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One of the greatest obstacles to the implementation
of regional or national kidney paired donation pro-
grams (KPD) is the need for the donor to travel to
their matched recipient’s hospital. While transport of
the kidney is an attractive alternative, there is concern
that prolonged cold ischemia time (CIT) would dimin-
ish the benefits of live donor transplantation (LDTx). To
examine the impact of increased CIT in LDTx, 1-year
serum creatinine (SCr), delayed graft function (DGF),
acute rejection (AR) and allograft survival (AS) were
analyzed in 38 467 patients by 2 h CIT groups (0-2, 2-4,
4-6 and 6-8 h) using data from the United Network for
Organ Sharing/Organ Procurement and Transplanta-
tion Network (UNOS/OPTN). Adjusted probabilities of
DGF and AR were estimated in multivariate logistic re-
gression models and AS was examined in multivariate
Cox proportional hazards models. Although some in-
crease in DGF was observed between the 0-2 h (4.7%)
and 4-6 h (8.3%) groups, prolonged CIT did not result
in inferior SCr, increased AR or compromised AS in any
group with >2 h CIT compared with the 0-2 h group.
Comparable long-term outcomes for these grafts sug-
gests that transport of live donor organs may be a fea-
sible alternative to donor travel in KPD regions where
CIT can be limited to 8 h.
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Introduction

The association between prolonged cold ischemia time
(CIT) and inferior renal allograft outcomes has been
established in deceased donor transplantation. Between
July 2004 and June 2005, nearly one-third of deceased
donor organs were transported either regionally or nation-
ally in the United States (1). Inevitably, this practice in-
creases the duration of CIT. Prolonged preservation time
of deceased donor organs has been shown to result in
an increased incidence of delayed graft function (DGF),
with consequences that include increased length of hospi-
tal stay, increased rates of acute rejection (AR), poor long-
term outcomes and higher health care expenditures (2-15).
These data, however, cannot be directly extrapolated to
the effect of CIT on live donor kidneys because deceased
donor organs are exposed to additional injury associated
with brain death and, in the case of donors after cardiac
death (DCD), prolonged warm ischemia time.

A significant graft survival advantage has been demon-
strated for live donor organs compared with deceased
donor organs over the last decade (based on Organ Pro-
curement and Transplantation Network [OPTN] data as of
May 26, 2006). However, an estimated 2500-4000 pa-
tients each year are unable to take advantage of this ben-
efit because they have a blood type incompatibility or a
positive crossmatch with their only willing live donor (16).
Some of these patients may be candidates for precondi-
tioning protocols that reduce donor-specific antibody to
permit successful transplantation across this immunologic
barrier. The downside to this approach is that these pro-
tocols are associated with additional costs (17) and an in-
creased risk of antibody mediated rejection (18,19) com-
pared with transplantation in compatible live donor recip-
ients. For many recipients with incompatible live donors,
kidney paired donation (KPD) is the best transplantation op-
tion because it circumvents the incompatibility altogether
(20-22).

We have previously demonstrated that recipients of grafts
that were allocated using a local KPD program experi-
enced clinical outcomes that were comparable to compat-
ible live donor recipients (20). Because these procedures
took place within the same center, the duration of CIT was
limited to less than 2 h. To scale KPD to the regional or
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national level and optimize the opportunities for transplan-
tation in difficult-to-match patients, either donors or kid-
neys will need to travel long distances in some circum-
stances (17). The conundrum of donor travel versus graft
transport is perceived as a major barrier to wider accep-
tance of KPD. On the one hand, donor travel involves un-
reimbursed costs which may favor those with the financial
means necessary to support this alternative. In addition,
it separates families at a critical time when their support
may be necessary. Alternatively, the transport of kidneys to
recipient centers after simultaneous donor nephrectomies
has been challenged on the grounds of a perceived re-
duction in the benefit that is attributed to the short CIT
which occurs in live donation. This argument is based on
the assumption that increased CIT has the same impact on
kidneys from both deceased and live donors.

In order to better understand the effect of prolonged CIT
on live donor organs, we performed a study of over 38 000
adult, live donor renal transplant recipients with up to 8 h
of CIT using national United Network for Organ Sharing
(UNOS)/OPTN data. Our hypothesis was that CIT in the
range that might be expected with the regional transport
of live donor kidneys is not associated with a measurable
difference in long-term outcomes. We demonstrate a small
increase in the rate of DGF in patients with prolonged CIT,
however, we observed no association between increased
duration of CIT and decline in renal function, increased
rates of AR, or decline in allograft survival (AS) in recipi-
ents of live donor kidneys. We feel that these findings sup-
port the transport of live donor kidneys across geographic
regions that produce CIT of 8 h or less.

Materials and Methods

Study design

This was a retrospective cohort study in adult primary live donor renal trans-
plant recipients that evaluated the association between the duration of CIT
and four outcome measures: DGF, renal function at 1 year following trans-
plantation, AR within 1 year following transplantation and AS.

Study population

The study population included patients who were available for analysis in the
UNOS Kidney/Pancreas Standard Transplant Analysis and Research (STAR)
Files. We evaluated 231 565 recipients who underwent renal transplanta-
tion between January 1990 and September 2005. Adult (>18 years of age)
recipients of live donor kidneys over this interval were included in this analy-
sis. All pediatric recipients (n = 12 450) and deceased donor renal transplant
recipients (n = 138 254) were excluded from analysis. Live donor recipients
with a history of a prior renal transplant procedure were not considered in
this analysis (n = 6198).

The 56 341 identified recipients were stratified by the duration of CIT ex-
posure. These strata included: 0-2, 2-4, 4-6, 6-8 and over 8 h. Because
of the extremely broad distribution of CIT's in recipients in the CIT >8 h
group (median: 30 h, IQR: 20-40 h), as well as the high likelihood of techni-
cal complications or data entry errors for these grafts, these observations
were excluded from analysis (n =813, 1.4%). In addition, all recipients who
had no reported CIT (n = 17061, 30.3%) were excluded from further analy-
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sis. The patients who were excluded for missing CIT values were compared
with those who were included in this analysis and found to be similar with
respect to all model covariates used in the multivariate modeling steps and
the four outcome measures that were used in this study (as detailed be-
low). Based upon these findings, we believe that these data are missing at
random and are noninformative for the purposes of our analysis.

Statistical analyses

Regression modeling techniques: All multiple logistic and Cox propor-
tional hazards regression models were developed through a series of steps.
The first phase of modeling consisted of the unadjusted analysis of donor, re-
cipient and immunologic match covariates. The appropriate functional form
of model covariates was determined by exploratory data analysis in unad-
justed models. The primary group variable was the duration of CIT which
was examined in strata of 0-2, 2-4, 4-6 and 6-8 h. The recipient covariates
that were examined included: age, gender, race/ethnicity, ABO blood group,
history of diabetes mellitus, history of hypertension, history of pretransplant
blood transfusion, history of previous pregnancy, peak panel-reactive anti-
body (PRA) level and history of pretransplant dialysis. The donor covariates
included: age, gender, race/ethnicity and ABO blood group. Immunologic
match was examined using separate covariates for the number of HLA-A,
HLA-B and HLA-DR mismatches that were present between the donor and
recipient.

Those variables that were found to be statistically significant predictors of
the outcome measure in unadjusted models were included in a prelimi-
nary multivariate model. In order to adjust for the most important potential
confounders of the association between CIT and the outcome measures,
parsimonious models were developed by testing nested models for a re-
duction in the Akaike’s Information Criterion (AIC). Model covariates were
excluded if they met the following two criteria: (1) exclusion of the covariate
from the model led to either no change or a reduction in the AIC value (2);
testing of all covariates that were under consideration for exclusion together
by the likelihood ratio test did not demonstrate a statistically significant (p <
0.05) finding suggesting that the combination of the covariates contributed
to the explanatory power of the model. The absence of multi-collinearity
was confirmed by examination of covariate variance inflation factors in all
models. Furthermore, in the Cox proportional hazards regression models,
proportional hazards assumptions were examined in complementary log-
log plots by CIT group and tested by examination of Schoenfeld residuals
in both univariate and multivariate models. We refer to the final model that
resulted from this series of steps as the parsimonious model for each anal-
ysis. Notably, each model was empirically designed using the above steps
and without predetermined assumptions of the necessary adjustment vari-
ables. For this reason, there were differences in the covariates that were
included for adjustment in the final parsimonious models for each of the
outcome measures.

Renal function

Renal function was measured using serum creatinine (SCr) level in mg/dL.
SCr levels at 1 year following transplantation were defined as those values
that were recorded between 11 and 13 months following the date of trans-
plantation. The number of patients with functioning allografts who did not
have recorded SCr values during this period ranged from 28.9% to 30.1%
in the CIT groups.

Delayed graft function

DGF was defined as need for dialysis within the first week following trans-
plantation. The level of missing data for DGF by CIT group ranged from
0.3% to 1.5%. The association of DGF with duration of CIT was evaluated
in a parsimonious multiple logistic regression model. The covariates that
were identified through parsimonious modeling steps to be necessary for
inclusion in the adjusted model included recipient race/ethnicity (reference
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group: white recipient), recipient history of diabetes mellitus (reference
group: absence of diabetes mellitus), recipient history of pretransplant
transfusion (reference group: absence of pretransplant transfusion), peak
PRA level categories (groups: 0, 1-20, 21-80, 81-100, reference group:
0), HLA-A mismatch (reference group: 0 mm), HLA-DR mismatch (refer-
ence group: 0 mm), donor race/ethnicity (reference group: white donor).
The fit of the logistic regression model to the observed data was confirmed
by the Hosmer-Lemeshow goodness-of-fit test grouped into deciles of risk
(C statistic: 6.2, p-value: 0.63). Adjusted probabilities of DGF that accounted
for potential confounders in the parsimonious model were calculated from
the logistic regression model by algebraic transformation of the odds of the
event.

AR within the first year following transplantation

A subgroup analysis was performed on recipients with at least 365 days of
follow-up to evaluate the association between the development of AR and
duration of cold ischemic time. Patients were excluded from this analysis
if they had <365 days of follow-up as determined by subtracting the date
of transplant from the date that the data were captured for our dataset. A
total of 2774 patients (7.2%) were excluded with follow-up of <365 days.
The field TRTREJ1Y_KI was used to define rejection events. The level of
missing data on AR by CIT group ranged from 26.0% to 30.1%. The parsi-
monious multiple logistic regression model that was used to evaluate the
association between CIT and AR included the following adjustment covari-
ates: recipient age (reference group: >55 years), recipient race/ethnicity
(reference group: white recipient), recipient history of pretransplant trans-
fusion (reference group: absence of pretransplant transfusion), recipient
history of dialysis prior to transplantation (reference group: no history
of dialysis), peak PRA level categories (groups: 0, 1-20, 21-80, 81-100,
reference group: 0), HLA-A mismatch (reference group: 0 mm), HLA-B
mismatch (reference group: 0 mm), HLA-DR mismatch (reference group:
0 mm), donor age (groups: <40 years, 40-55 years, >55 years, reference
group: <40 years) and donor race/ethnicity (reference group: white donor).
The Hosmer-Lemeshow goodness-of-fit test statistic in this model was 6.74
(p = 0.56) indicating adequate overall fit of the observed and predicted mea-
sures when analyzed by deciles of risk. Adjusted probabilities of AR that
accounted for the potential confounders in the parsimonious model were
calculated from the logistic regression model by algebraic transformation
of the odds of the event.

Survival analyses

Unadjusted overall AS and death-censored AS rates were estimated using
Kaplan-Meier methodology. The graft survival time for recipients who had
a recorded allograft loss time of 0 (n = 184, 0.5%) was adjusted to 0.001
months in order to include these patients in the survival analysis. There was
no difference in the proportion of patients who required this adjustment by
CIT group (p = 0.91). Comparison of unadjusted survival experience be-
tween CIT groups and between groups stratified on both DGF and CIT, was
performed with the log-rank test. For death-censored analysis of survival,
graft loss observations were censored for patients who had a date of death
that was equivalent to the date of allograft loss.

Death-censored AS was further analyzed in Cox proportional hazards regres-
sion models. Based upon our parsimonious modeling steps, the following
covariates were found to be necessary in the adjusted Cox proportional
hazards model: recipient age (as a continuous measure), peak PRA level
(reference group: <20%), level of HLA mismatch (reference group: 0 mm),
donor age (reference group: <50 years).

Statistical significance

Unless otherwise specified, all tests were two-sided with statistical signif-
icance set at the o = 0.05 level. All analyses were performed using Stata
9.1 for Linux (StataCorp, College Station, TX).
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CIT in Live Donor Renal Transplantation
Results

Demographics

A total of 38467 adult, live donor renal transplant recipi-
ents were identified who met criteria for inclusion in this
analysis. These patients were stratified by the duration of
CIT into the following groups: 0-2 , 2-4 , 4-6 and 6-8 h.
CIT duration of less than 2 h was considered the ‘ideal’ CIT
group and was used as the reference group for compar-
isons. The characteristics of these subjects are presented
in Table 1. A large majority of live donor recipients in the
United States (85.1%) received grafts with less than 2 h of
CIT. The CIT duration was 2-4 h for 12.1%, 4-6 h for 1.8%
and 6-8 h for 1.0% of the recipients, respectively.

Delayed graft function

The rate of DGF was low across all CIT groups. The baseline
unadjusted probability of DGF was 4.9% in the 0-2 h CIT
group. With increased duration of CIT, there was a small
absolute increase in the unadjusted probability of DGF. Pa-
tients with 2-4, 4-6 and 6-8 h of CIT had DGF rates of
5.8%, 8.4% and 7.5%, respectively. Using a parsimonious
multivariate logistic regression model, adjusted probabili-
ties of DGF were estimated for each of the CIT groups in
order to account for potential confounders (Figure 1). The
adjusted probability of DGF in the 0-2 h group was 4.7%
(95% CI: 4.4-5.0%). The adjusted probabilities of DGF in
the 2-4, 4-6 and 6-8 h CIT groups were 4.9% (95% ClI:
4.3-5.8%), 8.3% (95% Cl: 6.1-11.2%) and 9.2% (95% ClI:
4.1-19.1%), respectively. Compared with the 0-2 h group,
only the 4-6 h CIT group was observed to differ in a statis-
tically significant fashion (p < 0.001).

Renal function

Renal function at 1 year following transplantation was an-
alyzed in patients with functioning allografts (Figure 2).
There were no statistically significant differences in 1-year
SCr level between recipients in any of the groups with CIT
>2 h and the reference group (p > 0.05 for all compar-
isons). The 1-year SCr values in the 0-2, 2-4, 4-6 and 6-
8 h groups were 1.4 (IQR: 1.1-1.7), 1.4 (IQR: 1.1-1.7), 1.4
(IQR: 1.2-1.7) and 1.5 (IQR: 1.2-1.8) mg/dL, respectively.

AR within 1 year Following transplantation

AR episodes that occurred within the first year following
transplantation were examined in a subgroup of the cohort
with at least 1 year of follow-up. Unadjusted rates of AR
were 27.0%, 21.4%, 19.7% and 41.6% in the 0-2, 2-4, 4—
6 and 6-8 h groups, respectively. Multivariate adjustment
of the probability of AR within the first year following trans-
plantation was performed in order to account for potential
confounders using a parsimonious multiple logistic regres-
sion model. The results of this analysis are presented in
Figure 3A. The adjusted probabilities of AR in the 0-2, 24,
4-6 and 6-8 h groups were 26.5% (95% Cl: 25.7-27.2%),
20.5% (95% CI: 18.9-22.1%), 18.9% (15.2-23.1%) and
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Table 1: Characteristics of live donor kidney recipients in the United States (1990-2005) by the duration of cold ischemic time

Duration of Cold Ischemic Time

0-2 h 2-4 h 4-6 h 6-8 h Overall
N 32719 4663 692 393 38467
(% Total) (85.1%) (12.1%) (1.8%) (1.0%)
Age (IQR) 43 (32-53) 45" (34-55) 46" (35-54) 40" (29-49) 43 (32-54)
Gender? (% male) 58.3% 57.9% 61.7% 58.8% 58.3%
Race? (%)
White 69.6% 68.7% 70.5% 71.1% 69.5%
Black 14.5% 14.0% 14.0% 12.5% 14.4%
Hispanic 11.1% 12.0% 11.3% 12.8% 11.2%
Asian 2.9% 3.2% 3.5% 2.3% 3.0%
Al/AN 0.9% 1.0% 0.6% 0.5% 0.9%
NH/PI 0.5% 0.6% 0.3% 0.3% 0.5%
Other 0.5% 0.4% 0.0% 0.5% 0.5%
ABO Blood Group? (%)
O 45.6% 44.7% 47.4% 46.1% 45.6%
A 38.2% 38.4% 37.6% 37.7% 38.2%
B 12.6% 13.2% 10.3% 13.7% 12.7%
AB 3.5% 3.7% 4.8% 2.5% 3.5%
HLA Mismatch
HLA mismatches (IQR) 3 (2-4) 31 (2-4) 31 (2-4) 21 (1-3) 3 (2-4)
0 Ag mismatch3 14.7% 11.7% 13.4% 16.3% 14.3%
6 Ag mismatch* 5.4% 6.1% 7.5% 4.6% 5.5%
Comorbid disease
Diabetes mellitus® 27.3% 28.5% 27.6% 20.0% 27.4%
Medically managed HTN3 80.0% 86.0% 83.5% 82.1% 80.9%

AlI/AN = American Indian/Alaskan Native; NH/PI = Native Hawaiian/Pacific Islander; IQR = inter-quartile range

"o < 0.001 compared with 0-2 h group by Wilcoxon ranksum test.
2p > 0.05 by Pearson chi square test.

3p < 0.001 by Pearson chi square test.

4p = 0.02 by Pearson chi square test.

5p = 0.17 by Pearson chi square test.

27.9% (95% Cl: 20.7-36.4%), respectively. The decrease
in AR rates in the 2-4 and 4-6 h groups compared with
the 0-2 h group were found to be statistically significant
(p < 0.05). Notably, there was no evidence of an increase
in the probability of AR for any of the groups with CIT >2
h compared with the 0-2 h reference group.

Recognizing that AR rates have declined over the period of
study, we also analyzed a dataset that was limited to the
current era of immunosuppression (year of transplantation:
2002-2005, n = 8566). This subgroup analysis did not re-
veal any statistically significant differences in the adjusted
probability of AR within the first year following transplan-
tation for groups with >2 h CIT compared with the 0-2 h
group (Figure 3B, p > 0.05 for all comparisons). The ad-
justed probabilities of AR within the first year following
transplantation for recipients in the 0-2, 2-4, 4-6 and 6-
8 h groups in the current era were 11.1% (95% Cl: 10.1-
12.2%),12.9% (95% CI: 10.9-15.2%), 8.5% (95% Cl: 5.0—
14.2%) and 12.8% (95% Cl: 3.9-34.8%).

Allograft survival

Unadjusted Kaplan-Meier estimates of overall AS and
death-censored AS are presented in Figure 4 and Table 2.
We did not observe a statistically significant difference
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in the survival experiences between CIT groups when all
causes of graft loss were considered (p = 0.15). Examina-
tion of the Kaplan-Meier curves for overall AS (Figure 4A)
reveals a similar pattern of allograft loss for all groups over
the initial 10 years following transplantation. There is no
evidence of either early or late divergence between the
survival curves. The 10-year AS estimates for the 0-2, 2-
4, 4-6 and 6-8 h groups were 56.4%, 55.5%, 53.7% and
55.6%, respectively. The median durations of AS when all
causes of graft loss were considered were 136, 133, 134
and 136 months, respectively.

A death-censored analysis of AS was undertaken in order
to eliminate death with a functioning allograft from consid-
eration as a graft loss event in the survival statistics. WWhen
death was censored as an etiology of graft loss, there were
no statistically significant differences in AS across the CIT
groups (p = 0.45). At 10 years following transplantation,
the difference between the minimum and maximum death-
censored AS estimates across CIT groups was 1.8% (0-2
h group: 69.2%, 4-6 h group: 67.4%, Table 2). Examination
of the Kaplan-Meier curves presented in Figure 4B again
reveals very similar patterns of allograft loss across the 10-
year posttransplantation period. There is no indication of
increased rate of loss in the early posttransplant period or
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Adjusted Probability of DGF

0-2hr 2-4hr 4-Bhr 6-8hr
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* p < 0.08 companed with 0 - 2 hr group

Figure 1: Adjusted probability of delayed graft function fol-
lowing live donor renal transplantation, by duration of cold
ischemic time. Delayed graft function was defined as the need for
dialysis during the first week following transplantation. A parsimo-
nious multivariate logistic regression model was used to estimate
the adjusted probability of delayed graft function associated with
the duration of cold ischemic time. Covariates used for adjustment
in the parsimonious model included recipient race/ethnicity, recip-
ient history of diabetes mellitus, recipient history of pretransplant
transfusion, peak panel-reactive antibody level, HLA-A mismatch,
HLA-DR mismatch and donor race/ethnicity.

acceleration of long-term losses in the groups of patients
who experienced prolonged CIT. Median death-censored
AS estimates for the 0-2, 2-4, 4-6 and 6-8 h groups were
174, 161, >177 and 171 months, respectively.

Death-censored AS was further examined by Cox pro-
portional hazards modeling to investigate the relationship
between CIT and allograft loss accounting for potential con-

CIT in Live Donor Renal Transplantation
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entludes outside values
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Figure 2: Analysis of renal function at 1 year following trans-
plantation, by duration of cold ischemic time. One-year serum
creatinine levels in recipients of live donor renal allografts are pre-
sented by cold ischemic time group. Statistical comparisons were
performed between groups with >2 h cold ischemic time and the
0-2 h cold ischemic time reference group. There were no statisti-
cally significant differences between any of the >2 h cold ischemic
time groups and the reference group (<2 h cold ischemic time) at
1 year following transplantation (p > 0.05).

founders (Table 3). The 0-2 h group was used as the ref-
erence group for these models. No statistically significant
association was found between the duration of CIT and
death-censored AS in either unadjusted or adjusted Cox
proportional hazards models.

Discussion

Despite a nearly 2-fold expansion in the rate of live
donor renal transplantation over the past decade, a wide

Table 2: Unadjusted Kaplan-Meier estimates of overall and death-censored allograft survival by duration of cold ischemic time following

live donor renal transplantation.

CIT duration (h) 1-year (95% Cl) 5-year (95% CI) 10-year (95% Cl) Median survival (mos)

Allograft Survival' 0-2 94.4%
(94.1-94.6)
2-4 93.4%
(92.6-94.1)
4-6 91.3%
(88.9-93.2)
6-8 91.5%
(88.2-93.9)
Death-censored allograft survival?2 0-2 96.2%
(96.0-96.4)
2-4 95.7%
(95.0-96.2)
4-6 94.5%
(92.4-96.0)
6-8 94.0%
(91.1-96.0)

79.4% 56.4% 136
(78.9-79.9) (65.5-57.3)

77.9% 55.5% 133
(76.3-79.5) (562.1-568.8)

771% 53.7% 134
(72.6-81.0) (45.3-61.4)

76.7% 55.6% 136
(71.9-80.9) (49.5-61.2)

86.3% 69.2% 174
(85.8-86.7) (68.3-70.1)

85.6% 67.9% 161
(84.2-86.9) (64.3-71.1)

86.6% 67.4% >177
(82.7-89.6) (67.8-75.3)

83.0% 67.8% 171
(78.5-86.7) (61.7-73.2)

CIT = cold ischemia time

Tp > 0.05 for comparison of overall AS experience between cold ischemic time groups.
2p > 0.05 for comparison of death-censored AS experience between cold ischemic time groups.

American Journal of Transplantation 2007; 7: 99-107
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Figure 3: Adjusted probability of acute rejection within the
first year following live donor transplantation, by duration of
cold ischemic time. Acute rejection within the first year follow-
ing transplantation was analyzed by multiple logistic regression
modeling. This analysis was performed in a subgroup of recipi-
ents with at least 1 year of follow-up between 1990 and 2004 (A)
and in the current era of immunosuppression between 2002 and
2004 (B). The following covariates were included for adjustment
in the final multiple logistic regression model: recipient age, recip-
ient race/ethnicity, recipient history of pretransplant transfusion,
recipient history of dialysis prior to transplantation, peak PRA level,
HLA-A mismatch, HLA-B mismatch, HLA-DR mismatch, donor age
and donor race/ethnicity. Comparisons were between each group
with CIT >2 h and the 0-2 h reference group.

disparity between organ availability and need persists. HLA
and blood type incompatibility remain two of the most sig-
nificant barriers to increasing live donation. Through sim-
ulation modeling we have estimated that between 2500
and 4000 patients who enter the system each year have
an antibody-mediated incompatibility with their only will-
ing live donor (16). Using optimized matching algorithms
nearly 50% of these patients could potentially be paired
with an ABO compatible, negative crossmatch donor in
a 2-way KPD (i.e. an exchange that involves two donors
and two recipients) (17). However, there remain signifi-
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cant logistical challenges to the creation of a regional or
national KPD program. Principal among these is the ques-
tion of how to deal with the matching of pairs across large
geographic areas. Forcing donors to travel to the hospi-
tal of their matched recipient for the transplant procedure
involves significant unreimbursed expenses and the sepa-
ration of these patients from their loved ones. For example,
a maternal donor might be separated from her child for a
prolonged period of time after donation. An alternative is
to perform the donor operations simultaneously and trans-
port the kidneys to the recipient centers, allowing fami-
lies to remain together. This approach has been criticized
because of the perception that the increased CIT would
eliminate, or greatly reduce, the benefits of live donation.
However, this assumption is derived from the extrapolation
of studies that investigated the impact of CIT on deceased
donor organs that were transported through regional and
national sharing programs. These organs are subjected to
injury associated with brain death and, in some circum-
stances, prolonged warm ischemia (DCD kidneys) and,
therefore, the effect of CIT cannot be directly compared
to live donor transplantation (LDTx). In addition, the vast
majority of live donor kidneys are exposed to CIT durations
that are much shorter than those which are encountered in
deceased donor transplantation. As a result, little is known
about the consequences of increased CIT on live donor
kidneys.

In this analysis, we show that patients who receive live
donor allografts with CIT durations as long as 8 h have
a slight increase in the rate of DGF but were unable to
demonstrate differences in renal function, AR or long-term
AS. It is notable that the prolongation of CIT up to 8 h dur-
ing these live donor procedures was likely unintended in
many cases and may have resulted from complications as-
sociated with organ procurement, the recipient operation,
or both. It is, therefore, possible that the DGF association
observed with prolongation of CIT is in part due to these
untoward technical complications.

In the deceased donor recipient population, Ojo and col-
leagues observed an increased rate of AR, prolonged
length of hospital stay and reduced graft survival associ-
ated with the development of DGF (2). In their analysis
of over 38000 recipients from the U.S. Renal Data Sys-
tem database, they found CIT to be one of the strongest
predictors of DGF development. DGF is much more com-
mon among deceased donor recipients than it is in the live
donor recipient population. According to UNOS data, the
incidence of DGF among adult, primary deceased donor
recipients has remained consistent at a rate of approxi-
mately 24% over the last decade (based on OPTN data as
of September 14, 2005).

In contrast to the incidence of DGF that is encountered
in the deceased donor recipient population, the rates that
were observed for live donor recipients in this study were
significantly lower across all CIT groups. In an analysis that
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Table 3: Cox proportional hazards models of death-censored renal allograft survival stratified by duration of cold ischemic time

Unadjusted model

Adjusted model

Cold ischemia time Unadjusted HR 95% Cl p-value Adjusted HR 95% ClI p-value
0-2h 1.00 Ref Ref 1.00 Ref Ref
2-4h 1.05 0.97-1.15 0.24 1.09 0.98-1.20 0.12
4-6h 1.07 0.86-1.32 0.54 1.13 0.88-1.46 0.33
6-8 h 1.10 0.91-1.34 0.32 1.05 0.82-1.35 0.69

HR = hazard ratio.

Cox proportional hazards regression modeling was performed to determine the association between cold ischemic time and death-
censored allograft survival. The model was adjusted for recipient age, peak panel-reactive antibody level, total HLA mismatch level and

donor age.

accounted for a number of potential confounding variables
in the relationship between CIT and DGF, the adjusted rates
of DGF were 4.7%, 4.9%, 8.3% and 9.2% in recipients
who received kidneys with 0-2, 2-4, 4-6 and 6-8 h of CIT,
respectively. Notably, this small increase in DGF that oc-
curred with increased CIT was not associated with com-
promised renal function at 1 year or an increased rate of AR
during the first year following transplantation. In addition,
renal AS was not found to differ between the CIT groups
over posttransplant follow-up of up to 10 years.

Eight hours is not a sufficient duration of time to permit
transport of organs across all possible distances that would
be expected between donor and recipient transplant cen-
tersin anational KPD program. However, our previous work
has shown that fewer than 3% of pairs would need to travel
outside of their UNOS-defined region in order to optimize
the number of matches in a national KPD program (17).
Most of these donors and recipients will be from hard-to-
match pairs and there may be donors who would be willing
to travel or recipients who would consider a live donor graft
with longer CIT in order to gain the benefits of a national
match in such circumstances.

Based upon estimates of 3 h of storage between cold
perfusion of the organ and departure from the airport at
the donor location and three additional hours of transport
between the destination airport and the start of implanta-
tion, a total in-air travel time of approximately 2 h would
maintain CIT at 8 h. With these assumptions, donors in
Baltimore would be able to provide organs for recipients
in locations that include Atlanta, Birmingham, St. Louis,
Nashville, Chicago, Albany and Boston based upon stan-
dard passenger airline travel times. We acknowledge that
these are very rough estimates because of the numerous
logistic issues that would be encountered in paired dona-
tion. Additional factors that might prolong CIT which must
be considered include distance and traffic congestion that
exists between transplant centers and airports, air traffic
delays, availability of recipient operating rooms in the lat-
ter half of the day, and difficulties encountered during the
preimplantation phase of the recipient procedure. Donors
and recipients will need to be well informed of the poten-
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tial known and unknown complications resulting from the
practice of live donor organ transport.

During the period of analysis, a dramatic shift in the ap-
proach to live donor nephrectomy occurred. Most stud-
ies comparing laparoscopic and open techniques have not
shown a difference in DGF, slow graft function, AR, or
graft loss rates. Between 1990 and 1999, there are limited
data in the UNOS registry on the type of donor procedure
that was performed (46-99% of all donors missing data on
nephrectomy procedure type). Among 16 822 procedures
that were performed between 2000 and 2005 (43.7% of
the study population), the overall rate of laparoscopic donor
nephrectomy was 70.0%. A total of 70.6%, 69.6%, 56.4%
and 38.6% of donors in the 0-2, 2-4, 4-6 and 6-8 h CIT
groups were recorded as having laparoscopic procurement
procedures (p < 0.001). Unfortunately, the registry does
not specify whether some of these differences resulted
from laparoscopic procedures that were converted to open
operations. The lack of data preclude a valid subgroup anal-
ysis between those who received laparoscopic and open
donor procedures.

We acknowledge several additional limitations in this study.
As with many retrospective analyses of large national
datasets, we encountered incomplete data for the group-
ing variables and outcome measures that were analyzed.
We performed a comparison between patients who were
missing information on their duration of CIT and those who
were included in this analysis and found that these groups
were similar across outcome measures and model covari-
ates that were used in this study. We therefore feel that the
study population was an appropriate sample of the overall
cohort of live donor recipients who underwent transplan-
tation during this period. Inferences from our findings on
each outcome measure must be made based upon the
assumption that there was no systematic bias in data re-
porting on DGF, SCr level, AR or graft loss that would im-
pact one CIT group to a different degree than another CIT
group, thereby altering the associations, or lack thereof,
which were found in this study. As with all regression mod-
eling studies, the analyses are limited to available data and
we acknowledge that there may be additional important
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Figure 4: Unadjusted Kaplan-Meier estimates of death-
censored allograft survival, by duration of cold ischemic time.
Allograft survival was estimated for each of the cold ischemic time
categories using Kaplan-Meier methodology. There was no statis-
tically significant difference in survival between the cold ischemic
time groups by log-rank test on either the overall (A) or death-
censored (B) analysis.

variables that influence the outcome measures that are
presented in this study which were not included in our
modeling strategy.

Conclusion

In summary, we present an analysis of the association be-
tween extended durations of CIT and renal allograft out-
comes in live donor recipients from UNOS/OPTN registry
data. While we identified a small increase in the rate of DGF
with increased CIT of up to 8 h, this prolongation of preser-
vation time did not compromise renal function, increase
AR rates, or influence long-term AS. The data presented
in this study suggest that the use of organ transport with
CIT maintained at less than 8 h will not reduce the benefit
of live donor kidney transplantation and should be consid-
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ered in the national debate over the optimal approach to
KPD. The impact of CIT durations that exceed 8 h will re-
quire prospective pilot studies of organs shared over wider
geographic regions.

Acknowledgment

This work was supported in part by Health Resources and Services Admin-
istration contract 234-2005-370011C. The content is the responsibility of
the authors alone and does not necessarily reflect the views or policies of
the Department of Health and Human Services, nor does mention of trade
names, commercial products, or organizations imply endorsement by the
U.S. Government.

References

1. 2004 Annual Report of the U.S. Organ Procurement and Trans-
plantation Network and the Scientific Registry of Transplant Re-
cipients; Transplant Data 1993-2004. Department of Health and
Human Services, Health Resources and Services Administra-
tion, Healthcare Systems Bureau, Division of Transplantation,
Rockville, MD; United Network for Organ Sharing, Richmond, VA,
University Renal Research and Education Association, Ann Arbor,
MI.

2. Ojo AO, Wolfe RA, Held PJ, Port FK, Schmouder RL. Delayed graft
function: Risk factors and implications for renal allograft survival.
Transplantation 1997; 63: 968-974.

3. Nyhof E, Wiehl S, Steinhoff J, Kruger S, Mueller-Steinhardt M,
Fricke L. Relationship between donor factors, immunogenic up-
regulation, and outcome after kidney transplantation. Transplant
Proc 2005; 37: 1605-1607.

4. Asher J, Wilson C, Gok M et al. Factors predicting duration of
delayed graft function in non-heart-beating donor kidney trans-
plantation. Transplant Proc 2005; 37: 348-349.

5. Siddigi N, McBride MA, Hariharan S. Similar risk profiles for
post-transplant renal dysfunction and long-term graft failure:
UNOS/OPTN database analysis. Kidney Int 2004; 65: 1906-1913.

6. Asderakis A, Dyer P, Augustine T, Worthington J, Campbell B,
Johnson RW. Effect of cold ischemic time and HLA matching in
kidneys coming from “young” and “old” donors: Do not leave
for tomorrow what you can do tonight. Transplantation 2001; 72:
674-678.

7. Pfaff WW, Howard RJ, Patton PR, Adams VR, Rosen CB, Reed Al.
Delayed graft function after renal transplantation. Transplantation
1998; 65: 219-223.

8. Peters TG, Shaver TR, Ames JEt, Santiago-Delpin EA, Jones KW,
Blanton JW. Cold ischemia and outcome in 17937 cadaveric kid-
ney transplants. Transplantation 1995; 59: 191-196.

9. Roodnat JI, Mulder PG, Van Riemsdijk IC, JN IJ, van Gelder T,
Weimar W. Ischemia times and donor serum creatinine in relation
to renal graft failure. Transplantation 2003; 75: 799-804.

10. Yokoyama I, Uchida K, Kobayashi T, Tominaga Y, Orihara A, Takagi
H. Effect of prolonged delayed graft function on long-term graft
outcome in cadaveric kidney transplantation. Clin Transplant 1994;
8(2 Pt 1): 101-106.

11. Almond PS, Matas AJ, Canafax DM. Fixed-rate reimbursement
fails to cover costs for patients with delayed graft function. Phar-
macotherapy 1991; 11: 1265-1295.

12. Troppmann C, Gillingham KJ, Benedetti E et al. Delayed graft func-
tion, acute rejection, and outcome after cadaver renal transplan-
tation. The multivariate analysis. Transplantation 1995; 59: 962—
968.

American Journal of Transplantation 2007; 7: 99-107



13.

14.

15.

16.

17.

Troppmann C, Gillingham KJ, Gruessner RW et al. Delayed graft
function in the absence of rejection has no long-term impact. A
study of cadaver kidney recipients with good graft function at
1 year after transplantation. Transplantation 1996; 61: 1331-1337.
Troppmann C, Gruessner AC, Gillingham KJ, Sutherland DE,
Matas AJ, Gruessner RW. Impact of delayed function on long-
term graft survival after solid organ transplantation. Transplant
Proc 1999; 31: 1290-1292.

Rosenthal JT, Danovitch GM, Wilkinson A, Ettenger RB. The high
cost of delayed graft function in cadaveric renal transplantation.
Transplantation 1991; 51: 1115-1118.

Gentry SE, Segev DL, Montgomery RA. A comparison of popu-
lations served by kidney paired donation and list paired donation.
Am J Transplant 2005; 5: 1914-1921.

Segev DL, Gentry SE, Warren DS, Reeb B, Montgomery RA. Kid-
ney paired donation and optimizing the use of live donor organs.
JAMA 2005; 293: 1883-1890.

American Journal of Transplantation 2007; 7: 99-107

20.

21.

22.

CIT in Live Donor Renal Transplantation

. Montgomery RA, Zachary AA, Racusen LC et al. Plasmapheresis

and intravenous immune globulin provides effective rescue ther-
apy for refractory humoral rejection and allows kidneys to be suc-
cessfully transplanted into cross-match-positive recipients. Trans-
plantation 2000; 70: 887-895.

. Stegall MD, Gloor J, Winters JL, Moore SB, Degoey S. A compar-

ison of plasmapheresis versus high-dose IVIG desensitization in
renal allograft recipients with high levels of donor specific alloan-
tibody. Am J Transplant 2006; 6: 346-351.

Montgomery RA, Zachary AA, Ratner LE et al. Clinical results from
transplanting incompatible live kidney donor/recipient pairs using
kidney paired donation. JAMA 2005; 294: 1655-1663.
Montgomery R, Simpkins CE, Segev DL. New options for patients
with donor incompatibilities. Transplantation 2006; 82: 164-165.
Montgomery R, Gentry SE, Marks WH et al. Multiplying the ben-
efit of live non-directed donors through domino kidney paired do-
nation. Lancet 2006; 368: 419-421.

107



