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We undertook this study to assess the rate of poor
early graft function (EGF) after laparoscopic live donor
nephrectomy (lapNx) and to determine whether poor
EGF is associated with diminished long-term graft sur-
vival. The study population consisted of 946 consec-
utive lapNx donors/recipient pairs at our center. Poor
EGF was defined as receiving hemodialysis on postop-
erative day (POD) 1 through POD 7 (delayed graft func-
tion [DGF]) or serum creatinine ≥ 3.0 mg/dL at POD
5 without need for hemodialysis (slow graft function
[SGF]). The incidence of poor EGF was 16.3% (DGF
5.8%, SGF 10.5%), and it was stable in chronologic
tertiles. Poor EGF was independently associated with
worse death-censored graft survival (adjusted hazard
ratio (HR) 2.15, 95% confidence interval (CI) 1.34–3.47,
p = 0.001), worse overall graft survival (HR 1.62, 95%
CI 1.10–2.37, p = 0.014), worse acute rejection-free
survival (HR 2.75, 95% CI 1.92–3.94, p < 0.001) and
worse 1-year renal function (p = 0.002). Even SGF in-
dependently predicted worse renal allograft survival
(HR 2.54, 95% CI 1.44–4.44, p = 0.001). Risk factors for
poor DGF included advanced donor age, high recipient
BMI, sirolimus use and prolonged warm ischemia time.
In conclusion, poor EGF following lapNx has a delete-
rious effect on long-term graft function and survival.
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Introduction

Since the advent of laparoscopic live donor nephrectomy
(lapNx) in 1995, the procedure has proliferated worldwide
and supplanted the open technique as the procedure of
choice at a majority of transplant centers worldwide (1,2).
The procedure’s history has been dominated by reports
of the benefits of this less invasive procedure for the
donor (3–7) and on organ supply (8–12) and of excellent
recipient renal outcomes (13–36). However, we previously
showed impaired early renal allograft function and higher
rates of delayed graft function (DGF) in our center’s early
cohort of recipients of renal allografts procured by lapNx
as compared to historic controls procured by the open
approach (36), and some other groups have also found
worse early allograft function in laparoscopically procured
allografts (13,37–44). In fact, a United Network for Organ
Sharing (UNOS) data base analysis of pediatric live donor
transplant recipients found that DGF rates and acute rejec-
tion (AR) rates were higher for those whose organs were
procured by the laparoscopic nephrectomy as compared to
open donor nephrectomy (45). Additionally, animal and hu-
man studies have shown that the pneumoperitoneum used
during the lapNx procedure impairs renal cortical blood
flow (45–50); and a study of zero-hour biopsies demon-
strated concerning histopathologic findings (subcapsular
cortical damage with capsular lesions) in laparoscopically
procured kidneys approached with hand-assistance or via
the retroperitoneum, which were not present in those
procured by open technique (51). Based on these obser-
vations, it has been postulated that the mechanical ma-
nipulation and warm ischemia sustained during the less
invasive and technically more challenging laparoscopic pro-
curement could cause early graft dysfunction.

Whether and to what degree such early insults in this set-
ting may impact on long-term allograft function and survival
are not entirely clear. Certainly, there is clear evidence in
deceased donor renal transplant recipients that DGF (52–
56) or slow graft function (SGF) (53) imparts higher im-
munologic risk and worse renal allograft survival. However,
prior studies have been less clear on the effect of early
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graft dysfunction in the setting of living donor (LD) kidney
transplantation (57–60), where the insults that could cause
early graft dysfunction are qualitatively and quantitatively
different than those in the setting of deceased donor re-
nal transplantation and where the transplanted organ is
expected to be of superior quality and therefore probably
more capable of recovering from brief perioperative insults.

Given the rapid proliferation of the lapNx, we feel that is es-
sential to accurately characterize the rate of poor EGF and
to determine the effects on the outcome of the allograft.
Understanding the ultimate impact of early dysfunction is
crucially important in determining how much injury to the
allograft can be sustained during procurement in exchange
for minimizing the invasiveness and morbidity to the donor.
Therefore, we undertook this study of recipient renal func-
tion outcomes in our singularly large cohort of lapNx to
assess the incidence of poor EGF and to test the hypothe-
sis that poor EGF impairs graft survival and other important
later outcomes.

Methods

Subjects

Nine hundred ninety-seven patients received grafts procured by LapNx be-
tween March 1996, when our center adopted this as the procurement
procedure of choice, and November 2005. Because of the high immuno-
logic risk of recipients who had a positive pretransplant crossmatch with
their donor and who therefore underwent pretransplant desensitization, we
excluded these recipients (n = 39) from the study. Among the remaining
group, 946 had sufficient data to grade EGF and were included in the study.
The lapNx operative technique was described previously (3). In 2003 we
switched from University of Wisconsin (UW) solution to Custodial HTK as
our preservation solution.

Immunosuppression regimen

During the study period, our immunosuppression protocol of choice
evolved. Lymphocyte-depleting agents (LDAs) including OKT3 or rabbit an-
tithymocyte globulin (Thymoglobulin R©) were utilized as induction in recip-
ients who had a prior transplant or had a panel reactive antibody (PRA)
>40%. In others, basiliximab induction was routinely used for induction
since February 2002. The initial maintenance immunosuppression regimen
(IMISR) initially included microemulsion cyclosporine-A (CSA), mycopheno-
late and prednisone. In October 1997, tacrolimus (FK) replaced CSA. In the
absence of prior transplant or PRA >40%, corticosteroids were tapered off
within 3 weeks in non-black recipients since February 2002 and in African
American recipients since August 2005. Sirolimus was used sporadically
since 2002. Percutaneous renal allograft biopsies were performed in recip-
ients with poor graft function every 7–14 days in the early posttransplant
period, and later biopsies were done as clinically indicated to evaluate graft
dysfunction. AR was treated with high-dose corticosteroids or with a course
of LDAs.

Study procedures

After receiving approval from our center’s Institutional Review Board, donor
and recipient data were retrieved for study subjects. Patient data, clini-
cal and laboratory data as well as graft and patient survival status were
compiled primarily from the transplantation data base, with review of trans-
plant clinic records and hospital records where appropriate. Hemodialysis

unit billing records for the first postoperative week were reviewed for all
recipients.

Outcomes and analyses

DGF was defined as the need for hemodialysis on POD 1–7. Slow graft
function (SGF) was defined as POD 5 serum creatinine ≥ 3.0 mg/dL without
need for hemodialysis on POD 1–7. An allograft was considered to have poor
early graft function (poor EGF) if it experienced DGF or SGF, and conversely
it had immediate graft function (IGF) if it did not experience DGF or SGF.
Average serum creatinine levels were calculated as the mean of all values
lassoed in a progressively widening range around dates of interest: day 5 ± 1
days, 1 month ± 5 days, 1 year ± 20 days, 3 years ± 6 months, and 5 years ±
6 months. Estimated glomerular filtration rate (eGFR) was calculated with
the abbreviated MDRD equation (61). AR was defined as biopsy-proven
acute cellular or humoral rejection, as per prevailing Banff criteria. Warm
ischemia time was defined as the time from clamping of renal arterial supply
until submersion in iced saline (and therefore it does not include warm
ischemia time accumulated during the recipient procedure). Failure of renal
allograft was defined as return to another form of renal replacement therapy
(dialysis or repeat kidney transplant) or patient death with a functioning
allograft. Follow-up time and survival analyses were censored at the time
of the most recent follow-up with our center. To assess temporal trends in
poor EGF, the 946 cases were divided into three chronologic tertiles: tertile
1 included cases 1 through 315 (performed between March 27, 1996 and
April 21, 1999), tertile 2 included cases 316 through 630 (April 23, 1999 to
July 25, 2001), and tertile 3 included cases 631 through 946 (July 26, 2001
to August 31, 2005).

Our primary outcome was death-censored renal allograft survival, and our
primary analysis of interest was the comparison of the group with poor
EGF (which included both the SGF and the DGF groups) to the IGF group.
Secondary outcomes and analyses are detailed in the Results section. In
an attempt to eliminate cases in which poor EGF was likely due to immuno-
logic rather than mechanical/ischemic insults, all analyses of rejection-free
survival as well as selected secondary analyses of other outcomes were
performed after excluding cases of very early AR, which was defined as AR
on or before POD 10.

Statistical methods

Continuous variables were reported as mean ± standard deviation and were
compared using analysis of variance (ANOVA) and Student’s t-tests. Cate-
gorical variables were reported as absolute number of patients and/or per-
centage of the particular group and were compared using chi-square tests.
Adjustments for multiple covariates were made using logistic regression
for binary outcomes and linear regression for continuous outcomes. The
assumption of linearity of the relationship was confirmed. Survival analyses
were performed using Kaplan–Meier techniques, compared with log-rank
tests, and adjusted for potential confounders using Cox proportional haz-
ard regression. The proportionality assumptions were confirmed. Values
of p ≤ 0.05 were considered statistically significant. Potential confounding
variables were chosen a priori for inclusion in the multivariate analysis if data
were available in the data base on a sufficient number of subjects (>94%)
and if an independent effect on the outcomes was felt to be reasonably
expected, even if a statistically significant effect was not demonstrated
in univariate analysis. The following covariates were used in regression
analyses: very early AR; recipient age, sex, African American race, prior
transplant, pretransplant diabetes mellitus (DM); donor age, sex, African
American race, and MDRD eGFR; zero human leukocyte antigen (HLA)
mismatches between donor and recipient; utilization of LDA induction; in-
clusion of mycophenolate in IMISR, steroid-sparing IMISR, tacrolimus in
IMISR, and sirolimus in IMISR. SPSS Version 8.0 (SPSS, Inc., Chicago, IL)
and Stata SE 9.1 (Stata Corporation, College Station, TX) software were
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used for statistical analyses. No funding sources were used in the comple-
tion of this study.

Results

Among the 946 subjects, 792 enjoyed IGF while 154
(16.3%) experienced poor EGF — 99 (10.5%) with SGF
and 55 (5.8%) with DGF. Baseline demographic and clini-
cal parameters of the recipients and donors are detailed in
Table 1. As can be seen, subjects who experienced poor
EGF were slightly older and more likely to be African Amer-
ican, and their donors were slightly older, more likely to be
African American and more likely to be genetically unre-
lated. Subjects in the poor EGF group were more likely
to experience very early AR, were more likely to receive
a right kidney, were less likely to receive a simultane-
ous pancreas transplant, and had longer warm ischemia
times. The initial maintenance immunosuppression regi-
mens were similar except that the poor EGF group was
more likely to receive sirolimus, and a similar proportion of
patients received LDA induction.

As shown in Figure 1A, the death-censored renal allograft
survival was worse in the poor EGF group, and the dif-
ference was clinically substantial and highly statistically
significant. Furthermore, the difference in allograft survival
persisted after adjustment for the potential confounders
listed above (adjusted hazard ratio (HR) 2.15 with 95%
confidence interval (CI) 1.34–3.47, p = 0.001).

Figure 1B shows the death-censored graft survival curves
with the poor EGF group separated into SGF and DGF
groups. When SGF (the less severe poor EGF group) was
compared directly to IGF, there was still a significant differ-
ence between these groups, even after adjusting for the
same potential confounders (adjusted HR 2.54 with 95%
CI 1.44–4.44, p = 0.001). The DGF and SGF groups were
not statistically different (adjusted HR 1.36 for DGF com-
pared to SGF with 95% CI 0.66–2.82, p = 0.4), but the
curves visually demonstrate that a majority of graft losses
in the DGF group were early while the graft losses in the
SGF group were spread out over the next several years.
Also, overall graft survival (not death-censored) was worse
in the poor EGF group as compared to the IGF group (curve
not shown, p = 0.001); and this difference persisted after
adjusting for the same potential confounders (adjusted HR
1.62 with 95% CI 1.10–2.37, p = 0.014). The causes of
graft loss are detailed in Table 2, and the only statistically
significant difference was a higher rate of thrombosis in
the poor EGF group. Among the allografts that failed by
POD 30 in the poor EGF group, the cause of graft loss was
attributed to thrombosis in six of seven cases for which a
specific cause was identified.

When cases that were diagnosed with very early AR were
excluded, these survival differences persisted, and the
death-censored graft survival curve for poor EGF versus

IGF is shown in Figure 2. Similarly, after eliminating cases
of very early AR, the death-censored renal allograft sur-
vival was also worse for SGF compared to IGF (curves not
shown, log-rank p = 0.0048).

Patient survival curves for poor EGF versus IGF are shown
in Figure 3. Although the survival visually appears worse in
the poor EGF group over the first several years, the curves
eventually cross and the log-rank p-value is nonsignificant
over the whole period of follow-up. Because of lower num-
bers of subjects and widening confidence intervals during
the later years of follow-up, we compared survival during
the first 5 years of follow-up and found that it was signif-
icantly worse during this period (p-value = 0.028, unad-
justed HR 1.72 with 95% CI 1.05–2.81). The association
of poor EGF with worse patient survival was no longer sig-
nificant when adjusted for the above covariates (adjusted
HR 1.50 with 95% CI 0.84–2.65, p = 0.18). At 5 years
posttransplantation, 21 subjects had died and 36 subjects
were still known to be living in the poor EGF group, while
67 subjects had died and 254 were known to be alive in
the IGF group (63.2% vs. 79.1% survival, chi-square p =
0.010).

Figure 4 shows that the rejection-free survival during first
posttransplant year was worse for poor EGF as compared
to IGF. As discussed above, cases with very early AR were
excluded from this analysis because these events were
felt more likely to be the cause of poor EGF rather than
an effect of it. Figure 4 demonstrates that the difference
in the curves is produced by acute rejection episodes that
occurred within the first 3–4 postoperative months, and
thereafter the curves appeared to be parallel. This differ-
ence in rejection-free survival persisted after adjusting for
the potential confounders (adjusted HR 2.75, 95% CI 1.92–
3.94, p < 0.001).

Table 3 demonstrates that there was a modestly higher
mean 1-month and 1-year serum creatinines and lower 1-
year eGFR in the poor EGF group. These differences per-
sisted after adjusting for the same potential confounders:
the adjusted difference in the 1-year eGFR for the poor
EGF group compared to the IGF group was −6.71 mL/min
per 1.73m2, with 95% CI of −11.0 to −2.43 and p-value
0.002. There were no statistically significant differences in
mean serum creatinines at 3 years and 5 years.

The incidences of DGF, SGF and poor EGF through the
three tertiles are detailed in Table 4. As can be seen, there
were no statistically significant changes in the rate of these
events through the tertiles, although the third tertile was
numerically much higher. We noted also that the rate of
early acute rejection was much higher in the third tertile
(6.2% in tertile 1, 5.1% in tertile 2 and 13.9% in tertile
3); and when we excluded the patients with very early AR
from analyses, the poor EGF rates were 13.6% in tertile
1, 14.0% in tertile 2 and 12.5% in tertile 3. The tertiles
remained nonpredictive of these outcomes on regression
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Table 1: Baseline demographic and clinical data based on early graft function group

Early graft function group

DGF SGF
p-Value (poor

Whole group Poor EGF (DGF + SGF) IGF EGF vs. IGF)

Number of subjects 946 55 99 792 N/A
154

Duration of follow-up (years) 3.52 ± 2.58 3.3 ± 2.5 3.2 ± 2.3 3.6 ± 2.6 N/A
3.2 ± 2.4

Recipient factors
Mean recipient age (years) 46.4 ± 13.9 47.8 ± 16.2 46.6 ± 12.3 46.3 ± 14.0 0.051

47.0 ± 13.8
Male recipient 59.7% 60% 71.4% 58.2% 0.035

67.3%
African American recipient 27.8% 40% 35.4% 25.9% 0.005

37.0%
Pretransplant DM 32.8% 32.7% 36.4% 32.7% NS

35.1%
Prior transplant 6.3% 1.8% 3.0% 6.9% 0.041

2.6%
Very early acute rejection 8.4% 25.5% 24.2% 5.3% <0.001

24.7%
Donor factors

Mean donor age (years) 40.0 ± 11.3 41.3 ± 11.0 42.3 ± 11.6 39.7 ± 11.2 0.023
41.9 ± 11.4

Donor age ≥ 50 years 20.9% 22.2% 24.5% 20.1% NS
23.7%

Male donor 42.2% 29.6% 42.9% 42.9% NS
38.2%

African American donor 26.6% 37.7% 33.7% 24.9% 0.009
35.1%

Donor eGFR (mL/min per 1.73 m2) 91.7 ± 18.6 88.9 ± 18.9 91.5 ± 18.3 92.4 ± 18.3 NS
90.6 ± 18.5

Genetically unrelated to recipient 29.9% 41.8% 34.3% 28.6% 0.036
37.0%

Zero HLA mismatch 9.1% 7.3% 8.1% 9.5% NS
7.8%

Operative factors
Donor’s right kidney procured 3.1% 5.6% 6.2% 2.5% 0.021

6.0%
Number of renal arteries 1.31 ± 0.57 1.37 ± 0.65 1.38 ± 0.65 1.29 ± 0.65 NS

1.37 ± 0.65
Operative time (h) 3.41 ± 0.83 3.42 ± 0.98 3.46 ± 0.86 3.40 ± 0.81 NS

3.44 ± 0.90
Warm ischemia time (min) 2.92 ± 1.51 2.95 ± 1.18 3.38 ± 1.89 2.86 ± 1.47 0.015

3.22 ± 1.67
Simultaneous deceased donor 8.1% 3.6% 3.0% 9.2% 0.014
pancreas transplant 3.2%

Immunosuppression regimens
Lymphocyte-depleting agent induction 19.1% 22.2% 9.6% 20.2% 0.088

14.2%
Mycophenolate in IMISR 93.7% 88.9% 91.5% 94.3% NS

90.5%
Tacrolimus in IMISR 82.4% 82.7% 81.9% 82.5% NS

82.2%
Sirolimus in IMISR 5.8% 13.0% 10.6% 4.7% 0.01

11.5%
Steroid-sparing IMISR 15.4% 18.9% 13.8% 15.6% NS

15.6.%

DGF = delayed graft function; SGF = slow graft dysfunction; poor EGF = poor early graft dysfunction; IGF = immediate graft function;
IMISR = initial maintenance immunosuppression regimen.
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Figure 1: (A) Death-censored allograft survival for poor EGF

versus IGF. Graft survival, defined as the percentage of subjects
with functioning graft among the noncensored subjects at a given
time of follow-up (graft survival = number of subjects with func-
tioning graft/(cumulative graft losses + number of subjects with
functioning graft)) for the poor EGF and IGF groups are detailed in
the inset table. Log-rank p = < 0.0001. Poor EGF = poor early graft
dysfunction; IGF = immediate graft function. (B) Death-censored
renal allograft survival for IGF, SGF and DGF. DGF = delayed graft
function; SGF = slow graft dysfunction; IGF = immediate graft
function.

analysis that included the covariates listed above: for poor
EGF, relative risk (RR) 1.06 per tertile, 95% CI 0.78–1.42,
p-value NS.

We compared the rates of poor EGF among the surgeons
who were credited as the first attending surgeon of record
for the cases, and we found no statistically significant dif-
ferences among the group as a whole (chi-square p =
0.183). Additionally, we compared the poor EGF rate for
the first 10 lapNx cases versus the later cases among the
surgeons who had not accumulated prior unsupervised ex-
perience with the lapNx procedure, and we found that the
incidence of poor EGF was similar (10.4% for first 10 cases
and 19.1% for the later cases in this group of surgeons,
p = 0.86).

We performed a univariate and multivariate analysis of pa-
rameters that we suspected could be risk factors for poor
EGF, and the details of this analysis are shown in Table 5.

Table 2: Causes of graft losses in poor EGF and IGF groups

Cause of graft loss Poor EGF (n = 46) IGF (n = 145) p-Value

Acute rejection 1 (2.2%) 8 (5.5%) NS
Chronic rejection or 13 (28.3%) 31 (21.4%) NS

chronic allograft
nephropathy

Noncompliance 1 (2.2%) 17 (11.7%) 0.078
Polyoma virus 2 (4.3%) 6 (4.1%) NS

nephropathy
Recurrent primary 1 (2.2%) 2 (1.4%) NS

renal disease
Thrombosis1 6 (13%) 4 (2.8%) 0.014
Other 4 (8.7%) 6 (4.2%) NS
Death 15 (32.6%) 67 (46.2%) NS
Unknown 3 (6.5%) 4 (2.8%) NS

Poor EGF = poor early graft dysfunction; IGF = immediate graft
function.
1The thromboses in the poor EGF group occurred at POD’s 1, 1,
2, 2, 6 and 15; while the thromboses in the IGF group occurred
on POD’s 4, 15, 256 and 2740.

Only those variables that achieved statistical significance in
univariate analysis were included in the multivariate model.
The only covariates that achieved statistical significance as
predictors of poor EGF in this multivariate model were
higher recipient BMI, older donor age, longer warm is-
chemia time and utilization of sirolimus in IMISR.

Discussion

This retrospective cohort study demonstrates that poor
early graft function following lapNx complicates a signifi-
cant proportion of transplants and has substantial effects
on important survival metrics. We herein show that renal
allograft survival is substantially worse in recipients who
require dialysis in the first posttransplant week or whose
serum creatinine is at or above 3.0 mg/dL at postop day 5,

Figure 2: Death-censored renal allograft survival poor EGF

versus IGF, with cases of very early AR excluded. Log-rank p-
value = 0.0009. Poor EGF = poor early graft dysfunction; IGF =
immediate graft function.
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Figure 3: Patient survival for poor EGF versus IGF, with tick

marks indicating censored observations. Log-rank p-value =
0.11. Poor EGF = poor early graft dysfunction; IGF = immediate
graft function.

with more than double the risk for graft failure in these
subjects compared to those with unimpaired initial graft
function. We also demonstrate inferior renal function at
1 year and worse rejection-free survival in this group. The
effect of poor EGF on these outcomes appears to be in-
dependent of other clinical predictors of graft dysfunction,
as demonstrated by the persistence of a major detrimen-
tal effect after adjusting for a multitude of potential con-
founders. Additionally, we showed that a recipient who
experiences poor EGF is less likely to survive 5 years after
transplant, although this effect on patient survival may not
be an independent effect of poor EGF. We also showed that
simply having a serum creatinine at or above 3.0 mg/dL at
POD 5 without a need for early hemodialysis (i.e. SGF) was
enough to impair long-term graft survival and increase first-
year rejection risk, suggesting that the less dramatic in-
sults may be sufficient enough to mar outcomes. It clearly
shows that early injuries to the allograft are ultimately not
inconsequential.

Figure 4: Rejection-free survival during first posttransplant

year for poor EGF versus IGF, with cases of very early AR

excluded. Log-rank p-value < 0.0001. Poor EGF = poor early graft
dysfunction; IGF = immediate graft function.

Consistent with our conclusions of worse long-term out-
comes after poor EGF is the clear evidence in deceased
donor renal transplant recipients that DGF (53–56) or SGF
(53) impart higher immunologic risk and worse renal allo-
graft survival. With regard to LD kidney transplant recipi-
ents, our study findings should be compared with the find-
ings of a very similar study by Brennan et al., which was
a retrospective study of 469 recipients of LD kidney trans-
plantation from the University of California San Francisco
(57). They found that poor EGF (defined as in our study)
was associated with a significantly lower 1-year graft sur-
vival but similar longer-term survival (mean follow-up of 31
months) and that poor EGF strongly predisposed to AR,
which in turn significantly impaired graft survival. They did
not note differences in 1-year renal allograft function based
on early graft function. We found it counterintuitive that
1-year survival would be worse while longer-term survival
was not worse, and we speculate that the study may not
have had the power to show a difference because of in-
sufficient numbers of subjects with longer follow-up dura-
tions. We also found three other studies that supported our
conclusion that early dysfunction impairs long-term graft
outcomes after live donor nephrectomy. First, Matas et al.
found in their large cohort of recipients of living donors that
DGF is associated with worse renal allograft function and
worse renal allograft survival (60). Second, Hawley et al.
found that DGF predicted lower Nankivell glomerular filtra-
tion rate at 6 months among 209 recipients of live donor
kidney transplants (59). Third, the OPTN/SRTR 2005 An-
nual Report provides reason for profound concern about
living donor renal allografts that experience DGF, with the
1-year graft survival being 65% if dialysis is needed within
the first posttransplant week as compared to 97% if not
(58).

Our study contributes important data to this body of litera-
ture in that it includes a large number of subjects with accu-
rate internal data. Additionally, by eliminating patients with
very early AR from many of our analyses, our study pro-
vides the first strong evidence that nonimmune-mediated
early graft dysfunction after live kidney donation leads to
higher risk of later rejection and to ultimate graft loss. Prior
studies did not apply such techniques and therefore could
not make this assessment.

Importantly, our study includes a robust analysis of risk
factors for poor EGF and provides findings that may be
useful in guiding efforts to reduce rates of poor EGF in this
setting. The univariate analysis of covariates yielded many
expected predictors of poor EGF, such as older donor age,
higher number of HLA mismatches, lack of genetic relation-
ship between donor and recipient, more prolonged warm
ischemia times and utilization of sirolimus in IMISR. Oth-
ers predictors were more intriguing and elude simple ex-
planations, such as recipient male sex, recipient and donor
African American race, lack of prior transplant and simul-
taneous transplant of deceased donor pancreas allograft.
It should be noted that procurement of right donor kidney
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Table 3: Renal function for early graft function groups

Early graft function group

DGF SGF
Data p-Value poor EGF

Poor EGF (DGF + SGF) IGF completeness vs. IGF

Mean 1-month serum creatinine (mg/dL) 2.72 ± 1.97 2.05 ± 1.04 1.50 ± 0.68 n = 837 <0.001
2.27 ± 1.45

Mean 1-year serum creatinine (mg/dL) 1.85 ± 0.84 1.79 ± 0.67 1.56 ± 0.65 n = 607 <0.001
1.81 ± 0.73

Mean 3-year serum creatinine (mg/dL) 2.24 ± 1.33 2.18 ± 1.23 1.90 ± 1.41 n = 499 0.083
2.20 ± 1.26

Mean 5-year serum creatinine (mg/dL) 2.24 ± 0.97 2.26 ± 1.24 1.97 ± 1.35 n = 287 NS
2.25 ± 1.14

Mean 1-year eGFR (mL/min per 1.73m2) 49.2 ± 18.9 48.6 ± 15.8 54.8 ± 20.6 n = 607 0.006
48.8 ± 16.9

DGF = delayed graft function; SGF = slow graft dysfunction; poor EGF = poor early graft dysfunction; IGF = immediate graft function.

was predictive while greater number of arteries was not
predictive of poor EGF in this univariate analysis, and this
finding may be of practical use for surgeons who may face
the decision of whether to procure a left kidney with multi-
ple arteries or a right kidney with a single artery. Although
more study is needed, our data suggest that the former
may be a better choice.

Our multivariate analysis of potential risk factors yielded
a few covariates that demonstrated an independent as-
sociation with poor EGF. Our finding of higher risk with
longer warm ischemia time is consistent with the findings
of Brennan et al., who also found that this factor was in-
dependently predictive of poor EGF (57). Our multivariate
analysis also found associations with older donor age and
higher recipient BMI, which are also similar to associa-
tions noted in the Brennan study. It should also be noted
that Brennan et al. noted a strong association of recipient
diabetes and poor EGF after living donor renal transplan-
tation, but our data did not show this association. Finally,
our finding of higher risk for poor EGF in recipients receiv-
ing sirolimus is consistent with the well-known association
of sirolimus use with DGF (62–64). On the other hand, it
is possible that sirolimus could have been used preferen-
tially in patients who had early graft dysfunction because
of the impression that the drug is less nephrotoxic than
calcineurin inhibitors (although it is not our standard proto-
col to do so), and thus one should be very cautious about
concluding causation in the retrospective study.

Table 4: Rates of poor EGF in various tertiles

Tertile

Whole group 1 2 3 p-Value

DGF 55/946 (5.8%) 15/316 (4.7%) 17/318 (5.3%) 23/312 (7.4%) NS
SGF 99/946 (10.5%) 32/316 (10.1%) 30/318 (9.4%) 37/312 (11.9%) NS
Poor EGF (DGF or IGF) 154/946 (16.3%) 47/316 (14.9%) 47/318 (14.8%) 60/312 (19.2%) NS

DGF = delayed graft function; SGF = slow graft dysfunction; poor EGF = poor early graft dysfunction; IGF = immediate graft function.

Our data also provide some insights into the possible
pathophysiologic connection of early dysfunction to later
graft deterioration. The inferior subsequent rejection-free
survival associated with poor EGF among those grafts that
did not suffer very early AR suggests that a major com-
ponent of this process may be that ischemic and/or me-
chanical injury initiates an immune-mediated inflammatory
response that leads to later graft dysfunction, even after
mechanical insults are no longer active. This finding is con-
sistent with prior observations that renal ischemia induces
increased MHC class II expression (65,66). Furthermore,
ischemia and reperfusion of allografts have been observed
to induce a strong inflammatory response that results in
cellular apoptosis, release of reactive oxygen metabolites,
induction of proinflammatory cytokines and potent leuko-
cyte chemoattractants by ischemic vascular endothelium
and possibly parenchymal cells (66,67). As hypothesized
by Fairchild et al., such chemoattractant cytokines and ad-
hesion molecules may serve as ‘signposts’ that traffic T
cells into allografts and may be involved in the ultimate
development of graft vasculopathy and fibrosis (68). Addi-
tionally, nonimmune and noninflammatory processes may
be at play. It is certainly plausible that loss of nephrons
from perioperative insults may contribute to systemic hy-
pertension and/or may induce adaptive single nephron hy-
perfiltration that leads to eventual atrophy and drop out
of remaining nephrons and accompanying interstitial and
glomerular fibrosis. Given that we had only modest num-
bers of graft losses, our study did not provide sufficient
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Table 5: Univariate and multivariate analysis of risk factors for poor early graft function (EGF)

Univariate analysis Multivariate model

Parameter OR (95% CI) p-Value OR (95% CI) p-Value

Recipient age (per decade) 1.04 (0.92–1.18) NS
Recipient sex male 1.48 (1.03–2.13) 0.036 1.45 (0.92–2.29) NS
Recipient race African American 1.68 (1.17–2.42) 0.005 1.19 (0.43–3.22) NS
Recipient BMI (per 5 kg/m2) 1.49 (1.30–1.72) <0.001 1.51 (1.26–1.80) <0.001
Recipient diabetic 1.11 (0.77–1.60) NS
Donor age (per decade) 1.19 (1.02–1.39) 0.023 1.37 (1.12–1.67) 0.002
Donor sex male 0.82 (0.57–1.17) NS
Donor race African American 1.63 (1.13–2.37) 0.010 1.33 (0.48–3.66) NS
Donor BMI (per 5 kg/m2) 1.11 (0.96–1.30) NS
Donor eGFR (per 10 mL/min per 1.73 m2) 1.11 (0.96–1.30) NS
Prior transplant 0.36 (0.13–1.00) 0.050 0.73 (0.24–2.21) NS
Genetically unrelated donor 1.47 (1.02–2.11) 0.037 0.94 (0.55–1.61) NS
HLA mismatch (per mismatch) 1.18 (1.06–1.32) 0.003 1.16 (0.99–1.37) NS
Simultaneous pancreas transplant 0.33 (0.13–0.83) 0.019 0.37 (0.11–1.25) NS
Donor’s right kidney procured 2.52 (1.11–5.69) 0.026 2.09 (0.77–5.72) NS
Number of renal arteries (per artery) 1.25 (0.95–1.64) NS
Donor’s time in operating room (per h) 1.07 (0.86–1.32) NS
Warm ischemia time (per min) 1.15 (1.02–1.28) 0.017 1.15 (1.00–1.31) 0.049
Lymphocyte-depleting agent induction 0.65 (0.40–1.07) 0.090
Tacrolimus in IMISR 0.97 (0.61–1.54) NS
Sirolimus in IMSR 2.60 (1.42–4.77) 0.002 3.11 (1.50–6.46) 0.002

Only those variables that achieved statistical significance in univariate analysis were included in the multivariate model.
OR = odds ratio; CI = confidence interval; BMI = body mass index; HLA = human leukocyte antigen; IMISR = initial maintenance
immunosuppression regimen.

statistical power to make conclusions about why the allo-
grafts with poor EGF are more likely to fail, except that the
poor EGF group demonstrated a higher rate of thromboses
(which occurred very early after transplantation).

One could hypothesize that accumulated local and interna-
tional experience with the procedure has resulted in im-
provements in technique that lessened or eliminated the
problem of poor EGF, thus rendering the above findings
less important. Arguing against this scenario, the incidence
of early graft dysfunction has remained stable through the
three chronologic tertiles of our center’s first nearly 1000
lapNx cases, even after adjusting for potential confounders.
(Although there appeared to be a trend toward higher inci-
dence of poor EGF in the most recent tertile, we suspect
that this was due to a markedly higher rate of very early
AR during that tertile rather than procurement-related is-
sues.) Also, we did not find evidence of a ‘learning curve’
for surgeons who were virgin to the procedure when we
compared their first 10 cases to all later cases, and in fact
we surprisingly found numerically lower rates during the
first 10 cases (though not statistically significant). It should
be noted that this analysis is very problematic because of
the difficulties in determining what experience the surgeon
had prior to doing their first laparoscopic nephrectomy as
the attending surgeon of record at our center. Many of the
surgeons had substantial experiences as trainees and/or
had performed critical parts of the procedure under su-
pervision prior to taking on the role of first surgeon. Fur-

thermore, critical parts of the procedure may have been
performed by surgical trainees or attendings who were
not the first surgeon of record. Thus, although we did not
find evidence of a ‘learning curve’ for individual surgeons,
a more detailed analysis would be needed to adequately
address this important issue.

Additionally, this study does not adequately address the
culpability of the lapNx as the cause of the poor EGF. Sev-
eral prior studies have indicated that poor EGF after LD
nephrectomy is not unique to lapNx, as it complicates a
nonnegligible proportion of LD kidney transplants done by
open nephrectomy. For example, open cohorts in studies
by Ratner (12) and by Derweesh (69) and national data
from the era prior to the laparoscopic nephrectomy (70) re-
ported DGF incidence rates of approximately 5–6%, which
is very similar to the DGF rate in our lapNx cohort. Addition-
ally, in a large UCSF cohort of LD renal transplant recipients
whose organs were procured primarily with open nephrec-
tomy (88%), Brennan et al. reported poor EGF in 15% (57),
which is similar to our rate of poor EGF. Obviously, a multi-
tude of factors in addition to the organ retrieval procedure
can cause early graft dysfunction, including early rejection
and recipient hemodynamic and vascular factors. In fact,
we found that a couple recipient factors—higher recipient
BMI and sirolimus use—were the strongest independent
risk factors for poor EGF, arguing that recipient factors may
be even more important than procurement insults in the
development of poor EGF in this setting.
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Limitations of this study are important to appreciate. First,
it is possible that patients who had experienced early graft
dysfunction may have been judged by the managing clini-
cians to be at higher risk for rejection, such that they may
have been more likely to have a biopsy done. Thus, sub-
clinical rejection or incidental inflammation would be more
likely to be identified in a graft that had poor EGF than
in one with IGF. Second, incomplete follow-up of subjects
may have introduced bias. Patients who had planned to get
their follow-up transplant care outside of our center would
likely be more likely to return for care at our tertiary care
transplant program if they were doing poorly, thus increas-
ing the likelihood that we could identify patients with poor
outcomes. Finally, it is possible that poor EGF may have
been an early marker of recipients who were at higher risk
for poor outcomes, rather than being a causative factor
for the poor outcomes. By eliminating positive-crossmatch
recipients who underwent desensitization from the study
and by eliminating subjects diagnosed with very early AR
from subanalyses, we feel that we removed most of the
cases in which early graft dysfunction was simply a marker
of high immunologic risk.

Our findings highlight the urgent need to find ways to
lessen the rate of poor EGF after LD kidney transplan-
tation. Based on our experience, our team employs the
following measures: aggressive volume loading of donor,
limiting pneumoperitoneum to 15 mmHg, and the routine
use of papaverine as a topical renal artery antispasmotic.
Additionally, the surgeons monitor intraoperative perfu-
sion using kidney appearance and renal vein turgor, and
they have ongoing communication with the anesthesiol-
ogists to maintain adequate introperative hemodynamics
and vigorous urine output (with use of diuretics as nec-
essary) throughout the case. Our findings in this study
provide strong rationale for donor surgeons to attempt to
limit warm ischemic time. Further studies to better define
procedure-related and patient-related risk factors for poor
EGF after lapNx are clearly needed. Studies that assess the
impact of lapNx donor surgeon training and competency
measures on outcomes of allografts may help centers pre-
vent the loss of precious grafts to the purported ‘learning
curve’. Also, our data suggest that maintaining vigilance
and possibly higher levels of immunosuppression in recip-
ients who experience poor EGF may lessen the incidence
and/or clinical impact of future AR episodes in their grafts.
Additionally, recent data have suggested the exciting possi-
bility that early pharmacologic interventions may attenuate
perioperative CD4+ T-cell infiltration and thereby interrupt
the progression to transplant arterial vasculopathy and fi-
brosis (66), and such advances may be pertinent to LD
renal allografts. Finally, hemodynamic interventions such
renin–angiotensin system blockers could possibly dimin-
ish potential nonimmune injury.

In conclusion, this study of our large single-center cohort
of recipients of lapNx transplants shows that (1) this group
continues to be plagued by substantial rates of SGF and

DGF (which may not be higher than in those whose graft
was procured by the open technique) and that (2) those
who experience poor early graft dysfunction demonstrate
worse long-term graft survival, higher risk of AR during the
first year and inferior 1-year renal function as compared to
those recipients who experienced immediate graft func-
tion. Based on our findings, transplant teams should strive
to limit the rate of poor EGF in their live donor renal trans-
plant recipients. We are hopeful that refinements in the
lapNx technique and training and improvements in patient
selection and management will bring about a reduction in
rates of poor EGF in LD renal transplant recipients and
thereby help to optimize the quality and longevity of this
‘gift of life’ to our patients.

References

1. Tooher RL, Rao MM, Scott DF et al. A systematic review of
laparoscopic live-donor nephrectomy. Transplantation 2004; 78:
404–414.

2. Cecka JM. The UNOS Renal Transplant Registry. Clin Transpl
2002;1–20.

3. Flowers JL, Jacobs S, Cho E et al. Comparison of open and laparo-
scopic live donor nephrectomy. Ann Surg 1997; 226: 483–489.

4. Ratner LE, Kavoussi LR, Schulam PG et al. Comparison of la-
paroscopic live donor nephrectomy versus the standard open ap-
proach. Transplant Proc 1997; 29: 138–139.

5. Ratner LE, Montgomery RA, Kavoussi LR et al. Laparoscopic live
donor nephrectomy: The four year Johns Hopkins University ex-
perience. Nephrol Dial Transplant 1999; 14: 2090–2093.

6. Ratner LE, Kavoussi LR, Sroka M et al. Laparoscopic assisted
live donor nephrectomy–a comparison with the open approach.
Transplantation 1997; 63: 229–233.

7. Leventhal JR, Deeik RK, Joehl RJ et al. Laparoscopic live donor
nephrectomy–is it safe? Transplantation 2000; 70: 602–606.

8. Ratner LE, Hiller J, Sroka M et al. Laparoscopic live donor nephrec-
tomy removes disincentives to live donation. Transplant Proc
1997; 29: 3402–3403.

9. Schweitzer EJ, Wilson J, Jacobs S et al. Increased rates of dona-
tion with laparoscopic donor nephrectomy. Ann Surg 2000; 232:
392–400.

10. Ratner LE, Buell JF, Kuo PC. Laparoscopic donor nephrectomy:
Pro. Transplantation 2000; 70: 1544–1546.

11. Kuo PC, Johnson LB. Laparoscopic donor nephrectomy increases
the supply of living donor kidneys: A center-specific microeco-
nomic analysis. Transplantation 2000; 69: 2211–2213.

12. Ratner LE, Montgomery RA, Maley WR et al. Laparoscopic
live donor nephrectomy: The recipient. Transplantation 2000; 69:
2319–2323.

13. Tanabe K, Miyamoto N, Ishida H et al. Retroperitoneoscopic live
donor nephrectomy (RPLDN): Establishment and initial experi-
ence of RPLDN at a single center. Am J Transplant 2005; 5: 739–
745.

14. Kayler LK, Merion RM, Maraschio MA et al. Outcomes of pediatric
living donor renal transplant after laparoscopic versus open donor
nephrectomy. Transplant Proc 2002; 34: 3097–3098.

15. Shafizadeh S, McEvoy JR, Murray C et al. Laparoscopic donor
nephrectomy: Impact on an established renal transplant program.
Am Surg 2000; 66: 1132–1135.

16. Ratner LE, Montgomery RA, Kavoussi LR et al. Laparoscopic live
donor nephrectomy. A review of the first 5 years. (Review) (51
refs). Urol Clin North Am 2001; 28: 709–719.

American Journal of Transplantation 2008; 8: 1–11 9



Nogueira et al.

17. Leventhal JR, Deeik RK, Joehl RJ et al. Laparoscopic live donor
nephrectomy–is it safe? Transplantation 2000; 70: 602–606.

18. Slakey DP, Wood JC, Hender D et al. Laparoscopic living donor
nephrectomy: Advantages of the hand-assisted method. Trans-
plantation 1999; 68: 581–583.

19. London E, Rudich S, McVicar J et al. Equivalent renal allograft func-
tion with laparoscopic versus open liver donor nephrectomies.
Transplant Proc 1999; 31: 258–260.

20. Derweesh IH, Goldfarb DA, Abreu SC et al. Laparoscopic live
donor nephrectomy has equivalent early and late renal func-
tion outcomes compared with open donor nephrectomy. Urology
2005; 65: 862–866.

21. Mitre AI, Denes FT, Piovesan AC et al. Laparoscopic nephrectomy
in live donor. Int Braz J Urol 2004; 30: 22–28.

22. El-Galley R, Hood N, Young CJ et al. Donor nephrectomy: A com-
parison of techniques and results of open, hand assisted and full
laparoscopic nephrectomy. J Urol 2004; 171: 40–43.

23. Ruiz-Deya G, Cheng S, Palmer E et al. Open donor, laparoscopic
donor and hand assisted laparoscopic donor nephrectomy: A com-
parison of outcomes. J Urol 2001; 166: 1270–1273.

24. Lennerling A, Blohme I, Ostraat O et al. Laparoscopic or open
surgery for living donor nephrectomy. Nephrol Dial Transplant
2001; 16: 383–386.

25. Brown SL, Biehl TR, Rawlins MC et al. Laparoscopic live donor
nephrectomy: A comparison with the conventional open ap-
proach. J Urol 2001; 165: 766–769.

26. Lai IR, Tsai MK, Lee PH et al. Hand-assisted versus total laparo-
scopic live donor nephrectomy. J Formos Med Assoc 2004; 103:
749–753.

27. Wu CT, Chiang YJ, Liu KL et al. Laparoscopic donor nephrectomy:
New combination of hand-assisted and standard approaches.
Transplant Proc 2004; 36: 1909–1911.

28. Bettschart V, Boubaker A, Martinet O et al. Laparoscopic right
nephrectomy for live kidney donation: Functional results. Transpl
Int 2003; 16: 419–424.

29. Reddy KS, Mastrangelo M, Johnston D et al. Recipient outcome
following living donor kidney transplantation using kidneys pro-
cured laparoscopically. Clin Transplant 2003; 17(Suppl 9):44–47.

30. Slakey DP, Hahn JC, Rogers E et al. Single-center analysis of liv-
ing donor nephrectomy: Hand-assisted laparoscopic, pure laparo-
scopic, and traditional open. Prog Transplant 2002; 12: 206–211.

31. Rawlins MC, Hefty TL, Brown SL et al. Learning laparoscopic
donor nephrectomy safely: A report on 100 cases. Arch Surg 2002;
137: 531–534.

32. Lee BR, Chow GK, Ratner LE et al. Laparoscopic live donor
nephrectomy: Outcomes equivalent to open surgery. J Endourol
2000; 14: 811–819.

33. Wolf JS Jr, Marcovich R, Merion RM et al. Prospective, case
matched comparison of hand assisted laparoscopic and open sur-
gical live donor nephrectomy. J Urol 2000; 163: 1650–1653.

34. Odland MD, Ney AL, Jacobs DM et al. Initial experience with lapa-
roscopic live donor nephrectomy. Surgery 1999; 126: 603–606.

35. Singer JS, Ettenger RB, Gore JL et al. Laparoscopic versus open
renal procurement for pediatric recipients of living donor renal
transplantation. Am J Transplant 2005; 5: 2514–2520.

36. Khauli RB, El-Hout Y, Hussein M et al. A controlled sequential
evaluation of open donor nephrectomy versus classical and modi-
fied laparoscopic donor nephrectomy: An update. Transplant Proc
2005; 37: 2944–2946.

37. Nogueira JM, Cangro CB, Fink JC et al. A comparison of recip-
ient renal outcomes with laparoscopic versus open live donor
nephrectomy. Transplantation 1999; 67: 722–728.

38. Troppmann C, Pierce JL, Wiesmann KM et al. Early and late recip-
ient graft function and donor outcome after laparoscopic vs open

adult live donor nephrectomy for pediatric renal transplantation.
Arch Surg 2002; 137: 908–915.

39. Troppmann C, Ormond DB, Perez RV et al. Laparoscopic (vs open)
live donor nephrectomy: A UNOS database analysis of early graft
function and survival. Am J Transplant 2003; 3: 1295–1301.

40. Troppmann C, McBride MA, Baker TJ et al. Laparoscopic live donor
nephrectomy: A risk factor for delayed function and rejection in
pediatric kidney recipients? A UNOS analysis. Am J Transplant
2005; 5: 175–182.

41. London E, Rudich S, McVicar J et al. Equivalent renal allograft func-
tion with laparoscopic versus open liver donor nephrectomies.
Transplant Proc 1999; 31: 258–260.

42. Odland MD, Ney AL, Jacobs DM et al. Initial experience with
laparoscopic live donor nephrectomy. Surgery 1999; 126: 603–
606.

43. Stifelman MD, Hull D, Sosa RE et al. Hand assisted laparoscopic
donor nephrectomy: A comparison with the open approach. J Urol
2001; 166: 444–448.

44. Baqi N, Stock J, Lombardo SA, Geffner S, Roberti I. Impact of
laparoscopic donor nephrectomy on allograft function in pediatric
renal transplant recipients: A single-center report. Pediatr Trans-
plant 2006; 10: 354–357.

45. Chiu AW, Chang LS, Birkett DH, Babayan RK. The impact of
pneumoperitoneum, pneumoretroperitoneum, and gasless la-
paroscopy on the systemic and renal hemodynamics. J Am Coll
Surg 1995; 181: 397–406.

46. London ET, Ho HS, Neuhaus AM et al. Effect of intravascular
volume expansion on renal function during prolonged CO2 pneu-
moperitoneum. Ann Surg 2000; 231: 195–201.

47. Kirsch AJ, Hensle TW, Chang DT, Kayton ML, Olsson CA,
Sawczuk IS. Renal effects of CO2 insufflation: Oliguria and acute
renal dysfunction in a rat pneumoperitoneum model. Urology
1994; 43: 453–459.

48. Melville RJ, Frizis HI, Forsling ML, LeQuesne LP. The stimulus
for vasopressin release during laparoscopy. Surg Gynecol Obstet
1985; 161: 253–256.

49. Richards WO, Scovill W, Shin B, Reed W. Acute renal failure asso-
ciated with increased intra-abdominal pressure. Ann Surg 1983;
197: 183–187.

50. Chang DT, Kirsch AJ, Sawczuk IS. Oliguria during laparoscopic
surgery. J Endourol 1994; 8: 349–352.

51. Shimizu T, Tanabe K, Ishida H, Toma H, Yamaguchi Y. Histopatho-
logical evaluation of 0-h biopsy specimens of donor kidney pro-
cured by laparoscopic donor nephrectomy. Clin Transplant 2004;
18(Suppl 11):24–28.

52. Halloran PF, Hunsicker LG. Delayed graft function: State of the art,
November 10–11, 2000. Summit meeting, Scottsdale, Arizona,
USA. Am J Transplant 2001; 1: 115–120.

53. Humar A, Johnson EM, Payne WD et al. Effect of initial slow graft
function on renal allograft rejection and survival. Clin Transplant
1997; 11: 623–627.

54. Shoskes DA, Cecka JM. Deleterious effects of delayed graft func-
tion in cadaveric renal transplant recipients independent of acute
rejection. Transplantation 1998; 66: 1697–1701.

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

56. 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.

57. Brennan TV, Freise CE, Fuller TF, Bostrom A, Tomlanovich SJ,
Feng S. Early graft function after living donor kidney transplanta-
tion predicts rejection but not outcomes. Am J Transplant 2004;
4: 971–979.

10 American Journal of Transplantation 2008; 8: 1–11



DGF and SGF After Laparoscopic Donor Nephrectomy

58. Cohen DJ, St ML, Christensen LL, Bloom RD, Sung RS. Kidney
and pancreas transplantation in the United States, 1995–2004.
Am J Transplant 2006; 6: 1153–1169.

59. Hawley CM, Kearsley J, Campbell SB et al. Estimated donor
glomerular filtration rate is the most important donor character-
istic predicting graft function in recipients of kidneys from live
donors. Transpl Int 2007; 20: 64–72.

60. Matas AJ, Payne WD, Sutherland DE et al. 2,500 living donor
kidney transplants: A single-center experience. Ann Surg 2001;
234: 149–164.

61. Levey AS, Coresh J, Greene T et al. Using standardized serum
creatinine values in the modification of diet in renal disease study
equation for estimating glomerular filtration rate. Ann Intern Med
2006; 145: 247–254.

62. Smith KD, Wrenshall LE, Nicosia RF et al. Delayed graft function
and cast nephropathy associated with tacrolimus plus rapamycin
use. J Am Soc Nephrol 2003; 14: 1037–1045.

63. McTaggart RA, Gottlieb D, Brooks J et al. Sirolimus prolongs re-
covery from delayed graft function after cadaveric renal transplan-
tation. Am J Transplant 2003; 3: 416–423.

64. Stallone G, Di PS, Schena A et al. Addition of sirolimus to cy-
closporine delays the recovery from delayed graft function but

does not affect 1-year graft function. J Am Soc Nephrol 2004; 15:
228–233.

65. Shoskes DA, Parfrey NA, Halloran PF. Increased major histocom-
patibility complex antigen expression in unilateral ischemic acute
tubular necrosis in the mouse. Transplantation 1990; 49: 201–
207.

66. Miura M, Morita K, Koyanagi T, Fairchild RL. Neutralization of
monokine induced by interferon-gamma during the early post-
transplantation period prevents development of chronic allograft
vasculopathy and graft fibrosis. Transplant Proc 2003; 35: 875–
877.

67. Araki M, Fahmy N, Zhou L et al. Expression of IL-8 during reperfu-
sion of renal allografts is dependent on ischemic time. Transplan-
tation 2006; 81: 783–788.

68. Fairchild RL. Raising the direction signposts that guide T cell traf-
ficking into allografts. Transplantation 2005; 79: 646–647.

69. Derweesh IH, Goldfarb DA, Abreu SC et al. Laparoscopic live
donor nephrectomy has equivalent early and late renal func-
tion outcomes compared with open donor nephrectomy. Urology
2005; 65: 862–866.

70. Shoskes DA, Cecka JM. Effect of delayed graft function on short-
and long-term kidney graft survival. Clin Transpl 1997;297–303.

American Journal of Transplantation 2008; 8: 1–11 11


