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Background and Purpose: Kidney transplantation (KT) is the best therapy for chronic kidney disease (CKD). Major urologic
complications (MUCs) are the second etiology associated to morbidity and graft loss following KT, after rejection episodes. The
objective of this study was to estimate the incidence, risk factors and impact on graft survival associated to urological complications in
KT patients.
Patients and Methods: A retrospective cohort based on electronic patient files of kidney transplant recipients from Colombiana de
Trasplantes was created for the period August 2008 to September 2019. Initiation of follow-up was defined as the date of
transplantation up to 3 years post-transplantation. Incidence of ureteral stenosis, ureteral obstruction, and ureteral leak was measured.
A logistic regression multivariate model was adjusted to determine the associated factors to MUCs (yes/no). Patient and graft survival
time were analyzed using a Kaplan-Meier method.
Results: A total of 1584 KT patients were included in the cohort. MUCs were present in 195 (12.6%) KT patients. We found that
dialysis duration (OR: 1.004; p = 0.02) remained significant for the incidence of MUCs in KT patients of deceased donors. Probability
of graft and patient survival at 3 years of follow-up was 90.5% and 85.5%, respectively. No significant difference was found on graft
and patient survival in KT patients with or without MUCs.
Conclusion: MUCs are frequent complications for KT. We did not observe significant differences in graft or patient survival
according to the presence of MUCs. The identification of MUCs and risk factors may guide transplant teams for future surgical
and clinical decisions.
Keywords: major urologic complications, kidney transplantation, graft survival, patient survival

Introduction
Kidney transplantation (KT) is the gold standard therapy for chronic kidney disease (CKD),1 with an important impact in
quality of life.2 KT patients are immunosuppressed and may be fragile due to comorbidities associated with long standing
CKD.3
Major urologic complications (MUCs) comprise the second cause of morbidity following KT4, after rejection
episodes, and can be associated with graft loss,5 and mortality.3,6 MUCs are defined as a urinary leak, ureteral stenosis,
bladder outlet obstruction (BOO), and graft lithiasis.6,7 The most common MUCs are urinary leak.7 The MUCs reflected
longer hospital stays, higher total cost per patient,1,8 and often require additional interventions.9 They can present at any
time after transplantation10 and prognosis is good if identified and treated in a timely manner.5 The most common site of
MUCs location is at the ureterovesical anastomosis.7
Overall reported rate of MUCs post transplantation varies from 2.5% to 14% depending on the series2,3 and the criteria
used to define it.4 Multiple MUCs causes have been documented like donor age, renal artery variants, male sex recipient,
cytomegalovirus (CMV) infection, delayed graft function (DGF), and the extensive dissection of the periureteric connective
tissue.11 Over the last years, this incidence has reduced due to the use of double J stents,12–14 adaptation of the extravesical
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Lich-Gregoir ureteroneocystostomy technique, improvement in kidney harvesting technique preserving blood supply and
reduction of steroid use.10
The objective of this study is to estimate the incidence, risk factors and impact on graft survival associated to
urological complications in KT patients.

Material and Methods
We conducted a retrospective cohort study at Colombiana de Trasplantes. To give a context it must be said that
Colombiana de Trasplantes is a transplant network in Colombia with 4 centers with around 21% of the annual
national kidney transplant activity. Electronic records of kidney transplant recipients who were transplanted between
August 2008 and September 2019 were reviewed. Patients requiring auto transplantation, with evidence of arterial or
venous renal thrombosis requiring nephrectomy were excluded. Donor, recipient, and surgical variables were
collected from institutional medical records for our data base. Recipients were followed up to graft failure, death,
or end of follow-up at 3 years post transplantation, whichever was earliest. Expanded criteria donors (ECD) were
defined as any donor ≥60 years old, or between 50 and 59 years old with at least 2 of the following: serum
creatinine >1.5 mg/dl, history of hypertension or death from cerebrovascular accident.15 This research was con
ducted in accordance with the Declaration of Helsinki, and that organ donations were conducted in congruence with
the Declaration of Istanbul.
Recipients were divided into two groups, one group with and one group without urological complications within 3
years after KT.

Pre- Transplant Recipient Evaluation
All patients were evaluated prior to transplantation, including a mental health, nephrology, and transplant
surgery evaluation. Etiology of CKD was defined as history of CKD and native kidney biopsy, and urine
production volume was noted. Abdominal ultrasonography was performed. For patients with previous congenital
abnormalities and long-standing diabetic patients further urologic studies included urodynamic testing and/or
cystography.

Organ Harvesting, Kidney Donor Allocation and Storage
During organ harvesting, it is emphasized the importance of avoiding excessive dissection of the “golden triangle”:
ureter, kidney’s lower pole and renal artery as well as preservation of lower pole accessory arteries.
For deceased brain donors (DBD), the National Health Institute in Colombia allocates organs according to geogra
phical location within the nation, blood type, accumulated time on the waiting list, HLA mismatch, sensitization and loss
of vascular access.16 Diverse preservation solutions are used by different transplant centers during procurement. Kidneys
are preserved in cold static storage. Donation after circulatory death is not performed in Colombia. Kidney donor profile
index (KDPI) online calculator was used for research purposes and not for organ allocation.

Surgical Technique
Kidney anatomy (vascular multiplicity, ureteral duplication), laterality, cold and warm ischemia times were
recorded. For arterial multiplicity a side to side or end to side anastomosis is performed at the bench (Living
donor kidney transplant (LDKT)) or included in Carrel patch (deceased donor kidney transplant (DDKT)). For
polar arteries of <2 mm diameter ligation is performed. All ureteroneocystostomies were performed under
extravesicular Lich-Gregoir technique: trimming and spatulation of the ureter with a previous assessment of its
irrigation and a cystotomy on the bladder dome. A running absorbable suture around the ureter border and the
vesical mucosa ensuring a tension-free anastomosis, followed by closure of the detrusor muscle over the
anastomosis as a tunnel with a continuous absorbable suture. Double J ureteral stents were not routinely used
for the initial procedure, unless intraoperative findings such as a very small, atrophic bladder, a witnessed leak or
a ureter-ureterostomy was performed. It is also used at a second procedure following a urological complication.
Ureter-ureterostomy was reserved for difficult bladders or kidneys with shorter ureter. For some time, stents were

328

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2147/RRU.S371851

DovePress

Research and Reports in Urology 2022:14

Dovepress

Nino-Torres et al

tied to the foley catheter tip for removal as an outpatient, this was then discontinued. Intraoperative urological
complications were recorded.

Postoperative Care
Most of our patients were included in our protocol: immunosuppression medication is based upon induction mainly
with polyclonal anti-thymocyte globulin (6 mg/kg dose divided in three days) for every patient regardless of the
risk. Protocol of maintenance immunosuppression included tacrolimus (tailored according to trough levels 5–8 ng/
dl) and mycophenolate mofetil (1000 mg twice daily) without steroids. This regimen is started on day 1 after
transplantation.
Prophylaxis is given with preemptive therapy for Cytomegalovirus with valganciclovir 3 times a week for 3 months
(450 mg), trimethoprim sulfamethoxazole 3 times a week for 3 months (960 mg) and albendazole 400 mg the first two
days after transplantation and a similar dose 15 days after as Strongyloides stercoralis prophylaxis. Patients are
discharged day 2 postoperative and followed closely as an outpatient by a multidisciplinary team.
Foley catheters were routinely removed on postoperative day 5 unless the surgeon considered a friable mucosa and
left it up to 10 days. Clinical and laboratory follow up was performed but no routine image was obtained unless there was
a clinical suspicion of a complication.

Urological Complications
Urological complications (all dichotomous variables: absent or present) were identified after clinical suspicion, by
radiology and surgical records. Urine leak was defined as drainage or collection formation of urine around the transplant
kidney and ureter requiring treatment with surgery and/or a percutaneous nephrostomy (PCN). Ureteral necrosis was
defined as perfusion impairment of the ureter as evidenced intra operatively. Ureteral stenosis was defined as an initial
ultrasound urinary system dilation of the graft, confirmed by a percutaneous antegrade pyelography which required PCN
followed by surgical correction. Ureteral stenosis was differentiated for ureteral external obstruction by imaging or
intraoperatively and timing of presentation.
Bladder outlet obstruction (BOO) was defined as evidence of urinary retention followed by urology consultation and
imaging evidence of prostate or urethral obstruction. Early treatment and diagnosis of BOO occurring in the lower
urinary tract is fundamental for the maintenance of graft functions.17
Graft lithiasis was defined as presence of lithiasis identified either in the donor before procurement or during imaging
evaluation at post transplantation. However, our center does not perform imaging evaluation in deceased donors before
procurement and we accept live kidney donors with a unique kidney stone. Therefore, it could correspond to an
incidental finding.
MUCs were defined as ureteral stenosis, ureteral obstruction, and ureteral leak.18 They were also classified according
to the timing of their postoperative presentation in early (<1 month), medium (1–6 months) and late (>6 months).

Surgical Management of Urologic Complications
Surgical corrections depend on the urological complication. For urine leak or ureteral stenosis, a new ureteroneo
cystostomy with double-J stent is performed. If there is evidence of a higher leak point in the pelvis or there is
a necrotic ureter a uretero-pyelostomy or uretero-ureterostomy may be performed. Small bowel interposition may be
executed. If the leak is from the parenchyma a suture may be performed. Other complications may require
prostatectomy or urethral dilation.

Statistical Analysis
Descriptive statistics were used to report the population characteristics: frequencies and percentages for categorical
variables, numerical variables were reported according to their distribution using mean and standard deviation for
normally distributed variables, and median and inter-quartile range (IQR) for non-normally distributed
variables. There were few missing values (49 was the maximum value in dialysis duration), and those were
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randomly distributed. Therefore, we performed a complete available case analysis in the univariate and multivariate
models.
Comparisons between the two groups (urologic complications yes/no) were performed using Pearson’s chi-square test
for categorical variables and the t-test for numerical variables.
Logistic regression analysis was applied to model the outcome (urologic complications) as dichotomous variable.
We calculated odds ratios (OR) with 95% confidence intervals (CI), to identify independent risk factors for
urological complications. Variables with p-values less than or equal to 0.20 and those with clinical impor
tance were included in a full multivariate logistic regression model. The full model was subjected to variable
selection, removing those with a highest p-value one by one. A p-value of <0.05 in our multivariate model was
considered statistically significant.
Statistical analysis was performed using R version 4.0.3, using the following libraries: tidyverse, ggplot2, ISLR,
survival, KMsurv.
Graft and patient survival were analyzed using a Kaplan–Meier curve for survival distribution and compared using a Log
rank test.

Donor Characteristics
DDKT (n = 781, 60.6%) and LDKT (n = 507, 39.4%) were performed. Donor age mean was 39.5 ± 13.7 years.
Overall, the bivariate analysis found that the incidence of MUCs was significant comparing DDKT and LDKT (p =
0.02). No significant associations of any other donor baseline factors such as donor age, BMI grade, expanded
criteria donor, or KDPI with the development of urologic complication was observed. Data of baseline donor
characteristics are shown in Table 1.

Table 1 Donor Characteristics and Frequency of MUCs After KT
Donor Characteristics

All (n=1288)

Urologic Complications
Yes (n=169)

p-value

No (n=1119)

Donor type, n (%)

0.074*

DDKT

781 (60.6)

89 (52.7)

692 (61.8)

LDKT

507 (39.4)

80 (47.3)

427 (38.2)

39.5 (13.7)

40.7 (13.3)

39.6 (13.6)

y

Donor age, mean (SD)

0.557

y

Donor BMI (Kg/m2), n (%)

0.593

<18
18–25

19 (1.5)
668 (51.9)

3 (1.8)
74 (43.8)

16 (1.4)
594 (53.1)

25–30

455 (35.3)

68 (40.2)

387 (34.6)

>30

114 (8.9)

18 (10.7)

96 (8.6)

114 (10.2)

16 (9.5)

130 (10.1)

Expanded criteria donor, n (%)

0.959

y

KDPI, n (%)

1

0–20
21–85

215 (16.7)
482 (37.4)

23 (13.6)
54 (32)

192 (17.2)
428 (38.2)

86–100

43 (3.3)

5 (3)

38 (3.4)

y

Notes: Variables with missing data: Variables with missing data: Donor age (1), Donor BMI (32), KDPI (41). *Variables with p-value < 0.2 are
included in the multivariate model.
Abbreviations: DDKT, Deceased donor kidney transplant; LDKT, Living donor kidney transplant; SD, standard deviation; KDPI, Kidney
donor profile index; HKT, Histidine-tryptophan-ketoglutarate solution; UW, University of Wisconsin solution; ORT, Operative room time.
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Ethics Considerations
This study was approved by the Institutional Research Committee (Ethics Committee DexaDiab), acting in concordance
with local and national regulations. The informed consent from the transplant recipients in this study was waived by the
Ethics Committee due to its retrospective design. None of the transplant donors were from a vulnerable population and
all donors or next of kin provided written voluntary informed consent.

Results
Patient Demographics and Clinical Characteristics
After excluding patients with graft thrombosis (n = 82) and auto-transplantation (n = 2), a total of 1584 KT patients were
analyzed during the study period. Most patients were male, with an overall mean age of 41.7 ± 14.7 years. Female proportion
was lower (n = 627, 39.6%), with 73 (37.4%) MUCs cases in this population. MUCs were present in 195 (12.6%). Twenty
kidney recipients had more than one KT. There was no significant difference in the bivariate analysis of gender, age,
underlying cause of CKD, type of dialysis, anuria, diabetes history and BMI grades. Intraoperative findings reported cold
ischemia time mean in 13.5 hours. Lower cold ischemia time was associated with MUCs in the bivariate analysis (p = 0.0008).
In the anatomical findings, there were 1209 (76.3%) KT patients with a single renal artery and 375 (23,7%) KT patients with
arterial multiplicity. Among those, 153 KT patients with single renal artery and 42 KT patients with arterial multiplicity
developed MUCs. No differences were found between single renal artery or multiple renal arteries with the risk of MUCs.
Sixty-four KT patients required intraoperative double J stent placement. Of those, 7 KT patients had MUCs. Cystostomy was
performed in 27 KT patients, and 3 out of these 27 KT patients had MUCs. Dialysis duration, cold ischemia time, and
Operation Room Time (ORT) were included in the multivariate analysis. Table 2 summarizes the recipient characteristics,
intraoperative findings, and the incidence of MUCs after KT.
Table 2 Recipient Baseline Characteristics, Intraoperative Findings, and Frequency of MUCs After KT
Recipient Characteristics

All (n=1584)

Urologic Complications
Yes (n=195)

p-value

No (n=1389)

Gender, n (%)

0.807

Male

957 (60.4)

122 (62.6)

835 (60.1)

Age, groups (%)

0.714

<18
18–49
>50

117 (7.4)
929 (58.6)

16 (8.2)
105 (53.8)

101 (7.3)
824 (59.3)

538 (34)

74 (37.9)

464 (33.4)

Underlying cause of CKD, n (%)

0.953

Unknown
Glomerular

598 (37.8)
318 (20.1)

73 (37.4)
35 (17.9)

525 (37.8)
283 (20.4)

Hypertensive

207 (13.1)

27 (13.8)

180 (13)

Diabetic
Congenital

198 (12.5)
151 (9.5)

32 (16.4)
16 (8.2)

166 (12)
135 (9.7)

Other

65 (4.1)

4 (2.1)

61 (4.4)

Obstructive
Recurrent urinary tract infection

44 (2.8)
2 (0.1)

8 (4.1)
0 (0)

36 (2.6)
2 (0.1)

Ureterovesical reflux

1 (0.1)

0 (0)

1 (0.1)

y

Dialysis type, n (%)

0.710

Hemodialysis
Peritoneal dialysis

806 (50.9)
614 (38.8)

108 (55.4)
71 (36.4)

698 (50.3)
543 (39.1)

Pre dialysis (preemptive transplant)

163 (10.3)

16 (8.2)

147 (10.6)

(Continued)
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Table 2 (Continued).
Recipient Characteristics

All (n=1584)

Urologic Complications

p-value

Yes (n=195)

No (n=1389)

33.4 (38.9)

38.7 (43)

32.6 (38.3)

0.132*

Anuria, n (%)

546 (34.5)

70 (35.9)

476 (34.3)

0.928

Diabetes, n (%)

228 (14.4)

34 (17.4)

194 (14)

0.434

y

Dialysis duration (months), mean (SD)
y
y

2

BMI (Kg/m ), n (%)

0.994

<18

152 (9.6)

16 (8.2)

136 (9.8)

18–25
25–30

851 (53.7)
406 (25.6)

110 (56.4)
50 (25.6)

741 (53.3)
356 (25.6)

>30

198 (12.7)

18 (9.2)

133 (9.6)

Cold ischemia time (hours), mean (SD)

13.5 (15.6)

11.0 (10.7)

13.9 (16.2)

0.0008*

Warm ischemia time (min), mean (SD)

36.6 (9.3)

37 (8.1)

36.6 (9.4)

0.601

Preservation solution, n (%)
Celsior

0.389
14 (0.09)

2 (0.1)

12 (0.09)

HTK

1038 (65.5)

117 (6)

921 (66.3)

UW
Other

525 (33.1)
7 (0.04)

75 (38.5)
1 (0.05)

450 (32.4)
6 (0.04)

2.8 (1.8)

3.1 (3.0)

2.8 (1.6)

y

ORT (hours), mean (SD)
Renal arteries, n (%)

0.1385*
0.4537

Single

1209 (76.3)

153 (78.5)

1056 (76)

Multiple

375 (23.7)

42 (21.5)

333 (24)

64 (4)

7 (3.6)

57 (4.1)

0.7328

Cystostomy, n (%)

27 (1.7)

3 (1.5)

24 (1.7)

0.8482

Intraoperative complications, n (%)

19 (1.2)

2 (0.1)

17 (1.2)

0.8455

Intraoperative Double J stent, n (%)

y

Notes: Variables with missing data: Dialysis type (1), Dialysis duration (49), Anuria (9), BMI (24), ORT (1); *variables with p < 0.2 are included
in the multivariate analysis.
Abbreviations: SD, standard deviation; CKD, Chronic Kidney Disease; BMI, Body Mass Index; ORT, Operation Room Time.

MUCs After KT
The MUCs were classified according to the time of presentation after KT in early (<1 month) was 71.2% (n = 139),
medium (1–6 months) 14.8% (n = 29) and late (>6 months) with 17.9% (n = 35).

Urologic Complications by Donor Type and Graft Loss
A 3-year follow-up of KT patients was analyzed for the incidence of MUCs and its association with graft loss by donor
type. A total of 152 (9.5%) cases of graft loss were registered. Twenty-five (16.4%) cases of graft loss were associated to
MUCs. Urinary leak was present in 134 (8.5%) KT patients with 78 (7.2%) cases in DDKT and 56 (11%) cases in LDKT.
Among them, there were 14 (10.4%) cases of graft loss. Other urologic complications were ureteral stenosis (n = 58,
3.7%) with 9 (15.5%) KT patients with graft loss, graft lithiasis (n = 15, 0.9%), and Bladder Outlet Obstruction (BOO)
(n = 15, 0.9%) with an incidence of one (6.6%) graft loss case in each complication, respectively. However, no significant
differences were found between graft loss and the type of MUCs. There was a significant difference between DDKT and
LDKT in the bivariate analysis for urinary leak (p = 0.04). Table 3 depicts donor type and frequency of MUCs after KT.
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Table 3 Donor Type and Frequency of MUCs After KT
MUCs

All (n=1584)

Donor Type
DDKT (n=1077)

p-value

LDKT (n=507)

Urinary leak, n (%)

0.04*

No

1450 (91.5)

999 (92.8)

451 (89)

Yes

134 (8.5)

78 (7.2)

56 (11)

Ureteral stenosis, n (%)
No
Yes

0.615
1526 (96.3)
58 (3.7)

1041 (96.7)
36 (3.3)

485 (95.7)
22 (4.3)

Graft lithiasis, n (%)

0.206

No

1569 (99.1)

1070 (99.4)

499 (98.4)

Yes

15 (0.9)

7 (0.7)

8 (1.6)

BOO, n (%)

0.994

No

1569 (99.1)

1067 (99.1)

502 (99)

Yes

15 (0.9)

10 (0.9)

5 (1)

Note: *Variables with p-value <0.2 are included in the multivariate model.
Abbreviations: MUCs, Major urologic complications; DDKT, Deceased donor kidney transplant; LDKT, Living donor kidney
transplant; BOO, Bladder Outlet Obstruction.

Impact of MUCs on Long-Term Graft and KT Patient Survival
Probability of graft and patient survival at 3 years of follow-up was 90.5% and 85.5% respectively (see Figure 1).
Figure 1 depicts the Kaplan–Meier survival analysis for global graft failure and patient survival in the KT patients at 3
years of follow-up.

Figure 1 Kaplan-Meier survival analysis: (A) Global graft survival of KT patients at 3 years of follow-up. (B) Patient graft survival at 3 years of follow-up.
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Figure 2 Kaplan-Meier survival analysis by incidence of MUCs after transplantation at 3 years of follow-up: (A) MUCs following KT on global graft survival. (B) MUCs
following KT on global patient survival.

Our KT cohort registered 166 (10.4%) deaths in the period of the study. We did not find any significant difference
between patient or graft survival and the incidence of urologic complications (see Figure 2).

Associated Risk Factors of MUCs
We performed binary logistic regression to identify factors associated for the occurrence of MUCs within 3 years after
transplantation. In the regression analysis, dialysis duration was significantly associated with the occurrence of urological
complications in DDKT and LDKT (see Tables 4 and 5). The multiple regression model found cold ischemia time

Table 4 Multiple Predictor Regression Analysis for Urological Complications Within 3 Years After KT in DDKT
Parameters

Single Predictor Analysis

P-value

[OR (95%) CI]

Multiple Predictor Analysis

P-value

[OR (95%) CI]

Recipient gender (Male)

0.88 (0.56–1.39)

0.048*

–

–

Age groups 18–49 (compared to <18)
Age groups > 50 (compared to <18)

0.49 (0.18–1.49)
0.42 (0.17–1.17)

0.192
0.599

–
–

–
–

Dialysis type (Peritoneal)

0.80 (0.49–1.29)

0.367

–

–

0.84 (0.34–1.97)
1.00 (1.005–1.011)

0.714
0.029*

–
1.004 (1.0006–1.0080)

–
0.020*

Recipient BMI 18–25

1.40 (0.64–3.54)

0.427

Recipient BMI 25–30
Recipient BMI >30

1.25 (0.52–3.35)
1.73 (0.64–5.02)

0.632
0.285

–

–

Donor BMI >30

0. 86 (0.43–1.59)

0.664

–

–

Cold ischemia time (hours)
ORT (hours)

0.98 (0.95–1.00)
0.98 (0.80–1.12)

0.237
0.853

–
–

–
–

Donor age (years)

1.00 (0.98–1.03)

0.554

–

–

Recipient diabetes
Dialysis duration (months)

Notes: Variables are presented as odds ratio (OR) with the 95% confidence interval (95% CI). *A p-value of <0.05 in our multivariate model was considered statistically
significant.
Abbreviations: KT, Kidney Transplantation; DDKT, Deceased donor kidney transplant; BMI, Body Mass Index; ORT, Operative Room Time.
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Table 5 Multiple Predictor Regression Analysis for Urological Complications Within 3 Years After KT in LDKT
Parameters

Single Predictor Analysis

P-value

[OR (95%) CI]

Multiple Predictor Analysis

P-value

[OR (95%) CI]

Recipient gender (Male)

1.10 (0.79–1.55)

0.553

–

–

Age groups 18–49 (compared to <18)

0.61 (0.32–1.19)

0.133

–

–

Age groups > 50 (compared to <18)
Dialysis type (Peritoneal)

0.71 (0.35–1.47)
0.93 (0.65–1.34)

0.348
0.732

–
–

–
–

Recipient diabetes

0.83 (0.40–1.65)

0.618

–

–

1.00 (1.0010–1.009)
1.26 (0.72–2.32)

0.014*
0.423

0.9741 (0.9576–0.9898)

0.0091*

Recipient BMI 25–30
Recipient BMI >30

1.28 (0.70–2.45)
1.19 (0.54–2.60)

0.434
0.649

–

–

Donor BMI >30

1.36 (0.87–2.07)

0.159

–

–

Cold ischemia time (hours)
ORT (hours)

0.96 (0.94–0.983)
1.01 (0.90–1.11)

0.0003*
0.716

1.0048 (1.0011–1.0084)
–

0.0020*
–

Donor age (years)

1.00 (0.98–1.01)

0.755

–

–

Dialysis duration (months)
Recipient BMI 18–25

Notes: Variables are presented as odds ratio (OR) with the 95% confidence interval (95% CI). *A p-value of <0.05 in our multivariate model was considered statistically
significant.
Abbreviations: KT, Kidney Transplantation; LDKT, Living donor kidney transplant; BMI, Body Mass Index; ORT, Operative Room Time.

significant for LDKT in the development of urological complications (see Table 5). Tables 4 and 5 depict multiple
predictor regression analysis for urological complications within 3 years after KT in DDKT, and LDKT, respectively.

Discussion
MUCs are the most common pathology after KT and are related to significant morbidity and mortality.19 New surgical
techniques have decreased the incidence of MUCs.8 We analyzed a cohort of 1584 KT and determined its MUCs incidence,
risk factors and their influence with graft loss and KT recipients’ mortality. MUCs occurred in 195 (12.6%) of our KT
patients which is comparable to the findings reported by other publications.7,11,20 Urinary leak is the most common of the
MUCs in literature and in our study, with a presentation of 8.5% followed by ureteral stenosis, graft lithiasis and BOO, this
last one was less than 1% in our study. Comparable results in the BOO incidence (0.25%) were published in a research with
3951 KT patients,21 duration of dialysis and age are important risk factors in men for the development of urinary retention
after KT.17 In a Colombian cohort with 3060 KT patients, there were 119 (3.8%) cases of urinary leak.22
Urinary stenosis is the second most common MUCs after KT. This presentation can be related to a previous urinary leak or
as an independent presentation. A total of 58 urinary stenosis cases were recorded (3.75%), and can be diagnosed within 1–6
months (14.8%) or at a late presentation (17.9%). Ciancio et al identified the urinary leak and ureteral stenosis as the main
MUCs in 500 KT.8 Another research with 635 KT supported similar results.4 Urinary leak and BOO are evident at early time of
presentation being the most common with 71.2%. Graft lithiasis can be present any time during transplantation and comprised
less than 1%. Graft lithiasis in renal transplantation has been described with a frequency from 0.4% to 4.4%.23
At our study, MUCs were surgically repaired with a new ureteroneocystostomy with double J catheter for either ureteral leak
or stenosis (n = 146). If the urinary leak was evident intraoperative with a pelvic leak, a pelvic suture was performed additionally
(n = 3). For 2 cases, a Boari flap was necessary. When ureteral necrosis was associated to the urinary fistula and was extensive,
a pyelocystostomy (n = 6) or pyeloureterostomy (n = 1) was required. For one case, a ureteroureterostomy was executed to
restore the urinary continuity. We used the surgical techniques designed to correct MUCs.24
For bladder outlet obstruction, a urinary catheter was placed in the emergency room and urology follow-up was
completed with anatomic studies and correction when needed (Prostatectomy n = 1). If during the reoperation an external
compression of the transplanted ureter was evident, the round ligament or the epigastric vessels were ligated (n = 2).
Lithiasis did not present with complete obstruction and medical management was our approach. For non-surgical
candidates, a definitive PCN was placed with timed exchanges by interventional radiology (n = 1).
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Urinary leak seemed to be significant associated to LDKT in the bivariate analysis. A study with 193 LDKT patients
with laparoscopic nephrectomy found similar results.25 This can theoretically be explained by intraoperative technique
in living donor nephrectomy in which the ureter dissection tends to retrieve less periureteral tissue which can be
associated to a diminished irrigation. This could be a risk factor for MUCs when compared to DDKT, however, it did not
remain significant in the multivariate analysis. Bruintjes et al evaluated in KT patients the importance of preservation of
the peri-ureteric connective tissue to prevent ischemia of the distal ureter and MUCs in LDKT without a significant
association.7 A study with 901 KT patients did not report any association between type of donor and the incidence of
MUCs.10
On bivariate analysis, risk factors for MUCs were the duration of the dialysis, cold ischemia time and ORT for the KT
recipients. On multivariate analysis, the duration of dialysis for DDKT and LDKT (p = 0.02 and p = 0.009, respectively)
remained significant. This could theoretically relate to a diminished urinary output before transplantation which may
limit the bladder size and therefore make the ureteral anastomosis technically complex, leading to MUCs.17
For LDKT recipients, cold ischemia time (p = 0.002) remained significant in the multivariate analysis. At our center,
LDKT tends to have lower cold ischemia time than DDKT. Some studies have found this association in the bivariate
analysis, but it was not significant in the regression model.7 Comparable to the literature, ORT was not significant in the
multivariate model.26
As shown in other studies, arterial multiplicity has shown to have repercussions when investigating MUCs.4 This is
related to the perfusion of the ureter and the preservation of the irrigation for an adequate anastomotic healing. Further
evaluation of whether multiple arteries may be an indication for rutinary doble J catheter placement may be advised.
However, in our study, arterial multiplicity was not significantly associated with MUCs.
We have identified some limitations in our study. First, it is a retrospective analysis. In our electronic records arterial
multiplicity is documented but the actual anatomy, whether there are to renal arteries, or polar arteries and their location
are not routinely recorded for deceased donors, for living donors a contrast Angio tomography (CTA) was routinely
performed preoperative assessment as performed worldwide.27 Likewise, identification of patients with nephrostomy was
not possible. Information was incomplete for some variables even when triangulating information of multiple sources.
Some old records were hard to find. Information regarding congenital genitourinary malformations and previous
urological surgeries such as bladder augmentation was not available at the time of the study.

Conclusion
MUCs are frequent complications for KT and represent an important burden for the patient and the health system. Even though
it has shown no significant difference in graft or patient survival, it may require invasive procedures or reoperations.

Abbreviations
KT, Kidney Transplantation; CKD, Chronic kidney disease; MUC, Major urologic complications; ECD, Expanded
criteria donors; SCD, Standard Criteria Donors; SD, Standard Deviation; KDPI, Kidney donor profile index; DBD,
Deceased brain donors; LDKT, Living donor kidney transplant; DDKT, Deceased donor kidney transplant; PCN,
Percutaneous nephrostomy; BOO, Bladder outlet obstruction; IQR, Inter-quartile range; OR, Odds ratios; CI, 95%
confidence intervals; BMI, Body mass index; CTA, Contrast Angio tomography.
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