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Abstract

Background: Kidney transplantation activity at the University Hospital of Guadeloupe
was briefly interrupted at the onset of the COVID-19 pandemic, reflecting the global impact
of this health crisis on organ transplantation. This study assessed patient and graft recov-
ery in 335 recipients transplanted between 2013 and 2023, comparing those transplanted
before 2020 and after the resumption of activity. The objective was to evaluate changes
in recipient profiles, surgical parameters, and post-transplant outcomes following this
disruption. Methods: This retrospective cohort included all kidney transplants performed
at the University Hospital of Guadeloupe over a ten-year period. Most patients (70%)
received transplants before 2020, with 30% afterward. All grafts were ABO-compatible,
and 98.2% were from deceased donors. Trends in transplant activity were analyzed to
identify variations over time, with a peak observed in 2018, followed by a decline until
2021 and a progressive recovery from 2022. Comparative analyses were performed to ex-
amine disparities in donor and recipient characteristics, ischemia durations, and outcomes
between the two periods. Results: After 2020, recipients were more likely to be elderly
(≥70 years), immunized, obese, have heterozygous sickle cell disease, or have polycystic
kidney disease (p < 0.05). Mean cold ischemia time decreased (p = 0.009), while warm
ischemia time increased (p < 0.001), reflecting procedural and logistical adaptations. Graft
survival remained stable, with 97.5% at 6 months and 89.8% at 4 years for transplants
before 2020, versus 100% and 96.9%, respectively, after 2020 (p = 0.160). Patient survival did
not differ significantly between periods (p = 0.199). Independent factors associated with
mortality included recipient age ≥ 60 years, diabetes, graft failure, transplantation before
2020, cold ischemia time ≥ 1200 min, and graft pyelonephritis. Conclusions: Despite the
temporary suspension of activity and an increased proportion of transplants with expanded
criteria after 2020, graft recovery and patient survival were not adversely affected. These
findings suggest that kidney transplantation in Guadeloupe demonstrated strong resilience
and capacity for adaptation during and after the COVID-19 crisis, maintaining outcomes
comparable to the pre-pandemic period.
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1. Introduction
Chronic kidney disease (CKD) has emerged as a major global public health issue. The

World Health Organization reports that CKD currently affects nearly 850 million people [1].
Furthermore, CKD was ranked as the 27th leading cause of death worldwide in 1990,

increasing to the 11th by 2016 [2]; projections suggest it could become the 5th leading cause
of death by 2040 [3]. In Europe, approximately 100 million individuals are estimated to be
living with CKD [4]. Around 6 million people in France suffer from end-stage renal disease
(ESRD), with over 90,000 undergoing treatment [5].

The incidence rate of treated ESRD stands at 169 per million population, with rates
2.2 times higher in the overseas departments compared to mainland France [6]. The
rising global prevalence of diabetes, obesity, and hypertension over recent decades has
contributed significantly to the surge in CKD reported in numerous epidemiological studies.
This increase has led to more patients requiring dialysis and a growing demand for kidney
transplantation (KT) worldwide [7–9].

In Guadeloupe, KT has been performed since June 2004 [10], with steady expansion
until the end of 2019. However, the onset of the COVID-19 pandemic in 2020 disrupted
healthcare systems worldwide [11]. In France, a 25% decrease in organ transplants was
observed compared to 2019, which was largely due to reduced organ procurement and the
saturation of intensive care units [12]. Guadeloupe was no exception: the partial suspension
of transplant activities significantly impacted the care pathways of patients with kidney
failure, exposing them to increased morbidity and mortality.

The last decade also coincides with an expansion of access criteria for kidney transplan-
tation. Indeed, recently, studies conducted in the West and North America have reported
a greater proportion of transplants with expanded criteria, or even ABO-incompatible
transplants [13,14].

This paradigm shift responds to the need to address the graft shortage and the aging
of the population. To date, in Guadeloupe, no study has compared the profile of transplant
recipients and their survival according to these two periods. The cessation of transplant
activity and its resumption at the University Hospital of Guadeloupe provided the oppor-
tunity to conduct this work. The objective of this study was to characterize the clinical
profiles and survival outcomes of KT recipients at the University Hospital of Guadeloupe,
comparing the periods before and after the onset of the COVID-19 pandemic.

For the purposes of this study, and consistent with national data from mainland
France, we defined the onset of the COVID-19 pandemic in Guadeloupe as 1 March 2020,
corresponding to the first officially reported cases and the implementation of public health
measures in the French territories.

2. Materials and Methods
2.1. Study Design

This is a retrospective cohort study of consecutive kidney transplants performed at
the University Hospital of Guadeloupe between 1 January 2013 and 31 December 2023.

The pre-pandemic period was defined as 1 January 2013 to 29 February 2020, and
the post-pandemic period as 1 March 2020 to 31 December 2023, in accordance with the
epidemiological timeline established for France and its overseas territories.

2.2. Setting

The study took place in the Department of Nephrology, Dialysis, and Transplanta-
tion at the University Hospital of Guadeloupe, the regional reference center for renal
replacement therapy and transplantation in the French West Indies. All kidney transplants
performed between 1 January 2013 and 31 December 2023 were eligible. The pre-pandemic
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group included transplants from 2013 to 2019, and the post-pandemic group included those
from 2020 to 2023. Data were collected between 25 August and 9 September 2025 from
hospital databases and transplant registries.

2.2.1. Participants

All adult patients (≥18 years) who underwent kidney transplantation at the Uni-
versity Hospital of Guadeloupe during the study period were included. Exclusion cri-
teria: transplants performed outside Guadeloupe or combined organ transplants (e.g.,
kidney–pancreas). Sources and selection: data were retrieved from the CRISTAL national
transplant registry and the hospital’s electronic medical records (Easily® 8.1.0.18 software).

Follow-up: patients were followed during regular post-transplant consultations and
registry updates until 31 December 2023. The immunosuppressive regimen and other
post-transplant management strategies remained unchanged throughout the ten-year study
period, ensuring consistency in care and follow-up conditions. The date of death or last
follow-up was used for censoring in survival analyses. No matching was performed, as the
present was an unmatched cohort.

2.2.2. Variables

The following variables were collected:

• Exposure: period of transplantation (2013–2019 vs. 2020–2023).
• Outcomes: graft survival and patient survival.
• Predictors and confounders: recipient demographics (age, sex), comorbidities (hy-

pertension, diabetes, obesity), primary renal disease, donor characteristics (age, sex,
type), immunologic profile (anti-HLA class I/II antibodies, donor-specific antibodies),
ischemia times, and immunosuppressive regimen.

• Definitions:

# Delayed graft function (DGF): need for dialysis during the first week after
transplantation.

# Renal graft failure (RGF): return to long-term dialysis or eGFR <15 mL/min/1.73 m2.
# High cold ischemia time (CIT): ≥1200 min.
# High warm ischemia time (WIT): ≥60 min.
# The immunized patient has anti-HLA antibodies present prior to transplantation.
# Deceased donor: a donor after brain death (DBD) or after circulatory

death (DCD), defined as no spontaneous cardiac recovery after ≥30 min
of resuscitation.

2.3. Data Sources and Measurements

Data were obtained from:

• CRISTAL registry: demographic, donor, and surgical information.
• Easily® records clinical follow-up, laboratory results, immunosuppressive therapy,

and biopsy findings.
• Immunology laboratory: standardized methods for crossmatch and HLA antibody

detection applied consistently across both groups.

2.4. Bias Control

To minimize selection bias, all consecutive kidney transplants during the study period
were included. Data extraction followed a predefined template, and information from dif-
ferent databases was cross-verified. Potential confounding factors were controlled through
multivariable logistic regression, adjusting for clinical and transplant-related variables.
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2.5. Study Size

The study included all kidney transplants performed between 2013 and 2023 (n = 335).
No sample size calculation was required, as the entire population over the 10-year period
was analyzed.

2.6. Quantitative Variables

Continuous variables (e.g., age, ischemia times) are presented as mean ± standard
deviation or median (interquartile range). Group comparisons used Student’s t-test or
Mann–Whitney U test, as appropriate. Categorical variables were compared with the
chi-square or Fisher’s exact test. Cut-offs for CIT and WIT (≥1200 and ≥60 min) were
defined a priori based on prior literature.

2.7. Immunosuppressive Regimens

All patients received a standardized post-transplant immunosuppressive therapy that
remained unchanged throughout the ten-year study period. Induction therapy consisted of
thymoglobulin. The maintenance therapy was based on standard of care (SOC) regimens,
consisting of a calcineurin inhibitor [tacrolimus or cyclosporine (Neoral)], an antimetabolite
(mycophenolate mofetil), and corticosteroids. No pre-transplant desensitization protocols
were administered to any patient.

2.8. Statistical Analysis

Survival analyses were performed using the Kaplan–Meier method, and comparisons
between groups used the log-rank test. Independent predictors of graft failure and pa-
tient death were identified using multivariable logistic regression (stepwise backward
elimination). Results are expressed as odds ratios (OR) with 95% confidence intervals
(CI). Exploratory subgroup analyses evaluated outcomes by donor type (DBD vs. DCD),
recipient age (<60 vs. ≥60 years), and presence of diabetes or obesity. Missing data (<5%)
were handled by complete-case analysis. Loss to follow-up (<2%) was censored at the
last contact. Sensitivity analyses excluding transplants performed in 2020 confirmed the
robustness of the results. Longitudinal trends in transplant activity and donor/recipient
characteristics were analyzed using descriptive statistics, with chi-square tests for categori-
cal variables and ANOVA or Kruskal–Wallis tests for continuous variables, as appropriate.
All analyses were performed using SPSS version 21.0 (IBM Corp., Chicago, IL, USA), with
p < 0.05 considered statistically significant.

2.9. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Ethics Committee of the University Hospital of Guadeloupe (Approval
No. A207-08-2025, dated 25 August 2025). Informed consent was waived due to the
retrospective nature of the study and the use of anonymized data, in accordance with the
principles of the General Data Protection Regulation (GDPR).

3. Results
During the study period (2013–2023), 335 kidney transplants were performed at the

University Hospital of Guadeloupe. Peak activity was observed in 2018, with 55 patients
undergoing transplantation, representing 16.4% of the total. Between 2018 and 2021, the
number of procedures fell steadily before rising again from 2022 onwards (Figure 1).
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Figure 1. Evolution of the number of kidney transplant patients between 2013 and 2023. This figure
shows the annual number of kidney transplants performed at the University Hospital of Guadeloupe
during this period. A total of 335 transplants were carried out. Peak activity occurred in 2018, with
55 transplants (16.4% of the total). The number of procedures declined steadily between 2018 and
2021 before rising again from 2022 onwards.

3.1. Kidney Transplant Recipients

Table 1 shows a comparison of the clinical profile of kidney transplant recipients
during the pre-pandemic period (2013–2019) and the post-pandemic period (2020–2023).
In the pre-pandemic period, the majority of recipients were male (63%) with a median
age of 48 years (IQR: 41–56 years). The most common causes of kidney disease leading to
transplantation included diabetic nephropathy (32%), hypertension (25%), and polycystic
kidney disease (14%). In contrast, the post-pandemic period saw a significant increase in the
number of older recipients (≥70 years), with polycystic kidney disease and hypertension
becoming more prevalent as causes of kidney failure. Additionally, a higher proportion of
patients in the post-pandemic period were vaccinated for COVID-19 (90% vs. 60%) and
were obese (35% vs. 25%).

Table 1. Clinical profile of kidney transplant recipients according to period.

Variables All (n = 335) 2013–2019 (n = 236) 2020–2023 (n = 99) p

Age, years 52.5 ± 11.9 52.3 ± 11.6 53.2 ± 12.7 0.553
Age ≥ 70 years 13 (3.9%) 5 (2.1%) 8 (8.1%) 0.024

Gender 0.040
Men 214 (63.9%) 159 (67.4%) 55 (55.6%)

Women 121 (36.1%) 77 (32.6%) 44 (44.4%)
Blood types 0.381

O 167 (49.9%) 115 (48.7%) 52 (52.5%)
A 107 (31.9%) 74 (31.4%) 33 (33.3%)
B 54 (16.1%) 43 (18.1%) 11 (11.1%)

AB 7 (2.1%) 4 (1.7%) 3 (3.0%)
Causes of Kidney Disease

HBP 327 (97.6%) 232 (98.3%) 95 (96.0%) 0.242
DM 85 (25.4%) 63 (26.7%) 22 (22.2%) 0.391

Obesity 59 (17.6%) 34 (14.4%) 25 (25.3%) 0.017
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Table 1. Cont.

Variables All (n = 335) 2013–2019 (n = 236) 2020–2023 (n = 99) p

SCD 8 (2.4%) 2 (0.8%) 6 (6.1%) 0.010
SLE 13 (3.9%) 9 (3.8%) 4 (4.0%) 1.000

ADPKD 29 (8.7%) 15 (6.4%) 14 (14.1%) 0.021
Immunological Risk

HLA I+ 145 (43.3%) 92 (39.0%) 53 (53.5%) 0.014
HLA II+ 105 (31.3%) 61 (25.8%) 44 (44.4%) <0.001

DSA+ 88 (26.3%) 57 (24.2%) 31 (31.3%) 0.174
Transfusion 114 (34.0%) 69 (29.2%) 45 (45.5%) 0.004

Results are expressed as mean ± standard deviation or frequency (%). Abbreviations: HBP: High Blood Pressure;
DM: Diabetes Mellitus; SCD: Sickle Cell Disease; SLE: Systemic Lupus Erythematosus; ADPKD: Autosomal
Dominant Polycystic Kidney Disease; HLA I+: Human Leukocyte Antigen Class I Positive; HLA II+: Human
Leukocyte Antigen Class II Positive; DSA+: Donor-Specific Antibodies Positive (Historical); Transfusion: Blood
Transfusion Prior to Transplant.

3.2. Kidney Transplant Donors

Table 2 shows that the average age of kidney transplant donors was 51.5 ± 16.1 years
(range: 13–87 years) and was higher during the period from 2020 to 2023 (53.5 ± 14.4
vs. 50.6 ± 16.7 years, p = 0.007). The majority of donors were male (78.5%), although the
proportion of female donors increased from 14.8% in 2013–2019 to 37.3% in 2020–2023. Al-
most all grafts were obtained from deceased brain-dead donors (DBD; 98.2%), with a small
proportion from donors after cardiac death (DCD; 1.8%). In 95.2% of cases, grafts were from
deceased donors with marginal/expanded criteria (ECD). All grafts were ABO-compatible.

Table 2. Clinical profile of donors according to study period.

Variables All
n = 335

2013–2019
n = 236

2020–2023
n = 99 p

Average age, years 51.5 ±16.1 50.6 ± 16.7 53.5 ± 14.4 0.007
Gender 0.001

Men 263 (78.5) 201 (85.2) 62 (62.6)
Women 72 (21.5) 35 (14.8) 37 (37.3)

Type of donor 0.109
DBD 329 (98.2) 230 (97.5) 99 (100.0)
LRD 6 (1.8) 6 (2.5) 0 (0.0)
ECD 319 (95.2) 222 (94.1) 97 (98.0)

Blood types 0.236
Results are expressed as mean ± standard deviation or frequency (%). Abbreviations: DBD: Deceased brain-dead
donors; LRD: Living related donors; ECD: Expanded criteria donors.

3.3. Modalities of Renal Transplantation

The average hospital stay was 21.6 ± 8.8 days (range: 1–63 days). Between 2013 and
2019, the average was 21.1 ± 8.9 days, compared to 22.8 ± 8.5 days between 2020 and
2023 (p = 0.113). All transplanted patients received a kidney transplant from a donor with
a compatible immunological profile. All virtual and real crossmatch tests were negative.
All grafts were preserved with an IGL-1® solution. The mean CIT decreased significantly
between 2020 and 2023, while the mean WIT increased (Table 3).

Table 3. Cold and warm ischemia durations during renal transplantation.

Variables
All 2013–2019 2020–2023 p

n = 335 n = 236 n = 99

CIT, min 1090 ± 389.7 1126.6 ± 392.3 1002.9 ± 402.5 0.009
CIT > 1200 min 136 (40.6) 101 (42.8) 35 (35.4) 0.206
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Table 3. Cont.

Variables
All 2013–2019 2020–2023 p

n = 335 n = 236 n = 99

WIT, min 60.4 ± 19.4 57.7 ± 17.8 66.9 ± 21.5 <0.001
WIT > 60 min 149 (44.5) 92 (39.0) 57 (57.6) 0.002

Results are expressed as mean ± standard deviation or frequency (%). Abbreviations: CIT: cold ischemia time;
WIT: warm ischemia time.

3.4. Anti-Rejection Immunosuppressive Therapy

Induction therapy consisted of anti-thymocyte globulin (ATG), mycophenolate mofetil
(MMF), and Solumedrol in all patients. (Figure 2) shows that maintenance immunosup-
pressive therapy was predominantly tacrolimus + MMF + Cortancyl (90.4%). This regimen
became exclusive in the group transplanted between 2020 and 2023 (p < 0.001).

Figure 2. Immunosuppressive treatment regimen according to patient group. Induction therapy
consisted of anti-thymocyte globulin (ATG), mycophenolate mofetil (MMF), and Solumedrol in
all patients. The figure shows that maintenance immunosuppressive therapy was predominantly
tacrolimus + MMF + Cortancyl (90.4%). This regimen became exclusive in patients transplanted
between 2020 and 2023 (p < 0.001).

3.5. Post-Transplant Complications

The most frequent post-renal transplant complications were interstitial fibrosis, RGF,
and acute graft pyelonephritis, followed by allograft nephropathy, recurrence of baseline
nephropathy, BK virus infection, and hyperacute rejection (Table 4).

Table 4. Post-kidney transplant complications.

Complications All Pre-COV-GR COV-GR p
n = 335 n = 236 n = 99

Delayed recovery of graft function 4 (1.2) 4 (1.7) 0 0.193
Acute tubular necrosis 1 (0.3) 1 (0.4) 0 0.517
Active humoral rejection M3 9 (2.7) 8 (3.4) 1 (1.0) 0.219
Chronic humoral rejection M12 2 (0.6) 2 (0.8) 0 0.358
Acute cellular rejection M3 8 (2.4) 8 (3.4) 0 0.064
Chronic cell rejection M12 2 (0.6) 2 (0.8) 0 0.358
Post-operative cardiac arrest 2 (0.6) 2 (0.8) 0 0.358
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Table 4. Cont.

Complications All Pre-COV-GR COV-GR p
n = 335 n = 236 n = 99

Graft artery thrombosis 1 (0.3) 1 (0.4) 0 0.517
Urological complications

Acute urinary retention 1 (0.3) 1 (0.4) 0 0.517
Graft artery stenosis 1 (0.3) 1 (0.4) 0 0.517
External iliac artery stenosis 2 (0.6) 2 (0.8) 0 0.358
Plicature of the graft artery 1 (0.3) 1 (0.4) 0 0.517
Ureterotomy 1 (0.3) 1 (0.4) 0 0.517
Ureteral breach 1 (0.3) 0 1 (1.0) 0.517
Surgical complications
Transplantectomy 1 (0.3) 1 (0.4) 0 0.517
Section of the inferior polar artery 2 (0.6) 2 (0.8) 0 0.358

Infectious complications
COVID-19 9 (2.7) 8 (3.4) 1 (1.0) 0.219
BK virus infection 13 (3.9) 10 (4.2) 3 (3.3) 0.602
Graft preservation fluid infection 3 (0.9) 2 (0.8) 1 (1.0) 0.885
Acute graft pyelonephritis 23 (6.9) 15 (6.4) 8 (8.1) 0.569

Other complications
Cortisonic diabetes 3 (0.9) 3 (1.3) 0 0.260
Native nephropathy disease 12 (3.6) 9 (3.8) 3 (3.0) 0.725
Chronic allograft nephropathy 21 (6.3) 17 (7.2) 4 (4.0) 0.276
IFTA grade 1 M3 26 (7.8) 9 (3.8) 17 (17.2) <0.001
IFTA grade 2 M3 22 (6.6) 8 (3.4) 14 (14.1) <0.001
IFTA grade 3 M3 9 (2.7) 4 (1.7) 5 (5.1) 0.083
IFTA grade 1 M12 9 (2.7) 7 (3.0) 2 (2.0) 0.625
IFTA grade 2 M12 3 (0.9) 3 (1.3) 0 (0.0) 0.260
IFTA grade 3 M12 4 (1.2) 3 (1.3) 1 (1.0) 0.841
Arteriolar hyalinosis M12 21 (6.3) 12 (5.1) 9 (9.1) 0.168
Graft failure 48 (14.3) 44 (18.6) 4 (4.0) <0.001

Results are expressed as frequency (%). Abbreviations: M: month; IFTA: interstitial fibrosis and tubular atrophy;
Pre-COV-GR: Pre-COVID Graft Recipients (Patients transplanted before the COVID-19 pandemic); COV-GR:
COVID Graft Recipients (Patients transplanted during the COVID-19 pandemic).

3.6. Graft Survival and Factors Associated with RGF

Table 5 reports on graft survival, which was 97.3% at 6 months post-transplant, com-
pared with 85.1% at 5 years and 73.1% at 10 years in the whole group. Comparing patients
according to the period in which their kidney transplant was performed, it appears that
during the first 4 years post-transplant, graft survival was better in the group of patients
transplanted between 2020 and 2023; however, this finding was not statistically significant.

Table 5. Graft survival according to transplant year groups.

Time All 2013–2019 2020–2023 p
n = 335 n = 236 n = 99

6 months 97.3 97.5 100 0.160
1 year 97.0 94.9 98.5
4 years 90.9 89.8 96.9
5 years 85.1 84.2 -

10 years 73.1 72.2 -
This table shows graft survival rates after kidney transplantation, comparing two transplant periods (2013–2019 vs.
2020–2023). At 6 months, graft survival was slightly higher in the 2020–2023 group (100%) than in the 2013–2019
group (97.5%), with no statistically significant difference (p = 0.160). Results are expressed as percentages. The
‘-’ indicates that no data were available, as patients transplanted in 2020 had not yet reached these time points
post-transplant.
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Univariate analysis indicated that RGF was associated with the time of transplantation
(years 2013–2019), male donor sex, intraoperative incident, postoperative cardiac arrest,
interstitial fibrosis and tubular atrophy (IFTA) grade 1 score at 3 months post-transplant,
allograft nephropathy, and the presence of anti-HLA class I Ac prior to transplantation. A
history of blood transfusion, the presence of anti-HLA class II Ac, and a positive historical
DSA result prior to renal transplantation were not associated with RGF. The multivariate
analysis revealed that time of transplantation (years 2013–2019) and allograft nephropathy
were the only factors independently associated with RGF (Table 6).

Table 6. Risk factors for graft failure.

Risk Factors Univariate Analysis Multivariate Analysis

OR 95% CI p AOR 95% CI p

Transplantation 2013–2019 vs. 2020–2023 7.53 2.28–24.88 <0.001 6.24 1.84–21.14 0.003
Male vs. female donors 3.42 1.18–9.85 0.014 - - -

Surgical complications vs. no 4.56 1.41–15.31 0.018 6.01 1.61–22.40 0.080
Ab HLA1+ 2.04 1.05–3.96 0.033 - - -

Postoperative cardiac arrest vs. no 7.24 5.52–9.43 0.020 - - -
IFTA grade 1 M3 vs. no 1.18 1.12–1.24 0.035 - - -

Allograft nephropathy vs. no 3.33 1.26–8.77 0.019 3.21 1.14–9.00 0.027
Abbreviations: Ab HLA1+: Positive antibody human leukocyte antigen (HLA) class I antibodies; IFTA: interstitial
fibrosis and tubular atrophy. AOR: Adjusted Odds Ratio; OR: odds ratio; CI: confidence interval.

3.7. Patient Survival and Factors Associated with Death

Survival rates at 6 months, 5 years, and 10 years for all transplanted patients were
97.3%, 83.2%, and 72.3%, respectively (Table 7).

Table 7. Patient survival according to transplant year groups.

Time All 2013–2019 2020–2023 p
n = 335 n = 236 n = 99

6 months 97.3 96.6 98.9 0.199
1 year 95.3 94.5 97.6
4 years 87.5 87.3 95.9
5 years 83.2 83.0 -

10 years 72.3 72.0 -
This table shows patient survival rates after kidney transplantation, comparing two transplant periods (2013–2019
vs. 2020–2023). No statistically significant difference was observed at 6 months (p = 0.199). The ‘-’ indicates that
no data were available, as patients transplanted in 2020 had not yet reached these time points post-transplant.

The Kaplan–Meier curve showed that during the first 4 years post-transplant, survival
appeared to be better when transplantation was performed between the years 2020 and
2023; however, this finding was not statistically significant (Figures 3 and 4).

The univariate analysis identified recipient age ≥ 60 years, RGF, transplantation
between 2013 and 2019, diabetes mellitus, CIT ≥ 1200 min, postoperative cardiac ar-
rest, graft pyelonephritis (GPN), as being associated with death. After adjustment,
recipient age ≥ 60 years, RGF, transplantation between 2013 and 2019, diabetes melli-
tus, CIT ≥ 1200 min, and GPN emerged as factors independently associated with death
(Table 8).

Of the patients with GRF (n = 48), 27 (56.3%) had resumed HD. The proportion of
deaths was 6/27 (22.2%) in the group who had resumed HD, compared with 21/21 (100%)
in those who had not resumed HD (p < 0.001).
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Table 8. Risk factors associated with death in transplant patients.

Risk Factors Univariate Analysis Multivariate Analysis

OR 95% CI p AOR 95% CI p

Age ≥ 60 years vs. no 2.87 1.60–24.88 <0.001 2.96 1.39–5.62 0.004
Graft failure vs. no 2.87 1.60–5.13 <0.001 10.31 4.76–22.22 <0.001

Transplantation 2013–2019 vs. 2020–2023 5.43 2.11–14.08 0.001 4.48 1.52–13.33 0.007
Diabetes mellitus vs. no 2.50 1.38–4.53 0.004 3.26 1.57–6.75 0.002
CIT ≥ 1200 min vs. no 1.88 1.06–3.32 0.039 2.28 1.15–4.54 0.019

Post-operative cardiac arrest 5.95 4.67–7.58 0.030 - - -
Graft pyelonephritis vs. no 2.80 1.13–6.94 0.040 3.51 1.17–10.49 0.025

Risk factors are independently associated with mortality in kidney transplant patients. Significant variables
included age ≥60 years, graft failure, diabetes, longer CIT, transplant period (2013–2019), and graft pyelonephritis.
AOR: Adjusted Odds Ratio; OR: odds ratio; CI: confidence interval.

Figure 3. Kaplan–Meier survival analysis of kidney grafts. (a) Incidence of graft failure in the
overall cohort. (b) Comparison of graft survival according to years of transplantation (2013–2019 vs.
2020–2023). The Kaplan–Meier curve suggests improved survival in patients transplanted between
2020 and 2023, although this difference did not reach statistical significance (log-rank = 0.160).
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Figure 4. Kaplan–Meier survival curves comparing post-transplant survival of kidney transplant
recipients based on the period of transplantation. The blue curve represents patients transplanted
between 2013 and 2019, while the green curve represents those transplanted between 2020 and 2023.
Censored data are indicated by tick marks. The log-rank test did not show a statistically significant
difference between the two groups (Log rank = 0.199). The x-axis represents the number of months
post-transplant, and the y-axis represents cumulative survival.

3.8. Causes of Death

Table 9 displays the various causes of death. Death at home and multi-visceral failure
predominated over sepsis.

Table 9. Causes of death by study period.

Variables All 2013–2019 2020–2023 p

n = 335 n = 236 n = 99

Death at home 17 (5.1) 16 (6.8) 1 (1.0) 0.028
Multivisceral failure due to sepsis 18 (5.4) 17 (7.2) 1 (1.0) 0.022

COVID-19 9 (2.7) 8 (3.4) 1 (1.0) 0.219
Hemorrhagic shock 2 (0.6) 2 (0.8) 0 (0.0) 0.358
Hemorrhagic stroke 3 (0.9) 3 (0.9) 0 (0.0) 0.260

Cranioencephalic trauma 1 (0.3) 1 (0.4) 0 (0.0) 0.517
Clostridial colitis 1 (0.3) 1 (0.4) 0 (0.0) 0.517

Suicide 1 (0.3) 1 (0.4) 0 (0.0) 0.122
Cancer 3 (0.9) 2 (0.8) 1 (1.0) 0.925

Unknown 1 (0.3) 1 (0.4) 0 (0.0) 0.517
Causes of death in kidney transplant patients by study period (2013–2019 vs. 2020–2023). Death at home and
multivisceral failure due to sepsis were significantly more frequent in the earlier period. Data are presented as
n (%).

4. Discussion
A total of 335 patients received KT during the study period. While KT activity grad-

ually increased until 2018, it decreased again between 2019 and 2021. The Agence de la
Biomédecine (ABM) confirmed this observation in France in its 2020 transplant activity
report [11].

The decrease in KT activity is primarily attributed to the COVID-19 pandemic, during
which hospitals focused their efforts on patients with severe forms of the disease [12].
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In the present study, the average age of KT donors was 51.5 ± 16.1 years. This obser-
vation is consistent with data from metropolitan France [11]. However, due to the shortage
of grafts, the use of elderly donors is becoming increasingly frequent [11]. Almost all the
donors were DBD, i.e., 98.2 This quantity corresponds to only 1.8% of voluntary LRDs.

This proportion of LRDs is lower than the general average for transplant centers in
France and in several other countries [11]. Despite the first successful kidney transplant in
Guadeloupe in 2004, many challenges remain. Very few people agree to donate a kidney; the
rate of opposition to kidney donation is estimated at 50% in the Guadeloupean population,
compared with 33% in France [11]. To address this issue, the transplant coordination
team at the CHU de Guadeloupe regularly organizes awareness-raising days to highlight
the importance of live organ donation in saving lives. There are sex differences in the
KT donation.

A multicenter study overseen by the European Committee on Organ Transplantation
reported that men were the main source of DBMs, with proportions ranging from 63.3% to
71.9% in over 60 countries [15]. In contrast, women represented the main source of kidneys
from LRDs, accounting for 61.1%. In line with data from the general population, the three
most common blood groups among KT donors were O, A, and B. The proportion of group
O donors rose from 48.7% between 2013 and 2019 to 52.5% between 2020 and 2023. This
increase has little impact, as the Rhesus group is not involved in organ transplantation.

The average age of patients was 52.5 ± 11.9 years (range: 22–81 years). The proportion
of patients over 70 had risen from 2.1% over the period 2013 to 2019 to 8.1% from 2020 to
2023. Advanced age may be a limitation to renal transplantation; however, older patients
with fewer comorbidities and fewer vascular complications may be eligible for renal
transplantation. The average age of patients at the time of KT is comparable to the average
reported in France [11].

In many countries, the majority of harvested organs are transplanted into men rather
than women [16]. In our study, approximately two-thirds of transplant patients were male.
This proportion had fallen over the period 2020 to 2023 compared with 2013 to 2019 (55.6%
versus 67.4%), possibly reflecting easier access to healthcare services for women.

In terms of comorbidities, hypertension was preeminent, followed by diabetes mellitus
and obesity, with proportions of 97.6%, 25.4%, and 17.6%, respectively. This result reflects
the importance of these pathologies in the epidemiology of CKD. Hypertension, diabetes,
and obesity are the top three cardiovascular risk factors for CKD, both in Guadeloupe and
worldwide [1–3].

Between 2020 and 2023, the proportion of transplant patients who were obese, had
heterozygous sickle cell disease, had polycystic kidney disease, had a history of blood
transfusion, and tested positive for class I and II anti-HLA antibodies increased significantly.

Access to renal transplantation has become easier despite these comorbidities, thanks
to the implementation of close and effective follow-up programs. For example, obese
patients can benefit from bariatric surgery, gastric banding, or gastric bypass to reduce their
weight and facilitate renal transplant surgery [17].

For immunized patients, renal transplantation is no longer an absolute contraindica-
tion, as desensitization protocols and more effective immunosuppressive treatments with
fewer adverse effects are now available [18].

The terms of the transplant included several conditions that donors and recipients
had to comply with. In the present study, all transplanted patients benefited from KTs with
a compatible donor. All virtual and real crossmatch tests were negative. To date, ABO
incompatible kidney transplants are not performed in Guadeloupe. This modality could
help reduce waiting times for KTs, particularly for candidates from minority blood groups.
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In France, the average waiting time for KTs with DBD is 17.2 months; however, in
Guadeloupe, it is two to three times longer than in some regions of mainland France [11].

According to the renal transplant activity report published by the ABM [11], the
average CIT has fallen from 15.4 h in 2013 to 12.4 h in 2023 throughout France.

For locally allocated transplants in Guadeloupe and Reunion, CIT had decreased from
17.1 h to 14.3 h for DBD [11,19]. Our results also indicate that CIT decreased significantly
between the two study periods (1126.6 ± 392.3 min vs. 1002.9 ± 402.5 min). Longer CIT
is known to be associated with delayed recovery of renal function and is a risk factor for
graft failure [20]. Strengthening logistical capacities and technical skills, as well as the
introduction of an hourly tracking sheet for KTs, certainly helped us achieve the reduction
in CIT during the second part of our study.

Our study did not specifically examine the possibility of fewer transplants from
mainland France between 2020 and 2023.

Cold ischemia, a cornerstone of graft preservation, is associated with significant
biochemical changes, including reduced adenosine triphosphate (ATP) production. The
persistence of anaerobic glycolysis produces lactate, which generates acidosis with mediocre
and inadequate energy production yield [20,21]. Organ cooling, while necessary, negatively
impacts tissues by disrupting several metabolic pathways. For example, inhibition of the
Na+/K+ ATPase pump leads to cellular and interstitial edemas, as well as disturbances in
calcium homeostasis, which activate proteases and promote proteolytic lesions [21].

All the grafts in our study were preserved with IGL-1® solution, a new-generation
preservation solution. Its colloid is a 35,000-dalton polyethylene glycol [22]. Multicenter
clinical results in KT patients showed that this solution resulted in better recovery of graft
function and graft survival compared to grafts preserved with Belzer’s solution (UW),
which has been recognized as the reference preservation solution in organ procurement for
many years [23].

Paradoxically, instead of decreasing, WIT actually increased during the second part of
the present study (57.7 ± 17.8 min vs. 66.9 ± 21.5 min). Warm ischemia is also an important
parameter of ischemia–reperfusion in transplantation, as it integrates the time taken to
make graft anastomoses at the recipient’s body temperature. The prolonged duration of
WIT induces cellular disorders responsible for kidney graft dysfunction [20,21].

Reasons that may explain our results include the introduction of new surgeons to the
renal transplant unit, as well as a higher proportion of recipients aged 70 years or older,
those who are obese, heterozygous sickle cell patients, and polycystic patients between
2020 and 2023. Comorbidities can promote atherosclerotic lesions, which may contribute to
longer vascular anastomosis times.

In general, very few post-renal transplant complications were reported, both in
2013–2019 and 2020–2023. This low complication rate can be attributed to the fact that renal
transplant practice at the CHU de Guadeloupe dates back to 2004, and the teams are better
trained and have acquired experience [5].

RGF remains one of the most dreaded complications following KT. Our study showed
that 14.3% of KT patients developed RGF, with the majority of these cases occurring among
patients transplanted before 2020. Graft survival was 97.3% at 6 months, 85.1% at 5 years,
and 73.1% at 10 years. Our results are in line with the literature [24–26]. According to a
study from 1993 to 2016 [27], of 59,162 patients who received a KT, overall graft survival
was 91.4% at 1 year, 79.4% at 5 years, and 62.4% at 10 years. Graft survival is known to
vary according to the timing and modalities of renal transplantation. In recent years, there
has been an increasing use of donors with extended criteria and recipients with multiple
comorbidities. In addition, several teams now perform ABO–incompatible transplants. For
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example, the ABM report estimates 3-year post-renal transplant survival at 82.4% for the
period 2018 to 2022, compared with 85.3% for the period 2012 to 2014 [11].

RGF was independently associated with intraoperative events and allograft nephropa-
thy from 2013 to 2019.

It is known that after transplantation, the renal graft can be the site of allograft
nephropathy, which is responsible for a progressive deterioration in renal function. Several
studies indicate that this complication represents a major prognostic factor in long-term
graft loss [24,28].

Most cases are attributable to causes such as calcineurin inhibitor intoxication, di-
abetic or hypertensive nephropathy, or viral infection, notably BK virus nephritis and
cytomegalovirus (CMV) infection.

Pre-formed positive anti-HLA class I antibodies, a grade 1 IFTA score at 3 months
post-transplant, and male donors were associated with RGF in the univariate analysis. It
has been established that patients immunized prior to transplantation are at risk of graft
dysfunction, and anti-HLA class I antibodies may appear following immunizing events,
including blood transfusion (presence of platelets and granulocytes), as well as pregnancy
and previous transplantation [18]. Despite the presence of preformed anti-HLA class II
Ac and positive DSA results in some patients, these factors were not associated with RGF.
This variation may be explained by the fact that not all anti-HLA antibodies have the same
clinical significance and do not necessarily expose patients to rejection [25].

Furthermore, the quantification of DSA enables us to better assess its correlation with
the risk of organ rejection [26].

The association between the IFTA score and RGF corroborates data in the litera-
ture [29]. Interstitial fibrosis and tubular atrophy correspond to an abnormal accumulation
of connective tissue in the kidneys, resulting in structural damage and impaired kidney
function [29].

No obvious explanation exists for the role of the male donor in justifying RGF in the
univariate analysis of our study.

This link was not retained in the multivariate analysis. To date, few studies have
investigated the role of male donors in graft survival. However, for other grafts, notably
skin, the role of the sex-linked HY system has been reported [30]. This histocompatibility
gene, located on the Y chromosome and therefore absent in women, can lead to rejection of
a male skin graft transplanted to a female of the same lineage.

Patient survival at 6 months post-transplant was 97.3%, compared to 83.2% at 5 years
and 72.3% at 10 years. Our results align with the existing literature [11]. Patient survival
was better in the absence of RGF, in younger recipients (age < 60 years), in the absence of a
history of diabetes mellitus, when KT was performed in more recent years (2020–2023 vs.
2013–2019), and for a shorter CIT (≤1200 min vs. >1200 min).

These results corroborate data in the literature [11,31,32]. Some patients with RGF
died before being dialyzed. These are generally patients who did not present metabolic
complications indicating emergency dialysis but who presented pathologies leading to
death within a brief time.

Death at home, multi-visceral failure due to sepsis, and COVID-19 infection were the
three main causes of patient death, regardless of the group (patients transplanted between
2013 and 2019 vs. patients transplanted between 2020 and 2023). These results are in line
with the literature, which reports that infectious and cardiovascular complications are the
main causes of death after KT [31,32].
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This study has some limitations. These include the retrospective nature of the study,
the duration of observation, which was limited to 4 years in the second group of patients
(between the years 2020 and 2023), the monocentric nature, limiting observations to the
University Hospital of Guadeloupe, the absence of certain data, such as mean fluorescence
intensity (MFI) quantification, and de novo DSA results. Nonetheless, our study possesses
certain strengths.

It is the first to compare transplant activity before and after the outbreak of the COVID-
19 pandemic in Guadeloupe. Although there was a higher proportion of immunized
patients and those with comorbidities among transplant patients in recent years, our results
indicated that overall survival was unaffected.

It should also be noted that this study reported on practices carried out within the
renal transplant team at the University Hospital of Guadeloupe, enabling us to consider
strategies for further improving patient management.

5. Conclusions
Our study revealed a decline in renal transplant activity at the University Hospital

of Guadeloupe following the COVID-19 outbreak in 2020; however, this trend began to
increase again from 2022 onwards. Almost all KTs were taken from DBDs. All transplants
were ABO-compatible and performed using conventional surgical techniques. Recent years
have marked a greater proportion of older, more immunized KT recipients with several
comorbidities compared to the period prior to COVID-19.

However, these conditions did not affect graft and transplant patient survival, which
improved between 2020 and 2023.
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Abbreviations

ADPKD autosomal dominant polycystic kidney disease
ATG anti-thymocyte globulin
ATP adenosine triphosphate
CHU centre hospitalier universitaire CI: confidence interval
CIT cold ischemia time
CKD chronic kidney disease
COVID-19 coronavirus disease 2019
COV-GR COVID Graft Recipients (patients transplanted during the COVID-19 pandemic)
DBD deceased brain-dead donor
DCAD deceased cardiac arrest donor
DM diabetes mellitus
DSA donor-specific antibodies
DSA+ donor-specific antibodies positive (historical)
ECD expanded criteria donor
ESRD end-stage renal disease
GPN graft pyelonephritis
HBP high blood pressure
HLA human leukocyte antigen
HLA I+ human leukocyte antigen class I positive
HLA II+ human leukocyte antigen class II positive
IFTA interstitial fibrosis and tubular atrophy
KT kidney transplant
LVD living-related donor
MFI mean fluorescence intensity
MMF mycophenolate mofetil
OR odds ratio
Pre-COV-GR Pre-COVID Graft Recipients (patients transplanted before the COVID-19 pandemic)
RGF renal graft failure
SCD sickle cell disease
SLE systemic lupus erythematosus
Transfusion blood transfusion prior to transplant
WIT warm ischemia time
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