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Abstract: Urological complications (UC) following kidney transplantation (KT) are associated with
increased morbidity. The aim of this study is to evaluate the risk factors for UC in the era of “extended
criteria donors” (ECD) and their impact on patient and graft survivals. A retrospective monocentric
study of all patients undergoing KT from 2010 to 2019 with a follow-up ≥30 days was performed.
Out of 459 patients (males: 296 (64.5%); age: 57 (19–77) years) enrolled, 228 (49.7%) received ECD
organs, moreover, 166 (67.2%) grafts had a cold ischemia time ≥10 h. UCs were reported in 32 (7%)
patients. In 21 (65.6%) cases UC occurred within 3 months post-KT and 24 (5.2%) were associated
with early urinary tract infection (UTI). The overall 5 year patient and graft survival rates were
96.5% and 90.6%, respectively. UC decreased graft survival (UC-group: 75.0% vs. noUC-group:
91.8%, p < 0.001), especially if associated with early UTI (UC-group: 71.4% vs. noUC-group: 77.8%,
p < 0.001). At multivariate analysis, early UTI after KT (OR: 9.975, 95%-IC: 2.934–33.909, p < 0.001)
and delayed graft function (DGF) (OR: 3.844, 95%-IC: 1.328–11.131, p: 0.013) were significant risk
factors for UC, while ECD graft did not increase the risk of post-transplant UC. ECD grafts are not
associated with UC. DGF and early UTI post-KT increase the risks of UC and reduce graft survival
in the long-term. Therefore, aggressive management of early post-transplant UTI and strategies to
reduce DGF incidence, such as machine preservation, are essential to prevent UC after KT.

Keywords: urological complications; kidney transplantation; extended criteria donor; marginal
organs; machine perfusion; delayed graft function

1. Introduction

Surgical complication after kidney transplantation (KT) often lead to increased mor-
bidity, length of hospitalization, incidence of re-admission, health costs, and in some cases,
it might cause reduced long-term patient and graft survival [1–3]. The most frequent sur-
gical problems following KT are urological complications (UC) [4]. Despite the reduced
incidence of UC over recent decades—due to advances in surgical techniques and modern
immunosuppression regimens—in the literature the UC rate is still reported to be up to
30% [5–9].

Meanwhile, the shortage of graft supply, the aging of deceased donor populations
and the concomitant increased demand for KT candidates have driven increases in the use
of renal grafts from “extended criteria donors” (ECD). Renal grafts from ECD nowadays
represent 30% of organs used for KT [10]. Many studies reported that KT from ECD have a
satisfactory short and long-term graft survival rate of approximately 85% at 5 years follow-
up [11] when the donor is well selected and carefully matched with the recipient [12].
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However, the use of ECD grafts has been associated with potential increased risks of
surgical complications [9]. Thus, it is unclear as to the real effects of ECD on UC after KT.
Several reports identified patient age, gender, diabetes, rejection, anatomical graft rejection
and BK virus infection as risk factors of UC, but the majority of studies have not explored
the combination of all these potential risk factors in the ECD setting [13–15].

The aim of the current study is to identify the risk factors for UC in the era of KT from
ECD and to analyze their effects on patient and graft survivals.

2. Material and Methods

This is a retrospective monocentric study that enrolled all consecutive patients who
underwent KT at the Transplant Center of the University of Rome Tor Vergata, Rome, Italy
from January 2010 to December 2019, with at least 1 month of follow-up after transplan-
tation. Only patients with a follow-up <1 month from KT were excluded. Recipient data
at the time of transplantation (demographic characteristics, number of transplantations,
single or dual transplantation, time on waiting list, cause of end stage renal disease (ESRD),
pre-transplant urinary tract anomalies, pre-transplant cystography, and prostatic echogra-
phy), donor and transplant variables (age, sex, cause of death, comorbidities, pre-implant
renal biopsy score, cold ischemia time (CIT)) were analyzed. The study was approved by
the local ethics committee board.

ECD was defined as donor age ≥ 60 years or donor age ≥ 50 years with at least two of
the following donor variables: arterial hypertension on chronic medical treatment, death
for cerebrovascular cause or pre-procurement creatinine serum level ≥ 1.5 mg/dL [16].

When performed, pre-implantation graft biopsy was assessed using the Italian necro-
kidney score which is based on the percentage of sclerosed glomeruli (grade: 0–3), tubular
atrophy (grade: 0–3), interstitial fibrosis (grade: 0–3) and atherosclerosis (grade: 0–3),
giving a total score from 0 to 12 [17]. During the initial study period (2010–2012), kidneys
with a score of 3 or lower were used as single transplants, while those with a score of 4
and 5 were used as dual transplantations, on the assumption that the sum of the viable
nephrons in the two kidneys approached the number of one ideal kidney [18]. Since 2013,
kidneys with a score of 4 were also allocated as a single transplantation; grafts with a score
of 5 were allocated as single or dual transplants depending on the histological predominant
component of the score.

Post-KT outcomes were evaluated with patient and graft survival, kidney function
and incidence of UC at the last follow-up. Delayed graft function was defined as the
need for dialysis during the first week post-KT [19,20]. UCs were classified by the type of
complication, the median time of onset (early within 3 months, and late over 3 months)
and the association with concurrent urinary tract infection (UTI); for each complication,
the treatment chosen was collected.

Urinary tract infection (UTI) was diagnosed when a quantitative urine culture with a
yield greater than 100,000 CFU/mL was present. Early UTI was defined when occurring
within 3 months after transplantation, while late UTIs occurred after this time period. Sim-
ple UTI was determined as the presence of an infective pathogen susceptible to antibiotic
therapy or patients with asymptomatic cystitis, while complicated UTI was defined as the
presence of an infection which required longer antibiotic courses or pyelonephritis.

2.1. Surgical Technique

According to the center’s practice, KT was placed in the right or left iliac fossa. After
the preparation of the retroperitoneal fossa, the iliac arteries and veins were exposed and
lymphatic vessels ligated. The renal graft was anastomosed to the external or common
iliac vessels. All ureterocystostomies were performed by the Lich–Gregoir technique with
a double-J ureteral stent insertion [21]. In case of double KT, ureters were anastomosed
individually to the bladder. One peri-renal drain was routinely positioned.
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2.2. Post-Operative Care

Routine renal graft doppler-ultrasound (US) was performed on post-operative day
(POD) 1. Foley catheters were regularly removed on POD 3 and abdominal drains on
POD 4, unless sustained output of the drain was present (>100 mL/day). Usually, the
double-J ureteral stent was removed after 6 weeks from KT by cystoscopy.

Depending on panel reactive antibody (PRA), a post-operative immunosuppressive
regimen was based on induction with basiliximab (20 mg intraoperatively and on POD 4) or
antithymocyte globulin (3–4 doses of 1.5 mg/kg) and maintenance therapy with tacrolimus
once daily (0.1 mg/kg/day), mychophenolate mofetil (500–1500 mg/day) or sodium
(360–1080 md/day), and steroids (20 mg/day tapered to 5 mg/day within 3 months).
Tacrolimus trough level aimed to achieve 7–9 ng/mL within the first months after KT,
6–8 ng/mL within 6 months after KT, and 5–6 ng/mL thereafter.

2.3. Urinary Complications and Their Management

UC included ureteral stricture, urinary leak, symptomatic vescico-ureteral reflux
(VUR) and urinary retention.

Ureteral stricture was defined as ureteral luminal narrowing or obstruction, and its
diagnosis was made through a combination of dilated pyelocaliceal cavities of the renal
graft and an alteration of its function (Figure 1A).
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Figure 1. Images of urinary complications. (A) Urinary stricture: plain X-ray demonstrating the ureteral stricture of
transplanted kidney by percutaneous pyelography in a kidney transplant recipient with urinary stricture. (B) Urinary leak:
Computer Tomography scan demonstrating the peri-renal collection in a kidney transplant recipients with urinary fistula.

In case of suspect of ureteral stricture, a nephrostomy tube was placed and an an-
terograde pyelography was performed. As primary treatment, a minimally invasive ap-
proach was chosen by anterograde ureteral stent placement with or without balloon di-
latation. As second-choice treatment, open surgical procedure was adopted performing a
re-anastomosis of the ureterocystostomy or uretero-ureterostomy with a double-J ureteral
stent insertion.

Urinary fistula was suspected in the presence of urine leakage in the drainage or
if a fluid collection was opacified at late excretory phase imaging (Figure 1B). To con-
firm diagnosis, when the graft function allowed, a computed tomography (CT) urogram
was performed or, when it was technically feasible, an anterograde pyelography trough
nephrostomy was carried out. The treatment for the urinary leak was based on the fistula
output: initially the Foley catheter was positioned; subsequently, in case of reduction in
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the leak output, the Foley catheter was maintained for 1–2 weeks. Thus, if the leak output
was sustained (>200 mL/day) and not resolved, a surgical approach was adopted by the
reimplantation of the graft’s ureter on the bladder or, if not possible, to the native ureter,
using a double-J ureteral stent.

Symptomatic VUR was defined as recurrent UTI associated with VUR into the kidney
graft, diagnosed by voiding cystourethrogram, and in males it was commonly associated
with benign prostatic hyperplasia [22]. Symptomatic VUR was managed by endoscopic
treatment and, if that failed, by surgical reimplantation.

Urinary retention was defined as a post-void residual urine more than 200 mL at
US and was treated by Foley catheter insertion for 7 days. In case of benign prostate
hyperplasia, a photoselective Greenlight Laser vaporization of the prostate (PVP) was
performed electively.

2.4. Statistical Analysis

We prospectively collected data on a consecutive database. All statistical tests were
run using IBM SPSS 26.0 Software (IBM, Inc., Chicago, IL, USA) for Windows. Continuous
variables were reported as median with range or mean ± standard deviation. Categorical
variables were described as numbers and percentages. Normal distribution continuous
data were analysed by a parametric test (Student’s t-test). The Mann–Whitney U test and
Fisher’s exact test were used for univariate analysis, and Cox multiple regression analysis
for multivariate analysis.

To assess the influence of UC on patients and graft survival we used the Kaplan–Meyer
method, and the groups with and without UCs were compared with log–rank tests. A
p-value of <0.05 was considered to be significant.

3. Results
3.1. Study Population and Transplant Characteristics

Out of 498 KTs performed during the study period, 459 (92.2%) patients were enrolled,
while 39 (7.8%) KT recipients were excluded because of follow-up <1 month or lost to
follow-up.

Two-hundred and ninety-six (64.5%) patients were male and the median age at the
time of KT was 57 (19–77) years. Indications for KT included 143 (31.2%) glomerulonephri-
tis, 91 (19.8%) autosomal dominant polycystic kidney diseases, 79 (17.2%) unknown
ESRD, 46 (10.0%) hypertensive nephropathies, 20 (4.4%) diabetic nephropathies, 31 (6.8%)
pyelonephritis, 12 (2.6%) congenital malformations of the urinary tract and 37 (8.1%)
other causes.

The majority (n = 445, 96.9%) of grafts were from deceased donors after brain death,
while 14 (3.1%) were derived from living-related donors. The median donor age was 56
(11–81) years and 228 (49.7%) were ECD.

A single KT was performed in 438 (95.4%) cases, while a double KT in 21 (4.6%)
patients. Before implantation, graft biopsy was obtained in 222 (44.6%) cases, and of those,
85 (38.3%) kidneys had a histological score > 3. The median CIT was 11 h (0.5–29) and 166
(67.2%) grafts had a CIT ≥ 10 h. Characteristics of recipients, donors, and transplants are
detailed in Table 1.
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Table 1. Characteristics of recipients, donors and transplants.

VAariables Number (%) or Median (Range)

Number of KTs 459

Recipient

Age (years) 57 (19–77)
Gender (male) 296 (64.5%)
BMI 24 (15–38)
Obesity (BMI ≥ 30) 49 (10.6%)
Cause of ESRD:

• Glomerulonephritis 143 (31.2%)
• ADPKD 91 (19.8%)
• Unknown ESRD 79 (17.2%)
• Arterial hypertension 46 (10.0%)
• Other causes 37 (8.1%)

- Unspecified 12 (32.4%)
- SLE 8 (21.6%)
- Vasculitis 6 (16.2%)
- HUS 4 (10.8%)
- Drug-induced nephropathy 3 (8.1%)
- Cystinosis 2 (5.4%)
- Oxalosis 1 (2.7%)

• Diabetes 20 (4.4%)
• Pyelonephritis 31 (6.8%)
• Congenital malformation 12 (2.6%)

Pre-KT pathological cystography 122 (26.6%)
Pre-KT pathological prostatic
echotomography 133 (29.0%)

Median time on waiting list (days) 652 (1–6684)

Transplantation

Type of KT:
• Single KT 438 (95.4%)
• Dual KT 21 (4.6%)

Unilateral/Bilateral dual KT 13 (59.1%)/9 (40.9%)
Re-transplant 41 (8.9%)
Simultaneous KT-LT 7 (1.5%)
Sequential KT after LT 4 (0.9%)
Pre-implant renal biopsy: 222 (44.6%)

• Renal biopsy score ≤ 3 137 (61.7%)
• Renal biopsy score > 3 85 (38.3%)

Median CIT (hours) 11 (0.5–29)
• CIT ≥ 10 h 166 (67.2%)
• CIT ≥ 16 h 30 (12.1%)

Donor

Type of donor:
• Donor after brain death 445 (96.9%)
• Living-related donor 14 (3.1%)

Median age (years) 56 (11–88)
Cause of death:

• Cerebral haemorrhage 271 (59.0%)
• Head trauma 101 (22.0%)
• Ischemic stroke 34 (7.4%)
• Anoxic encephalopathy 27 (5.9%)
• Not applicable 14 (3.1%)
• Others 12 (2.6%)

Comorbidities:
• Cardiovascular disease 76 (16.56%)
• Arterial hypertension 171 (37.25%)
• ≥2 comorbidities 88 (19.2%)

“Expanded criteria donor” 228 (49.7%)
Abbreviations: BMI = body mass index; CIT = Cold ischemia time; ESRD = End-stage renal disease; KT = Kidney
Transplantation; LT = Liver transplantation; ADPKD: Autosomal Dominant Polycystic Kidney Disease; SLE:
Systemic Lupus Erythematosus; HUS: Haemolytic Uremic Syndrome.
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3.2. Transplant Outcomes and Urological Complications

Post-operative outcomes are detailed in Table 2.

Table 2. Transplant outcome and post-operative urinary complications.

Outcomes Number (%) or Median (Range)

Number of KT 459
Delayed graft function 165 (36.0%)
Median time to double-J stent removal (days) 45 (3–330)
Early UTI after transplantation 24 (5.2%)

• Simple UTI 15 (62.5%)
• Complicated UTI 9 (37.5%)

BK polyomavirus infection 23 (5.0%)
Urological Complications: 32 (7%)

• Ureteral Stenosis 20 (62.5%)
• Urinary Fistula 7 (21.9%)
• Urinary Retention 5 (15.6%)

Time urological complication onset:
• Early (≤3 months) 21 (65.6%)
• Late (>3 months) 11 (34.4%)

Type of UC treatment:
• Nephrostomy + ureteral stenting 17 (53.1%)
• Cystoscopy + ureteral stenting 3 (9.4%)
• Nephrostomy 2 (6.2%)
• Foley catheter insertion 5 (15.6%)
• Surgical intervention 5 (15.6%)

Median time of follow-up (months) 61 (1–120)
Serum creatinine at last follow-up (mg/dL) 1.61 (0.5–13.5)
Serum urea at last follow-up (mg/dL) 65 (15–50)

Abbreviations: UC = urological complications; UTI = Urinary trait infections.

Post-transplant delayed graft function (DGF) was found in 165 (36.0%) cases. Twenty-
four (5.2%) KT recipients developed early post-transplant UTI, of which 15 (62.5%) were
simple UTI and nine (37.5%) developed complicated UTI. Regarding the adopted induc-
tion therapy, we did not find any difference in UTI incidence among patients receiving
basiliximab or antithymocite globulin (22/438 vs. 2/21, respectively, p = 0.3015). After a
median follow-up of 61 (1–120) months, the median serum creatinine and urea values were
1.61 (0.5–13.5) mg/dL and 65 (15–50) mg/dL, respectively.

Occurrence of UC was reported in 32 (7%) cases including 20 (62.5%) ureteral stenosis,
7 (21.9%) urinary leaks and 5 (15.6%) urinary retentions. Of those, 21 (65.6%) UC occurred
early (within 3 months) and 11 (34.4%) late after KT. Symptomatic VUR was observed
after 4 months from KT in one patient who had early post-operative urinary retention. Of
the seven patients with urinary leaks, five (71.4%) experienced DGF, four (57.1%) were
associated with early UTI, four (57.1%) received an ECD graft and two (28.5%) were
transplanted with a CIT ≥ 10 h. UCs were treated by percutaneous nephrostomy and
ureteral stenting in 17 (53.1%) cases, surgical intervention in five (15.6%) cases (three
revisions of the ureteral anastomosis, two PVP), cystostomy and ureteral stenting in
three (9.4%) cases, Foley catheter insertion in five (15.6%) cases, and nephrostomy in
two (6.2%) patients.

Among nine patients with early complicated UTI, seven (77.8%) patients were trans-
planted with ECD grafts and developed DGF, and six (66.7%) recipients presented post-
operative UC.

Overall, the 5 year patient survival was 96.5% and the 5 year graft survival was 90.6%.
KT recipients who developed UC showed a 5 year patient survival compared to those
without UC (96.5% vs. 96.9%, p: 0.939), while the 5 year graft survival rate significantly
reduced (91.8% vs. 75.0%, p < 0.0001) (Figure 2).
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Early UCs after KT were associated with slightly inferior 5 year graft outcomes (66.7%)
compared to late UCs (90.9%, p: 0.078) (Figure 3A). According to the type of UC, the 5 year
graft survival was 80.0% for urinary retention, 75% for urinary stenosis and 71.4% for
urinary leak (p: 0.002) (Figure 3B).
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Moreover, if UCs were associated with an early UTI after KT, renal graft showed
inferior graft survival rates compared to UCs without UTI (71.4% vs. 77.8%, p < 0.0001), as
shown in Figure 4.
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Figure 4. Graft survival in patients developing UC with and without early UTI. Five year graft
survival in patients with UCs associated with early UTI after KT: renal graft showed inferior out-
come compared to UC without UTI. Abbreviations. UC: Urological complications; KT: kidney
transplantation; UTI: Urinary tract infection.

3.3. Predictive Factors for UC after KT

In order to identify risk factors for UC, patients who experienced UC (n = 32) were
compared with those who did not experience UC (n = 427).

At univariate analysis, KT recipients with UCs were older (60 (40–76) years vs.
56 (19–77) years, p: 0.010) at the time of transplantation and had a higher frequency of
pre-transplant pathological cystography (15 (46.9% vs. 107 (25.1%), p: 0.012) (Table 3).

Table 3. Characteristic of recipients with and without urological complications.

Variables
KT Recipients without Urinary

Complications
(n = 427)

KT Recipients with Urinary
Complications

(n = 32)
p Value

Recipient

Age (years) 56 (19–77) 60 (40–76) 0.010
Age ≥ 65 years 92 (21.5%) 14 (43.7%) 0.006
Gender (male) 275 (64.4%) 21 (65.6%) 0.956
BMI 22.4 (16–32.7) 24.2 (15–37.9) 0.245
Obesity (BMI ≥ 30) 44 (10.3%) 5 (15.6%) 0.368
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Table 3. Cont.

Variables
KT Recipients without Urinary

Complications
(n = 427)

KT Recipients with Urinary
Complications

(n = 32)
p Value

Cause of ESRD:

0.068

• Glomerulonephritis 138 (32.3%) 5 (15.6%)
• ADPKD 83 (19.4%) 8 (25.0%)
• Unknown ESRD 67 (15.7%) 12 (37.5%)
• Arterial hypertension 43 (10.1%) 3 (9.4%)
• Other causes 32 (8.2%) 2 (6.3%)
• Diabetes 19 (4.4%) 1 (3.1%)
• Pyelonephritis 30 (7.0%) 1 (3.1%)
• Congenital malformation 12 (2.8%) 0 (0.0%)

Pre-KT pathological cystography 107 (25.1%) 15 (46.9%) 0.012
Pre-KT pathological prostatic
echotomography 120 (44.6%) 13 (61.9%) 0.116

Median time on waiting list (days) 649.50 (1–6684) 689.00 (1–6684) 0.714

Transplantation

Type of KT:
0.174• Single KT 409 (95.8%) 29 (90.6%)

• Dual KT 18 (4.2%) 3 (9.4%)
Re-transplant 38 (8.9%) 3 (9.4%) 1.000
KT associated with LT:

0.312
• No 417 (97.7%) 31 (96.9%)
• Simultaneous KT-LT 7 (1.3%) 0
• Sequential KT after LT 3 (0.7%) 1 (3.1%)

Pre-implant renal biopsy: 204 (47.7%) 19 (59.3%)
0.221• Renal biopsy score ≤ 3 128 (62.7%) 9 (47.4%)

• Renal biopsy score > 3 76 (37.3%) 10 (52.6%)
Median CIT (hours) 11 (0.5–29) 12 (0.5–29) 0.606

• CIT ≥ 10 h 155 (67.7%) 11 (61.1%) 1.000

Donor

Type of donor:
0.612• Donor after brain death 413 (96.7%) 32 (100.0%)

• Living-related donor 14 (3.3%) -
Median age (years) 55 (11–88) 61 (15–88) 0.016
Cause of death:

0.179

• Cerebral haemorrhage 249 (58.3%) 22 (68.8%)
• Head trauma 99 (23.2%) 2 (6.3%)
• Ischemic stroke 30 (7.0%) 4 (12.5%)
• Anoxic encephalopathy 24 (5.6%) 3 (9.4%)
• Not applicable 14 (3.3%) 0 (0.0%)
• Others 11 (2.6%) 1 (3.1%)

Comorbidities:
• Cardiovascular disease 68 (15.9%) 8 (25%) 0.214
• Arterial hypertension 158 (37.0%) 13 (40.6%) 0.707
• ≥2 comorbidities 79 (18.5%) 9 (28.1%) 0.182

“Expanded criteria donor” 206 (48.2%) 22 (68.8%) 0.028

Outcomes

Delayed Graft Function 143 (33.5%) 22 (68.7%) <0.0001
Early UTI 17 (4.0%) 7 (21.9%) 0.0006

• Simple UTI 14 (82.4%) 1 (14.3%)
0.0037• Complicated UTI 3 (17.6%) 6 (85.7%)

BK polyomavirus infection 23 (5.4%) - 0.3922
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Table 3. Cont.

Variables
KT Recipients without Urinary

Complications
(n = 427)

KT Recipients with Urinary
Complications

(n = 32)
p Value

Median time to double-J stent
removal (days) 45 (3–330) 45 (3–90) 0.906

Median time of follow-up (months) 43 (1–120) 42 (1–120) 1.000
Serum creatinine at last follow-up
(mg/dL) 1.2 (0.7–9.3) 2.23 (0.5–13.5) 0.234

Serum urea at last follow-up (mg/dL) 64 (12–290) 84.5 (12–290) 0.345

Abbreviations: BMI = body mass index; CIT = Cold ischemia time; ESRD = End-stage renal disease; KT = Kidney Transplantation;
LT = Liver transplantation; UTI = urinary tract infection. Bold numbers refers to p < 0.05.

At transplantation, the UC group was transplanted with older donors (61 (15–88)
years for the UC group and 55 (11–88) years for the non-UC group, p: 0.016) and mainly
with kidney grafts from ECD (22 (68.8%) for the UC group and 206 (48.2%) for the non-UC
group, p: 0.028). Post-operatively, patients who developed UC had a higher incidence of
DGF (22 (68.7%) vs. 143 (33.5%), p: 0.001) and of early UTI (seven (21.9%) vs. 17 (4.0%),
p: 0.0006), especially complicated UTI, compared to KT recipients without UC.

In the multivariate Cox-regression analysis, early UTI after KT (OR: 9.975, 95%-IC:
2.934–33.909, p < 0.001) and DGF (OR: 3.844, 95%-IC: 1.328–11.131, p:0.013) were found to
be significant risk factors for UC, while ECD graft did not increase the risk of post-KT UC
(Table 4).

Table 4. Cox-multivariate model evaluating risk factors for urinary complications after KT.

Variables Beta OR 95%-CI p Value

ECD −0.444 0.642 0.129–3.180 0.587
Early UTIs 2.300 9.975 2.934–33.909 <0.001

Pre-KT pathological cystography 0.612 1.844 0.635–5.359 0.261
DGF 1.347 3.844 1.328–11.131 0.013

Recipient age 0.007 1.007 0.927–1.094 0.868
Donor age 0.055 1.057 0.983–1.136 0.136
CIT ≥ 10 h −0.523 0.593 0.213–1.652 0.593

Abbreviations: ECD = extended criteria donors, DGF = delayed graft function; UTIs = urinary tract infections;
CIT = Cold ischemia time; 95%-CI = 95% confidence interval; OR = Odds ratio. Bold numbers refers to p < 0.05.

Moreover, grafts from ECD did not increase the risk of patient and graft failure at
5 years post follow-up (Figure S1).

In the sub-group analysis of patients with congenital urinary tract anomalies (n = 12),
KT recipients were significantly younger compared to the general population (43 (28–66)
years vs. 57 (19–99) years, respectively, p: 0.025) and only two (16.7%) patients received an
ECD graft (2/12 in congenital urinary tract anomalies sub-group vs. 226/447 in the general
population, p: 0.036). This match was related to the younger age of the recipients. Post-
operatively, none of the KT recipients with congenital urinary tract anomalies developed
post-transplant UC and only one patient developed early UTI related to Escherichia coli.

4. Discussion

UC remains the most frequent surgical adverse event after KT and the majority
of instances occur in the early period after transplantation [4,15,23]. In the literature,
multiple risk factors for UC after KT have been identified, including recipient gender,
recipient and donor age, diabetes, DGF, rejection, BK virus, anatomical vascular and ureter
variations [2,13–15,24–27].

So far, a few studies have explored the relationship between ECD and UC after KT,
but these have yielded contrasting results [9,12,28–33]. Several authors reported that ECDs
are associated with increased surgical complications [30–33], while others did not find
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significant differences [9,12,28,29]. Thus, in the current era of organ shortages and the
aging of the general population, the use of ECD—defined as donors aged 60 years or older
and 50–59 year old deceased donors with comorbidities [16]—seems unavoidable for KT.

In this setting, since the ureter is still a common source of complications after KT, we
designed a retrospective study to evaluate the risk factors for UC in the era of ECD grafts
and the impact of UC on patient and graft survival at long-term.

In our analysis, UC occurred in 7% of cases after KT, mainly represented by urinary
strictures. The UC rate of our population is in line with these reported by other recent
studies [2,34]. Arpali E et al. in 2018 described that UCs were observed in 9.3% of 2274 pa-
tients undergoing KT [2]. Moreover, in 2019 a national registry study from the Netherlands
reported that, among 3329 KT recipients, UCs were developed in 208 (6.2%) of patients
within 3 months after surgery [34]. Compared to an older cohort [24,25,35,36], the reduced
incidence of UC observed in the last decade could be related to many factors, but advances
in surgical techniques have most probably had a major effect. In particular, a recent review
on surgical options for ureter reconstruction in KT showed that the routine adoption of
Lich–Gregoire anastomosis with a double-J ureteral stent, which is frequently used in
many centers, was significantly associated with reduced incidence of UC and improved
KT outcomes [36]. As for center practice, in our experience all ureteroneocystostomies
have been performed according to the Lich–Gregoire technique with double-J ureteral stent
insertion, which was usually removed 4–6 weeks after KT.

In our study population, half of KT recipients were transplanted with ECD organs,
thus, the use of such “marginal” grafts did not increase the risk of UC. Our results are
in contrast with those reported by Barba J et al. [9], who showed that ECD grafts are
associated with a higher incidence of UC. However, in this study when the analysis was
adjusted for recipient age, the risk was no-different between non-extended and extended
criteria donors. The absence of correlation between post-transplant UC and ECD grafts in
our analysis, supports the notion that the use of ECD kidneys is an acceptable alternative
to remaining on dialysis for older patients or patients for whom a non-extended criteria
kidney is unavailable. This attitude of exploiting marginal grafts is evident when assessing
the current organ allocation policies adopted worldwide, where ECD grafts represent a
significant source of organs. In 2019, in North America, around 24% of potential donors
were ECD, while in Europe up to 30% of potential donors were ECD [10]. In Italy, during
2019 the majority (84%) of KTs were performed from deceased donors with a median
deceased donor age of 59 years [37]. Moreover, in the near future, the numbers of potential
ECD donors are expected to increase [38]: recent data from the World Population Prospects
predicts that, by 2050, a quarter or more of the population will be aged 60 and above [39].

Among risk factors for UC after KT, in our series, transplant-related factors such as
donor age and prolonged CIT did not influence the occurrence of UC at the multivariate
analysis. Only post-transplant related complications, namely DGF (p = 0.013) and early UTI
(p < 0.001), were identified as predictive factors of UC, increasing the risk of developing
post-operative urinary problems.

In our cohort, the incidence of DGF within the first week after KT was about 36%. It is
questionable if this rate could be related to the fact that half of recipients were transplanted
with ECD grafts. In the USA, the overall DGF rate is about 30.8% in KT from deceased
donors [40], but this increases up to 45–55.1% in marginal donors [41]. The association
between DGF and UC has been described in the literature, [42–44] but its mechanism
is still debated [45]. Potential explanations for this association could include a common
physiopathological pathway during KT related to ischemia-reperfusion injury [35]. In KT,
the ischemia-reperfusion damage—especially for prolonged ischemia times [46]—could,
on the one hand, cause DGF, while on the other hand cause edema of the ureteral wall,
remodeling of the muscular layer and fibrosis, contributing to the development of ureteral
stricture, which are the most common UCs after KT [35]. In this setting, the adoption of
machine preservation—as a hypothermic machine perfusion—could not only reduce the
incidence of DGF, but also of UC with consequent improved graft survival, especially in
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ECD [47,48]. However, in the current study, none of the used grafts had been preserved
with machine perfusion, therefore, further trials should focus on the correlation of ECD
grafts (treated with machine preservation) and UC.

The occurrence of early UTI after KT, especially in the case of complicated UTI, was
also associated with the development of UC in our analysis. In the early post-transplant
period, various factors might predispose an individual to UTI, including urinary catheteri-
zation, urinary tract obstruction (intrinsic and extrinsic), urinary tract reflux, the presence
of a double-J stent and immunosuppression. All of these factors could lead to a continuous
inflammatory state within the urinary tract, resulting in anastomotic fistula or fibrosis
and stenosis in the long-term [49]. Of course, UC itself could cause UTI as well, therefore,
observed correlations are frequently difficult to interpret. Thus, the occurrence of early
UTIs has not been explored in previous studies on UC [15,23–25,36] and further data are
needed. Regarding the type of immunosuppression, we did not find any difference in UTI
incidence among patients receiving basiliximab or antithymocite globulin as induction
therapy; thus, the paucity of patients receiving antithymocite globulin in the current study
requires further investigation of its possible association with post-transplant UTI.

Despite the fact that all UCs in our cohort were resolved by radiological interventional
or surgical treatments, the development of UC was associated with impaired graft survival
at the 5 year follow-up stage (91.8% vs. 75.0%, p < 0.0001). In the literature, the effect of
UCs on graft outcomes is controversial: some analyses affirmed that UCs do not influence
long-term graft survival [49], while others observed an impairment of graft survival in KT
recipients with UC [50,51]. Interestingly, UC occurring within 3 months from KT had a
slightly worse impact on graft survival (66.7%) compared to those that developed later
(90.9%). Moreover, when UCs were associated with early UTIs, graft outcomes were further
impaired, reducing the graft survival rate to 71.4% at the 5 year follow-up stage.

Among UCs, KT recipients developing urinary fistula had inferior graft outcomes
compared to those experiencing urinary strictures or retention. This could be related on
the one hand to the fact that all patients with urinary leakage presented at least one other
risk factor for graft impairment, such as CIT ≥ 10 h, ECD grafts or associated UTI. On
the other hand, 16.7% of patients with urinary leak required a surgical re-intervention
in a short-time period after transplantation, which might have harmed graft outcomes.
However, the current study is limited by its retrospective monocentric design, and the lack
of data such as duration of hospitalization and re-admission rate caused by UC. Therefore,
larger multicenter prospective studies are needed to confirm our results and to explore
possible morbidity related to the development of UC.

5. Conclusions

UCs are still a significant cause of morbidity after KT and can lead to impairment of
graft survival, especially if occurring within 3 months after transplantation and associated
with early UTI. The use of ECD grafts do not impact on UC after KT, but the development
of DGF might increase the risk of UC. Therefore, further studies should explore if the
minimization of ischemia-reperfusion injury and DGF by machine perfusion preservation
could reduce the incidence of UC in KT.
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