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Objectives: Outcomes evolution during the learning curve of laparoscopic

transperitoneal heminephrectomy in children with a duplex kidney.

Materials and Methods: The data of 33 children, operated on between 2008 and

2017, with complicated duplex kidney, were subjected to a retrospective analysis. All

patients were operated on by transperitoneal access using the laparoscopic technique.

Patients were divided into two groups (1: subsequent operation 1–16, and 2: operations

17–33) to evaluate the learning curve.

Results: There was no need for conversion. Total complications occurred in seven

patients in Group 1 and 2 patients of Group 2 (p < 0.05). Two patients (6%) (both upper

pole heminephrectomies) required reoperation to remove the ureter stump because of

recurrent UTIs due to undiagnosed VUR to the stump (1 from each of Groups 1 and

2). Prolonged urine leakage (over 4 days) was observed in four patients (12%; all from

group 1); in three patients, conservative treatment was successful, while the placement

of a DJ catheter was needed in the fourth. A significant decrease of kidney function

(>6%) in scintigraphy was observed in two of the 15 patients after the surgery. The time

of surgery decreased from 140 (range 85–185) min in Group 1 to 125 (range 100–150)

min in Group 2 (p < 0.05).

Conclusions: Laparoscopic heminephrectomy is connected to the learning curve. Most

complications occurred in the first 16 operations. With increasing experience, the time

of operation decreased. In patients with reflux to the upper pole, referred for upper pole

heminephrectomy, it is necessary to consider the removal of the ureter to the level of the

vesicoureteral junction.
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INTRODUCTION

The laparoscopic technique in urology and pediatric surgery has become very popular in recent
years. The first laparoscopic nephrectomy in the adult population was performed in 1991 by
Clayman et al. (1). In children, both nephrectomy and nephroureterectomy were successfully
performed for the first time in 1993 (2). In the same year, Jordan and Winslow successfully
carried out the world’s first laparoscopic heminephrectomy in a child (3). The advantages and
disadvantages of this method are regularly subjected to many debates. Undoubtedly, a longer
operation time and higher costs, as well as a more difficult operating technique compared to the
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classical technique, are given as the disadvantages of laparoscopic
heminephrectomy. Among the advantages are shorter
hospitalization time, less postoperative pain, a better cosmetic
effect, and faster return to full physical activity in the child (4, 5).

Heminephrectomy in a duplex kidney (two pelvicalyceal
systems) is a procedure used for the complicated clinical course.
The most common indications for surgery in children are
recurrent urinary tract infections (UTIs), ureterocelles with
a hypo or a functioning moiety and ectopic ureter causing
incontinence in girls. Laparoscopic partial/heminephrectomy is
technically demanding and requires a learning curve (6–9). It is
very important for both the number of complications and the
time of surgery. The objective of the study was outcome evolution
during the learning curve of laparoscopic transperitoneal
heminephrectomy in children with a duplex kidney.

MATERIALS AND METHODS

The data of 33 children, operated upon between 2008 and 2017 in
the Department of Pediatric Surgery and Urology of theWroclaw
Medical University due to the duplex kidney, were subjected to
retrospective analysis. Patients were divided into two groups to
evaluate the learning curve (Group 1: subsequent operations 1–
16, and Group 2: subsequent operations 17–33). A learning curve
was also assessed for operation time.

The indications for surgery were recurrent UTIs (secondary
to VUR and/or associated with an ureterocele) connected with
loss of kidney moiety function (<10%) and ectopic ureter
causing urinary incontinence. In pre-operative diagnostics,
all patients underwent abdominal ultrasonography, voiding
cystourethrography (VCUG), and kidney scintigraphy. In 14
patients, the diagnosis was additionally supplemented with
a computed tomography (CT) urogram. In one child with
diagnosed ureterocele 16 months before surgery, cystoscopy with
ureterocele incision was performed. All patients were operated
on by transperitoneal access using the laparoscopic technique.
The patient was placed in an oblique position, with elevation of
the operated side. Through the incision at the lower part of the
umbilicus, a 5mm trocar was inserted into the peritoneal cavity.
In addition, two 5mm trocars were inserted. After incision of
the parietal peritoneum, both ureters were identified. The next
stage after the dissection of the ureter of the resected moiety
was unveiling of the kidney pole and the identification of polar
vessels. The vessels supplying the affected kidney pole were either
clipped or closed with Bi-clamp or Ligasure bipolar forceps and
cut. After the demarcation line was made visible on the kidney,
the moiety of the kidney was removed by a diathermy Bi-clamp
or Ligasure. In an exception, a monopolar hook was used. The
ureter was mobilized to the height of the iliac vessels and excised,
leaving an open distal stump. It was only in the case of a ureter
with confirmed vesicoureteral reflux that it was cut after ligation
close to the bladder wall. The resected moiety of the kidney with
the ureter was removed through the umbilicus. All children were
left with a drain in the kidney area. After removal of the trocars,
single sutures were placed on the fascia and the skin, followed by
a sterile dressing.

All patients were subjected to control after the surgery
together with ultrasound examination of the urinary tract.
Further postoperative care depended on the results of the
ultrasound examination and the course of further treatment.

Fisher’s exact test with Wessa software and the unpaired t-test
was used for statistical evaluation in the manuscript.

RESULTS

The patient demographics are provided below in Table 1. There
was no need to convert to an open surgery in any case. The
outcomes of all procedures are presented in Table 2. Total
complications occurred in seven patients of Group 1 and 2
patients of Group 2 (p < 0.05). Prolonged urine leak over 4
days was observed in four patients (12%; all in Group 1). In
3 of them, the leak resolved with a catheter in the bladder. In
one patient, a double-J (DJ) catheter was placed on the 11th
postoperative day using cystoscopy. The leak stopped after 2 days,
after 6 weeks the DJ catheter was removed. Two patients required
reoperation to remove the ureter stump (one each from Groups 1
and 2) (both upper pole heminephrectomies). Both had recurrent
UTIs in the course of the vesicoureteral reflux to the stump
that was not visualized on preoperative cystourethrography. The
procedure was performed using a laparoscopic technique. These
complaints disappeared in both patients. Urinary tract infections
after surgery were observed in another two patients. In both,

TABLE 1 | Patient demographics before surgery.

Median age (years) 3,5 (range 2 months−16 years)

Sex (female, male) Female-26 Male-7

Operated kidney (right/left) Left-21 Right-12

Recurring urinary tract infections

(yes/no)

Yes-32 No-1

Incontinence (yes/no) Yes-3 No-30

Vesicoureteral reflux (yes/no) Yes-8 No-25

Ureterocele (yes/no) Yes-1 No-32

Kidney moiety that needs to be

removed (Upper/lower)

Upper-28 Lower-5

TABLE 2 | Outcomes of all procedures.

Operation time (min.) 85–185 (median 137)

Drain after operation (days) 1–12 (median 2)

Painkillers after operation (days) 2–12 (median 2)

Hospitalization (days) 2–14 (median 4)

Reoperation to remove the ureter stump 2 (6%) (all UPHN)

Prolonged urine leak for more than 4 days 4 (12%) (2-UPHN, 2-LPHN)

Cyst in ultrasound 1 (3%) (UPHN)

Decrease of the kidney function (DRF)

in scintigraphy (was done in 15 of 33 patients

after the surgery)

2 of 15 (13.3%) (all UPHN)

Median follow up (years) 3,5 (range 1–9.5)

UPHN - upper pole heminephrectomy; LPHN - lower pole heminephrectomy.
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UTI resolved after conservative treatment (antibiotics). In the
ultrasound image, no significant pathology was found in 32
patients, and 1 cyst of the lower pole of the kidney persisted.
In a postoperative renoscintigraphy performed in 15 patients
(45.45%), two patients (one each from Groups 1 and 2) showed
a decrease in the function of the residual moiety (from 51 to
26% and from 43 to 27%) compared to the baseline study.
Total complications occurred in seven of 28 (25%) patients of
upper pole heminephrectomies and in two of five (40%) of lower
pole heminephrectomies (Table 2). Outcomes depending on the
surgeon’s experience are presented in Table 3. The decreasing
operation time in subsequent procedures as a “learning curve”
is given in Table 4.

DISCUSSION

Experience in minimal invasive surgery (MIS) has always
been considered one of the most important factors in
accomplishing continuous, successful outcomes. Laparoscopic
partial/heminephrectomy is technically difficult and has a steep
learning curve (6–9). It is highly important for conversion
rates, the number of complications and time of surgery. Leclair
et al. reported conversion to open surgery, using retroperitoneal
access, in ten (21%) of 48 patients (9). The authors concluded

that the incidence was clearly related to experience with a rate
of 1 in 20 (5%) during the last 20 procedures, compared to 8
in 20 (40%) during the first 20. They reported having difficulties
during parenchymal section with bipolar diathermy in the first
series, while these problems resolved with the acquisition of the
Harmonic scalpel.

Additionally, the retroperitoneal access seems to be burdened
with a higher conversion rate and a higher rate of complications.
In our study, we used only transperitoneal access. In no case was
it necessary to convert the operation to open surgery. In our
opinion, transperitoneal access gives better visualization and a
greater chance of avoiding damage to the vessels. Other authors
using this access also report not performing any conversions to
open surgery (10–12).

In our material, total complications occurred in seven patients
in the first 16 procedures and only in 2 in last 17. Four children
had prolonged urine leakage after surgery lasting for over 4
days. In these patients, prolonged drainage was necessary with
an extended hospital stay. Other authors also encountered this
complication (7, 10). It appears that prolonged urine leakage
occurs in patients who had a duplex kidney pelvicalyceal system
of the residual moiety opened or a ureteral stump that was not
closed. In our sample, the ureteral stump was left open in 25
patients (75%). However, a Foley catheter in the bladder was

TABLE 3 | Comparison of outcomes depending on the surgeon’s experience (learning curve).

Group 1 (Patients 1–16) Group 2 (Patients 17–33) Statistical significance (p-value)

Total complications (a–d) 7 2 0.0391

a. Prolonged urine leak over 4 days 4 0 0.0445

b. Reflux to the ureter stump 1 1 1

c. Kidney cyst in ultrasound 1 0 0.4848

d. Decrease in the function (DRF) of the residual moiety over 6% 1 1 1

Median operation time (minutes) 140 (range 85–185) 125 (range 100–150) 0.0031

Median age (months) 63 (range 2–200) 22 (range 4–75) 0.0256

TABLE 4 | Operation time in subsequent procedures as a learning curve.
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used in all patients after the operation. Therefore, leakage from
the bladder seems unlikely; in our opinion, the leak was from
the remaining renal moiety. All cases of prolonged urine leakage
(n = 4) occurred in the first series of 16 patients. Along with
gaining experience (patients 17–33), the above complications did
not occur. These results can be clearly linked to the surgeon’s
learning curve.

Two of our patients (6%) required reoperation due to
recurrent UTI in the course of reflux to the residual ureter stump.
In both patients upper pole heminephrectomy was done. Other
authors alsomet with similar complications (13, 14). Sydorak and
Shaul (14) reported this complication in 1/9 (11.1%) of patients
undergoing transperitoneal heminephrectomy. They emphasized
that this complication could have been avoided if the entire ureter
had been removed and tied at the entrance to the bladder. In
our patients, we removed the entire ureter in each case when
vesicoureteral reflux (VUR) was confirmed in the cystography.
In both cases of VUR to the stump, it was not originally present.
Considering such experience, it may be possible for some patients
after surgery to change the parameters of their bladder function
and the occurrence of VUR. In such cases, the removal of the
entire ureter should be taken into consideration, regardless of
whether we deal with the VUR. Barroso et al. performed 16 total
and 9 partial, open nephrectomies in 87% without ureteral stump
removal. They concluded that for primary vesicoureteral reflux
there is no need of ureteral stump removal. However, when there
is an underlying pathology such as ureterocele or ectopic ureter,
it might be the case (15).

In two of the fifteen patients who had a diuretic renography
after surgery, there was a decrease in function of the remaining
moiety. In both cases, because of a long wait for the surgery
in hospital, the preoperative radionuclide scan should not
be considered reliable. This study was performed exactly 6
and 9 months before the surgery, so the real function of
the duplex kidney at the time of operation was probably
much lower. The same complication was reported by Wallis
et al. (16) in two of fifteen patients who had functional
scans and by El Ghoneimi et al. (8) in one patient. Leclair
et al. (9) described the loss of function over 5% in 7
(24.13%) of nuclear scans after surgery. The authors concluded
that loss of function could occur as a result of inadvertent
stretching and subsequent stenosis of the vascular pedicle to the
remaining moiety.

The time required for surgery also depends on the surgeon’s
experience. In our material, the median operation time was
137min. With increasing experience, the time of operation
was significantly decreased, with surgery lasting for 140min in
Group 1 and only 125min in Group 2. This time is clearly
shorter than is commonly reported in the literature, and may be
associated with the extensive experience in minimally invasive
surgery of the operating team. In literature reports, the time
of heminephrectomy surgery from transperitoneal access ranges
from 167 to 190min (7, 10, 11, 17, 18). Obtaining experience is
further proved in a report by Lee et al. The authors performed the
first heminephrectomy using a da Vinci robot in nine pediatric
patients (19). The average time of surgery was much longer than
in the mentioned laparoscopic operations, reaching 275min on
average, and was even 417min in one case. Moreover, 33.3% of
patients had complications (urinoma, umbilical hernia).

Laparoscopic heminephrectomy is connected to the learning
curve. Most complications occurred in the first 16 operations.
With increasing experience, the time of operation decreased. In
patients with reflux to the upper pole, referred for upper pole
heminephrectomy, it is necessary to consider the removal of the
ureter to the level of the vesicoureteral junction.

DATA AVAILABILITY

All datasets generated for this study are included in the
manuscript and/or the supplementary files.

ETHICS STATEMENT

Written informed consent was obtained from all participants.
This study was reviewed and approved by the Medical University
of Wrocław Ethics Committee (Ethics board approval number:
KB - 339/2018).

AUTHOR CONTRIBUTIONS

MP and DP contributed conception and design of the study.
AD and MP organized the database. MP and AD performed the
statistical analysis. MP wrote the first draft of the manuscript.
WA and DP wrote sections of the manuscript. All authors
contributed to manuscript revision, read and approved the
submitted version.

REFERENCES

1. Clayman RV, Kavoussi LR, Soper NJ, Dierks SM, Meretyk S, Darcy MD, et al.

Laparoscopic nephrectomy: initial case report. J Urol. (1991) 146:278–82.

doi: 10.1016/S0022-5347(17)37770-4

2. Das S, Keizur JJ, Tashima M. Laparoscopic nephroureterectomy for end stage

reflux nephropathy in a child. Surg Laparosc Endosc. (1993) 3:462–65.

3. Jordan GH, Winslow BH. Laparoendoscopic upper pole partial

nephrectomy with ureterectomy. J Urol. (1993) 150:940–3.

doi: 10.1016/S0022-5347(17)35656-2

4. Kerbl K, Clayman RV, McDo ugall EM, Urban DA, Gill I, Kavoussi LR.

Laparoscopic nephroureterectomy: evaluation of first clinical series. Eur Urol.

(1993) 23:431–6. doi: 10.1159/000474648

5. Ehrlich RM, Gershman A, Fuchs G. Laparoscopic renal surgery in children. J

Urol. (1994) 151:735–9. doi: 10.1016/S0022-5347(17)35075-9

6. Janetschek G, Seibold J, Radmayr C, Bartsch G. Laparoscopic

heminephroureterectomy in pediatric patients. J Urol. (1997) 158:1928–30.

doi: 10.1016/S0022-5347(01)64180-6

7. Piaggio L, Franc-Guimond J, Figueroa TE, Barthold J, González

R. Comparison of laparoscopic and open partial nephrectomy for

duplication anomalies in children. J Urol. (2006) 175:2269–73.

doi: 10.1016/S0022-5347(06)00342-9

8. El Ghoneimi A, Farhat W, Bolduc S, Bagli D, Mclorie G, Khoury

A. Retroperitoneal laparoscopic vs. open partial nephroureterectomy

in children. BJU Int. (2003) 91:532–5. doi: 10.1046/j.1464-410X.2003.

04126.x

Frontiers in Pediatrics | www.frontiersin.org 4 April 2019 | Volume 7 | Article 117

https://doi.org/10.1016/S0022-5347(17)37770-4
https://doi.org/10.1016/S0022-5347(17)35656-2
https://doi.org/10.1159/000474648
https://doi.org/10.1016/S0022-5347(17)35075-9
https://doi.org/10.1016/S0022-5347(01)64180-6
https://doi.org/10.1016/S0022-5347(06)00342-9
https://doi.org/10.1046/j.1464-410X.2003.04126.x
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Polok et al. Laparoscopic Heminephrectomy for Duplex Kidney

9. Leclair MD, Vidal I, Suply E, Podevin G, Héloury Y. Retroperitoneal

laparoscopic heminephrectomy in duplex kidney in infants and children: a 15-

year experience. Eur Urol. (2009) 56:385–9. doi: 10.1016/j.eururo.2008.07.015

10. You D, Bang JK, Shim M, Ryu DS, Kim KS. Analysis of the late outcome

of laparoscopic heminephrectomy in children with duplex kidneys. BJU Int.

(2010) 106:250–4. doi: 10.1111/j.1464-410X.2009.09038.x

11. García-Aparicio L, Krauel L, Tarrado X, Olivares M, García-Nuñez B, Lerena

J, et al. Heminephroureterectomy for duplex kidney: laparoscopy versus open

surgery. J Pediatr Urol. (2010) 6:157–60. doi: 10.1016/j.jpurol.2009.07.009

12. Esposito C, Varlet F, Patkowski D, Castagnetti M, Escolino M, Magdalena

Draghici I, et al. Laparoscopic partial nephrectomy in duplex kidneys in

infants and children: results of an European multicentric survey. Surg Endosc.

(2015) 29 3469–76. doi: 10.1007/s00464-015-4096-y

13. Castellan M, Gosalbez R, Carmack AJ, Prieto JC, Perez-Brayfield

M, Labbie A. Transperitoneal and retroperitoneal laparoscopic

heminephrectomy-what approach for which patient? J Urol. (2006)

176:2636–9. doi: 10.1016/j.juro.2006.08.053

14. Sydorak RM, Shaul DB. Laparoscopic partial nephrectomy in infants and

toddlers. J Pediatr Surg. (2005) 40:1945–7. doi: 10.1016/j.jpedsurg.2005.08.013

15. Barroso U, Almeida Calado A, Zerati Filho M. The role of refluxing distal

ureteral stumps after nephrectomy. J Pediatr Surg. (2002) 37:653–6.

doi: 10.1053/jpsu.2002.31632

16. Wallis MC, Khoury AE, Lorenzo AJ, Pippi-Salle JL, Bägli DJ, Farhat

WA. Outcome analysis of retroperitoneal laparoscopic heminephrectomy in

children. J Urol. (2005) 175:2277–82. doi: 10.1016/S0022-5347(06)00338-7

17. Seibold J, Schilling D, Nagele U, Anastasiadis A, Sievert K, Stenzl

A, et al. Laparoscopic heminephroureterectomy for duplex kidney

anomalies in the pediatric population. J Pediatr Urol. (2008) 4:345–7.

doi: 10.1016/j.jpurol.2008.03.002

18. Esposito C, Escolino M, Miyano G, Caione P, Chiarenza F, Riccipetitoni

F, et al. A comparison between laparoscopic and retroperitoneoscopic

approach for partial nephrectomy in children with duplex kidney: a

multicentric survey.World J Urol. (2016) 34:939–48. doi: 10.1007/s00345-015-

1728-8

19. Lee RS, Sethi AS, Passerotti C, Retik AB, Borer J, Nguyen T, et al.

Robot assisted laparoscopic partial nephrectomy: a viable and safe

option in children. J Urol. (2009) 181:823–9. doi: 10.1016/j.juro.2008.

10.073

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Polok, Dzielendziak, Apoznanski and Patkowski. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Pediatrics | www.frontiersin.org 5 April 2019 | Volume 7 | Article 117

https://doi.org/10.1016/j.eururo.2008.07.015
https://doi.org/10.1111/j.1464-410X.2009.09038.x
https://doi.org/10.1016/j.jpurol.2009.07.009
https://doi.org/10.1007/s00464-015-4096-y
https://doi.org/10.1016/j.juro.2006.08.053
https://doi.org/10.1016/j.jpedsurg.2005.08.013
https://doi.org/10.1053/jpsu.2002.31632
https://doi.org/10.1016/S0022-5347(06)00338-7
https://doi.org/10.1016/j.jpurol.2008.03.002
https://doi.org/10.1007/s00345-015-1728-8
https://doi.org/10.1016/j.juro.2008.10.073
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Laparoscopic Heminephrectomy for Duplex Kidney in Children—The Learning Curve
	Introduction
	Materials and Methods
	Results
	Discussion
	Data Availability
	Ethics Statement
	Author Contributions
	References


