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Abstract

BACKGROUND

The increasing kidney retransplantation rate has created a parallel field of
research, including the risk factors and outcomes of this advanced form of renal
replacement therapy. The presentation of experiences from different kidney
transplantation centers may help enrich the literature on kidney retransplantation,
as a specific topic in the field of kidney transplantation.

AIM
To identify the risk factors affecting primary graft function and graft survival
rates after second kidney transplantation (SKT).

METHODS

The records of SKT cases performed between January 1977 and December 2014 at
a European tertiary-level kidney transplantation center were retrospectively
reviewed and analyzed. Beside the descriptive characteristics, the survivals of
patients and both the first and second grafts were described using Kaplan-Meier
curves. In addition, Kaplan-Meier analyses were also used to estimate the survival
probabilities at 1, 3, 5, and 10 post-operative years, as well as at the longest follow-
up duration available. Moreover, bivariate associations between various
predictors and the categorical outcomes were assessed, using the suitable biostat-
istical tests, according to the predictor type.

RESULTS
Out of 1861 cases of kidney transplantation, only 48 cases with SKT were eligible
for studying, including 33 men and 15 women with a mean age of 42.1 + 13 years.
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The primary non-function (PNF) graft occurred in five patients (10.4%). In bivariate analyses, a high body mass
index (P = 0.009) and first graft loss due to acute rejection (P = 0.025) were the only significant predictors of PNF
graft. The second graft survival was reduced by delayed graft function in the first (P = 0.008) and second (P < 0.001)
grafts. However, the effect of acute rejection within the first year after the first transplant did not reach the
threshold of significance (P = 0.053). The mean follow-up period was 59.8 £ 48.6 mo. Censored graft/patient
survival rates at 1, 3, 5 and 10 years were 90.5% /97.9%, 79.9% /95.6%, 73.7% /91.9%, and 51.6% /83.0%, respectively.

CONCLUSION

Non-immediate recovery modes of the first and second graft functions were significantly associated with
unfavorable second graft survival rates. Patient and graft survival rates of SKT were similar to those of the first
kidney transplantation.

Key Words: Graft failure; Graft function; Kidney; Kidney retransplantation; Primary non-function graft; Second kidney
transplantation
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Core Tip: Second kidney transplantation (SKT) is a viable option for patients with failed first kidney transplantation (FKT).
Although the first primary nonfunction graft is a common contributor to SKT, it is also a potential outcome among a major
proportion of those populations. Also, it is a significant risk factor for graft survival among those patients with functioning
SKTs. Hence, the non-immediate recovery of the first graft function and delayed graft function in the second graft are
significantly associated with unfavorable second graft survival rates. Inspite of this wide spectrum of risk factors, patient and
graft survival rates in SKT seemed to be similar to those of FKT. SKT should be recommended for patients with failed FKT.
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INTRODUCTION

Kidney transplantation is the optimal treatment of end-stage renal disease (ESRD), because it provides better outcomes in
survival rates, quality of life, and economic saving[1,2]. However, the expected survival of renal allografts is relatively
lower than the patients’ survival. This discrepancy between the patient and graft survival rates resulted in a progressively
increasing number of patients who may need kidney retransplantation (KRT)[3-5]. Rates of KRT represent more than 15%
of patients on the waiting lists[2,3,5], where the second kidney transplantation (SKT) is the most frequent form[5,6]. The
numbers of KRT being still relatively far less than that of the first kidney transplantation (FKT) has resulted in persistent
debates about the risk factors that may affect KRT and its controversial survival benefits. The magnitude of the reported
outcomes of KRT has been shown to be either inferior or acceptable relative to those of FKT[5,7,8]. Beside the potential
exposure to the same risk factors of FKT, recipients of KRT are prone to additional factors that may evolve from the
repeated process such as sensitization and technical difficulties[5,6,9].

The unresolved debates about the risk factors and survival rates represented our rationale to present the current single
center experience of SKT and explore the predictors for the graft function and survival of SKT.

MATERIALS AND METHODS
Study design

The electronic and manual records of the cases of KRT which were performed between January 1977 and December 2014
at Urology Department, Martin-Luther University, Halle (Saale), Germany were reviewed for the characteristics of the
FKT and SKT processes. The effects of these variables on the primary graft function and the survival of both graft and
patient were evaluated in SKT.

The target population was the adult patients who received SKT. Exclusion criteria were blood grouping or human
leucocytic antigen (HLA) incompatible transplants; immunosuppression protocols other than basiliximab or anti-
thymoglobulin for induction, and steroid, tacrolimus or cyclosporine, and mycophenolate mofetil for maintenance;
missing data; and SKT within the year just before data collection.
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Ethical approval
The authors confirm that all the experimental protocols of this study were approved by the Ethical Committee (Institu-

tional Review Board; IRB) of the Faculty of Medicine, Assiut University, Egypt and Martin-Luther University, Germany
(IRB approval number: 17200548 /2015).

Statistical analysis
The statistical methods were implemented using IBM® SPSS® Statistics 23 and GraphPad Prism® 6. Two-tailed P values <
0.05 were considered significant.

After excluding primary non-function grafts, the survivals of both the first and second grafts were described using
Kaplan-Meier curves. The same method was also used to describe patient survival after the second transplantation for the
whole study sample. Moreover, regarding the graft and the patient survivals after SKT, Kaplan-Meier analyses were also
used to estimate the survival probabilities at 1, 3, 5, and 10 post-operative years, as well as at the longest follow-up
duration available.

Bivariate associations between various predictors and the categorical outcomes were assessed according to the
predictor type. For quantitative predictors, the independent-samples t test was used when all outcome groups were
normally distributed. Otherwise, the independent-samples Mann-Whitney U test and the Kruskal-Wallis test were used
for binary and multinomial outcomes, respectively. For categorical predictors, Fisher’s exact test was used.

As regards the second graft survival, associations with categorical predictors were evaluated by Kaplan-Meier curves
for the strata of each predictor; the similarity between these curves for each predictor was tested by the log-rank test. On
the other hand, associations with quantitative predictors were evaluated by Cox regression, where testing of the propor-
tional hazards assumption was done by correlating ranked survival times with Schoenfeld residuals.

RESULTS

Between January 1977 and December 2014, a total of 1861 kidney transplants were done, of whom 176 cases had SKT.
Only 48 cases were eligible for the current study. Characteristics of patients, donors, FKT, and SKT are summarized in
Table 1. Twenty-three cases (47.9%) had primary non-function (PNF) first graft, while only five cases (10.4%) had PNF
second graft. Patients with PNF grafts were excluded from the graft survival analyses. The median survival time for the
first graft was 36 mo, while it was undefined for the graft and the patient after SKT (Figure 1). Survival probabilities of
the graft and the patient after the SKT are shown in Table 2. The follow-up period ranged from 12 to 174 mo.

PNF graft occurred in five patients (10.4%). In bivariate analyses, a high body mass index (BMI) of the recipient was the
only significant quantitative predictor of PNF graft (P = 0.009) (Tables 3 and 4). Also, first graft loss due to acute rejection
was the only significant categorical predictor of PNF graft (P = 0.025) (Table 5).

The second graft survival was best in cases with a PNF first graft, while it was worst in cases with a delayed graft
function (DGF) of the first graft (P = 0.008). Also, the second graft survival was better in cases with an immediate second
graft function than in those with a delayed second graft function (P < 0.001) (Figure 2). Finally, the occurrence of acute
rejection within the first year after the FKT decreased the survival of the second graft, but didn’t reach the threshold of
significance (P = 0.053) (Tables 6 and 7; Figures 3-5).

No significant associations were found between panel reactive antibodies (PRA) categories at SKT on one hand and
first graft nephrectomy (P = 0.784), the duration before first graft nephrectomy (P = 0.497), or acute rejection of the second
graft in the first year after SKT (P = 0.223) on the other hand. Also, no significant association was found between the
number of second graft arteries and the vascular complications of SKT (P = 0.382).

DISCUSSION

Graft loss is always a potential outcome after variable periods of FKT[3,8-10]. This outcome created an imperative need
for KRT[11]. Nowadays, there is a progressive rise in the numbers of patients receiving this line of treatment. KRT entails
more risk factors for unfavorable outcomes than FKT[6,12]. Also, there are substantial controversies about the differences
between FKT and SKT regarding patient and graft survival rates[7]. The current study targeted the potential risk factors
affecting the second graft function in a large-volume kidney transplantation center.

In our study, the mean patient age at SKT was similar to that reported in other studies[5,13]. Also, our results
resembled other studies regarding the gender distribution at SKT[5,13,14]. Causes of ESRD before kidney transplantation
are not the same among the different world regions. Diabetic and hypertensive nephropathies represent the main causes
in the United States. However, in the current series, glomerulonephritis was the leading cause, as in other countries[5,13].

It has been reported that occurrence of certain clinical outcomes after FKT is significantly associated with more
likelihood of the same outcomes after KRT which increases the chances of graft loss[13]. In general, graft loss can be
classified into three major categories: PNF grafts, patient death with a functioning graft, and loss of a previously
functioning graft due to different medical and surgical causes[15,16].

PNF graft is defined as the permanent absence of functions of the transplanted kidney starting immediately after
transplantation. It accounts for 0.6%-8% of all renal graft loss and it is significantly associated with poor patient survival
[15,17]. In our series, a slightly higher rate was observed in SKT (10.4%), while the rate was much higher in FKT (47.9%).
The major cause of PNF grafts has been reported to be venous or arterial thrombosis occurring within 1-2 d after
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Table 1 Characteristics of recipients, donors, first kidney transplantation, and second kidney transplantation, n (%)

Variable

Value'

Recipient age at SKT (yr)

Recipient sex

Recipient BMI (kg/m?) at SKT

Causes of ESRD

Overall duration of dialysis (mo.)

Start of first graft function

GFR one year after FKT (mL/min/1.73 m?)
Attacks of acute rejection in first year after FKT”
First graft loss due to rejection

First graft nephrectomy

SKT donor type

SKT donor age (yr)

Recipient age minus donor age (yr) at SKT

SKT donor BMI (kg/m?)

Recipient BMI minus donor BMI (kg/m?) at SKT

SKT PRA level

SKT HLA mismatches

SKT laterality relative to FKT

Number of renal arteries at SKT

SKT operative time (min)
SKT ischemia time (min)
SKT operative revision
SKT vascular complications

Start of second graft function

Attacks of acute rejection in first year after SKT

GER one year after SKT (mL/min/1.73 m?)

Male

Female

Glomerulonephritis
DM

Hypertension
PCKD

Others

PNF
DGF

Immediate

Living

Deceased

0-30%
31-80%

> 80%

Ipsilateral
Contralateral
Single

Double

PNF
DGF

Immediate

47.5 (41.3-56; 24-70)
33 (68.8)

15 (31.3)

24.7 (22.13-26.95; 19-33.5)
16 (33.3)

1(21)

4(83)

4(83)

23 (47.9)

95 (76-121.8; 29-244)
23 (47.9)

8 (16.7)

17 (35.4)

0 (0-29.3;0-78.8)

0 (0-1; 0-6)

3(63)

37 (77.1)

3(63)

45 (93.8)

50 (36.3-60.8; 16-74)
0 (-10-7; -39-34)

25 (23-27; 19-37.9)
-0.45 (-3.8-3.15; -16.7-9.6)
35 (72.9)

10 (20.8)

3(63)

2 (1.3-3.8; 0-6)

1@21)

47 (97.9)

43 (89.6)

5 (10.4)

140 (113-170; 82-236)
708 (531-897; 74-1319)
24 (50)

8 (16.7)

5 (10.4)

10 (20.8)

33 (68.8)

0 (0-1; 0-3)

36 (22.8-52.8; 0-82.4)
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IQuantitative variables are expressed as median (IQR; range), while categorical variables are expressed as count (percentage).

Two missing cases.

BMI: Body mass index; DM: Diabetes mellitus; DGF: Delayed graft function; ESRD: End-stage renal disease; FKT: First kidney transplantation; GFR:
Glomerular filtration rate; HLA: Human leucocytic antigen; PCKD: Polycystic kidney disease; PNF: Primary non-function; PRA: Panel reactive antibodies;
SKT: Second kidney transplantation.

Table 2 Survival probabilities of the graft and the patient after the second kidney transplantation by Kaplan-Meier analyses

i Second graft survival Patient survival after second kidney transplantation

Follow-up time - -

(months) Survival Upper 95% Lower 95% Survival Upper 95% Lower 95%

probability (%)  confidence limit  confidence limit  probability (%) confidence limit  confidence limit

12 90.53 +5.81 -13.84 97.87 +1.83 -12.04

36 79.88 +9.55 -16.22 95.60 +3.29 -12.10

60 73.71 +11.31 -17.34 91.92 +5.51 -15.82

120 51.57 +21.01 2612 83.04 +9.90 -20.65

174 (study max.) ~ 51.57 +21.01 -26.12 83.04 +9.90 -20.65

Table 3 Quantitative predictors (normally distributed over both outcome groups) of primary non-function second graft by the

independent-samples t test

Primary non-function (n = 5) Primary function (n = 43)
P value'

Mean SE Mean SE
Recipient age (yr) 47.8 54 47.9 1.8 0.98
Donor age (yr) 49.6 7.5 48.0 2.2 0.82
Recipient BMI (kg/m?) 28.04 0.83 24.20 047 0.009
Total ischemia time (min) 655 98 711 48 0.70
Operative time (min) 150 20 142 6 0.66

ISince Levene's test yielded no significant differences between variances of outcome groups for the five tested predictors, equal variances were assumed.
BMI: Body mass index.

Table 4 Quantitative predictors (non-normally distributed over one or both outcome groups) of primary non-function second graft by

the independent-samples Mann-Whitney U test

Primary non-function (n = Primary function (n = 43)

5) P value
Median Meanrank  Median Mean rank
Duration of first graft function (mo) 0 17.6 4 253 0.26
Total duration of dialysis before second transplantation (including before 93 193 96 25.1 0.39

first transplantation) (mo)

transplantation[15]. In our series, although the odds of PNF in cases with vascular complications was 4.1 times higher
than in cases without these complications, the result was statistically insignificant probably due to the small sample.
However, high recipients’ BMI and first graft loss due to acute rejection were significantly associated with the occurrence
of PNF after SKT. This might be attributable to the same mechanisms that decrease the second graft survival[15]. To our
knowledge, it seems that these factors have not yet been studied relative to PNF graft after SKT.

The third category of kidney transplantation loss outcomes is the loss of the graft which functioned for a certain period
before being permanently non-functioning. The risk factors of this outcome are multiple and have different tributaries.
Regarding the elements of kidney transplantation process (recipient, donor, and process) and the previously proposed
categorizations in the literature[5,14,18], the potential predictors or risk factors that affect the outcome of SKT could be
classified into five classes: recipient-related, donor-related, FKT process-related, SKT process-related, and common
factors.
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Table 5 Categorical predictors of primary non-function second graft by Fisher’s exact test

Variables Primary non-function (1= Primary function (n = Odds ratio? P
5) 43)' value

DM as a cause of ESRD No 5 42 0 1
Yes 0 1

First graft function No 8 20 0.84
Delayed 1 7
Instant 1 16

Acute rejection in first year after first No 3 24 0.94 1

transplantation
Yes 2 17

First graft loss by acute rejection No 3 42 28 0.025
Yes 2 1

First graft nephrectomy No 0 11 Not X 0.58

assessed”’

Yes 5 32

Living donor No 5 40 0 1
Yes 0 3

PRA grouping 0% to30% 3 32 0.33
31% to 1 9
80%
Over80% 1 2

Number of HLA mismatches 0 1 6 0.51
1to3 2 27
4t06 2 10

Over one artery No 5 38 0 1
Yes 0 5

Vascular complications No B 37 41 0.19
Yes 2 6

Except for acute rejection in first year after first transplantation, where 1 = 41 because two cases are missing.

%0dds of primary non-function in the presence of the predictor to odds of primary non-function in its absence.

3Not assessed, for the calculation entails division by zero.

DM: Diabetes mellitus; ESRD: End-stage renal disease; HLA: Human leukocytic antigens; PRA: Panel reactive antibodies.

The recipient-related risk factors include patient’s age, sex, BMI, race, the cause of ESRD, and the associated
comorbidities like diabetes mellitus and hypertension[5,13,19,20]. The second class risk factors are the donor-related
factors either in FKT and SKT processes such as donor type (living or deceased), age, sex, and relatedness[5,13,14,21]. In
the current series, the studied group of these factors showed no significant effects on SKT graft survival. We examined the
effect of two further potential recipient-related variables; the differences between recipients’ and donors” age and BMIs.
Although they have been studied previously for their effect on FKT graft survival[22,23], they haven’t been tested upon
KRT survival so far. However, no significant association with the second graft survival could be found. It may be better
demonstrated in larger studies.

The third class includes the factors from FKT process such as duration of FKT graft function and estimated glomerular
filtration rate at one year after FKT[13,21,24-26]. The fourth class of risk factors includes factors that affect only SKT
process such as sensitization due to previous transplantation represented by PRA level, first graft nephrectomy, and
serum creatinine at one year after SKT[5,21,25].

The fifth class consists of the common variables between FKT and SKT processes and they represent the major
proportion of risk factors. They involve all the phases of the process; factors in the preoperative phase such as number of
HLA mismatches[4,5,18], and duration of dialysis[13,27]; factors in the operative and perioperative phases such as
ischemia time, DGF[20,28], mode of recovery of graft function[13,27], and surgical complications[14]; factors in the
postoperative phase such as acute rejection[13,27]; and factors involving the whole phases such as immunosuppressive
regimens[5,12,29], and volume of transplantation center[18]. The reported incidence of DGF among KRTs ranged from
26.7%-39%[5,7,20]. In our study, the non-immediate mode of recovery of first graft function and DGF of second graft were
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Table 6 Categorical predictors of second graft survival by the log-rank test for Kaplan-Meier curves

Variables Events (n1=13) Censored (n=30)' Log-rank statistic ~ P value

DM as a cause of ESRD No 12 30 1.218 0.270
Yes 1 0

First graft function No 2 18 9.684 0.008
Delayed 4 3
Instant 7 9

Acute rejection in first year after first transplantation No 5 19 3.757 0.053
Yes 8 9

First graft loss by acute rejection No 13 29 0.369 0.543
Yes 0 1

First graft nephrectomy No 3 8 0.097 0.756
Yes 10 22

Living donor No 12 28 0.002 0.965
Yes 1 2

PRA grouping 0% to 30% 11 21 0.693 0.707
31% to 80% 2 7
Over 80% 0 2

Number of HLA mismatches 0 2 4 0.106 0.948
1to3 8 19
4to6 3 7

Over one artery No 10 28 1.584 0.208
Yes 3 2

Vascular complications No 13 24 1.723 0.189
Yes 0 6

Delayed second graft function No 7 26 12.238 0.0005
Yes 6 4

1Except for acute rejection in first year after first transplantation, where 1 = 28 because two cases are missing.
BMI: Body mass index; DM: Diabetes mellitus; ESRD: End-stage renal disease; HLA: Human leukocytic antigens; PRA: Panel reactive antibodies.

the only significant predictors for low second graft survival. It has been reported that occurrence of acute rejection during
their first year post FKT is significantly associated with occurrence of acute rejection during KRT[13,21]. The current
results showed that the incidence of acute rejection in FKT approached the threshold of significance in affection of the
graft survival of SKT. This insignificant association could be attributed to the small sample size. The significant
association of the mode of recovery of FKTs and the nearly significant association of the incidence of acute rejection
among FKTs with the SKT graft survival, without the same effect on the SKT, could be attributed to the more stringent
immunosuppression protocols and precise donor selection. This may improve the SKT graft function recovery and
decrease the incidence of acute rejections. Thus, it may improve the short-term results to some extent but, it doesn’t
exterminate the inherent high risk of those patients[9,30].

With controversy, rates of graft and patient survivals of KRTs have been reported as inferior[3,14] or insignificantly
different from those of FKT[4,5,21]. In the current study, the long-term graft survival rates were similar to FKT. This
outcome is similar to the other studies[4,21].

This study was conducted in a large-volume kidney transplantation center and extracted from a relatively large
reviewed number of kidney transplantations. Also, new potential predictors including the differences in age and BMI
between the recipients and donors were studied for their effect on graft survival.

Limitations of the current study were the relatively small sample size that didn’t allow for adequate powerful statistical
tests such as the multivariate analysis and lack of reporting of some complications as post-transplant neoplastic diseases
and infections. Specifically, there were some missing data, such as the levels of the donor specific antibodies against the
HLA alleles of the first graft and the pathological evaluation of the donors. In addition, the retrospective studying has its
mere limitations of difficult implementation of comparison and randomization.
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Table 7 Quantitative predictors of second graft survival by Cox regression

95%Cl for HR

P P value for PH

Variables HR  Lower Upper value testing’
bound bound

Recipient age (yr) 0.976 0.930 1.023 0.306 0.074
Recipient BMI (kg/m?) 0.980 0.810 1.185 0.833 0.787
Duration of first graft function (mo) 1.007 0.994 1.020 0.307 0.059
Total duration of dialysis before second transplantation (including before first 1.006 0.995 1.017 0.295 0.061
transplantation) (mo)

Donor age (yr) 1.016 0.979 1.055 0.396 0.852
Recipient age minus donor age (yr) 0.972  0.937 1.009 0.140 0.306
Recipient BMI minus donor BMI (kg/m?) 0.984 0.893 1.085 0.751 0.410
Total ischemia time (min) 1.001 0.999 1.003 0.284 0.579
Operative time (min) 0.995 0.979 1.010 0.497 0.363

Testing of the proportional hazards assumption was done by correlating ranked survival times with Schoenfeld residuals.
BMI: Body mass index; HR: Hazard ratio; PH: Proportional hazards.
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Figure 1 Kaplan-Meier curve for overall survival rates. A: First graft survival with 95% confidence bands. Twenty-three cases were excluded from the
analysis due to primary non-function grafts. All 25 cases had the event; B: Second graft survival with 95% confidence bands. Five cases were excluded from the
analysis due to primary non-function grafts. Thirteen cases had the event, while 30 cases were censored; C: Patient survival after the second kidney transplantation
with 95% confidence bands. Only five patients died, while 43 patients were censored.

CONCLUSION

SKT is a viable option for patients with failed FKT. Demographics and clinical characteristics of the patients accessing
SKT are not significantly different from those of FKT. There are multiple potential factors that may originate from the
different components and phases of SKT and could affect the survival outcomes. Although the first PNF graft is a
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Figure 2 Kaplan-Meier curves for the second graft survival stratified by the mode of graft function. A: In the first kidney transplantation; B: In the
second kidney transplantation.

A End-stage renal disease caused by diabetes mellitus B Acute rejection within one year after first transplantation
P=0.27 P =0.53
-MNo —No
LZ%Yes k< Yes
No-censored ~+No-censored
Yes-censored Yes-censored
S g
g s .
= a '
] [
o :
2 2, ;
= m 04 :
= g :
:
: : -
3 O 0.2
0.0
T T T T T T T T T T
0 50 100 150 200 0 50 100 150 200
Duration in months Duration in months
C First graft lost by acute rejection D First graft nephrectomy
P=0.54 P=0.76
i EA
LZ7Yes F<Yes
No-censored No-censored
Yes-censored Yes-censored
© 5 ———+
= % 0.6 1
< H
2 ? FOO---O
E E
7047 B 0.4
=] =]
£ £
£ £
3oz O 0.2
o0 0.0
T T T T T T T T T I
0 50 100 150 200 0 50 100 150 200
Duration in months Duration in months

DOI: 10.5500/wijt.v13.i6.331 Copyright ©The Author(s) 2023.

Figure 3 Kaplan-Meier curves for the second graft survival stratified by four non-significant predictors related to the first kidney

transplantation. A: End-stage renal disease caused by diabetes mellitus; B: Acute rejection within one year after first transplantation; C: First graft loss by acute
rejection; D: First graft nephrectomy.
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Figure 4 Kaplan-Meier curves for the second graft survival stratified by three non-significant predictors related to the donor of second
kidney transplantation. A: Living versus deceased donor; B: Number of human leukocytic antigens mismatches; C: Panel reactive antibodies. HLA: human

leukocytic antigens; PRA: Panel reactive antibodies.
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Figure 5 Kaplan-Meier curves for the second graft survival stratified by second non-significant predictors related to the second kidney

transplantation recipient. A: Number of renal arteries; B: Vascular complications.
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common contributor to SKT, it is also a potential outcome among a major proportion of those populations. Also, it is a
significant risk factor for graft survival among those patients with functioning SKTs. So, the non-immediate recovery of
the first graft function and DGF in the second graft are significantly associated with unfavorable second graft survival
rates. Inspite of this wide spectrum of risk factors, patient and graft survival rates in SKT seemed to be similar to those of
FKT.

ARTICLE HIGHLIGHTS

Research background
The increasing kidney retransplantation rate has created a parallel field of research, including the risk factors and
outcomes of this advanced form of renal replacement therapy. The presentation of experiences from different kidney

transplantation (KT) centers may help enrich the literature on kidney retransplantation, as a specific topic in the field of
KT.

Research motivation
Despite the potential high risks of repeated KT, increase of the rate of second KT (SKT) seems to be a modifiable variable
and may provide better outcomes than return to dialysis in patients with failed first KT.

Research objectives
To identify the risk factors affecting primary graft function and graft survival rates after SKT.

Research methods

The records of SKT cases performed between January 1977 and December 2014 at a European tertiary-level kidney
transplantation center were retrospectively reviewed and analyzed. Beside the descriptive characteristics, the survivals of
patients and both the first and second grafts were described using Kaplan-Meier curves. In addition, Kaplan-Meier
analyses were also used to estimate the survival probabilities at 1, 3, 5, and 10 post-operative years, as well as at the
longest follow-up duration available. Moreover, bivariate associations between various predictors and the categorical
outcomes were assessed, using the suitable biostatistical tests, according to the predictor type. However, associations with
quantitative predictors were evaluated by Cox regression.

Research results

Out of 1861 cases of kidney transplantation, only 48 cases with SKT were eligible for studying, including 33 men and 15
women with a mean age of 42.1 + 13 years. The primary non-function (PNF) graft occurred in five patients (10.4%). In
bivariate analyses, a high body mass index (P = 0.009) and first graft loss due to acute rejection (P = 0.025) were the only
significant predictors of PNF graft. The second graft survival was reduced by delayed graft function in the first (P = 0.008)
and second (P < 0.001) grafts. However, the effect of acute rejection within the first year after the first transplant did not
reach the threshold of significance (P = 0.053). The mean follow-up period was 59.8 + 48.6 mo. Censored graft/patient
survival rates at 1, 3, 5 and 10 years were 90.5% /97.9%, 79.9% /95.6%, 73.7% /91.9%, and 51.6% /83.0%, respectively.

Research conclusions
Non-immediate recovery modes of the first and second graft functions were significantly associated with unfavorable
second graft survival rates. Patient and graft survival rates of SKT were similar to those of the first KT.

Research perspectives

Repeated kidney transplantation may provide better outcomes in patients with failed previous grafts. However, this
approach may be associated with higher risks than the first time due to the surgical difficulties and immunological sensit-
ization. Controlling of these risk factors can enhance the outcomes.
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