the > 30-hr CIT category than in the rest. The pump-usage, percentage of head
trauma cases, and donor age did not differ among the CIT periods.

We found a reduction in CIT up to 4.8 hr during the 10-yr period (24.4 ± 10.9 hr in 1990 vs.
19.6 ± 8.4 hr in 2000, P < 0.001) resulting in significant negative correlation between CIT and
the year of transplantation (Fig. 1, n=75,072; r=−0.17, p < 0.001). The mean CIT for the 10-
yr period was 21.5 ± 9.6 hr; the same for 1990–1995 was 23 ± 10 hr and for 1996–2000 was
20 ± 8 hr. The difference was mostly due to fewer kidneys being cold stored for over 30 hr in
1996–2000 than in 1990–1995 (13% vs. 25%, P < 0.001). A 47.5% of kidneys were still cold
stored for over 20 hr in 1996–2000.

Significantly different types of immunosuppressive drugs were used in 1990–1995 and 1996–
2000. For induction therapy, interleukin–2 receptor antagonists OKT3 and polyclonal
antilymphocyte antibodies were prescribed for 0%, 17% and 20% of recipients respectively in
1990–1995 and 8%, 15% and 14% respectively in 1996–2000. However, the use of these agents
within each period did not differ among CIT categories. For maintenance therapy,
mycophenolate was used in 3% of recipients in 1990–1995 and 67% in 1996–2000. Tacrolimus
was used in 4% in 1990–1995 and 24% of recipients in 1996–2000. The use of cyclosporine
decreased (77% in 1996–2000 vs. 94% in 1990–1995). The rate of rejection-treatment in the
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first 6 months after transplantation was 28% in 1996–2000, down from 41% in 1990–1995 (P
< 0.001). The rejection rates did not differ significantly by CIT.

The percentage of DGF increased with longer CIT in both periods but the overall DGF rates
were not differ: 24% in 1990–1995 and 25% in 1996–2000. The 6 month serum creatinine
levels correlated positively with CIT in both periods (r = 0.21, P < 0.001 in 1990–1995) and
(r = 0.18, P < 0.001 in 1996–2000) periods (Fig. 2). However, the mean levels were lower for
each CIT period in 1996–2000 vs. 1990–1995, with the overall mean serum creatinine level
low at 1.63 ± 0.01 mg/dL in 1996–2000 vs. 1.75 ± 0.01 mg/dL in 1990–1995 (P < 0.001).

The 3-yr graft survival was better in 1996–2000 at 80% vs. 72% in 1990–1995; P < 0.001.
When analysis was repeated stratified for CIT categories and after adjusting for several graft
survival-related variables (donor and recipient age, donors’ cause of death, recipient ethnicity,
PRA status, HLA mismatch, rejection in the first 6 months after transplantation, dialysis wait,
diabetes status and previous transplantation) the 3-yr survival rates of kidneys transplanted
during 1990–2000 were significantly lower for kidneys cold stored for more than 20 hr
compared to kidneys stored for <10 hr (Fig. 3). A similar analysis but separate for the 1990–
1995 and 1996–2000 data demonstrated a higher relative risk for graft failure for kidneys cold
stored for more than 20 hr, significant only for the1996–2000 period. The full multivariate
analyses data along with relative risks for graft failure for the two periods are presented in
Table 2. Missing in this analysis is the adjustment for variation in immunosuppressive treatment
between the two periods. The data on the treatment was missing in a large proportion of patients
in the UNOS database making it inappropriate to adjust for it.

Discussion
Our analysis demonstrates an overall reduction in mean CIT, with fewer kidneys being cold
stored over 30 hr in the latter half. The UNOS has not instituted any policy or procedural
changes to minimize CIT (personal communication with Ann Harper, Research/Policy
Analyst, OPTN/UNOS Policy Oversight Committee) and the mechanism for the shortening of
CIT is not evident from our analysis. It is possible that the transplant communities are mindful
of avoiding prolonged CIT especially with the increasing use of ECD and DCD kidneys. Also,
extraneous factors such as improved communication, better laboratory automation, faster
transportation etc, i.e., better over all efficacy of the process of procuring, transporting and
transplanting might be playing roles in reducing CIT.

Our findings also demonstrate a better 6-month graft function and 3-yr survival in the second
half, but not the DGF. The increased use of ECD and DCD kidneys in the 1996–2000 along
with nearly 50% of the kidneys still cold stored for over 20 hr in 1996–2000 might explain for
the persistence of DGF. A recent study by the Eurotransplant Senior Program demonstrated
that patients who had received deceased-donor kidneys without tissue matching to minimize
CIT had excellent survival outcomes (6). We found that CIT was directly related to the distance
the kidneys were transported; thus, using kidneys closer to the site of procurement, even with
a less than optimal tissue match, may reduce the CIT with possible better outcomes. In spite
of better over all graft outcomes in the second half, Table 2 shows that the adverse effect of
CIT on grafts is more evident in the second half. One possible explanation is the loss of
competing risk factors such as reduction in acute rejection, thus unmasking the effect of cold
ischemic injury.

We recognize that our analysis has limitations, can be subjected to alternate methods and our
results are essentially hypothesis generating. Moreover, while we have adjusted for several
factors in our multivariate analysis, the variation in immunosuppression could not be adjusted
due to large missing data. Large single center database that contains such information could
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be used to statistically tease out the effect of change in immunosuppression from reduction in
CIT. Despite this limitation, our analysis provides the interesting observation that there is a
significant reduction in the mean CIT over the last decade and that fewer kidneys are being
cold stored over 30 hr. This raises the possibility that besides the influence of improved
immunosuppression, lower CIT might also have also contributed to the recent improvements
in graft function and survival.
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Figure 1.
The CIT of deceased donor kidneys (n = 75,072) in hours (mean ± SD) plotted against year of
transplantation (1990–2000). A negative correlation was found between the two measures (r=
−0.17, p < 0.001).
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Figure 2.
The 6-month post-transplantation serum creatinine level (mg/dL) plotted against CIT for 1990–
1995 and 1996–2000. The serum creatinine levels progressively increased with groups of CIT
in 1990–1995 and 1996–2000. The mean values for the each CIT were lower in 1996–2000;
the overall mean serum creatinine level was 1.63 ± 0.01 mg/dL in 1996–2000 and 1.75 ± 0.01
mg/dL in 1990–1995 (P < 0.001).
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Figure 3.
The overall multivariate survival rates of renal allografts stratified for CIT and adjusted for
donor and recipient age, donors’ cause of death, recipient ethnicity, PRA status, HLA
mismatch, rejection in the first 6 months after transplantation, dialysis wait, diabetes status,
and previous transplantation. Grafts stored for 20–30 hr and >30 hr had significantly higher
rates of graft loss than grafts cold stored for < 10 hr (P < 0.015 for both).
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