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ARTICLE INFO ABSTRACT

Background: Routine intraoperative ureteric stenting lowers the rate of urological complications after kidney
transplantation. However, there is no consensus about the optimal stent design and duration. The aim of this
prospective cohort study was to compare the influence of double J (JJ) stents and externally draining percu-
taneous (PC) stents on the early quality of recovery after living donor kidney transplantation.

Materials and methods: A prospective cohort study was performed in two consecutive cohorts of 40 patients who
underwent living donor kidney transplantation at the Radboud university medical center between April 2016
and October 2017. The first cohort of 40 patients received a 6-French externally draining PC stent. The second
cohort of 40 patients received a 6-French/14 cm JJ stent. We compared the influence of the stent design on the
quality of early post-operative recovery (measured by the Quality of Recovery-40 questionnaire) and the length
of hospital stay.

Results: Patients with a JJ stent scored significantly better on the Quality of Recovery score on the third and fifth
postoperative day, when compared to patients with a PC stent. Furthermore, in comparison to patients with a PC
stent, patients with a JJ stent were earlier mobilising and independent in daily activities, resulting in a shorter
length of hospital stay. The number of postoperative urological complications was comparable between the two
groups.

Conclusion: The use of JJ stents during living donor kidney transplantations improves the postoperative recovery
and shortens the length of hospital stay, when compared to PC stents without compromising the number of
postoperative urological complications.
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1. Introduction

The two major urological complications (MUCs) after renal trans-
plantation are urinary leakage and ureteral obstruction, mostly located
at the ureterovesical junction or in the distal transplant ureter [1].
These complications contribute to patient morbidity, graft loss and
mortality. It has been demonstrated that routine intraoperative ureteric
stenting leads to a significantly lower urological complication rate
[1,2]. However, there is no consensus about the optimal stent type and
duration of ureteric stenting. The most commonly used stent types in-
clude internal double-J (JJ) stents and externally draining percutaneous

(PC) stents. A small number of retrospective studies compared the
outcomes of JJ stent versus PC stent placement in renal transplantation
[3-6]. All these studies support the use of a JJ stent, in terms of de-
creased urological complications, when compared to PC stents. None of
these studies revealed a significant difference between the two groups
in the number of urinary tract infections (UTI). Reported duration until
stent removal varies from two weeks to three months. Several meta-
analyses have been performed concerning the optimal timing of JJ stent
removal following renal transplantation [7-9]. The overall conclusion
of these studies was that a period of 2 weeks could be a reasonable
timing for stent removal, since this offers enough time for proper
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healing of the anastomosis, without increased risks of UTI or other
stent-related complications. At the Radboudumec, approximately 100
living donor kidney transplantations are performed annually. The
standard protocol includes intraoperative placement of an externally
draining PC stent. The main reason for the choice of this stent design is
the ease of monitoring the excretory function of the graft. A second
reason is the simplicity of the stent removal. According to the protocol,
the PC stent is removed at postoperative day five (or day seven in pa-
tients with diabetes mellitus), followed by removal of the transurethral
catheter two days later at postoperative day seven (or day nine in pa-
tients with diabetes mellitus) in order to spontaneously close the
bladder. Consequently, the minimum duration of hospital stay after
kidney transplantation at our centre is seven days after surgery. En-
hanced recovery after surgery (ERAS) protocols have gained wide-
spread recognition in general surgery, decreasing the length of hospital
stay while maintaining equivalent or lower morbidity and increased
patient satisfaction [10,11]. The use of JJ stents might help to improve
the early quality recovery after living donor kidney transplantation as
this avoids an external PC stent and prolonged use of a bladder catheter.
The aim of this prospective cohort study was to compare the influence
of JJ stents and externally draining PC stents on the early quality of
recovery after living donor kidney transplantation.

2. Patients and methods
2.1. Patients

All patients (=18 years) who were scheduled for a living donor
kidney transplantation, between April 2016 and October 2017 at the
Radboudumc, were screened for inclusion and were approached at least
two weeks before surgery. Patients were included after obtaining oral
and written informed consent, unless they met one of the exclusion
criteria: insufficient control of the Dutch language to read the patient
information and to fill out the questionnaires; patients undergoing a
retransplantation in the same iliac fossa; patients with ileal conduits or
continent urinary diversions; patients with an abnormal lower urinary
tract; patients with a pain syndrome or psychiatric history; chronic use
of analgesics or psychotropic drugs; patients with a pre-operative
Quality of Recovery score below 150 (see outcome measures); patients
in whom narcosis is necessary for cystoscopy (JJ cohort only); patients
with intra-operative difficulties with the vascular anastomoses or a high
ureteral anastomosis with need for conversion to an externally draining
PC stent (JJ cohort only); patients with primary focal segmental glo-
merulosclerosis (FSGS) requiring postoperative proteinuria screening
(JJ cohort only).

The trial was approved by the local ethics committee, the Central
Committee on Research involving Human Subjects, Arnhem-Nijmegen,
The Netherlands, reference number 2016-2426 (Chairperson R.B. Keus)
on 6 April 2016. The trial was registered at researchregistry.com (ID:
researchregistry5073). The work has been reported in line with the
STROCSS criteria [12].

2.2. Study design

We performed a prospective cohort study in two consecutive patient
cohorts. The first cohort of 40 patients received a 6-French externally
draining PC stent, in accordance with the standard protocol at the
Radboudumec. The second cohort of 40 patients received a 6-French/
14 cm JJ stent.

2.3. Procedure

Baseline data were collected at time of inclusion, i.e. the day before
surgery. Preoperatively, all patients received 2000 mg ceftriaxone as
antibiotic prophylaxis (or 960 mg co-trimoxazole in case of allergy for
ceftriaxone) and 100 mg prednisolone. All renal transplantations were
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performed by a fixed experienced surgical team, consisting of a vascular
surgeon and a urologist. In all patients, the ureterovesical anastomosis
was performed according to the extravesical Lich-Gregoir technique. At
the end of the procedure a surgical drain was placed in the transplanted
iliac fossa. Peroperative data were extracted from the electronic med-
ical record system, including duration of surgery, total ischaemia time,
and vascular anatomy and peroperative complications.

In the PC cohort, the PC stent was removed after five days (or seven
days in patients with diabetes mellitus), followed by removal of the
transurethral catheter at postoperative day seven (or day nine in pa-
tients with diabetes mellitus). In the JJ cohort, the transurethral ca-
theter was removed after five days (or seven days in patients with
diabetes mellitus), and the JJ stent after two to three weeks at the
outpatient clinic by cystoscopy. The surgical drain was removed in both
cohorts when the production was less than 100 ml per day. Before
discharge (and after removal of the urethral catheter) an abdominal
ultrasound was performed in all patients to screen for postoperative
lymphoceles, hydronephrosis, urinomas, perfusion defects, or bladder
retention. Only symptomatic lymphoceles were treated by drainage.

Standard immunosuppression therapy consisted of basiliximab, ta-
crolimus, prednisone and mycophenolate mofetil (MMF) and was given
to all recipients. Postoperative pain management consisted of para-
cetamol (1000 mg every 6h) and intravenous patient-controlled an-
algesia with piritramide. When possible, patient-controlled analgesia
was replaced by oral analgesics (oxycodone). All patients were treated
postoperatively with co-trimoxazole for prophylaxis of Pneumocystis
Jirovecii pneumonia.

2.4. Outcome measures

During their hospital stay, participants were daily monitored by the
research physician until the day of discharge. The primary outcome
measure was the Quality of Recovery-40 (QoR-40) score. The Quality of
Recovery-40 is a validated patient-rated questionnaire with a maximum
score of 200, measuring five dimensions of recovery after surgery in-
cluding comfort, emotions, physical independence, pain, and patient
support [13]. The day before surgery, the questionnaire was explained
to the participant and a baseline measurement was performed. In case
the preoperative QoR-40 score was < 150/200 points, the patient was
excluded.

Secondary outcomes were the intervals between transplantation and
removal of the surgical drain, the transurethral catheter and the ure-
teric stent, and performance of the ultrasound. Serum creatinine levels
were recorded daily during hospital stay. Achievement of classic sur-
gical discharge criteria was daily registered (including adequate pain
control with oral medication, passage of flatus or defaecation, tolerance
for solid food intake, mobilisation at the ward, and independence in
daily activities). Patients who achieved all the classic discharge criteria
could be discharged when they met the following additional discharge
criteria: transurethral catheter removed, stable graft function, sufficient
patient control over the use of immunosuppressive drugs, and an ab-
dominal ultrasound being performed. Graft function was considered not
stable when the serum creatinine level had increased more than 20%
from the lowest value. Furthermore we registered cumulative use of
morphine equivalents; and complications, graded according to the
Clavien-Dindo classification [14,15].

Follow up was performed 14 days after surgery and included the
QoR-questionnaire, postoperative complications, and the International
Consultation on Incontinence Questionnaire - Lower Urinary Tract
Symptoms (ICIQ-LUTS) [16]. Patients in the JJ cohort were also asked
how they experienced the cystoscopy for JJ stent removal.

2.5. Sample size calculation and data analysis

Patients with a JJ stent could potentially be discharged on post-
operative day five, after removal of the transurethral catheter, if all
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discharge criteria were achieved. Based on a pilot study on the quality
of recovery in kidney transplant recipients (not published), we used a
standard deviation of 10 points for the QoR score on postoperative day
five. A 6.3-point difference represents a minimal clinically important
difference in the QoR-40 scale [17]. A sample size of 40 patients per
group was required to provide 90% power to detect a 6.3-point dif-
ference in the QoR score at postoperative day five (alpha 5%).

We used the Mann-Whitney U test to compare variables that were
not normally distributed, presented as median and interquartile range.
We used Student's t-test to compare normally distributed continuous
variables and the chi squared test for categorical variables. Continuous
data were presented as mean and SD; categorical data were presented
as number and percentages. We used multivariate regression analysis to
correct for confounders. We did not perform data imputation. For all
analyses, statistical significance was defined as P < 0.05. All analyses
were performed using SPSS version 22.0 (IBM Corp. Released 2013.
IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp).

3. Results
3.1. Patient characteristics

The process of patient enrolment is depicted in Fig. 1. A total of 95
recipients of living donor kidney transplants were screened for enrol-
ment. Fifteen patients were excluded because they met one of the ex-
clusion criteria. A total of 40 patients were analysed in the PC cohort
and another 40 patients in the JJ cohort. Patient baseline characteristics
as well as peroperative data are shown in Table 1. Both cohorts were
comparable in baseline values, except for a mean age difference of 7.2
years between the PC cohort and the JJ cohort (53.5 = 13.0 versus
46.4 + 15.4; p = 0.028). There were no significant differences in
peroperative data. Intraoperative complications did not occur in either
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Table 1

Patient characteristics.
Variables PC-cohort n = 40 JJ-cohort n = 40 P value
Baseline characteristics
Age (yrs) 53.5 = 13.0 46.4 = 154 0.03
Gender (male) 17 (42.5%) 25 (62.5%) 0.07
BMI (kg m-2) 24.3 = 3.6 25.2 = 3.3 0.21
ASA classification (1/2/3/4) 1/11/28/0 0/8/30/2 0.32
Diabetes mellitus (yes) 3 (7.5%) 5 (12.5%) 0.46
Dialysis (yes) 20 (50.0%) 28 (70.0%) 0.07
Cause of renal failure:
- ADPKD 5 (12.5%) 14 (35.0%) 0.02
- IgA nephropathy 6 (15.0%) 5 (12.5%) 0.75
- Secondary FSGS 9 (22.5%) 8 (20.0%) 0.79
- Other 20 (50.0%) 13 (32.5%) 0.11
Peroperative data
Kidney side (left) 38 (95.0%) 38 (95.0%) 1.00
Fossa side (right) 39 (97.5%) 33 (82.5%) 0.08
Size of incision (cm) 142 + 2.4 139 + 24 0.55
Multiple arteries (yes) 13 (32.5%) 6 (15.0%) 0.07
Duration of surgery (min) 148.2 + 35.0 149.5 + 24.5 0.86
Total ischaemia time (min) 150.8 + 32.4 149.9 + 24.4 0.89

Abbreviations: PC, percutaneous stent; JJ, double J stent; ADPKD, autosomal
dominant polycystic kidney disease; ASA, American Society of
Anesthesiologists; BMI, body mass index; cm, centimetres; FSGS, focal seg-
mental glomerulosclerosis; IgA, immunoglobulin A; min, minutes; TUC, trans-
urethral catheter; yrs, years; continuous variables are presented as mean + SD,
categorical variables are presented as n (%).

group. There is a small number of missing values; on POD three one
patient in the PC group did not complete the QoR-40 questionnaire and
on POD four and five one patient in the JJ group was unable to com-
plete the QoR-40 questionnaire.

PC-cohort
Apr.-Dec. 2016

JJ-cohort
Febr.-Sept. 2017

y

¥

Assessed for
eligibility

Exclusion N=1

Insufficient control
of Dutch language (N =1)
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Peroperative conversion

V
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Fig. 1. Patient enrolment.

QOR, quality of recovery score.

JJ- cohort

Abbreviations: PC, percutaneous stent; JJ, double J stent; Apr, April; Dec, December; Febr, February; Sept, September; FSGS, focal segmental glomerulosclerosis;
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Table 2 Table 3
Quality of Recovery score. Secondary outcomes.
QoR categories PC-cohort n = 40 JJ-cohort n = 40 P value Variables PC-cohort n =40  JJ-cohort n = 40 P value
POD -1 Overall score 192.5 195.0 0.464 Median day of surgical drain 3 [1-18] 2 [1-26] 0.55
[184.0-197.0] [187.25-198.75] removal
POD1 Overall score 177.0 179.0 0.586 Median day of stent removal 5 [5-7] 20 [14-34] < 0.001
[166.5-185.75] [164.25-184.75] Median day of TUC removal 7 [7-9] 5 [5-7] < 0.001
Physical comfort 53.0 [46.5-58.0] 54.0 [45.5-57.0] 0.668 Median day of ultrasound 7 [7-9] 6 [5-7] < 0.001
Emotional status  43.0 [40.0-45.0] 42.0 [41.0-45.0] 0.914 Median day of discharge 7 [7-19] 6 [5-14] < 0.001
Physical 15.0 [13.0-17.0] 15.0 [13.25-17.0] 0.892 Mean creatinine level at 111.4 = 54.0 125.0 = 37.6 0.19
independence discharge (umol/L)
Support 35.0 [35.0-35.0] 35.0 [35.0-35.0] 0.385 Cumulative opiate 25.73 + 29.49 21.23 + 21.03  0.43
Pain 32.0 [30.0-34.0] 31.0 [29.0-34.0] 0.296 consumption (mg)
POD 2  Overall score 183.5 187.0 0.176
[174.25-191.75] [181.0-193.0] Abbreviations: PC, percutaneous stent; JJ, double J stent; TUC, transurethral
Physical comfort  56.0 [52.0-59.0] 58.0 [54.0-60.0] 0.168 catheter; continuous variables are presented as median [range] or mean * SD,
Emotional status  44.0 [41.0-45.0] 44.0 [41.0-45.0] 0.323 categorical variables are presented as n (%).
Physical 16.75 [15.0-21.0]  19.0 [16.0-21.0] 0.362
independence X . . X . .
Support 35.0 [35.0-35.0] 35.0 [35.0-35.0] 0.084 cohort achieved all classic surgical discharge criteria earlier than pa-
Pain 33.0 [31.0-34.75]  33.0 [31.0-35.0] 0.604 tients in the PC cohort. Patients with a JJ stent, showed earlier pain
POD 3 Overall score 185.0 191.0 0.019 control with oral analgesics and they were faster in mobilising and
[174.0-193.0] [184.0-195.75] PR : s s PR . .
. achieving independence in daily activities. On postoperative day five,
Physical comfort  56.0 [51.0-59.0] 58.0 [56.0-60.0] 0.068 97.5% of th . ith 80% of th . ith
Emotional status ~ 42.0 [38.0-45.0] 44.5 [43.0-45.0] 0.004 7.5% of the patients wit ‘a JJ stfant ve.rsus (X0 .t (.e patients with a
Physical 19.0 [16.0-21.0] 21.0 [19.0-23.0] 0.017 PC stent reached all classic surgical discharge criteria (p = 0.013).
independence However, discharge after living donor kidney transplantation at the
Support 35.0 [35.0-35.0] 35.0 [35.0-35.0] 0.445 Radboudumc also depends on transurethral catheter removal, stable
Pain 33.0 [32.0-35.0] 33.0 [31.0-35.0) 0.908 raft function, patient control over use of immunosuppressive drugs
POD4 Overall score  186.0 192.0 0.231 8 > P 4 pPp 85,
[179.25-194.0] [181.0-195.0] and performance of an ultrasound. Patients could be discharged, when
Physical comfort ~ 57.0 [54.0-59.0] 58.0 [55.0-60.0] 0.302 they met all these criteria, and no other problems occurred. As pre-
Emotional status ~ 43.0 [41.0-44.75]  44.0 [41.0-45.0] 0.417 sented in Fig. 2, patients in the PC cohort were admitted at least until
Physical 21.0 [18.0-22.0] 21.0 [20.0-23.0] 0.083 POD 7, due to the transurethral catheter policy. Thirty percent of the
independence ients in the JJ coh Iready discharged on POD five, since th
Support 35.0 [35.0-35.0] 35.0 [35.0-35.0] 0.551 patients in the JJ co or't werc? alrea 'y ischarged on ve, since the
Pain 33.5 [31.25-35.0]  33.0 [32.0-34.0] 0.415 transurethral catheter in patients with a JJ stent was removed on POD
POD5  Overall score 189.5 193.0 0.021 five (except in patients with diabetes). Logistical barriers to perform the
el com [173-?‘;1475; o [;8(?'?‘137-603 o 0010 postoperative ultrasound on the same day as removal of the transure-
Physical comfort 57.0 [53.25-59. 59.0 [57.0-60. . . o e . .
Emotional status  43.5 [41.0-45.0] 43.0 [42.0-45.0] 0.381 tl.1ra1 carrle.r was a limiting factor for discharge on POD .ﬁve. On PQD
Physical 21.0 [19.0-23.0] 23.0 [21.0-24.0] 0.016 six, 30 patients from the JJ cohort (75%) had been discharged, in-
independence creasing to 92.5% on POD seven. In the PC cohort only 62.5% of the
Support 35.0 [35.0-35.0] 35.0 [35.0-35.0] 0.167 patients had been discharged on POD seven (p = 0.001 for difference
Pain 33.5 [ 30.0-35.0] 34.0 [32.0-35.0] 0.415

Range of QoR scores: overall, 40-200; physical comfort, 12-60; emotional
status, 9-45; physical independence, 5-25; support, 7-35; pain, 7-35.;
Abbreviations: QoR, quality of recovery; PC, percutaneous stent; JJ, double J
stent; POD, postoperative day; variables are presented as median [IQR].

3.2. Primary outcome measure

The Quality of Recovery questionnaire was completed daily during
hospital stay. The data are shown in Table 2. On postoperative day five,
higher total QoR scores were observed in the JJ group, when compared
to the PC group (193.0 (IQR 188-197) wversus 189.5 ((IQR
179.5-194.75); p = 0.021). Also on postoperative day three, total QoR
score was higher in patients in the JJ cohort (191.0 (IQR 184-195.75))
than in patients in the PC cohort (185.0 (IQR 174-193); p = 0.019).
Patients in the JJ cohort had significantly higher scores in the physical
independence subscale on postoperative day three and day five. Cor-
rection for age by multivariate regression analysis did not affect the
results.

3.3. Postoperative characteristics, discharge criteria and length of hospital
stay

Postoperative intervals between transplantation and removal of the
surgical drain, removal of the ureteric stent, removal of the transure-
thral catheter, performance of the ultrasound and day of discharge are
shown in Table 3. Postoperative recovery was also assessed by daily
scoring of discharge criteria. As shown in Table 4, patients in the JJ

with JJ cohort). The mean time of discharge in the JJ cohort and the PC
cohort was 6.20 = 1.56 versus 7.95 = 2.12 days after surgery
(p < 0.001). The mean serum creatinine level at discharge was com-
parable between both cohorts.

3.4. Postoperative complications

All complications and their Clavien-Dindo classification are pre-
sented in Table 5. There were no significant differences in the number
of patients with postoperative complications within 30 days after sur-
gery. In both cohorts, 7/40 patients suffered from a urological com-
plication, including urinary leakage, ureteral obstruction, symptomatic
lymphocele, UTI and blood clot retention.

3.5. Follow-up

Follow-up was performed after two to three weeks. There were no
significant differences in the QoR scores between the two cohorts, both
had a median score of 194. Lower urinary tract symptoms were eval-
uated using the ICIQ-LUTS. There were no differences between both
cohorts with regard to urinary frequency, nocturia, urge complaints,
dysuria and bladder pain. Three patients reported moderate pain and
one patient reported severe pain during JJ-stent removal by cystoscopy.

4. Discussion

This is the first prospective cohort study comparing the influence of
PC stents and JJ stents on the quality of recovery and the length of
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Table 4
Classic surgical discharge criteria.

POD Classic surgical discharge criteria PC cohort n = 40 JJ cohort n = 40 P value
POD 1 1. Pain controlled with oral analgesics 3 (7.5%) 4 (10.0%)

2. Tolerance for normal diet 8 (20.0%) 12 (30.0%)

3. Having flatus or defaecation 26 (65.0%) 31 (77.5%)

4. Mobilising on the ward 0 (0.0%) 2 (5.0%)

5. Independence for daily activities 0 (0.0%) 0 (0.0%)

Reached all classic discharge criteria 0 (0.0%) 0 (0.0%) 1.000
POD 2 1. Pain controlled with oral analgesics 20 (50.0%) 25 (62.5%)

2. Tolerance for normal diet 39 (97.5%) 38 (95.0%)

3. Having flatus or defaecation 39 (97.5%) 40 (100.0%)

4. Mobilising on the ward 13 (32.5%) 14 (35.0%)

5. Independence for daily activities 3 (7.5%) 5 (12.5%)

Reached all classic discharge criteria 2 (5.0%) 5 (12.5%) 0.235
POD 3 1. Pain controlled with oral analgesics 33 (82.5%) 39 (97.5%)

2. Tolerance for normal diet 39 (97.5%) 39 (97.5%)

3. Having flatus or defaecation 40 (100.0%) 40 (100.0%)

4. Mobilising on the ward 26 (65.0%) 37 (92.5%)

5. Independence for daily activities 11 (27.5%) 22 (55.0%)

Reached all classic discharge criteria 10 (25.0%) 21 (52.5%) 0.012
POD 4 1. Pain controlled with oral analgesics 40 (100.0%) 40 (100.0%)

2. Tolerance for normal diet 39 (97.5%) 39 (97.5%)

3. Having flatus or defaecation 40 (100.0%) 40 (100.0%)

4. Mobilising on the ward 35 (87.5%) 39 (97.5%)

5. Independence for daily activities 25 (62.5%) 33 (82.5%)

Reached all classic discharge criteria 25 (62.5.0%) 33 (82.5%) 0.045
POD 5 1. Pain controlled with oral analgesics 40 (100.0%) 40 (100.0%)

2. Tolerance for normal diet 40 (100.0%) 40 (100.0%)

3. Having flatus or defaecation 40 (100.0%) 40 (100.0%)

4. Mobilising on the ward 39 (97.5%) 40 (100.0%)

5. Independence for daily activities 32 (80.0%) 39 (97.5%)

Reached all classic discharge criteria 32 (80.0%) 39 (97.5%) 0.013

Abbreviations: PC, percutaneous stent; JJ, double J stent; POD, postoperative day; variables are presented as n (%).

hospital stay in living donor kidney transplantation. The removal of the was removed two days earlier when compared to the PC cohort, as the

transurethral catheter appeared to be a decisive factor for the length of ureterovesical junction is protected by the indwelling JJ stent.
hospital stay in our hospital. In the JJ cohort, the transurethral catheter Furthermore, our data show that the use of JJ stents leads to an
PC-stent (N = 40) Fig. 2. Discharge process.
] - Each cell represents the number of patients who
CI.a55|.c TUC Stable. graft !ndependent Ultrasound No other Discharged fulfilled the specific discharge criteria on that post-
criteria removed function in drug use performed problems (% of pts.) . 2. . .
| operative day. The 3 remaining patients in the PC

cohort were discharged on POD 11, 12 and 19. The
remaining patient in the JJ cohort was discharged on
POD 14.

Abbreviations: PC, percutaneous stent; JJ, double J
stent; POD, postoperative day; TUC, transurethral
catheter; pts, patients.

JJ-stent (N = 40)

Classic Stable graft \ Independent \ Ultrasound No other Discharged
criteria removed function in drug use performed problems (% of pts.)
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Table 5a
Complications within 30 days.
Severity PC stent JJ stent P value
(Clavien- n=40 n =40
Dindo)
Nr. of patients with All 28 (70.0%) 22(55.0%) 0.17
complications 1/2/3a/3b 13/8/3/4 6/10/5/1
Nr. of patients with All 7 (17.5%) 7 (17.5%) 1.00
urological 1/2/3a/3b 2/0/2/3 1/1/5/0
complications
Table 5b
Type of complications.
Severity PCstentn = 40  JJ stent
(Clavien-Dindo) n =40
Urinary leakage 1 1 1
3b 1 0
Ureteral obstruction 1 1 0
3a 1 1
3b 1 0
Urinary tract infection (UTI) 2 0 2
Symptomatic lymphocele 3a 1 5
Postoperative bleeding 1 1 0
3a 1 0
3b 2 1
Slow graft function 1 1 0
Delayed graft function 3a 1 0
Rejection 2 1 2
Tacrolimus toxicity 1 1 1
Newly onset diabetes after 2 4 4
transplantation
Disturbed liver function tests 1 10 3
Electrolyte disorders 1 0 2
Diarrhoea, caused by MMF 1 1 1
Infection, other than UTI 1 2 0
2 5 2
Psychiatric disorder 2 0 1

Abbreviations: PC, percutaneous stent; JJ, double J stent; nr, number; UTI,
urinary tract infection; MMF, mycophenolate mofetil; variables are presented as
n (%).

improved quality of recovery. Consequently, patients with a JJ stent
were earlier independent in daily activities and showed a quicker
achievement of discharge criteria, resulting in a shorter length of hos-
pital stay, without compromising in the number of postoperative
complications.

When compared to the PC cohort, we found significant higher QoR
scores in the JJ cohort on POD 3, with a mean difference of 6.0. On POD
4, the PC group catches up on recovery, causing no significant differ-
ence in QoR scores. However, on POD 5, when in most patients of the JJ
cohort the transurethral catheter was removed, the JJ group had an-
other head start over the PC group, with a mean difference in QoR
scores of 3.5. According to Myles and colleagues, the minimal clinically
important difference is 6.3 [17]. However, the discharge criteria and
length of hospital stay, confirm a quicker recovery in the patients with a
JJ stent, when compared to a PC stent.

We found no significant differences in the urological complication
rates between the JJ group and the PC group within our study. Urinary
leakage occurred in two patients in the PC group, versus one patient in
the JJ group. Ureteral obstruction occurred in three patients with a PC
stent, versus one patient with a JJ stent (after removal of the JJ). Three
of these patients in the PC group underwent ureteral drainage by a JJ
stent or nephrostomy tube. In one patient in the JJ group, the JJ stent
was replaced. Only two patients suffered from a UTI, both in the JJ
cohort. A remarkable finding, was the increased number of sympto-
matic lymphoceles in the JJ group, when compared to the PC group (5
versus 1; p = 0.09). This finding can possibly be explained by the higher
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number of patients with autosomal dominant polycystic kidney disease
(ADPKD) in the JJ group (see Table 1). ADPKD is a known risk factor
for postoperative lymphocele development [18,19]. Lymphatic drai-
nage can possibly be impaired by the enlarged native kidneys that
compress the inferior caval vein or by retroperitoneal scarring and fi-
brosis following nephrectomy. In the JJ cohort, three of the five pa-
tients with a lymphocele had ADPKD. Nevertheless, this study was not
powered to draw conclusions on the influence of the stent design on the
incidence of urological complications.

A few patients experienced moderate to severe pain during the re-
moval of the JJ stent. Therefore, it is important to assess preoperatively
whether patients are suitable for cystoscopy. A possible solution to
remove the JJ stent without the need for a bothersome cystoscopy could
be a magnetic-tipped JJ stent. This is a ureteral stent with a small
magnetic cube fixed on the loop of the distal part of the stent. To re-
move the JJ stent, a special catheter-like instrument with a magnetic tip
can be used, which is less painful and faster when compared to cysto-
scopy [20].

A limitation of this study is the non-randomised design. It was not
possible to perform a randomised clinical trial due to logistical chal-
lenges. Nevertheless, the risk of selection bias is low, as we performed
two consecutive cohorts, and all patients scheduled for living donor
kidney transplantation were included, if they fulfilled all inclusion
criteria. Baseline characteristics were comparable, except for a younger
age in the JJ group. However, we performed multivariate analysis for
this confounding factor, which did not alter the outcomes.

5. Conclusions

The use of JJ stents during living donor kidney transplantation
improves the quality of recovery and shortens the length of hospital
stay, when compared to PC stents. We advocate the use of JJ stents as
part of an enhanced recovery protocol in living donor kidney trans-
plantation. Future randomised studies are required to confirm that a JJ
stent does not negatively affect the incidence and severity of post-
operative urological complications, when compared to a PC stent.
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