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ABSTRACT
Introduction: The aim of the study was to compare 3mm mini-laparoscopy (mini LP), standard 5mm
laparoscopy (LP) and open surgery for pediatric pyeloplasty in a single center.
Methods: Patients who underwent pyeloplasty from 1997 to 2017 at Hospital Sant Joan de D�eu were
prospectively collected. Demographic data, clinical, surgical and radiological variables were assessed. A
multivariate logistic regression analysis was performed in order to identify risks for surgical complica-
tions, urinary leak and need for redo-surgery.
Results: 340 pyeloplasties were performed in this period: 197 open, 30 LP and 113 mini LP.
Independent risk factors for surgical complications in a multivariate logistic regression model were: LP
(vs mini LP, OR ¼ 3.95; 95% CI: 1.13–13.8), higher differential renal function (each point more increases
the risk 6%; 95% CI: 1–11%), older children (every year increases the risk 1.11 times; 95% CI:
1.002–1.225). Open surgery, pelvis diameter or the use of different stents were not risk factors. This
model had an 80% PPV and a 92% NPV. LP (OR ¼ 4.65; 95% CI: 1.08–19.96) and longer surgical time
(OR ¼ 1.014; 95% CI: 1.003–1.025) were independent risk factors for urinary leak. Higher pelvis diam-
eter (OR ¼ 0.93; 95% CI: 0.87–0.99) and the use of external stents were independent protective risk
factors for urinary leak (OR ¼ 0.09; 95% CI: 0.01–0.72). We have not found independent risk factors for
redo-surgery in a multivariate logistic regression model.
Conclusion: mini LP can be safely and effectively used to perform pyeloplasty in pediatric patients of
all ages.
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Introduction

Ureteropelvic junction obstruction (UPJO) is one of the most
common causes of hydronephrosis and can lead to signifi-
cant kidney damage and gradual loss of renal function [1].
Open pyeloplasty is considered the gold standard treatment
for UPJO. But, since it was first described, laparoscopic pyelo-
plasty has gained popularity due to reduced morbidity and
shorter hospital stays with equivalent success [2–4].

In an attempt to further reduce the morbidity of conven-
tional laparoscopy (LP) with instruments of 5mm of diam-
eter, and to improve cosmetic results, procedures such as
laparoendoscopic single-site surgery, natural orifice translu-
minal endoscopic surgery and mini-laparoscopy (mini LP)
were developed. Mini LP is defined as the use of instruments
with a diameter of �3mm with the only possible exception
of using larger diameter optics at the umbilicus. Mini LP
avoids the necessity of a new learning curve since the basic
principles of laparoscopic surgery are maintained. In recent
years, several mini-laparoscopic procedures have been suc-
cessfully performed in various surgical fields, including mini-
laparoscopic pyeloplasty [5].

The aim of our study was to compare 3mm mini-laparoscopy,
standard 5mm laparoscopy and open surgery for pyeloplasty.

Materials and methods

From 1997 to 2017, we prospectively registered all the
patients that underwent an Anderson–Hynes dismembered
pyeloplasty for ureteropelvic junction obstruction (UPJO) at
Hospital Sant Joan de D�eu. We obtained written informed
consent from all of the patient relatives. In accordance with
the principles of the Declaration of Helsinki and our hospital
research ethics committee, we codified the data in order to
preserve the privacy of the patients. The authors confirm the
availability of, and access to, all original data reported in
this study.

Age, weight, gender, etiology of UPJO, affected side, sur-
gical approach, surgical time, type of stents, complications,
time and results of both preoperative and postoperative
workup were prospectively included in our database.

Preoperative protocoled work up included ultrasound
examination, voiding cystourethrogram and 99mTc-mercap-
toacetyltriglycine (MAG-3) renal scan. In some complex cases,
also an MRI urography was done. The main indications for
surgical repair were the same as defined by the European
Society for Paediatric Urology either for impaired or normal
differential function [6]. The three same surgeons (authors)
performed either open or laparoscopic dismembered
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pyeloplasties, as previously reported, resecting the redundant
pelvis [7] and leaving a Redon drainage at the end of the
procedure. The criteria for surgical method selection were
based on surgeon preferences.

Open surgery was performed with an anterior approach.
Minimally invasive techniques were performed transperito-
neal with the patient placed in a lateral flank position (45�).
Both LP and mini LP techniques differ in the size of the tro-
cars and the instruments used (5mm vs 3mm).

Postoperative protocoled follow-up included abdominal
ultrasound at 3, 6 and 12months postoperatively and then
annually. A 99mTc-MAG-3 renal scan was performed
6–12months after surgical repair. Patients with hydronephro-
sis that were managed conservatively were not included in
the study. Patients that were operated on with a different
approach (retroperitoneoscopy) or that underwent other sur-
gical techniques (vascular-hitch, Foley Y-V plasty, ureterocali-
costomy, flaps… ) were excluded from the study.

A multivariate logistic regression analysis was performed
in order to identify the risk factors for surgical complications,
urinary leak and need for redo-surgery. Statistical analyses
were performed using Stata 14.2 (Copyright StataCorp LLC).
A p-value less than 0.05 was considered significant.

Results

Between 1997 and 2017, 340 patients under 18 years diag-
nosed with ureteropelvic junction obstruction (UPJO) under-
went an Anderson–Hynes dismembered pyeloplasty. The
baseline characteristics of the patients are shown in Table 1.
UPJO was found in the left side in 59% of the cases, with
predominance in males (71%).

The surgical approach was: open in 197 patients, LP in 30
and mini LP in the remaining 113. In Figure 1 we can see
the pyeloplasty surgical approach evolution over time in our
center. There was a progressive tendency to replace open
surgery with minimally invasive surgery. LP started in 2007
and mini LP in 2008. Our last open surgery for pyeloplasty
was performed in 2015. Most LP cases were performed
between 2007 and 2011. Currently, the mini LP is our
approach of choice.

Most of the patients had an intrinsic primary UPJO (77%)
either due to stenosis, kinking or high implantation of the
ureter. Of the patients, 18% had extrinsic obstruction second-
ary to a polar vessel. The rest had other causes such as
ureteral valves or recurrent UPJO after a previous
pyeloplasty.

The majority of patients who were operated on were
under one year old. Patients who were operated via LP had
an increased mean age and weight, while it was similar
between mini LP and open groups. Also, the anteroposterior
diameter of the renal pelvis was higher in the LP group.

An anteroposterior diameter means reduction of
19.37mm (SD ± 11.11) was achieved after pyeloplasty. Mean
caliciliary diameter reduction was 5.31mm (SD ± 7.17).
Differential renal function remained stable after the interven-
tion: the preoperative mean differential renal function was
47% (SD ± 9.00) and postoperative mean differential renal
function was 46% (SD ± 10.23).

Mean surgical time was 150.50min (SD ± 50.30). It was
significantly longer in the LP group. Transanastomotic stent
was used in 332 cases (98%), as shown in Table 1.

Mean hospital stay was 4.29 days (range: 1–15) for mini
LP, 6.83 days (range: 2–26) for LP and 8.02 days (range: 2–60)
for open pyeloplasty.

Table 1. Baseline characteristics of patients who underwent pyeloplasty from 1997 to 2017 at Hospital Sant Joan de D�eu.

Open surgery (n¼ 197) LP (n¼ 30) mLP (n¼ 113) Total (n¼ 340) p-Value

Median age (range), years 0.60 (0.03–17.90) 10.70 (0.12–17.82) 0.96 (0.02–14.57) 0.90 (0.02–17.90) <0.001�,a
Median weight (range), kg 8.1 (3–68) 33 (5–70) 10 (3–57) 10 (3–70) <0.001�,a
Gender
� Female, n (%) 57 (29) 11 (37) 30 (27) 98 (29) 0.546b

� Male, n (%) 140 (71) 19 (63) 83 (73) 242 (71)
Left side, n (%) 116 (59) 16 (53) 67 (59) 199 (59) 0.839b

Crossing vessels, n (%) 26 (13) 11 (37) 27 (24) 64 (19) 0.002�,b
Mean preoperative APD (SD), mm 30.29 (10.91) 35.87 (17.05) 27.90 (9.61) 30.00 (11.36) 0.002�,a
Mean preoperative diameter of calyces (SD), mm 9.25 (6.37) 7.5 (9.81) 9.09 (8.06) 9.05 (7.31) 0.47a

Mean preoperative DRF (SD), % 48.03 (7.70) 42.75 (11.19) 44.85 (9.91) 46.51 (9.00) <0.001�,a
Mean operative time (SD), minutes 133.10 (31.67) 226 (69.10) 160.28 (50.14) 150.50 (50.31) <0.001�,a
Transanastomotic stent, n (%)
� Mazeman 176 (89) 2 (7) 7 (6) 185 (54) <0.001�,b
� Double J 12 (6) 26 (87) 73 (65) 111 (33)
� Salle 4 (2) 0 (0) 0 (0) 4 (1)
� Nephroureteral 0 (0) 1 (3.3) 30 (27) 31 (9)
� Nephrostomy 1 (0.5) 0 (0) 0 (0) 1 (0.3)
� None 4 (2.0) 1 (3.3) 3 (2.7) 8 (2.4)
Mean postoperative APD (SD), mm 10.48 (8.55) 12.38 (11.05) 10.12 (8.47) 10.54 (8.77) 0.47a

Mean postoperative diameter of calyces (SD), mm 4.24 (4.91) 4.37 (6.59) 2.94 (4.88) 3.85 (5.10) 0.09a

Mean postoperative DRF (SD), % 48.72 (7.18) 41.91 (9.86) 44.78 (12.03) 46.05 (10.24) 0.004�,a
Complications, n (%) 19 (10) 10 (33) 13 (12) 42 (12)
� Leak, n (%) 7 (3.6) 8 (27) 7 (6.2) 22 (6.5) 0.004�,b
� Others, n (%) 12 (6.1) 2 (6.7) 6 (5.3) 20 (5.9) <0.001�,b
LP: 5mm laparoscopy, mLP: 3mm mini-laparoscopy, APD: antero-posterior diameter of the renal pelvis, DRF: differential renal function, SD: standard deviation.
The p-values have been calculated comparing 3 groups of surgical approach at the same time: open, LP and mLP.
aContinuous variables compared with ANOVA test.
bCategorical variables compared with Fisher’s exact test.�p< 0.05.
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Our mean complication rate, including all Clavien–Dindo
grades, was 12%. The different registered complications were
a urinary leak, intrapelvic hematoma, anemia, catheter
obstruction, lithiasis, omental evisceration, gastroenteritis,
fever, colic, urinary tract infection, pyonephrosis and recur-
rence of UPJO. If we exclude those registered complications
that we consider not to be directly related to the surgery
and also minor complications that did not interfere with the
postoperative course (Clavien–Dindo grade I), the percentage
of complications decreases to 3%.

A multivariate logistic regression model was created in
order to predict the risk of complications (Table 2).
Independent risk factors for surgical complications were: (1)
LP (vs mini LP, OR ¼ 3.95; 95% CI: 1.13–13.8), which means
that LP increased the risk of complication 3.95 times com-
pared with mini LP; (2) higher differential renal function:
each point more of differential renal function increased the
risk 1.06 times (95% CI: 1.01–1.11) or each point more of dif-
ferential renal function increased the risk 6% (95% CI:
1–11%), or increased the risk between 1 and 11%; (3) older
age: every year increased the risk of complication 1.11 times
(95% CI: 1.002–1.225) or the risk increased between a 0.2
and 22.5% for each year of life of the patient. Open surgery,
pelvis diameter and the use of different stents were not risk
factors. This model had an 80% PPV and a 92% NPV, cor-
rectly classifying 92% of the patients.

Regarding the different complications that we registered,
we paid special attention to the urinary leak and the need
for redo-surgery due to its relevance.

Urinary leak was the most frequent complication (6.5%). A
multivariate logistic regression model was created in order to
predict the risk of the urinary leak (Table 3). Independent
risk factors for urinary leak were: (1) LP (OR ¼ 4.65; 95% CI:
1.08–19.96) that means that LP increased 4.65 times the risk
of urinary leak compared with mini LP; (2) longer surgical
time (OR ¼ 1.014; 95% CI: 1.003–1.025), every minute the

risk of urinary leak increased 1.01 times or between
0.2–2.5%. Independent protective factors for urinary leak
were: (1) Higher pelvis diameter (OR ¼ 0.93; 95% CI:
0.87–0.99); (2) the use of external stents (OR ¼ 0.09; 95% CI:
0.01–0.72). This model had a 100% PPV and a 95% NPV, cor-
rectly classifying 95% of the patients.

Figure 1. Evolution over time (1997–2017) of the choice of surgical approach for pyeloplasty in our center, showing the number of each procedure per year.

Table 2. Multivariate logistic regression model to predict the risk of complica-
tions after pyeloplasty.

Variables
Odds ratio

(95% confidence interval) Standard error p-Value

Mini LP 1.00 (reference)
LP 3.95 (1.13–13.8) 2.52 0.03�
Open 1.73 (0.43–6.97) 1.23 0.43
Preoperative APD 0.97 (0.92–1.01) 0.02 0.20
Preoperative DRF 1.05 (1.00–1.11) 0.02 0.02�
Age 1.10 (1.00–1.22) 0.05 0.04�
Use of stents:
� Without stent 1.00 (reference)
� Double J 0.68 (0.09–4.79) 0.67 0.70
� External 0.20 (0.02–1.45) 0.20 0.11

LP: 5mm laparoscopy, Mini LP: 3mm mini-laparoscopy, APD: antero-posterior
diameter of the renal pelvis, DRF: differential renal function.�p< 0.05.

Table 3. Multivariate logistic regression model to predict the risk of urinary
leak after pyeloplasty.

Variables
Odds ratio

(95% confidence interval) Standard error p-Value

Mini LP 1.00 (reference)
LP 4.65 (1.08–19.96) 3.45 0.03�
Open 1.80 (0.36–9.06) 1.48 0.47
Preoperative APD 0.93 (0.87–0.99) 0.03 0.04�
Preoperative DRF 1.04 (0.98–1.11) 0.03 0.12
Age 1.01 (1.00–1.02) 0.005 0.01�
Use of stents:
� Without stent 1.00 (reference)
� Double J 0.22 (0.02–1.80) 0.23 0.16
� External 0.09 (0.01–0.72) 0.09 0.02�
LP: 5mm laparoscopy, Mini LP: 3mm mini-laparoscopy, APD: antero-posterior
diameter of the renal pelvis, DRF: differential renal function.�p< 0.05.
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We have not found independent risk factors for redo-sur-
gery in a multivariate logistic regression model.

Mean follow-up was 3.59 years (range: 0.08–9.16) for mini
LP, 3.03 years (range: 0.16–7.66) for LP and 5.28 years (range:
0.08–17.5) for the open group, with no significant differences
between groups.

Discussion

Ureteropelvic junction obstruction (UPJO) is one of the most
frequent urological diseases in the pediatric population, with
predominance in males and on the left side [8], as in
our study.

Regarding the etiology of UPJO, we found that in most of
the patients it was intrinsic (77%) due to stenosis of the ure-
teropelvic junction. In 18% of the patients, there was extrin-
sic stenosis secondary to a polar vessel. The incidence of the
polar vessel reported in the literature varies between 15%
and 52% and corresponds to the most frequent cause of
UPJO in older children and adults [8].

If we take into account the age and weight according to
the type of intervention, we see that patients undergoing LP
were older and had a higher mean weight. This was a selec-
tion bias because patients were not randomized. We prob-
ably tried to avoid a wide lumbotomy in those patients but
in some of them, we still did not have mini LP while in
others we did not feel enough confident with mini LP. There
is some discrepancy in the literature regarding weight and
mini LP. There are authors who consider high weight a
contraindication for mini LP [9–11], while others do not find
the weight a limiting factor for mini LP [12], as we currently
think. Nowadays, we use mini LP for all pediatric patients.

A catheter was used in 98% of the cases (Table 1).
Although there is controversy in the literature on whether or
not to use catheters, it seems that there is a tendency to
need more secondary procedures in those patients in whom
the stent was not used. In our center, external catheters
were used in 65% of cases. The double J was used mostly in
laparoscopic surgery. A disadvantage of the use of a double
J catheter is that it implies a second anesthetic act for its
withdrawal. Nowadays, we prefer the use of an external
nephroureteral catheter (that reaches below anastomosis) as
it does not necessarily mean lengthening the hospital stay
[13,14]. Patients are routinely discharged home with the
nephroureteral catheter closed and it is removed in the out-
patient clinic one week later.

In our study, the mean postoperative anteroposterior
diameter decreased significantly. It is curious that the pelvis
had a bigger reduction with LP than with open surgery,
where we perform greater remodeling of the renal pelvis.

Evaluating the pre and postoperative DFR of the affected
kidney, we observed that there was a preservation of the
renal function in our patients, although there were many of
them with a supranormal pre-surgical renal function, so a
minimal posterior decrease was observed (it was previously
overestimated) [6].

Most publications do not report complications in a stand-
ardized fashion [15,16], but we made an extensive record of

all the perioperative complications of our patients according
to the Clavien–Dindo classification.

Although the rate of complications is very variable in the
literature, these are usually low-grade in the Clavien–Dindo
classification, with very few cases in which reoperation is
required [17]. We had a low overall rate of complications,
compared with other centres [18,19]. Analyzing the complica-
tions according to the surgical approach, we saw that they
occurred in a third of the patients who underwent LP sur-
gery. Our LP group also had a greater risk of urinary leak
and reoperation compared with the other techniques. Our
series had a selection bias since LP was mostly used during
the surgeons’ learning curve, so it was expected that the
obtained results were worse. Probably, if LP had been contin-
ued, the results would have equaled the mini LP.

Other independent risk factors for complication were
older age and a higher differential renal function, which is in
accordance with data reported by other authors. Recent
studies maintain that patients who present asymmetric dif-
ferential renal function at diagnosis have a higher risk of
complications and worse prognosis [20].

Our most frequent complication was a urinary leak (22
cases). Once again, we found that LP is an independent risk
factor for the urinary leak. But this number is probably over-
estimated as we had registered all patients with the pres-
ence of any amount of urine coming out through the
drainage that we always use. Potentially, only the high-vol-
ume or the persistent urinary leak is clinically significant.

The prolonged duration of surgery was another risk factor.
In our study, we found that the shortest operative time was
with open surgery and the longest operative time, with LP.
The surgical times were initially longer with minimally inva-
sive surgery techniques due to the learning curve, although
they had been progressively reduced and probably in the
future would be comparable or inferior to open surgery [2].

We found two protective factors for the urinary leak: the
diameter of the renal pelvis and the use of an external neph-
roureteral catheter. With these results, the hypothesis that
we have formulated is that with a more distensible renal pel-
vis and higher anteroposterior diameter, the pressure exerted
on the ureteropelvic anastomosis could be better controlled,
thus converting the higher anteroposterior diameter into a
protective factor. In addition, the use of an external neph-
roureteral catheter allowed us to check the tightness of the
suture, drastically reducing the possibility of a urinary leak.

Over the years, minimally invasive surgery has progres-
sively replaced open surgery in different specialties, including
Pediatric Urology. The lower degree of morbidity, shorter
hospital stays, reduced need for postoperative analgesia and
better cosmetic results have contributed to this [17].

Mini-laparoscopy emerged as a natural evolution of con-
ventional laparoscopic surgery looking to reduce abdominal
trauma, improve postoperative pain and looking for the ideal
‘scarless surgery’ approach, by reducing the diameter of the
instruments.

Initially, the material for mini LP had important limitations:
the instruments were too flexible and did not transmit the
necessary traction during surgeries; also, the optics had a
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limited image quality [9,10,21]. The development of a new
generation of laparoscopic instruments of mini LP has over-
come these initial limitations up to high levels of reliability
[11] with less traumatic manipulations of tissues and with
the capability of using fine sutures as 5/0 or 6/0. On the
other hand, it is still necessary to continue with the develop-
ment of accessory material adapted to the 3mm caliber,
such as the harmonic scalpel, ligasure or vascular clips to be
used in the mini LP [2,5,10,21].

The basic principles of laparoscopic surgery (ergonomy
and triangulation) are respected with the mini LP, which
facilitates its use and even more if you have previous experi-
ence in conventional laparoscopy [11]. So, mini LP builds on
the earlier experience from LP.

Robotic surgery adds technical facilities in pyeloplasty.
Many authors reported that is feasible in children of all ages,
but a robotic system is more expensive and is not available
in all pediatric centres [22]. Moreover, the need for larger
incisions for larger port placement and no availability of
3mm instruments could make its role more debatable in
younger children.

Different mini LP case series have been published with
functional results comparable to those of conventional lap-
aroscopic surgery [17]. Mini-laparoscopic pyeloplasty, is one
of the ideal techniques for this type of approach since it is
reconstructive surgery and does not require the removal of a
large surgical piece. In view of the series reported to date, it
is a reproducible, safe technique with good functional and
cosmetic results, with practically invisible scars
[2,5,12,17,21,23,24]. There are different reports of mini LP in
adults [2,5,11,21,25,26] and children [1,3,4,12,16,23,24,27,28]
and also many publications of pyeloplasty in children are
using 3mm without putting in the title as mini LP [29]. We
currently think that mini LP is feasible, safe and reproducible
in the treatment of UPJO regardless of age and weight, pre-
serving technical principles of LP.

To the best of our knowledge, this study is one of the
largest series of mini LP (113 cases) performed in the pediat-
ric population in a single center.

In urology, the evidence supporting the approach using
mini LP is limited to small series or to discrete comparative
studies of centers with extensive laparoscopic experience.
We need larger series and multicentric randomized prospect-
ive studies to corroborate these initial findings.

In conclusion, mini-laparoscopic pyeloplasty is feasible,
safe and reproducible in the treatment of UPJO regardless of
children’s age and weight, preserving technical principles of
LP. The excellent functional results obtained with mini LP
and the low complication rate guarantee the applicability of
this technique.
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