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Abstract: There is uncertainty about the best approach to replacement treatment for kidney trans-
plant recipients with chronic terminal graft dysfunction, since a retransplant could be performed
before the resumption of dialysis, thus avoiding this treatment and the dilemma of whether or
not to suspend immunosuppressive therapy. However, there is limited experience in pre-emptive
repeat transplantations, and none from deceased donors. This study aims to assess the results of a
pre-emptive retransplantation program with brain-dead deceased donors. We designed a retro-
spective matched cohort study, including 36 recipients in the pre-dialysis group and 36 controls
who were already on dialysis, matched for donor age and transplant date, which could not differ
by more than 7 days between pairs. The variables used to standardize the cohorts were donor and
recipient age and sex, blood group, duration of the first graft, time on the waitlist to receive the
second graft, cold ischemia time, induction and maintenance of immunosuppression, and HLA
antibodies (-) prior to retransplantation. The efficacy variables were early graft loss, acute rejection,
delay in graft function, renal function at the end of follow-up, survival time, and recipient and
graft survival at 24 and 48 months’ follow-up. The pre-dialysis group presented a significantly
shorter waitlist time, lower immunization status, and a significantly longer duration of the first
graft than the control group. The percentage of recipients who presented early graft loss, delayed
renal function, or acute rejection was similar between groups. No significant differences were
observed in kidney function or in the survival of the recipient or graft. Retransplantation yields
good outcomes in patients with terminal chronic dysfunction, helping to avoid recurrence to
dialysis, shortening the time spent on the waitlist, reducing the risk of producing antibodies, and
resolving the dilemma of whether or not to stop immunosuppression.

Keywords: renal retransplant; pre-emptive transplant; deceased donor; transplant waiting; matched
cohorts

1. Introduction

Kidney transplant is considered the best treatment option for patients with end-stage
chronic kidney failure. Transplant patients survive longer [1], have better quality of life [2],
and consume fewer health resources than patients who remain on dialysis [3].

In December 2020, there were a total of 33,784 functioning kidney transplant recipi-
ents in Spain [4]. Kidney transplant is not a definitive treatment for patients with chronic
kidney failure, as about 4% of them have to restart dialysis annually, according to data
published by the United States Renal Data System (USRDS) [5]. Transplant failure is the
fifth cause of entry into dialysis in this setting [5]. Extrapolating these data to Spain,
more than 871 patients per year would restart dialysis after loss of graft [4].

There is uncertainty about the best approach to replacement treatment for kidney
transplant recipients with chronic terminal graft dysfunction, since a retransplant could be
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performed before resuming dialysis [6–9], and a dilemma exists regarding the discontinu-
ance of immunosuppressive therapy [2,3]. Different studies have shown longer survival in
patients and grafts receiving a first pre-emptive transplant than those transplanted after
dialysis [10–12]. While this evidence was not confirmed in the only Spanish series published
on the subject, other advantages have been observed for pre-emptive transplantation [8,13],
together with a harmful effect of pre-transplant dialysis time [7,12,14,15]. However, dif-
ferent conditions exist in the case of retransplantation, such as prior immunosuppression,
the dilemma of its discontinuance [16], nutritional status [17], and the presumed chronic
inflammation in the potential recipient [17,18].

This group of patients represents a high-risk group on returning to dialysis, since
they have greater morbidity and mortality in the first months due to infectious and
cardiovascular causes [3]. Patients who continue with immunosuppressive treatment
have a 3.4 times higher risk of mortality than those in whom immunosuppression
is withdrawn [19], but the latter group are more likely to develop sensitization and
subsequently less likely to have a successful retransplantation; moreover, they often
develop graft intolerance syndrome [9,20]. Pre-emptive transplant in transplant graft
failure patients would solve all these problems since the patient would not return to dialysis
and would thus maintain their immunosuppression. However, if pre-emptive transplantation
is performed too soon, the recipient could lose months to years of renal function.

At the same time, there is an ethical dilemma about transplanting a patient who is not
yet on dialysis when there are other potential candidates already undergoing replacement
treatment. This debate would be forestalled by the existence of a living donor [6–8], which
would remove the competitive aspect, but a deceased donor could be used as long as there
were no candidates already on dialysis for that graft. Then, the denial of a renal transplant
to a qualified patient on dialysis would never happen.

This study aims to assess the outcomes of a pre-emptive retransplantation program
based exclusively on deceased donors.

2. Materials and Methods

We designed a retrospective matched cohort study. Inclusion criteria were all adult
transplant patients in pre-dialysis who received a second kidney transplant between 2008
and 2021 at our hospital (pre-dialysis group) or adult patients who received a second
transplant when they were on renal replacement therapy (control group). Pre-emptive
transplant in transplant graft failure patients was defined when the recipients’ first func-
tioning graft was in a situation of chronic dysfunction and they did not resume dialysis
for more than 7 days. In the pre-dialysis group, patients had to have a pre-transplant
glomerular filtration rate of less than 15 mL/min (measured by CKD-EPI), an estimated
time to entry into dialysis of less than 6 months, and post-transplant follow-up of more
than 12 months. Each case in the pre-dialysis group was matched to a control according to
donor age and transplant date, which could not differ by more than 7 days.

The general immunosuppressive treatment regimen at the time of kidney transplanta-
tion consisted of anti-thymocyte globulin (thymoglobulin); prolonged-release tacrolimus
(0.2 mg/kg/day, with adjustment of subsequent doses to maintain a tacrolimus trough
concentration of 8 ng/mL to 10 ng/mL during the first month and subsequently 6 ng/mL
to 8 ng/mL); mycophenolate mofetil (500 mg/12 h orally) or sirolimus (2 mg/24 h); and
tapering doses of corticosteroids. The choice of sirolimus instead of mycophenolate mofetil
was due to a change in the immunosuppression protocol in the department, which took
place in 2017. Sirolimus was avoided if the possible transplant recipient had chronic
hypertriglyceridemia or obesity.

The initial dose of thymoglobulin was 1 mg/kg/24 h and its effect was monitored
daily by the count of peripheral T lymphocytes. Flow cytometric analysis of T cells was
performed using antiCD3 fluorescence monoclonal antibodies (Caltag, BD Biosciences, San
Jose, CA, USA) and a cytometer (FACS Canto II flow cytometer, Becton Dickinson, San Jose,
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CA, USA). Then, the dose of thymoglobulin was omitted if the T-cell count had decreased
to 10 cells/L.

The measure of tacrolimus and sirolimus levels was carried out by enzyme immunoas-
say (Dimension®, Siemens, Erlangen, Germany).

Cohort standardization variables were donor and recipient age and sex, blood group,
duration of the first graft, time on the waitlist to receive the second graft, cold ischemia time,
induction and maintenance immunosuppression, and HLA antibodies prior to retrans-
plantation. These data were extracted from an electronic medical record system belonging
to the Alicante General University Hospital, Alicante (Spain). Immunological risk in the
recipients was assessed as donor–recipient histocompatibility; the rate of class I and II
antibodies pre-transplant measured by single antigen Luminex technology (One Lambda,
West Hills, CA, USA); and the percentage of patients who received rituximab at induction
following immunological risk assessment by the Immunology Department.

The duration of the first transplant was considered as the period of time from the day
when the first transplant was performed to the day of the first dialysis or the date when the
second transplant was performed in transplant graft failure patients.

The time spent on the waitlist was defined as the period of time from the day when
the patient was enrolled on the waitlist to the day when the patient was transplanted.

Cold ischemia time was considered to be the period of time in hours between the
interruption of blood supply to the graft inside the donor and the reestablishment of blood
to the graft inside the recipient.

The efficacy variables were the incidence of early graft loss (within 48 h), acute rejection
(on a histological basis), delay in graft function (evaluated as the need for dialysis in the
first week post transplant), kidney function at the end of follow-up (serum creatinine
level, glomerular filtration rate calculated by CKD-EPI, and albuminuria–creatinine ratio),
survival time, and actual graft and recipient survival at 2 and 4 years’ follow-up. These
data were extracted from an electronic medical record system belonging to Alicante General
University Hospital, Alicante (Spain).

For the statistical analysis, continuous variables were expressed as means and 95%
confidence intervals (CIs), or as medians and interquartile ranges (IQRs), depending
on the normality of the distribution, and they were compared using Student’s t-test
or the Mann–Whitney U test, respectively. Categorical variables were described as
absolute and relative frequencies and compared using Fisher’s exact test. A Kaplan–
Meier survival analysis was also performed to analyze the percentage of patients and
grafts lost during follow-up. Both groups were compared using the log-rank statistical
test. The significance level was set at 0.05. The statistical analysis was undertaken with
SPSS software (version 24).

Informed consent was obtained from all subjects involved in this study through an
interview between the transplant nephrologist and the recipient in which the patient was
informed of the aim of the study.

This study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Institutional Review Board of Alicante Hospital General (recorded on
28 April 2021, number 2021-4).

3. Results

The total sample was 72 kidney recipients: 36 in the pre-dialysis group and 36 matched
controls already on dialysis. The median glomerular filtration rate of the pre-dialysis group
before transplantation was 10.5 mL/min (IQR 9.5–12.5). Median follow-up in the pre-
dialysis group was 29.5 months (IQR 15.0–47.7) versus 32.0 months (IQR 14.7–45.7) in the
control group (p = 0.7).

The time spent on the waitlist was significantly lower in the pre-dialysis group com-
pared to the controls (mean 2 months, 95% CI 0.8–4.0 versus 5 months, 95% CI 2.8–11.0;
p = 0.002), but the duration of the first graft was significantly longer (mean 138.50 months,
95% CI 80.3–173.50 versus 88.6.0 (1.0–145.5) 95% CI p = 0.047). No significant differences
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were observed between the groups in terms of donor age or sex, but recipients in the
control group were younger than those in the pre-dialysis group 52.3 (48.4–56.1) versus
58.2 (54.3–62.1) p = 0.037.

Both groups were similar with regard to cold ischemia time, the rate of induction
with anti-thymocyte globulin, blood groups, HLA antibodies, and the use of different
immunosuppressants, although the use of rituximab was twice as high in the control group
(33.3% vs. 16.3%). Standardization variables are shown in Table 1.

Table 1. Characteristics of the different groups of recipients receiving their second grafts.

Dialysis Pre-Dialysis p

Donor age (years) 53.0 (49.0–57.5) 57.6 (53.5–61.8) 0.122
Donor gender (m/w) 21/15 (58.3/41.7%) 25/11 (69.3/30.7%) 0.635
Recipient age (at second transplant) (years) 52.3 (48.4–56.1) 58.2 (54.3–62.1) 0.037
Recipient gender (m/w) 21/15 (58.3/41.7%) 20/16 (55.5/44.5%) 0.267
Blood group 0.6604

• A 16 (43.3%) 18 (50.0%)

• B 1 (3.3%) 1 (3.3%)

• AB 0 (0.0%) 3 (8.3%)

• O 19 (53.4%) 14 (39.4%)

First graft survival (months) 88.6.0 (1.0–145.5) 138.5 (80.3–173.5) 0.047
Waiting list time (months) 5.0 (2.8–11.5) 2.0 (0.88–4.0) 0.002
Cold ischemia (hours) 17.0 (15.0–21.0) 16.5 (13.8–18.3) 0.309
Follow-up period (months) 32.0 (14.8–45.8) 29.5 (15.0–47.8) 0.767
HLA antibodies

• class I positive 16 (44.4%) 11 (30.6%) 0.330

• class II positive 13 (36.1%) 13 (36.1%) 1.000

• class I or II positive 18 (50.0%) 14 (38.9%) 0.477

HLA mismatch 1.000

• 0–3 9 (25.0%) 8 (22.2%)

• 4–6 27 (75.0%) 28 (77.8%)

Rituximab 12 (33.3%) 5 (13.9%) 0.099
Thymoglobulin 35 (97.2%) 32 (88.9%) 0.353
Tacrolimus 36 (100%) 34 (94.4%) 0.472
m-TOR inhibitor 23 (63.9%) 26 (72.2%) 0.613
Micophenolate 13 (36.1%) 10 (27.7%) 0.791

The incidence of delayed graft function was much lower in the pre-dialysis group
than in controls (3.3% vs. 16.7%), but the difference did not reach statistical significance
(p = 0.20). Likewise, no significant differences were observed with regard to acute
rejection (pre-dialysis 10% vs. controls 6.7%; p = 1.000) or early graft loss (pre-dialysis
0% vs. controls 6.7%; p = 0.49). Kidney function was similar between groups at the end
of follow-up (Table 2).

Pre-dialysis recipients survived much longer than controls (mean 131 months,
95% CI 94–168 vs. 97 months, 95% CI 69–124), although without statistical significance
(p = 0.70). Graft survival showed a similar pattern (mean 131 months, 95% CI 94–168
vs. 74 months, 95% CI 47–102; Table 2), although this difference was not significant
(p = 0.052). Actual patient survival rate at 2, 4, and 5 years was 97.2% in both groups
(Figure 1), but graft survival was 97.2% in the pre-dialysis group compared to 81.8% in
the control group at 2, 4, and 5 years (Figure 2).
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Table 2. Variables of efficacy.

Dialysis Pre-Dialysis p

Early loss 2 (5.6%) 0 (0.0%) 0.473
Delayed renal function 5 (16.7%) 1 (3.3%) 0.195
Acute rejection 2 (5.6%) 3 (8.3%) 1.000
Final serum creatinine (mg/dL) (median) 1.50 (1.20–2.20) 1.50 (1.2–2.2) 0.950
Final CKD Epi (mL/mn) 43.9 (17.7–78.8) 44.2 (13.8–90.0) 0.963
Albumin/creatinine ratio (mg/g) (median) 37.0 (13–87) 80 (21–204) 0.190
Mean recipient survival time (95% CI) (months) 97 (69–124) 131 (94–168) 0.707
Mean graft survival time (95% CI) (months) 74 (47–102) 131 (94–168) 0.052
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4. Discussion

Using data from the US Renal Data System from 1990 to 2000, Goldfarb et al. came to
the surprising conclusion that survival in patients receiving a pre-emptive retransplanted
graft was lower than in patients retransplanted after a period of dialysis. The authors justi-
fied these striking results by citing the possible benefit of temporary dialysis in recovering
the uremic state of the recipient and the possible state of malnutrition in candidates for
retransplantation who did not undergo dialysis [21]. In contrast, Johnston [6], using that
same database years later (1995 to 2007), concluded that pre-emptive transplant recipients
had better survival thanks to the reduced number of deceased patients with a functioning
graft. They attributed the discrepancy in results to the heterogeneity of the Goldfarb se-
ries [21], since those authors had included adult and pediatric recipients, third and fourth
transplants, and reno-pancreatic transplants, which could explain the poor outcomes in the
pre-emptive (preventive) transplant series. On the other hand, Johnston et al. used similar
selection criteria to ours, including only simple second transplants in adults [6].

In a multicenter study in France, Girerd et al. concluded unequivocally that pre-
emptive transplant from deceased donors in transplant graft failure patients results in
better graft survival than retransplantation after dialysis, similar to that from a living
donor, whether pre-emptive or not [7]. This evidence prompted us to perform pre-emptive
transplants from deceased donors in transplant graft failure patients when the recipients
did not have a living donor and there was no other candidate already on dialysis for that
graft. In our series, as in Girerd et al.’s [7], we also observed a notable, borderline significant
increase in graft survival.

The lower incidence of delayed graft function in our pre-dialysis group (3.3% vs. 16.7%
in controls) is consistent with other published series and can be attributed to the existence
of residual renal function [6,7,9,15]. In addition, the duration of the first transplant was
significantly longer in our pre-dialysis group, in keeping with previous studies [6,7,9],
possibly indicating a greater immunological tolerance in these patients [6,7,9], as reflected
in a lower percentage of patients with pre-formed antibodies prior to transplant [6–9], and
in our case, a lower need for rituximab on induction. A longer duration of the first graft
has also been associated with better survival of the second [7,22].

It is notable that comparisons of pre-emptive versus non-pre-emptive retransplant
cohorts find patient sensitization is significantly higher in the latter group [6–9], which
could be due to the decrease in or suspension of pharmacological immunosuppression
in patients reinstated on dialysis [20]. This increase in sensitization makes subsequent
retransplantation difficult for this group, as demonstrated by the significantly longer time
spent on the waitlist for retransplantation in published series [7,9,15], as in ours. This risk
confers an advantage to pre-emptive transplants, in which immunosuppression is main-
tained until retransplantation, avoiding both sensitization and possible graft intolerance
syndrome in the recipient. The percentage of our transplant graft failure patients treated
with rituximab was far lower than the percentage in the control group, which could show a
higher immunological risk in this group.

Several authors have concluded that the longer the time on the waitlist, the worse the
patient and graft survival outcomes in retransplantation [12,21,22]. Wong et al. observed
a linear relationship between time on waitlist before the second transplant and all-cause
mortality, where each year on the waitlist increased the risk of death by 13% [15]. These
data, together with the 3.4-fold higher risk of mortality in patients who continue rather
than stop immunosuppressive treatment on dialysis [19], plus the difficulty in managing
immunosuppressants in dialysis [23] and the side effects of immunosuppressive treatment
such as cataracts and fractures [24], warrant efforts to minimize this waiting time as much
as possible, an objective that would be fully met with pre-emptive transplant in transplant
graft failure patients. Moreover, pre-emptive transplant in transplant graft failure patients
would also avoid the negative outcomes associated with dialysis, such as the placement of
catheters, the frequent onset of depression at the time of restarting dialysis [25,26], and the
high proportion of patients who refuse a new transplant [3].
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Published pre-emptive series describe a significantly higher percentage of transplant
recipients with a living versus deceased donor [6–8], with the largest difference reported by
Florit et al. (89.9% vs. 19.3%, respectively) [8], as this type of transplant is encouraged so as
not to lengthen the waiting time for patients already on dialysis, given the limited supply of
deceased donors. In Girerd et al.’s series, the difference is smaller, although still significant
(29% vs. 7%) [7]—the same as observed in the US registry [6]. In our case, all donors were
deceased, which affords both great homogeneity to the series, avoiding possible bias, and
also a certain degree of originality compared to other studies.

The potential for the adoption of this strategy holds promise, with published series
showing a steady increase in the proportion of pre-emptive transplants in transplant
graft failure patients over time [6,7]. Girerd et al. reported that 2.8% of retransplantations
were pre-emptive from 2000 to 2004, rising to 8% in 2005–2009 and to 9% in 2010–2014
(p = 0.003) [7]. In the USA, this type of transplant increased from 15.1% in 1995–1998 to
29% in 2003–2007 [6].

Although the benefits of this approach seem certain, we consider, as do the authors of
a French multicenter study [7], that ethical issues arise from retransplanting recipients who
are not yet in dialysis (undoubtedly some with special characteristics) instead of patients
already on replacement treatment. For this reason, we insist on performing this type of
transplant only in the event that a candidate already on dialysis is not available for the graft.
Then, the denial of a renal transplant to a qualified patient on dialysis can never happen.

Our study’s strengths reside in its well-matched cohorts, with very homogeneous
characteristics and management, along with complete follow-up data, with none of the
missingness that occurs in registry studies on the topic [6,7]. Furthermore, it is novel in that
it is the first study to collect data only from recipients with deceased donors. On the other
hand, the main limitation is the small size of the cohorts, resulting in a lack of statistical
power to draw definitive conclusions; thus, our results are only suggestive of an association
that needs to be confirmed in larger series. Although the data of the pre-emptive group
are far better than those of the control group, including less delayed renal function and far
longer recipient and graft survival time, the small size of the cohorts prevents these results
from having statistical power.

5. Conclusions

Pre-emptive transplant in transplant graft failure patients shows good outcomes,
avoids the recipient’s return to dialysis, shortens their time on the waiting list, reduces the
risk of producing antibodies, and eliminates the dilemma of whether or not to suspend
immunosuppression.

Our results are only suggestive of an association that needs to be confirmed in larger
series to have statistical power and to arrive at definitive conclusions.
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