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After asepsis and anesthesia, minimally invasive surgery is a new revolution. 
All areas of surgery have been involved and pediatric urology is no exception. 
In this magnificent and comprehensive treatise, the preface of which I have 
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ment of stones, including incontinence, malformative uropathies, disorders of 
sexual development, and foetoendoscopy. The reader will be able to appreci-
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made it possible to open up new paths in the human body. We must also 
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1Laparoscopic Approach 
in Pediatric Urology

Jean-Stephane Valla, Ciro Esposito, 
Maria Escolino, and Philippe Montupet

1.1  Introduction

Since the introduction of diagnostic laparoscopy 
for the evaluation of impalpable testes, laparo-
scopic urological surgery in children has devel-

oped steadily from a simple diagnostic maneuver 
to an integral part of complex reconstructive pro-
cedures [1]. Pediatric laparoscopy has benefited 
from improvements in technology and instru-
mentation, as well as from an increase in the 
number of trained laparoscopic surgeons. The 
benefits of laparoscopy include increased magni-
fication and visualization of the operative field, 
reduced postoperative morbidity, shorter conva-
lescence, and improved cosmesis [2].

The principle of laparoscopic surgery is to 
create a working space into the abdominal cavity 
by CO2 insufflation (pneumoperitoneum), which 
allows the visualization of the abdominal content 
and instrument insertion and manipulation for 
diagnostic and therapeutic purposes.

This chapter aims to provide a comprehensive 
overview of current indications, technique, and 
outcomes of laparoscopic transperitoneal surgery 
for treatment of urological pathologies in the 
pediatric population.

1.2  Preoperative Preparation

Before each laparoscopic procedure, it is neces-
sary to evaluate the age and weight of the patient, 
eventual associated comorbidities, previous 
abdominal surgeries with respect to possible 
adhesions, or enlarged organs (liver, spleen, uri-
nary bladder). A bowel preparation with simethi-
cone, enema, and liquid diet may be useful 
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• To describe the tips and tricks of the 
technique and all innovative technolo-
gies available to improve surgical treat-
ment of pediatric urological 
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especially in newborns and infants, in whom the 
working space may be very limited. All patients 
undergoing procedures, including bowel or uri-
nary tract opening, should receive intraoperative 
antibiotic prophylaxis.

All patients receive a general anesthesia with 
oro-tracheal intubation and myorelaxation. A 
nasogastric tube should be always placed in order 
to keep empty the stomach during the procedure 
and prevent aspiration during increase of intra- 
abdominal pressure. The bladder should be 
always emptied before surgery and positioning of 
Foley bladder catheter is recommended in case of 
demanding laparoscopic procedures.

1.3  Positioning

Regarding patient’s position, it varies according 
to the type of procedure. In renal surgery, the 
patient is placed in the standard lateral or semi 
lateral kidney position, rotating the operative side 
up by 30°–45° axially using silicone pads under-
neath the patient (Fig. 1.1). In surgeries of pelvic/
lower abdomen organs, the position of the patient 
should be supine.

Regarding trocars’ number, three ports are 
commonly placed in most laparoscopic proce-
dures: a 5- or 10-mm trocar is inserted trans- 
umbilically for the optic. After pneumoperitoneum 
induction, two 5- or 3-mm operating trocars are 
introduced under visual control. In some cases, 
an additional trocar may be inserted to retract the 
liver or the spleen or for other reasons. The ports’ 
positioning varies according to the type of proce-
dure. In upper urinary tract surgery, the optic port 
is placed trans-umbilically and two working ports 

are inserted along the midclavicular line in the 
upper and lower abdomen (Fig. 1.2). In surgeries 
of pelvic/lower abdomen organs, the optic port is 
placed trans-umbilically and two working ports 
are inserted in the right and left iliac fossa, 
respectively (Fig. 1.3). In general, a triangulation 
between the optic port and the working ports 
should be preferably respected in order to achieve 
a better ergonomics.

Regarding the surgical team’s position, the 
surgeon and the assistant usually stand on one 
side of the patient and the screen is placed ergo-
nomically opposite the surgeon in order to 
achieve adequate visualization.

1.4  Instrumentation

There are two basic types of instruments used in 
pediatric laparoscopic urology: those used to 
gain access to the patient, and those used to per-
form the surgical procedure. Access can be 
gained via closed technique with the Veress nee-
dle or open Hasson technique. The Veress needle, 
which can be disposable or reusable, works with 
the mechanism of safety telescopic blunt-tip tro-
car. The sharp needle penetrates the abdominal 
wall and the central blunt-tip trocar is extended 
after penetrating the resistance. Working ports 
are tubular cannulas with an extractable trocar 
that is removed after trans-parietal introduction 
of the working port. The working ports may be 
disposable or reusable as well. The optic port 
diameter ranges between 12 and 5 mm, whereas 
the working ports may have a 3 or 5-mm diame-
ter. For the open access using the Hasson tech-
nique, conventional instruments are used.

Fig. 1.1 Patient’s 
position in kidney 
surgery

J.-S. Valla et al.
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Fig. 1.2 Ports’ position and triangulation in upper uri-
nary tract surgery

Fig. 1.3 Ports’ position and triangulation in lower uri-
nary tract surgery

The surgical instruments for pediatric lapa-
roscopy include scissors, needle drivers, grasp-
ers, forceps, clamps, retractors, cautery devices, 
clip appliers, that come in sizes of 5- and 3-mm. 
These instruments are now made with shorter 
shaft lengths, specifically for pediatric indica-
tions. There are also different types of sealing 
devices that can be adopted especially in chal-
lenging procedures in order to reduce bleeding 
risk during tissue dissection or vessel control 
and are selected according to the surgeon’s 
preference.

1.5  Technique

1.5.1  Creation 
of Pneumoperitoneum

1.5.1.1  Closed Method Using Veress 
Needle

An infra-umbilical incision that copies the infe-
rior arc of the navel is performed using a scalpel. 
The fascia is exposed and incised longitudinally 
for Veress needle entry. The Veress needle is 
inserted perpendicularly through the fascia inci-
sion, while the anterior abdominal wall is ele-
vated. After the “click” sound confirming its 
penetration, the needle is directed at an angle of 
45° into the abdominal cavity. The insufflation 
tube is connected to the Veress needle and the 
peritoneal cavity is slowly insufflated, starting 
with gas flow values of 0.1–0.5  l/min and pres-
sure values of 6–10 mmHg. The gas flow is then 
increased to 1–6  l/min with a mean pressure of 
10–12 mmHg. At this point, the first port (5- or 
10-mm) is inserted at the site of insufflation 
through the Veress needle, that is extracted after 
the pneumoperitoneum creation. The first port is 
used as optic port. Thereafter, other two working 
ports (3- or 5-mm) are inserted under vision. The 
cannula with the trocar is grasped so that the 
index finger acts as a break in order to prevent 
inadvertent deep penetration into the abdominal 
cavity. The trocar tip is directed into the small 
incision in the fascia and is inserted perpendicu-
larly through the abdominal wall, using twisting 
movement and concurrent pressure. The sharp 
trocar is removed and the cannula is inserted 
deeper into the abdominal cavity.

1.5.1.2  Open Hasson Method
This method of creation of pneumoperitoneum 
should be preferred to the closed method using 
the Veress needle in case of patients after previ-
ous abdominal surgery with high related risk of 
postoperative adhesions and also in newborns 
and infants with very limited working space. A 
trans-umbilical incision, that should be 1–2 mm 
longer than the port diameter, is made using the 
scalpel. Once the peritoneal cavity has been 

1 Laparoscopic Approach in Pediatric Urology
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opened, a 5- or 10-mm cannula with blunt-tip 
 trocar is inserted into the opening and is fixed 
with a circular suture, placed on the circumfer-
ence of the fascial incision, which is further fixed 
at the insufflation valve of the cannula. 
Insufflation tube is connected and the pneumo-
peritoneum is gradually created. Thereafter, the 
working ports are inserted under vision, as previ-
ously described.

1.5.2  Port Extraction and Emptying 
of Pneumoperitoneum

At the end of laparoscopic procedure, the CO2 
pneumoperitoneum pressure is decreased and the 
operating field is checked for any bleeding. If 
needed, one of the working ports can be adopted 
to insert a drain tube into the abdominal cavity 
and place it under visual control using a grasper. 
Thereafter, the working ports are extracted, 
checking possible bleeding into the peritoneal 
cavity following the cannula extraction. The 
insufflation tube is disconnected from the can-
nula, and, maintaining the valve open, light com-
pression of the rib arches and abdominal wall is 
performed to evacuate as much CO2 as possible 
and the cannula is finally extracted. In case of 
specimen retrieval, it can be extracted directly or 
by a retrieval bag through the umbilical port inci-
sion after slightly enlarging it, if needed. The tro-
cars’ orifices are finally closed using resorbable 
sutures.

1.6  Postoperative Care

The duration of indwelling bladder catheter nor-
mally ranges from 24 to 72  h postoperatively, 
according to the type of laparoscopic procedure. 
The drain is commonly removed within 24–48 h 
postoperatively, provided that no urine leak is 
detected. Full oral feeding is usually resumed 
few hours postoperatively as tolerated. Pain con-
trol is commonly obtained with oral analgesic 
medication (paracetamol 15  mg/kg/8  h and/or 
tramadol 1–2 mg/kg/8 h).

Clinical and radiological follow-up is set up 
according to the type of pathology.

1.7  Results

Since the introduction of diagnostic laparoscopy 
for abdominal exploration of undescended testes, 
the indications for laparoscopy in pediatric urol-
ogy have expanded rapidly.

Regarding upper urinary tract surgery, laparo-
scopic nephrectomy has become the gold stan-
dard for kidney removal in infants and children 
for benign indications and increasingly also for 
malignancies [3]. It has been proven to be safe, 
effective, and associated with a low complication 
rate, while offering reduced morbidity due to sur-
gical trauma, superior cosmesis, and fast recov-
ery [3]. In our 20-year experience, no conversions 
to open were reported, the average operative time 
was 47 min and the complications rate was very 
low (2.9%) [4].

Laparoscopic partial nephrectomy for benign 
indication is done for resection of a poorly or 
non-functioning moiety of a duplex system. 
Since Jordan and Winslow reported on laparo-
scopic partial nephrectomy in 1993 [5], it has 
increasingly gained acceptance despite the opera-
tion being considered to be challenging and 
therefore offers limitations in terms of wide-
spread diffusion among pediatric urologists. 
However, with the increasing use of evolving 
hemostatic and dissecting devices that allowed 
easier obtaining of vascular control and thus a 
more straightforward resection, laparoscopic par-
tial nephrectomy has gained more popularity 
among surgeons. More recently, Piaggio et al. [6] 
also reported low complication rates (one omen-
tal hernia and one urinoma) out of 14 young chil-
dren who underwent laparoscopic partial 
nephrectomy.

Uretero–pelvic junction obstruction (UPJO) is 
the most common cause of hydronephrosis in 
infants and children. The gold standard in surgi-
cal care for UPJO has been open dismembered 
pyeloplasty through a retroperitoneal approach as 
described by Anderson and Hynes [3]. After the 
first pediatric laparoscopic pyeloplasty described 
by Peters in 1995 [3], a new era of reconstructive 
laparoscopic surgery of the upper urinary tract 
began. Laparoscopic dismembered pyeloplasty 
has become an established technique in children. 
It offers superior visualization of the anatomy, 

J.-S. Valla et al.



7

accurate anastomotic suturing, and thus precise 
reconstruction of the UPJ which promises good 
functional results. Therefore, laparoscopic trans-
peritoneal dismembered pyeloplasty can be con-
sidered as the gold standard for surgical treatment 
of intrinsic UPJO [7]. It has been proven to be 
safe, effective, and associated with a low compli-
cation rate with excellent functional results. In 
addition, laparoscopy seems to be as safe and 
effective as primary pyeloplasty for redo-surgery 
in case of failed pyeloplasty [8]. For repair of 
UPJO in association with a horseshoe kidney, the 
laparoscopic transperitoneal approach has been 
demonstrated to offer superior visualization of 
the anatomy, thus providing excellent functional 
results [9]. This approach is also applicable for 
children below 1 year of age. There is sufficient 
evidence in literature that laparoscopic dismem-
bered pyeloplasty is also a safe procedure in 
infants, providing the same functional outcomes 
as the open approach [10]. Transperitoneal lapa-
roscopic approach for adrenalectomy has been 
reported to be safe and effective, with shorter 
convalescence, minimal blood loss, and excellent 
functional outcome when compared with open 
adrenalectomy [3]. In a series of 21 children 
undergoing laparoscopic adrenalectomy, 
Skarsgard et  al. [11] reported a mean operative 
time of 101  min and a mean hospital stay of 
1.5 days, with conversion to open adrenalectomy 
necessary for one patient with a left adrenal car-
cinoma and tumor thrombus extending into the 
renal vein. In a different study of 17 children with 
adrenal lesions (mean size 4.8 cm), Miller et al. 
[12] reported a transperitoneal laparoscopic 
approach, with a mean operating time of 120 min, 
a mean estimated blood loss of 25 ml, and a mean 
length of hospitalization of 35 h.

Regarding lower urinary tract surgery, the 
most widespread laparoscopic procedure in chil-
dren is laparoscopic anti-reflux ureteral reim-
plantation [3]. Meanwhile, the so called 
laparoscopic extravesical ureteral reimplantation 
(LEVUR) has become an accepted alternative to 
endoscopic treatment of vesico–uretereal reflux 
(VUR) in pediatric patients. Current data in lit-
erature describe a success rate of up to 95% and a 
recurrence rate of VUR as low as of 4% in a 

patient population with VUR grade II–IV in a ret-
rospective study [13]. The authors concluded that 
LEVUR offers an acceptable success rate and 
better sustainability compared to conventional 
open and endoscopic techniques. A recent sys-
tematic review assessed five studies with a total 
of 69 LEVUR procedures performed, reporting a 
96% success rate [14].

Steyaert and Valla [1] reported that seminal 
vesicle cysts and urachus remnants also represent 
an excellent indication for this approach. They 
reported five cases (1 seminal vesicle and 4 rem-
nants), all with excellent results. They also 
reported three cases of ureterocelectomy after 
failure of an endoscopic treatment. Exposure was 
excellent and posterior bladder wall closure could 
be achieved without difficulty. Bladder divertic-
ula are also easily accessible using an extravesi-
cal approach. They also used a transperitoneal 
approach for treatment of an infra-iliac ureteral 
stone with longitudinal opening of the ureter, 
extraction of the stone, and closure by a running 
suture without stenting. Recovery was 
uneventful.

Children with neurogenic bowel or bladder 
occasionally require reconstructive surgery to 
improve their quality of life, self- confidence, and 
to become more independent. Hedican et al. [15] 
reported the first series of eight patients (mean 
age 13.4 years) undergoing a variety of laparo-
scopically assisted reconstructive procedures 
(including bladder augmentation, appendiceal 
Mitrofanoff procedure, and tapered ileal 
Mitrofanoff and Malone ACE). They concluded 
that laparoscopically assisted surgery allows for 
mobilization of bowel segments with reconstruc-
tion via a low midline or Pfannenstiel incision, 
allowing for a more rapid recovery and an 
improved cosmetic appearance [15]. Initial 
reports described pure laparoscopic bladder aug-
mentation procedures, but currently the technical 
demands of these procedures are not generally 
acceptable [1, 4]. However, with increasing expe-
rience, laparoscopically assisted reconstructive 
surgery is being used by a growing group of pedi-
atric urologists.

There is little evidence regarding laparoscopic 
complication rates in the pediatric population, 
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particularly in the urologic literature. In 1996, 
Peters reviewed 5400 laparoscopic cases per-
formed by 153 pediatric urologists, reporting a 
complication rate of 5.4% [16]. However, exclud-
ing misdirected insufflation, the incidence of 
complications decreased to 1.2%, of which 0.4% 
required surgical repair. Peters also concluded 
that the greatest predictor of complication rate 
was laparoscopic experience [16]. In 2003, 
Esposito et al. reviewed 701 laparoscopic proce-
dures performed in eight institutions, reporting 
19 (2.7%) complications, of which six required 
conversion to open surgery [17]. Interestingly, 
surgical team experience in this review was not 
related to complication rate.

Today, the learning curve for complex pediat-
ric laparoscopy is decreasing, as trainees are 
entering the field with far more laparoscopic 
experience, gained during general urology resi-
dency. This will certainly advance the field; how-
ever, it is important to note that, as the level of 
complexity of laparoscopic procedures increases, 
the incidence of complications might also 
increase [18].

Fig. 1.4 Three-mm trocar with micro-threaded shaft

Tips and Tricks
• Laparoscopic surgery may be challeng-

ing in newborn and small infants, due to 
the limited working space. In such 
patients, pre-operative bowel prepara-
tion provides important benefits as it 
increases the working space by reducing 
bowel content and allows to perform the 
entire procedure, keeping the intra- 
abdominal pressure (IAP) under 
8 mmHg, that is very important in this 
patient category.

• In regard to trocars, two main rules 
should be considered especially in new-
borns and small infants: preferable use 
of trocars with micro-threaded shaft in 
order to prevent their slipping during 
instrument change (Fig.  1.4) and posi-
tioning of the working trocars on the 

same line with the camera port in order 
to obtain a larger working space and 
avoid the clashing between the optic and 
the instruments. Another technical trick 
is to place a 5-mm balloon trocar in the 
umbilicus (Fig. 1.5); this type of trocar 
can be lifted up with no risk of dislodge-
ment thanks to the intra-abdominal bal-
loon, allowing a large view of the 
operative field and a low IAP.  During 
trocars’ insertion, it may be also helpful 
direct the trocar tip into the cannula con-
taining the optic (“trocar in trocar”) 
(Fig. 1.6).

• In case of Veress needle use, a free cir-
cular movement of the needle after 
insertion into the abdominal cavity con-
firms its correct positioning. Then, a 
syringe should be connected and aspi-
rated; if aspiration is not possible, 
5–10 ml of saline be injected. Instillation 
should be without resistance and with-
out possibility of secondary aspiration.

• Use of sealing devices, such as Ligasure, 
TLS3 Starion, Harmonic scalpel, or 
bipolar energy devices, may be helpful 
tools to prevent bleeding risk and fasten 
the surgical procedure.

• Use of the recent technology of fluores-
cence imaging with indocyanine green 
(ICG) may be very helpful in selected 
procedures to improve intra-operative 
visualization of anatomic structures and 
facilitate surgery.

J.-S. Valla et al.
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1.8  Discussion

The laparoscopic transperitoneal approach is the 
easiest approach to begin with as minimally inva-
sive surgery (MIS) [1]. Laparoscopy is suitable 
even for retroperitoneal organs, particularly the 
kidneys. The advantages are the presence of a 
natural cavity and a more familiar space for mini-
mally invasive surgeons. Potential disadvantages 
include the unnecessary opening of the abdomi-
nal cavity with the risk of bowel or vessel perfo-
ration during introduction of the trocars. Access 
to the kidney is also slightly more difficult due to 
the presence of the colon, pancreas, and/or the 
spleen. From a technical point of view, some 
hints should be followed: very accurate position-
ing of the patient using all possible positions of 
the operating table; use of a 30-degree scope; 
introduction of the operating instruments after 
exact localization of the pathology; the help of 
additional forceps or percutaneous sutures in 
order to suspend organs (colon, bladder) in order 
to facilitate surgery [1]. Currently, procedures 
such as laparoscopic exploration for undescended 

testicles and laparoscopic nephrectomy are 
accepted as the gold standard and are performed 
at most institutions. Other procedures, such as 
laparoscopic pyeloplasty and laparoscopic recon-
structive surgery, have only recently been intro-
duced and are primarily available at centers 
where surgeons have advanced laparoscopic 
experience [3].

A debated point is whether transperitoneal or 
retroperitoneal approach is of advantage for the 
patient. We recently published our 20-year expe-
rience with minimally invasive nephrectomy 
comparing both approaches: laparoscopy was 
significantly faster than the retroperitoneal 
approach and the complications rate was signifi-
cantly higher with the retroperitoneal route [4]. 
Based upon our experience, transperitoneal 
approach should be always adopted in case of 
reflux nephropathy, allowing to perform a near 
total ureterectomy till up to the bladder dome and 
avoid leaving a residual distal ureteral stump. 
Laparoscopy is also preferable to retroperitone-
oscopy in case of ectopic pelvic kidneys. 
Furthermore, retroperitoneoscopy is contraindi-
cated in case of xanthogranulomatous pyelone-
phritis or other kidney infections, or in case of 
previous renal surgery [4].

In a multicentric study including 102 patients 
undergoing partial nephrectomy over a 5-year 
period either by a laparoscopic or a retroperito-
neoscopic approach [19], we reported that over-
all complication rate was significantly higher 
for the retroperitoneoscopic group than for the 
laparoscopic group. In addition, the operating 
time for laparoscopy was significantly shorter Fig. 1.5 Five-mm balloon trocar

Fig. 1.6 The trocar may be safely inserted into the cannula containing the optic (“trocar in trocar”)

1 Laparoscopic Approach in Pediatric Urology
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compared to retroperitoneoscopy. We concluded 
that laparoscopic partial nephrectomy was faster 
and safer and technically easier to perform in 
children compared to retroperitoneoscopic par-
tial nephrectomy mainly due to a larger working 
space. In addition, the possibility for complete 
ureterectomy in case of a refluxing system was 
considered to be an advantage along with lapa-
roscopy [19]. Based upon our experience, the 
position of the diseased kidney, the presence or 
absence of a refluxing ureter, and the need for 
ureterocelectomy and bladder base reconstruc-
tion should be the main determining factors in 
the choice of type of approach in kidney 
surgery.

Use of new technologies is crucial to improve 
outcomes and large-scale applicability of techni-
cally demanding MIS procedures in pediatric 
urology. Different sealing devices (Starion, 
Ligasure, Ultracision), including the new genera-
tion of 3-mm devices (JustRight™ Vessel Sealing 
System), are now available and have been proved 
to be very useful tools during demanding surgical 
procedures, allowing for bloodless dissection and 
faster surgery compared with traditional monop-
olar energy [4, 19]. More recently, fluorescence 
imaging with indocyanine green (ICG) has been 

adopted in selected procedures to improve intra-
operative visualization of anatomic structures 
and facilitate surgery [20]. The main applications 
in pediatric urology include varicocele repair 
with lymphography, partial nephrectomy, renal 
cysts deroofing, and renal tumors removal.

The main benefits of laparoscopic approach in 
pediatric patients have been reported in terms of 
decreased postoperative pain and analgesic 
requirement, fast mobilization and return to full 
daily activities, and short hospital stay. The last 
but no less important advantage of the laparo-
scopic approach is the excellent cosmetic out-
come (Fig. 1.7).

As the field continues to develop, as new tech-
nologies continue to emerge and miniaturize to 
accommodate smaller children, and as more sur-
geons with laparoscopic experience enter the 
field, pediatric urologic laparoscopy will con-
tinue to progress [18]. The hope is that minimally 
invasive approaches become readily available to 
more children in the future, although one of the 
largest challenges facing pediatric urology is the 
ability to pass along the skills and knowledge of 
laparoscopic techniques to the wider community, 
such that all activity is not focused at centers with 
high caseloads.

Fig. 1.7 Cosmetic outcome of laparoscopic surgery
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Take-Home Points
• Laparoscopic techniques have expanded 

the field of pediatric urology from 
merely diagnostic procedures to include 
complex reconstructive surgeries.

• The benefits of laparoscopy include 
increased magnification and visualiza-
tion of the surgical field, reduced post-
operative morbidity, shorter 
convalescence, and improved cosmesis.

• New technologies, including surgical 
devices and fluorescence imaging using 
indocyanine green (ICG), are currently 
being adopted to improve surgical per-
formance and outcome.

• As the field continues to develop with 
improvements in technology and the 
number of pediatric surgeons with back-
grounds in basic laparoscopy increases, 
pediatric urologic laparoscopy will con-
tinue to progress.
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2Retropertioneoscopy Approach 
in Pediatric Urology

Fabio Chiarenza, Maria Escolino, Cosimo Bleve, 
Fulvia Del Conte, Vincenzo Coppola, 
Mariapina Cerulo, Giuseppe Autorino, 
and Ciro Esposito

2.1  Introduction

Minimally invasive surgery (MIS) has gained 
popularity in the last three decades due to 
numerous advantages and has evolved and 
made remarkable progress. Compared to the 
adult population, the application of this 
approach in the pediatric population was some-
what delayed [1, 2].

However, since its advent, the use of laparos-
copy and later retroperitoneoscopy in pediatric 
urology has revolutionized the diagnosis and 
treatment of many pediatric urological diseases.

The aim of a retroperitoneal approach is to 
strictly adhere to the principles of open urology 
for benign lesions and to ensure a high level of 
cosmesis after the surgical incisions are made [3].

In particular, retroperitoneoscopy has been 
used with excellent results on children for a wide 
range of urological procedures such as in renal, 
adrenal, upper and lower urinary tract surgery.

The main indications of the retroperitoneo-
scopic technique are

• Nephrectomy to treat benign diseases such as 
multicystic or dysplastic kidneys causing 
renal hypertension, nonfunctioning kidneys 
associated with obstructive uropathy or VUR, 
xanthogranulomatosis, pyelonephritis, 
protein- losing nephropathy, and occasionally, 
nephrolithiasis or nephropathy causing uncon-
trollable hypertension.

• Partial nephrectomy to treat renal duplication 
and a poorly functioning and chronically 
infected upper-pole segment. The retroperito-
neal approach has already been described for 
upper and lower pole nephrectomy.

• Dismembered pyeloplasty to treat uretero–
pelvic junction obstruction (UPJO) that is the 
most common disorder of the upper urinary 
tract in children.
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Learning Objectives
• To describe step by step the general ret-

roperitoneoscopic technique.
• To report the latest results of the 

major international papers about 
retroperitoneoscopy.

• To describe tips and tricks in retroperi-
toneoscopy and its uses in pediatric 
urology.
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The aim of this chapter is to describe the basis 
of technique and find out the benefits of retroperi-
toneoscopy in the main frequent urological dis-
eases in children.

2.2  Preoperative Preparation

The parents give their informed consent to the pro-
cedure. This is essential in pediatric population 
because the reported benefits of a retroperitoneo-
scopic approach have not been firmly established.

Children are prepared for surgery as usual 
without bowel preparation.

A standard anesthesia protocol is used after a 
premedication with midazolam: all children were 
mechanically ventilated after insertion of an 
appropriately sized endotracheal tube. Nitrous 
oxide is generally contraindicated to reduce 
bowel distension; a nasogastric tube is introduced 
for the same purpose and a bladder catheter is 
inserted to quantify diuresis.

Preoperative antibiotic dose is given accord-
ing to the etiology: not necessary in case of dys-
plastic multicystic kidney, but necessary in case 
of destructed kidney by an obstructive or reflux-
ing uropathy.

An intraoperative monitoring is performed 
with a pulse oximeter, non-invasive blood pres-
sure monitor, and an electrocardiogram; end tidal 
carbon dioxide (ETCO2) was monitored through 
a capnogram.

2.3  Positioning

The procedure is performed with the patient 
placed in lateral decubitus position (Fig. 2.1).

This access has been demonstrated as reliable 
for a large number of indications, particularly 
total nephrectomy, pyeloplasty, and pyelotomy 
[4–6]. Its direct access to the renal vessels with-
out violating the peritoneal cavity is the main 
advantage of the lateral retroperitoneal method, 
and if an urgent open conversion is needed, it 
offers the best exposure to control great vessels.

Normally, the surgeon and assistant face the 
back of the patient. The video column stands on 
the other side, the cables are fixed to the superior 
part of the operative field (Fig. 2.2). If a total ure-
terectomy is needed at the same time, the posi-
tion of the surgeon and his assistant, and the 
position of the video column may change during 
the procedure; the installation must be planned 
accordingly.

2.4  Instrumentation

The choice of the telescope and of the cannulas 
must be adapted to each case: for example to 
remove a dysplastic multicystic kidney in a nor-
mal child less than 2 years of age, a 5-mm tele-
scope and two 3- or 5-mm normal cannulas for 
operating device seems the good option. At the 
opposite, in order to remove a large hydrone-
phrotic infected kidney in an obese teenager, 
there is no other way for the primary access than 
a quite large skin incision (15/20 mm) and the use 
of a large cannula with balloon for the primary 
access.

A plastic bag is fixed to the dorsal part of the 
patient and instruments are put away in this bag: 
monopolar hook, bipolar forceps, harmonic scal-
pel, aspiration cannula.

In the recent years, thanks to the use of new 
hemostatic and synthesis devices that permit 
faster and safer procedures, the technique seems 
to be easier to perform.

Fig. 2.1 Patient position
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Fig. 2.2 Team position

Fig. 2.3 First trocar access

2.5  Technique

An open technique is used to place the first port 
and access to retroperitoneal space. This is the 
key point of the technique because the majority 
of complications deal with access technique and 
the development of a working field [7]. After 
sterile preparation and draping, anatomical land-
marks are palpated (11th, 12th ribs, iliac crest, 
sacrospinalis muscle) and the surgeon mentally 
localizes the lateral peritoneal reflexion.

The skin incision (8–15  mm long) is made 
just below the 12th rib tip at the posterior axil-
lary line, in the area where the muscular wall is 
the thinnest (Fig.  2.3). If the incision is over-
sized, resultant gas leak could be managed with 
large retaining sutures or large cannulas with 
fascial retention balloons. A muscle splitting 
dissection is used to gain access into the retro-
peritoneal space; dissecting forceps, retractors, 
and Metzenbaum scissors are usually sufficient 
to bluntly divide the external oblique, internal 
oblique; after piercing the white transversalis 
fascia with the tip of scissors, the dissection is 
stopped when the yellow perirenal fat become 

visible. Two stay sutures are placed on each 
side of the muscular layers (2/0 short curved 
needle – semicircular 16 mm-). In case of large 
(15  mm) incision, it is sometimes possible to 
recognize the Gerota’s fascia to incise it in 
order to begin CO2 insufflation directly in the 
perirenal space; most often, the Gerota’s fascia 
is not visible; so the working space is created in 
the retroperitoneal space, and the Gerota’s fas-
cia will be opened posteriorly in the following 
step.

2 Retropertioneoscopy Approach in Pediatric Urology
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Then a small gauze is introduced in the retro-
peritoneal space and manipulated carefully to 
create the space. The surgeon must keep the dis-
section in close touch with the posterior muscular 
wall to avoid peritoneal perforation. The primary 
blunt port (5–10 mm – disposable or reusable) is 
placed and secured to create a seal for the retro-
pneumoperitoneum. CO2 insufflation is started 
(8–10 mm in infant – 12–15 in children). A 0° or 
30° lens is inserted. The working space, already 
created by the gauze, is progressively enlarged by 
moving the tip of the telescope, used as a palpator 
to free retroperitoneal fibrous tissues, behind the 
kidney. This allows to expose the anatomical 
landmarks: quadratus lumborum, psoas muscles, 
posterior part of the kidney. The thick lateral and 
posterior abdominal wall, closely attached to the 
bony boundaries, cannot be distended by insuf-
flation as well as the anterior abdominal wall; this 
explains why a good curarization is essential so a 
sufficient operating space can only be achieved 
by pushing away peritoneum and intra- abdominal 
organs and by dissecting the lateral peritoneal 
reflection at least to the anterior axillary line [8].

Placement of accessory ports. Two additional 
ports (3 or 5 mm) are placed under direct vision: 
the posterior port is introduced first, in the costo–
spinal angle, at the junction of the lateral border 
of the erector spinae muscle with the underside of 
the 12th rib; the inferior port just above the iliac 
crest, but it must not be placed too close to the 
iliac crest because the bony relief could restrict 
the device’s mobility.

This port placement allows to achieve a trian-
gulation of ports in order to maximize exposure 
and minimize instrument conflict in a small 
working space.

To exit retroperitoneal space, after performing 
a procedure and after a possible extraction, the 
port and telescope is reintroduced to check the 
hemostasis at low pressure, particularly near the 
hilum. If needed, a drain is introduced through 
the inferior cannula; ports are removed under 
direct vision. The closure of fascia is easy because 
of the two stay sutures placed at the beginning of 
the procedure. Port sites can be injected with 
bupivicaine and lidocaine. The skin is close with 
subcuticular stitches and/or adhesive strips.

2.6  Postoperative Care

In the postoperative period, the patients can keep 
a normal decubitus.

They can restart full oral feeding a few hours 
after surgery. The analgesic requirement 
(Paracetamol every 6  h) is generally limited to 
the first 24 postoperative hours.

In case of drainage, the drain is removed at 
day 1 or day 2 post-op. An ultrasound is per-
formed at 1 week and 1 month post-op. to check 
the lumbar area. The following annual controls 
are focused on the remaining kidney..

Tips and Tricks
• Dense perirenal adhesions: 10 years ago 

at the beginning of our experience, dense 
perirenal adhesions due to previous neph-
rostomy, repeated perinephritis, xantho-
granulomatous pyelonephritis were 
considered as contraindication for retro-
peritoneoscopic nephrectomy [9−12]. 
Now, we try a retroperitoneoscopic attempt 
and most of the time we succeed [10−13].

• Horseshoe/ectopic kidneys: we and 
others [14] have performed nephrec-
tomy for horseshoe or ectopic sigmoid 
kidney, using the same lateral approach 
or a modified 45° flank position. 
Aberrant vascular anatomy is common 
in these cases and a careful dissection 
and clamping before division is manda-
tory especially in case of sigmoid ecto-
pic kidney. The ultrasonic scalpel is 
very useful to cut between healthy and 
destructed parenchyma.

Sometimes the kidney is “invisible” 
before operation. If it is suspected to be 
located in the lower part of the abdo-
men, it seems preferable to use an intra-
peritoneal approach [15]. But if the 
“invisible” kidney is suspected to be 
located around the normal place, the ret-
roperitoneal approach could be success-
fully used as in one of our cases.

F. Chiarenza et al.
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2.7  Discussion

Retroperitoneoscopic surgery in children is fea-
sible and safe if performed by well-trained sur-
geons. Between transperitoneal and 
retroperitoneal approach, the choice should be 
made according to each case; however, in our 
opinion, pure pediatric urologist would favor the 
retroperitoneoscopic access to reach the upper 
urinary tract and the kidney, because this is the 
“natural” way even if it is more difficult to learn 
at the beginning.

Operative urological minimal access surgery 
has recently expanded its range of indications 
due to improved laparoscopic technology and an 
increased interest in minimally invasive thera-
peutics. In other words, the indications have 
evolved from diagnostic procedures 20 years ago, 
then to ablative procedures 10 years ago, and now 
to reconstructive surgery [3].

Nowadays, minimally invasive surgery for 
pediatric nephrectomies is established as routine 
practice. Transperitoneal and retroperitoneal are 
the two approaches for performing either total or 
partial nephrectomy [11, 12]. During transperito-
neal laparoscopy, the surgeon must mobilize the 
hepatic flexure of the colon in order to expose the 
right kidney, and the splenic flexure to expose the 
left kidney. This approach is easier compared to 
retroperitoneoscopy, since it allows plenty of 
space, but it has an inherent risk of adhesion for-
mation or intestinal perforation.

Faster access and easier dissection of the 
parenchyma can be achieved with the retroperito-
neal approach [1].

As for the repair of ureteropelvic junction 
obstruction, the retroperitoneal approach is now 
an acceptable method [10]. The cosmetic result is 
superior in retroperitoneoscopy, and the need for 
reoperation is also reduced in comparison with 
the transperitoneal approach [1].

In conclusion, it is possible to state that retro-
peritoneoscopy is the technique of choice for 
reaching the urinary tract in children, as it can be 
performed on them safely and effectively. Still, 
this procedure is more challenging and requires 
excellent imaging of the retroperitoneal space, 
especially when partial nephrectomies are 
involved [12].

Retroperitoneoscopic approach offers several 
potential advantages. The main advantage is its 
more direct and rapid exposure without perito-
neal cavity transgression and without dissection 
and handling of intraperitoneal structures which 
could be injured during these maneuvers.

The working space is not obscured by intesti-
nal loops; therefore, the risk of postoperative 
paralytic ileus, shoulder pain, omental eviscera-
tion, and intestinal adhesions is eliminated.
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3Prone Approach in Pediatric 
Urology

Sara Lobo, Naser Al-Soudan Al-Anazi, 
and Imran Mushtaq

3.1  Introduction

Minimally invasive surgical (MIS) procedures 
for the treatment of several renal conditions, 
benign and malignant, are gradually replacing 
open surgery. Nephrectomy, partial nephrectomy 
and nephroureterectomy have now become stan-
dard procedures by MIS in centres where exper-
tise is available [1]. After the landmark publication 
of Gaur describing the retroperitoneoscopic 
approach, many surgeons favour this approach, 
using one or more instrument ports. The single 
instrument port laparoscopic (SIMPL) technique 
has been shown to be safe and effective for uni-

lateral and synchronous bilateral retroperitoneo-
scopic nephrectomy in the paediatric population 
[2, 3]. The purpose of this chapter is to describe 
the posterior prone retroperitoneoscopic which, 
depending on the experience of surgeon, com-
plexity of the clinical case and type of procedure, 
can be utilised with one or more instrument ports.

3.2  Preoperative Preparation

The preoperative investigations vary according to 
the type of procedure to be performed, but should 
always include a thorough review of the imaging 
and clinical history to allow an understanding of 
the anatomy, a reliable estimation of the surgical 
time and any possible complications.

On the day of the surgery, preoperative antibi-
otics should be administered at anaesthetic induc-
tion, according to the urine culture results. A 
urethral catheter may be required in certain cases. 
Some surgeons may prefer to perform a cystos-
copy ± retrograde studies prior to the main proce-
dure to confirm the anatomy.

3.3  Positioning

The patient is placed fully prone, close to the edge 
of the operating table. Cotton wool bolsters are 
placed under the chest (folded) and beneath the 
anterior superior iliac spine (rolled) allowing the 
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Learning Points
• To describe, step by step, the posterior 

prone retroperitoneoscopic approach.
• To describe some tips and tricks to opti-

mise and improve outcomes.
• To illustrate the approach with a video 

of the technique.
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abdomen to be dependent. Pressure points are pro-
tected in an appropriate manner. Mild lateral flex-
ion of the patient to the contra-lateral side can help 
to open up the working space in smaller infants [4].

Marking of the landmarks should only be 
done once the patient is in the final position. The 
midline spine is marked, as well as the 11th and 
12th ribs, the iliac crest and the lateral edge of the 
erector spinae muscles. As demonstrated in the 
video, the camera port site is marked half-way 
along the line between the 12th rib and the iliac 
crest lateral to the erector spinae muscles. The 
first instrument port is positioned at the intersec-
tion of the line running from the tip of 11th rib 
and a line drawn laterally from the camera port. If 
a second instrument needs to be used, the port 
insertion site is located midway between the 
camera port and the midline spine.

3.4  Instrumentation/Room 
Layout/Equipment

• The position of team members and instrumen-
tation is shown in Fig. 3.1.

• Retroperitoneal dissecting balloon: size 8.5 ster-
ile surgical glove, 12 Fr Jacques catheter, a silk 
suture, a 3-way tap and a 50 ml Luer-lock syringe.

3.5  Technique

3.5.1  Camera Port

Local anaesthesia is infiltrated before a 7  mm 
transverse incision is made. A small artery clip is 
used to separate the fascia and adipose tissue to 
the level of the muscles. The closed artery clip is 
then pushed under control through the thora-
codorsal and transversalis fascia. ‘A discreet pop-
ping sensation’ can be felt as the instrument 
penetrates these layers. After, a larger artery clip 
is opened and closed to create an adequate and 
reliable tract through the muscle layers to the 
level just outside the Gerota’s fascia.

3.5.2  Balloon Blunt Dissection

A dissecting balloon is created by securing the 
middle finger of a sterile glove to the end of a 
12 Fr Jacques catheter with a silk tie (to create an 
airtight seal). The catheter is connected to a three- 
way tap and a 50 ml syringe and the balloon is 
tested. It is important to ensure that the balloon is 
fully deflated after the test, and the tip of the cath-
eter must be at the tip of the glove finger.

The deflated dissecting balloon is lubricated and 
inserted into the retroperitoneal space. The balloon 
is slowly inflated to develop the retroperitoneal 
space, which, depending upon the size of the 
patient, will require 100–200  ml of air. A lateral 
bulge is often visible and confirms that the balloon 
is in the correct location and is not intraperitoneal. 
The balloon is left inflated for 30 s to promote hae-
mostasis, and then deflated and removed.

The Hasson port is inserted, and insufflation is 
begun with a pressure of 10–12  mmHg. A 
30-degree laparoscope is recommended for retro-
peritoneoscopic surgery to utilise maximal 
visualisation.

3.5.3  Working Ports

Local anaesthesia is infiltrated under vision and 
can aid in determining the direction of port 
 insertion. An incision is made at the pre-marked 

AV N

P

A S

I

Fig. 3.1 Schematic representation of the room setup (A 
assistant; AV audio visual equipment; I instrument trolley; 
N scrub nurse; P patient; S surgeon)

S. Lobo et al.
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site. A bladeless trocar with stability sleeve is 
recommended to reduce the risk of accidental 
dislodgement.

3.6  Postoperative Care

For all the procedures performed by this 
approach, the patient can start fluids and diet on 
return to the ward and to minimise risk of bacter-
aemia after the procedure, antibiotics should be 
continued to cover the immediate postoperative 
period (intravenous or oral). The patient is dis-
charged when mobilising and clinically well, 
with adequate control of pain with simple 
analgesia.

3.7  Results and Applications

The posterior prone retroperitoneoscopic approach 
is reliable and adaptable for all type of renal sur-
gery, as well as adrenal surgery. The SIMPL 
nephrectomy in particular has shown additional 
advantages comparing to other techniques for the 
same procedure [2]. A single instrument port in 
addition to one camera port is adequate to com-
plete a nephrectomy and avoids instruments 
becoming entangled within the restricted retroper-
itoneal working space. The SIMPL nephrectomy 
facilitates the procedure as the surgeon can control 
the dissection more intuitively as he/she is holding 
the camera themself. The decreased number of 
incisions improves the cosmetic result and reduces 
pain. One disadvantage is that is does not allow 
complete ureterectomy in cases where this may be 
desirable, and in such cases a second groin inci-
sion may be required to achieve this.

3.8  Discussion

The retroperitoneoscopic approach has several 
advantages over the transperitoneal laparoscopic 
approach to the kidney. It minimises the risk of 

Tips and Tricks
• When patient is positioned, the chest 

and pelvis need to be raised to allow the 
abdomen to lie in a dependent manner, 
which facilitates ventilation and allows 
the abdominal contents to move away 
from the kidney.

• A mild lateral flexion of the spine of the 
patient to the contra-lateral side opens 
up the working space, facilitating access 
to the retroperitoneum.

• To create the right tract for the balloon 
insertion is crucial. During the step of 
gently introducing the artery clip into 
the thoracolumbar fascia, two ‘pops’ 
should be felt (corresponding to the pos-
terior and anterior layers being crossed). 
The aim is to inflate the balloon outside 
Gerota’s fascia.

• The home-made dissecting balloon should 
be adjusted for patient size/age (a 4  cm 
balloon length is adequate for children 
aged <5 years and small children; a 7 cm 
length for aged >5  years or with a high 
body mass index – Fig. 3.2).

• For children with high body mass index 
or in pubertal age, two glove fingers 
with one inside the other, should be used 
to accommodate the higher pressure 
within the balloon.

• Despite a very low risk of peritoneal 
tear, it can occur in the following situa-
tions: if dissecting balloon is inflated 
too quickly and in children on peritoneal 
dialysis, where the peritoneum is often 
thin and friable.

• If a dissecting balloon rupture occurs, 
the ruptured balloon must be carefully 
examined for lost fragments, which 
should be sought and removed from the 
patient.

• Attention to meticulous haemostasis is 
paramount. Even small amounts of 
blood in the relatively small working 
space can absorb the light and impair 
the vision.

3 Prone Approach in Pediatric Urology
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Fig. 3.2 Balloon dilator length adjusted for patient size/
age (upper balloon for smaller children; lower balloon for 
children aged >5 years or with high body mass index) [3]

Take-Home Points
• The posterior prone retroperitoneo-

scopic technique can be used in several 
renal procedures safely and effectively.

• For total nephrectomies, the SIMPL tech-
nique (one single working instrument) 
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can be used in the majority of the cases in 
experienced hands.

• Careful patient positioning and marking 
of the landmarks are essential for the 
success of the procedure and should not 
be underestimated.

• Complete ureterectomy is not achiev-
able by this approach.

injury to intra-abdominal organs and promotes 
quicker recovery [5]. Compared to other approaches 
for retroperitoneoscopic surgery, the posterior 
prone retroperitoneoscopic technique minimises 
the risk of a peritoneal tear, and allows direct and 
rapid access to the kidney and renal hilum.
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4Robotics in Pediatric Urology

Abhishek Deshpande and Mohan Gundeti

4.1  Introduction

Minimally invasive and robotic surgery tech-
niques have rapidly become more widely utilized 
in the field of urology and pediatric urology. 
Laparoscopy was first introduced in pediatric 
urology in 1976 by Cortesti et al. for the evalua-
tion of impalpable testes [1] and has since been 
used for many urological procedures. The first 
documented use of robotic-assisted surgery 
occurred in 1985, when the PUMA 200 robot was 
utilized for positional accuracy during a CT 
guided brain tumor biopsy [2]. In 1991, the same 
system was used by Davies et  al. to perform a 
transurethral resection of the prostate (TURP) 
[3]. Nine years later, the da Vinci surgical system 

received FDA approval, representing a landmark 
moment in the sustainability of robotic surgery. 
One of the earliest uses of robotic surgery in 
pediatrics was by Peters and Borer in conducting 
a robotic pediatric pyeloplasty with symptomatic 
ureteropelvic junction (UPJ) in the United States 
2002. In 2005, Gundeti et al. reported a pediatric 
retrocaval ureter correction utilizing robotic- 
assisted laparoscopy at Guy’s Hospital in London, 
U.K [4].

Laparoscopic methods in children have many 
limitations, including a limited range of motion 
with four degrees of motion which is amplified 
by the small body habitus in younger patients. 
The use of robotic-assisted laparoscopic surgery 
can allow for improved visualization in small 
areas, increased range of motion with seven 
degrees of motion, as well as reduction or elimi-
nation of hand tremor. Additionally, robotic- 
assisted techniques can aid the surgeon in 
increasing dexterity and precision of movement, 
allowing for better control of instruments in small 
working spaces and improved ability to perform 
advanced suturing skills [5, 6]. Due to these 
advantages, such systems can act as a bridge 
between pure laparoscopic and robotic systems 
in addition to better facilitating pediatric patients. 
Over the past 20 years, robotic surgery has gained 
a foothold in urology as the standard of care for 
many different procedures due to the advantages 
of a stable, magnified, three-dimensional view, 
tremor filtering, motion scaling, and other bene-
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Fig. 4.1 Progression of the most commonly performed robotic urological procedures in pediatrics since 2002

fits. Overall, robotic surgical systems can also 
provide substantial benefits to patients for spe-
cific procedures in terms of a reduction in postop-
erative bleeding, complications, as well as 
cosmetic factors.

Robotic surgery was developed as a method to 
enhance the natural capabilities of a surgeon. In 
general, these devices often have a console which 
allows the surgeon to control movement and view 
the surgical field, a cart that includes mechanical 
arms, cameras, and surgical instruments, and a 
separate unit which may support other hardware 
and software components [7]. Some systems may 
be classified as “supervisory-controlled,” wherein 
the surgeon positions a specific tool at a correct 
position and the robot autonomously performs a 
specific function (e.g., cutting bone for an 
implant). In “tele-surgical” (also known as 
master- slave) systems such as the da Vinci, the 
robot is operated by a surgeon at a specific dis-
tance. Finally, “shared-controlled” systems refer 
to robots which can be tele-operated but also 
resist a surgeon’s movement if deemed unsafe or 
non-beneficial [8].

4.2  Procedural Evolution

Robotic surgery in pediatric urology has contin-
ued to progress in complexity and scope. While 
pyeloplasty for UPJ obstruction remains the most 
common robotic procedure in pediatric urology, 
other widely performed procedures include ure-
teral reimplantation, renal ablative procedures, 

continence procedures such as catheterizable 
channels (e.g., appendicovesicotomy, Ace chan-
nel) and bladder neck reconstruction. 
Increasingly, oncological applications like renal 
bladder tumors in children have also utilized 
robotic-assisted laparoscopy. Recently, the first 
complete intracorporeal robotic-assisted laparo-
scopic augmentation ileocystoplasty and 
Mitraofanoff appendicovesicotomy was per-
formed by Gundeti et  al. [9]. A timeline of the 
development of pediatric robotic urological pro-
cedures is shown in Fig. 4.1.

4.3  System and Instrumentation

The da Vinci robotic system has been the cur-
rent standard of care for use in pediatric urology 
since its introduction in 2000. The system has 
had four iterations, including the Si system 
launched in 2009, which became the first model 
to offer high fidelity 3D vision and dual-surgeon 
console capacity. In 2014, the Xi system was 
launched with four robotic arms and the ability 
to attach the endoscope to any arm as well as 
have overhead instrument arm configuration 
[10]. The portfolio also includes the X with 
reduced cost and the newly developed single 
port with smaller profile and one robotic arm, 
though the single port is not yet FDA approved 
for pediatric use. However, the smaller profile of 
pediatric patients has posed challenges to use of 
the robot. Robotic instruments have been tai-
lored to facilitate pediatric surgery through the 
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Fig. 4.2 Suggested approach for robotic surgery training

introduction of 5 mm instruments as opposed to 
the 8  mm instruments widely used in adults. 
However, although these have been introduced, 
in some manner, they have been counterintuitive 
due to different mechanisms. Despite its smaller 
profile, the 5 mm instruments are mechanically 
different as they function as a pulley system 
compared to the 8 mm instruments which work 
as a hinge joint. Due to this difference, studies 
have shown that the working distance for the 
5  mm is actually greater and that the 8  mm 
instruments work better in terms of performance 
for parietal space constraints and reducing 
instrument collisions [11]. There is a need for 
future advancement in miniaturization for 
appropriate pediatric use.

4.4  Training and Credentialing

Like other surgical techniques, the use of robotic 
surgery in practice requires comprehensive train-
ing and development of expertise, often begin-
ning in residency training and continuing 
through a surgeon’s career. Currently, the train-
ing paradigm for robotic surgery consists of a 
stepwise approach consisting of pre-clinical 
training as well as clinical training recommended 
by many groups [12, 13]. Pre-clinical training 
largely consists of building familiarity with the 
da Vinci surgical system as well as “dry lab” 
practice using models and virtual reality simula-
tion to train tasks such as suturing and knot 
tying. Training should also include “wet lab” 
practice using porcine models or cadavers so 
trainees can become familiar with higher-level 
skills and procedure- specific techniques. As 

trainees progress, the clinical component of sur-
gical training should include clinical observa-
tion, acting as a bedside assistant to the acting 
surgeon, as well as time on the surgeon console. 
This gradual, step-wise approach emphasizing a 
transfer of skills has been studied widely with 
promising results (see Fig.  4.2) [14, 15]. Lee 
et al. published training and credentialing initia-
tives outlining a competency- based, stepwise 
curriculum to demonstrate proficiency in com-
pleting basic procedural skills [16]. Several 
organizations, including the American Urology 
Association (AUA) and British Association of 
Urological Surgeons (BAUS) have developed 
training guidelines. However, guidelines for the 
use of robotic surgery in pediatric patients are 
limited. Practicing urologists can utilize indus-
try-developed programs through Intuitive 
Surgical, AUA-organized continuing medical 
education courses, or other training programs to 
develop their skills using the robot. A five-day 
pediatric robotic surgery mini- fellowship (PRM) 
was recently developed at the University of 
Chicago, which is provided through two mod-
ules, including upper and lower urinary tract sur-
gery [17]. The modules consisted of hands-on 
inanimate training, animate skills training, as 
well as clinical case observations and discus-
sions. Results from surveys from worldwide sur-
geons who adopted these modules indicated that 
a significant number of them were likely to 
incorporate robotic surgery in their practice and/
or start a robotic program [17]. Such fellowships 
can provide training opportunities for surgeons 
who are already in practice as well as provide 
more specific pediatric skill competencies. Live 
case demonstrations can also be a useful didactic 
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tool for teaching techniques and promoting dis-
cussion, though ethics consultations and appro-
priate patient selection is required [18].

4.5  Adoption of Robotic Surgical 
Practice

Surgical innovation should be met with appropri-
ate assessment and evaluation. As laid out by the 
IDEAL criteria, emerging technologies should be 
evaluated utilizing thorough analysis of data-
bases, prospective evaluation, and finally large- 
scale randomized control trials (RCTs) [19]. As 
robotic surgery continues to be used in more 
 procedures and with a broader scope, more RCTs 
are required to demonstrate long-term effective-
ness, safety, as well as compare alternative 
devices as more become approved for use. In 
order to overcome variations in surgical RCTs, it 
is recommended that surgeons maximize flexibil-
ity in delivery to allow for variation in surgeon 
and institution practices and use broad patient- 
eligibility criteria, among other potential solu-
tions [20]. However, conducting RCTs can be 
difficult in later periods of practice adoption; 
thus, emphasis can be placed on prospective stud-
ies [21, 22].

Previously described by Everett Rogers, tech-
nological innovation is commonly adopted 
through an S-shaped curve, beginning slowly 
with early adopters before accelerating quickly to 
late adopters [23]. Based on recent trends in 
adoption, it is our speculation that pediatric urol-
ogy is at a later portion of this S-shaped curve 
[24, 25]. For innovative surgical technologies, 
certain common characteristics include a proce-
dure appeal to patients, compatibility with cur-
rent practice, and support in available facilities. 
Critical dynamics for rapid adoption include a 
low cost to surgeons of learning and performing 
the procedure and the perceived benefit of the 
technology by all stakeholders [23].

Medical simulation as well as emerging tech-
nology such as virtual reality can be used to aid 
training and practice specific skills. Specifically, 
virtual reality simulators lower the high costs 

associated with training on robotic surgical sys-
tems as well as provide more opportunities to 
increase training time. Numerous trainers have 
been developed, including the Mimic dV-Trainer, 
Robotic Surgical Simulator (RoSS), SimSurgery 
Educational Platform, as well as other virtual 
reality-based simulators. Systematic review of 
these models have shown that they demonstrate 
face, content, and construct validity and provide 
an effective training environment for trainees 
[26]. Virtual reality simulators can reproduce the 
feel and visualization of performing procedures 
on the da Vinci Surgical System and may be espe-
cially beneficial for users who are early in their 
training.

Various simulation-based curriculums have 
been developed and validated for trainees seek-
ing to learn robotic skills. The fundamental skills 
of robotic surgery (FSRS) was incorporated into 
the RoSS virtual reality simulator and shown to 
be effective in improving basic robotic surgery 
skills [27]. The simulation-based robotic surgery 
basic skills training curriculum (BSTC) was also 
developed as a 4-week offering and demon-
strated improved robotic surgical skills among 
novice as well as experienced surgeons [28]. In 
addition, the fundamentals of robotic surgery 
(FRS) was an online robotic surgical skills pro-
gram developed through funding from the 
Department of Defense as well as Intuitive 
Surgical. The curriculum was designed by a 
cohort of over 80 international experts and is 
intended to be used for initial accreditation, with 
validation trials currently ongoing [29]. Intuitive 
Surgical also offers an online training program 
for the da Vinci system called the Technology 
Training Pathway [30].

Credentialing for robotic surgery privileges 
is often defined by individual institutions, in 
contrast to credentialing programs by profes-
sional organizations [31]. The Crowd Sourced 
Assessment of Technical Skills (CSATS) has 
been utilized as an assessment of surgical skills 
through intraoperative video review, with previ-
ous studies showing that it correlates with 
expert reviews and may predict patient out-
comes [32, 33].
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4.6  Setting up a Robotic 
Program

Starting a pediatric robotic surgery program 
requires institutional support and a plan that 
accounts for training, costs, and case volume for 
procedures (see Fig. 4.3). Due to the significant 
initial costs of the robotic console, those who 
wish to implement robotic surgery in their prac-
tice should ensure that there is enough caseload 
to offset the cost. Previous studies have shown 
that approximately 3–5 cases per week are 
required to make a program profitable over a 
5-year period in the U.S [34]. Pediatric urology 
programs should be part of a comprehensive, 
multispecialty, and/or adult robotic surgery pro-
gram to help share costs and increase utilization 
of the equipment. Additionally, cost- effectiveness 
can vary at the individual hospital level due to 
local regulations as well as different modalities 
of cost analysis.

Implementation of robotic surgery equipment 
should be focused on modifying operating rooms 
(OR) as well as educating specific teams in the 
OR dedicated to robotic surgery. A robotic oper-

ating room coordinator and robotic program 
director should also be assigned to train other 
members in setting up, undocking, and general 
troubleshooting the device and coordinate the 
business and clinical components of the program, 
respectively. Marketing should focus on outreach 
to primary care pediatricians and advocacy 
groups to expand the referral base as well as 
increase patient education. Primary care physi-
cians can become more involved through con-
tinuing medical education programs as well as 
other events [35].

4.7  Application and Future 
Direction

Robotic surgery continues to progress as a field 
with an increasing amount of technological inno-
vation, new products, as well as new features to 
add to surgeons’ abilities. The da Vinci surgical 
system, developed by Intuitive Surgical, has 
dominated the market since its FDA approval in 
2000, with over five million surgeries conducted 
using the system [30]. However, the introduction 

Components of a successful robotic surgery program
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Fig. 4.3 Elements of a successful robotic program
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of other competitors will provide more options 
for surgeons. For instance, Cambridge Medical 
launched its Versius system in the U.K. in 2020 
which provides a more modular system with 
robotic arms mounted on individual carts [36]. 
The system also can provide haptic feedback on 
its joystick controllers, offers laparoscopic instru-
ments at smaller sizes down to 5 mm, and can be 
utilized in non-robot dedicated ORs due to its 
smaller size profile. Multiple other robots are 
available or in development, including the 
SurgiBot-SPIDER system, which was developed 
to be used for underserved populations due to its 
low cost, and the MiroSurge system developed in 
Germany, which is a telemanipulated robot [36].

4.8  Safety Net and Digital 
Surgery

Moving forward, additional features which can 
provide benefits to patients and surgeons include 
the addition of safety triggers which can guide 
dissection and avoid injury to major vessels or 
nerves by detecting close proximity. In addition, 
intraoperative safety can also be improved with 
crowd sourcing. A review by Dai et al. found that 
crowd-based feedback can provide more consis-
tent, beneficial, and less costly feedback to train-
ees, thus allowing for improved technical skills 
[37]. Telerobotic surgery, with surgeons operat-
ing a console from a distant location, can provide 
access to rural patients who may not otherwise 
have robotic surgery available to them. Such sys-
tems have been utilized in Canada and remain 
under study in the United States [38, 39]. 
Currently, telerobotic systems are limited by time 
delay between master and slave system, posing 
issues at the place of operation [40]. In addition, 
regulatory differences between two locations 
must also be dealt with in order to allow for 
telerobotic surgery to occur. However, these can 
be overcome with recent advances in wireless 
infrastructure to reduce latency and increasing 
regulatory scrutiny over telerobotic practice. The 
incorporation of machine learning and artificial 
intelligence can also individualize treatment for 
patients and help train surgeons by analyzing 

movement data and gaze tracking. Three- 
dimensional printing can also be utilized to aid 
surgeons in preoperative planning and designing 
specific implants or equipment to be used during 
surgery.

Automation and use of robotics cannot replace 
the human element in surgery, but can provide 
substantial benefits to patients, surgeons, and 
healthcare systems by improving efficiency and 
safety. As a specialty, pediatric urology continues 
to adopt the use of robotics to increasing effect to 
better serve patients with varied needs.
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5Endoscopic Approach for Urinary 
Tract Pathologies

Marcello Cimador, Maria R. Di Pace, 
Marco Pensabene, Fabio Baldanza, 
and Maria Sergio

5.1  Introduction

The endoscopy of the lower urinary tract repre-
sents a minimally invasive diagnostic and thera-
peutic tool for a broad range of pathological 
anomalies in pediatric ages. From in utero fetal 
surgery to preterm infant, newborns and toddlers, 
endoscopic treatment is feasible by refined and 
very small caliber instruments.

In most cases, different congenital urological 
malformations (obstructive or refluxing) need 
endoscopic approach for achieving a permanent 

success by minimally invasive procedures. 
Furthermore, some anatomical defects can be 
comprehensively detected by endoscopy only. A 
deeper knowledge of pathophysiology of bladder 
and lower urinary tract anomalies has signifi-
cantly widened indications to the endourological 
techniques. The use of bulking agents for the 
treatment of urinary incontinence as well as vesi-
coureteral reflux is the most relevant representa-
tive case.

Till date, the most common indications for 
endoscopy in pediatric urology are the 
following:

• Transurethral incision of posterior urethral 
valves (PUV).

• Transurethral incision of ureterocele.
• Injection of bulking agents:

 – Vesicoureteral reflux (VUR).
 – Bladder neck incontinence.

• Ureteral stents insertion for vesicoureteral 
junction anomalies.

• Stones removal.
• Vesicoureteral junction (VUJ) balloon 

dilatation.
• Bladder infiltration.
• Bladder malignancies.
• Ambiguous genitalia.

In this chapter, we shortly describe how to 
safely approach some of the urological anomalies 
endoscopically.
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5.2  Preoperative Preparation

Preoperative preparation can be different in rela-
tion to sex, age, type, and severity of disease.

Every endoscopic procedure should be per-
formed under general anesthesia, therefore a pre-
liminary clinical evaluation with a 
cardiopulmonary and renal function assessment 
is always implemented.

Before any urological endoscopy, even if pre-
natal diagnosis is available, it is necessary to wait 
for extrauterine life adaptation and postnatal 
imaging. Endoscopy is not ordinarily a procedure 
performed in urgency.

Broad-spectrum antibiotic prophylaxis is 
mandatory before any endoscopic procedure, as 
emptying of the bowels is required. Since the ure-
thra in newborn is thin and tiny, it is recom-
mended to insert a dilating 8  Fr transurethral 
catheter at least 24 h before the procedure.

Informed consent is shared with parents 
before the signature.

5.3  Positioning

All patients undergoing endoscopic procedures 
are placed in supine decubitus position. The 
table should be arranged in light Trendelenburg 
incline, to better expose genitalia. Depending 
on the age, usually after 1 year of age, the leg 
support can be used. In babies under 1 year of 
age, the frog-like position is appropriate and a 
small roller should be placed under the back for 
avoiding any compression by intestine on the 
bladder.

The surgeon stands in the center between the 
patient’s legs, while the assistant is beside the 
patient ready to perform an ultrasound scan, if 
required.

5.4  Instrumentation

For pediatric diagnostic and therapeutic endos-
copy, a cystoscopic suite that permits fluoro-
scopic or ultrasonographic visualization should 
be the ideal working environment.

Till date, a wide version of cystoscopes is 
available to pediatric urologists. Miniaturization 
provides very thin scopes with a working channel 
for ancillary instruments for newborn to the older 
child. Furthermore, cystoscopic view has been 
strongly improved by digital video camera, which 
allows better visualization and magnification of 
the field.

It is recommended to have in place different 
size of cystoscope for adapting instruments at the 
best. In both male and female newborns, a 5 Fr 
cystoscope ensures optimal observation, avoid-
ing any injury to the urethra. This 5 Fr cystoscope 
is usually used only for make diagnosis. To have 
an adequate working channel, a larger cystoscope 
is needed, 8 Fr at least.

For management of posterior urethral valves, 
a 9 Fr resectoscope is required and many loops 
and cautery ends can be used. In addition, using 
any 8–11  Fr cystoscope, hooked and straight 
blades for cold incision are available.

Ancillary instruments are available in size 
from 3 to 5 Fr through rigid scopes, graspers for 
foreign bodies, biopsies forceps, and electrodes. 
3 Fr and 5 Fr Bugbee electrodes are available for 
fulguration of valves and ureterocele.

Nowadays, equipment for pediatric endos-
copy is still developing, and probe for ultrasound, 
laser probes, electrohydraulic probes are avail-
able for a 5 Fr working channel. Lastly, a 7.5 Fr 
flexible cystoureteroscopes are available too.

5.5  Technique

Before the insertion of the cystoscope, a careful 
examination of the external genitalia should be 
done to identify morphologic anomalies which 
could hinder the execution of endoscopy (labial 
adhesion, ectopic end or duplex urethral meatus, 
meatal stenosis, and more).

The cystoscope should be always gently 
inserted under direct vision. It is recommended to 
introduce de-ionized water for injection at low 
pressure and at a warm temperature to prevent 
potential hypothermia. Sodium-chloride solution 
should be avoided during procedures in which 
cautery is expected. It would be ideal to keep a 
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bladder low filling compared to its capacity espe-
cially performing ureterocele puncture, subure-
teral injection for VUR, PUV ablation. In all 
cases, the surgeon starts the procedure by per-
forming an exploratory cystoscopy to observe the 
anatomy and report any variation of the same.

 – Transurethral incision of posterior urethral 
valves: when possible, the endoscopic inci-
sion is considered the primary treatment 
modality. Endoscopic fulguration can be per-
formed using Bugbee electrode through a 5 Fr 
cystoscope with a 3  Fr working channel. 
Different ways for fulguration can be per-
formed with a 9  Fr resectoscope using a 
Collings knife electrode or a cutting loop; in 
these procedures, valves are incised at 5, 7, 
and 12 o’clock position. In type 3 valve 
obstruction, the diaphragm can be easily 
ablated with a Bugbee electrode in a circum-
ferential way. In infants, in whom a transure-
thral procedure is not possible due to smallest 
urethral caliber, antegrade ablation can been 
performed by a 9.5  Fr cystoscope through a 
suprapubic opening.

 – Transurethral incision of ureterocele: ure-
terocele is approached within the bladder neck 
by cutting or puncture of the lower part of 
itself. After the incision, ureterocele can be 
explored by a cystoscope direct view. Ectopic 
ureterocele prolapsing in the urethra should be 
double punctured at the inferior border and at 
the top of the dome. Ureterocele incision can 
be performed with cautery by a 3 Fr Bugbee or 
with the use of laser. A simultaneous ultra-
sound scan can show the collapse of uretero-
cele in real time (Figs. 5.1 and 5.2).

 – Injection of bulking agents for VUR: intra- 
ureteral and/or sub-ureteral endoscopic injec-
tion of bulking agents is widely used for 
management of VUR. A 9–11 Fr offset lens of 
cystoscope with a 4 Fr working channel allows 
a straightforward route to pass a stiff or flexi-
ble needle for injection of a bulking agent. 
This latter should create a mound which does 
not lose significant volume and efficacy over 
time. Bladder filling is a key-point performing 
the procedure, since a fully filled bladder may 

make it difficult to take the agent in an exact 
subureteral place. Injection of the bulking 
agent can be done by a single or multiple 
punctures in submucosal intra-ureteral space 
or in sub-ureteral position, just 1 cm below the 
ureteric meatus. Intra-ureteral and sub- ureteral 
injection can be carried out simultaneously to 
achieve the best antireflux mechanism. 
Following the Kirsh technique in intra- ureteral 
injection, the orifice can be dilated by hydro- 
distention having irrigation of fluid inside the 
ureter and in the meanwhile injecting the 
agent. In our more recent experience, intra- 
operative simultaneous ultrasound scan allows 
to control the bulking agent injection up to 
1 cm in height of the mound (Fig. 5.3).

 – Injection of bulking agents for urinary 
incontinence: several congenital defects caus-
ing bladder incontinence can be managed by 
endoscopic injection of bulking agents. 
Endoscopic injection has the aim of increas-
ing neck resistance and therefore stimulating 
bladder growth. The procedure consists of 
injection of bulking agents in the submucosal 
space of the urethra just beneath the bladder 
neck. A 9–11 Fr offset lens cystoscope with a 
5 Fr working channel allows to inject the agent 
firstly at 4 and 8 o’clock positions, but some-
times multiple punctures are needed. After the 
procedure, a small catheter is inserted to the 
bladder to avoid forcing the modeled bladder 
neck.

 – Bladder stones removal: transurethral stone 
fragmentation can be performed in children 
with patent urethra. Fragmentation can be 
achieved using rigid endoscopic instruments 
with electrohydraulic-combined ultrasonic 
and pneumatic or holmium laser lithotripsy.

 – Other procedures: stenotic uretero–vesical 
junction can be endoscopically managed using 
stent insertion or balloon dilation. In both 
cases, the aim of the procedure is to model and 
dilate the junction. Choice of stent depends on 
age and size of the patient and length of ureter. 
In the most of cases, the tight junction is pat-
ent to the 3 Fr J-J stent only. The stent inser-
tion, taken in place for a period of 6 months at 
least, can avoid ureteric surgery by modeling 
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Fig. 5.1 Clockwise: a right ureterocele opened by Bugbee electrode

the junction. Very tight junction can be early 
managed with easily and feasible pneumatic 
balloon dilatation. Side effects of this proce-
dure are either recurrent urinary infection and 
vesico–uteric reflux.

 – Bladder infiltration: in some cases of overac-
tive bladder (both neurogenic or non- neuro-
genic bladder) resistant to administration of 
anticholinergics, multiple puncture (up to 40 
punctures) of botulinum toxin through a cys-
toscope could be effective in reduction of 
symptoms.

 – Tumors: bladder malignancies in children are 
rare. In a few cases, the endoscopic procedure 

is used to identify the lesion that has been 
noted on imaging scan. The most commonly 
noted lower urinary tract tumors in children 
are rhabdomyosarcomas of the bladder or 
prostate. With the cystoscopy, it is easy to out-
line the preoperative extent of tumor and to 
obtain biopsies to confirm diagnosis. 
Cystoscopy may be needed for follow-up in 
patients who have undergone bladder-sparing 
procedures.

 – Ambiguous genitalia: endoscopy is routinely 
performed to plan reconstruction in children 
with ambiguous genitalia. Endoscopy of the 
various perineal orifices may help to deter-
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Fig. 5.2 US image of the collapsing ureterocele after fulguration

a

c d

b

Fig. 5.3 Main steps of surgical procedure compared to 
IO-US: on the left IO-US views and on the right endo-
scopic appearance. (a) Initial catheterization (arrow cys-
toscope, arrowheads ureteral catheter); (b) optimal 
ureteral placement and initial mound formation (arrow 

initial mound; arrowhead needle); (c) needle injecting Dx/
HA positioned (arrow mound; arrowhead needle); (d) 
final mound appearance (arrow mound; white arrowhead 
ureteral jet; arrowheads ureteral course)

mine the relationships among the components 
of the urogenital tract. The location of the 
vaginal entry into the urogenital sinus in girls 

with virilization secondary to congenital adre-
nal hyperplasia is used to determine the type 
of procedure required for reconstruction. The 
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vaginal orifice in the urethra in these children 
may be noted as a small orifice at the tip of the 
verumontanum. This opening can at times be 
entered with the smaller cystoscopes and vagi-
noscopy performed. Catheterization of the 
vagina with a Fogarty balloon catheter is help-
ful for identification of the vagina during 
vaginoplasty.

5.6  Postoperative Care

Usually, patients begin feeding orally 6  h after 
surgery. During the first post–operative day, 
paracetamol is administered as needed (dosage 
10–15 mg/kg at 6-h intervals).

The patient undergoes antibiotic therapy for 
the procedure performed, during the bladder 
catheter maintenance time and according to the 
underlying pathology for an appropriate time.

The duration of hospitalization depends on the 
underlying pathology and the type of procedure 
performed. Patients are discharged on first post-
operative day after VUR treatment, ureterocele 
puncture, stents insertion, or balloon dilatation.

The clinical follow-up is generally performed 
10 days after endoscopy by ultrasound scan and 
urinalysis. The timing of further checks follows 
the basic pathology.

5.7  Results

We will report the main results from the interna-
tional literature on the use of endoscopy for some 
of the urological anomalies already summarized 
in this chapter.

The effect of primary endoscopic fulguration 
versus any surgical diversion in patients affected 
by posterior urethral valves on long-term bladder 
and renal function remains controversial.

In a longitudinal study, 67 patients with PUV 
were divided into three groups, depending on the 
initial treatment: fulguration (n  =  38, 56.7%), 
vesicostomy (n = 25, 37.3%), and ureterostomy 
(n = 4, 6%). Analyzing the urodynamic patterns, 
Puri et  al. have found that good capacity and 
compliant bladders were the pattern in the fulgu-

rated group; small-capacity bladders with hyper-
reflexia in the vesicostomy group; and good 
capacity, compliant bladders in the ureterostomy 
group [1].

A routine relook cystoscopy after primary ful-
guration of PUV to investigate residual obstruc-
tive valves is not standardized. In a retrospective 
study on a total of 127 PUV patients, 21 patients 
(20.8%) underwent endoscopic reevaluation after 
primary valves ablation due to the suspicion of 
inadequate bladder drainage based on clinical 
and radiological data, and residual valves or stric-
tures were detected in 10 cases (9.9%) [2].

Puncture of the intravesical ureterocele is 
associated with high success rates, with minimal 
post- procedure reflux or need for later surgery. 
In a study of 41 neonates with a diagnosis of 
duplex system ureteroceles, we have found that 
there was no significant difference between intra-
vesical and ectopic ureteroceles in the occurrence 
of VUR in the punctured moiety, rate of non- 
functioning upper poles, or need for secondary 
surgery [3].

In a recent study, data show that endoscopic 
puncture of ureterocele is a durable and long- 
term effective procedure in vast majority of the 
children [4].

Endoscopic treatment of vesico–ureteric 
reflux is widely considered an optimal choice 
compared with surgical approach in terms of 
reduced morbidity, shorter hospitalization, 
reduced costs, and increased patients’ preference. 
A recent study reports that endoscopic treatment 
of VUR is feasible in patients less than 1 year of 
age. The authors show that the efficacy is lower 
when patients are treated at a later age, but it is, 
however, over 80% in their series. No complica-
tions related to the procedure itself or to the gen-
eral anesthesia are reported [5]. We have recently 
demonstrated a strong correlation between 
mound height and result after endoscopic injec-
tion of dextranomer/hyaluronic acid in children 
with ultrasound intra-operative scan control and 
with a reabsorption rate of 23% at 6 months from 
treatment [6] (Fig. 5.1).

Only a few studies [7–10] report outcomes on 
endoscopic injection of bulking agents for persis-
tent incontinence after sling and/or bladder neck 
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revision in children with neurogenic bladder. To 
date, even if the minimally invasive procedure 
remains an important option, achievement of dry-
ness after up to two treatments occurs in a very 
low percentage of patients [11].

5.8  Discussion

Endoscopic management of congenital and 
acquired diseases of the lower urinary tract has 
radically improved the approach in terms of min-
imally invasive and diagnostic accuracy in pedi-
atric urology. A worldwide consensus has been 

reached on the preliminary use of endoscopy for 
the main indications already listed in this 
chapter.

Endoscopic treatment should be the primary 
choice for patients affected by PUV, ureterocele, 
VUR, especially in cases without factors prevent-
ing the use of that procedure.

Exploratory endoscopy preliminary to surgery 
on the lower and upper urinary tract is of great 
support for clarifying the anatomy and planning 
for the optimal treatment.

Through endoscopy we can acquire skills on 
the lower urinary tract conditions and external 
genitalia: appearance of bladder mucosa, posi-
tioning of the trigone, bladder volume capacity, 
ectopic ureteral orifice outlet, bladder neck 
assessment, and many others.

Tip and Tricks
• Lower urinary tract endoscopy should 

be conducted by experts in pediatric 
urology. Despite being simple to per-
form, the technique requires adequate 
learning time to avoid complications 
linked to inadequate use of instruments, 
with potential injury and lifelong 
consequences.

• Accuracy in inserting the cystoscope 
and little instruments related to the pro-
cedure is of primary importance. Never 
force the urethral meatus with the cysto-
scope, nor the ureteral meatus with the 
stents. Therefore, it should be manda-
tory to insert the cystoscope under direct 
vision and under permanent jet of water.

• Taking care about bladder capacity and 
bladder filling can avoid dangerous 
increase in intravesical pressure while 
performing the procedures. Do not 
swipe the cystoscope on the bladder 
mucosa to avoid any bleeding, therefore 
movements should be slow and precise.

• After insertion of the bladder catheter at 
the end of the procedure, it is recom-
mended to completely empty the blad-
der to prevent parents’ alarm in the 
presence of blood in the urine.

Take-Home Points
Even if the procedure is burdened by con-
tained complications, we are used to carry-
ing it out following some basic elements:

• Before the procedure.
 – stabilize the general condition of the 

patient (often hydro-electrolytic bal-
ance and creatinine levels),

 – insert a urethral catheter 24 h before, 
in males,

 – stimulate the evacuation,
 – look at the urine and postpone the 

procedure in case of urinary tract 
infection.

• During the procedure.
 – general anesthesia at all ages for any 

pathology,
 – maximum asepsis,
 – keep the intra-vesical pressures low 

or very low.
• After the procedure.

 – leave a urethral catheter,
 – start an antibiotic prophylaxis,
 – start a bladder training before remov-

ing the catheter.
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6Devices in Pediatric Endourology

Liza M. Aguiar, Anthony A. Caldamone, 
and Hsi-Yang Wu

6.1  Introduction

The devices used for retrograde ureteral access 
and antegrade renal access have become pro-
gressively smaller in diameter, allowing for 
safer access to the pediatric urinary collecting 
system with less risk of ureteral stricture from 
the retrograde approach and bleeding from 
renal parenchymal dilation. The benefits of 
using ureteral access sheaths are to minimize 
ureteral trauma in cases where multiple passes 

of the ureteroscope are required due to a large 
stone burden, and maintenance of low intrare-
nal pressure from irrigation fluid, which 
decreases the risk of postoperative sepsis. After 
the initial description by Alken of percutane-
ous nephrolithotomy in 1981 [1], the miniatur-
ization of percutaneous nephrostomy sheaths 
and needles has decreased the risk of bleeding 
from renal access and dilation, and the need for 
nephrostomy tamponade after surgery. In order 
to gain ureteral and upper tract access safely, 
wires are used to exchange devices and instru-
ments during pediatric endourology cases. 
Ureteral stents are widely used to aid in drain-
age of the kidney in the setting of obstruction 
or postoperative healing.

Pediatric urologists are performing more 
endoscopic cases given the increasing incidence 
of pediatric stone disease. There are several stone 
retrieval devices to choose from, mainly used in 
the setting of stone extraction under direct visual-
ization, although these devices can also be used 
to extract foreign bodies in the genitourinary 
tract. Baskets are now more flexible, less trau-
matic, and disposable.

This chapter aims to review these commonly 
used tools in pediatric endourology and provide 
insight on how best to use them in practice.
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Learning Objectives
• To describe commonly used ureteral 

stents, wires, baskets, and devices used 
for retrograde ureteral access and ante-
grade renal access.

• To present the latest advances in these 
devices.

• To describe helpful tips and tricks for 
using these devices.
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6.2  Positioning and Preoperative 
Preparation

For combined retrograde intrarenal surgery and 
percutaneous nephrolithotomy, the Valdivia mod-
ified Galdakao position [2] allows for simultane-
ous placement of the percutaneous nephrostomy 
access, lithotripsy, and retrograde ureteroscopy.

Prior to a pediatric endourology case, it is 
important to consider the size of the patient as 
well as the sizing of instrumentation and tools 
that are available. This includes the size of the 
working channel, as many reusable and dispos-
able instruments cannot thread through working 
channels that are less than 5 Fr. For any implants, 
such as ureteral stents, it is important to consider 
the indications, the appropriate size of the stent, 
and the length of time it will remain in place.

6.3  Instrumentation

6.3.1  Ureteral Access Sheath/
Ureteral Dilator

Although the initial experience with ureteral 
access sheaths in children used an adult 14  Fr 
sheath [3], the most commonly used sheaths have 
a 9.5 Fr inner diameter and 11 Fr outer diameter 
and come in shorter lengths, so the working dis-
tance to the child is closer. Active dilation of the 
ureter and placement of both a safety and work-
ing wire can be done using a dual lumen coaxial 
dilator which tapers from 8 Fr when placed in the 
proximal ureter to 10  Fr in the distal ureter. 
Ureteral dilation balloons are rarely used as they 
dilate the orifice to 15 Fr (5 mm), which is larger 
than necessary.

6.3.2  Percutaneous 
Nephrolithotomy

The “all-seeing” needle comes in a 4.85 Fr size 
for micro-perc [4]. The mini-perc set, which is no 
longer commercially available [5], consisted of a 
11  Fr peel-away sheath over an 8–10  Fr dual 
lumen dilator. As a substitute, Amplatz dilators 

can be used to dilate the nephrostomy tract to 
12 Fr, an 8–10 dual lumen dilator used to place a 
working and safety wire, and a ureteral access 
sheath placed and trimmed to appropriate length. 
The Amplatz nephrostomy dilator set has an 8 Fr 
sheath that fits over the working wire, with 
sheaths that increase by 2  Fr up to 30  Fr. It is 
made of a stiff plastic material, polytetrafluoro-
ethylene (PTFE). For larger patients, an Amplatz 
dilator set can be used to dilate the tract from 6 Fr 
after initial percutaneous access, up to the desired 
size. The metal Alken dilators have a knob on the 
smallest dilator, and since they are metal, they 
can be sterilized for reuse. Similar to the Amplatz 
dilator, the progressively larger dilators are 
placed over the initial dilator until the tract is of 
appropriate size.

6.3.3  Endopyelotomy Balloons

The Acusize Endopyelotomy catheter is no lon-
ger commercially available, it consisted of an 
8 mm (24 Fr) balloon, which had a 100 mm cut-
ting wire attached to one side [6]. The initial ben-
efit of the Acusize was that it could be deployed 
in a retrograde fashion to treat ureteropelvic junc-
tion obstruction, so no percutaneous access was 
required. Due to a 65% success rate and progres-
sive long-term failure, it has been replaced by 
laparoscopy pyeloplasty [7]. In cases where an 
antegrade endopyelotomy under vision after 
failed pyeloplasty is appropriate, balloons with 
an inflated diameter of 6 mm (18 Fr) are available 
to delineate the area of stenosis, which allows for 
incision of the ureteropelvic junction.

6.3.4  Ureteral Stent

Since its introduction in 1978, the double-J ure-
teral stent is widely used in pediatric urology to 
maintain patency of the ureter and help recover 
from ureteral injury [8]. Advances in develop-
ment and design have been driven by the goal to 
decrease stent-related morbidity, including pain, 
encrustation, and biofilm. These advances have 
included using a loop-type end, rather than pig-
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tail coil in the bladder, various coatings, and use 
of different biomaterials.

Most commercially available stents are poly-
meric double J ureteral stents. Silicone stents are 
also available and thought to be less apt to encrust 
as well as form a bacterial biofilm [8, 9]. In addi-
tion, they are associated with less stent-related 
symptoms compared to polyurethane ureteral 
stents [9]. Metallic stents are theoretically better 
for ureteric obstruction, given their rigidity and 
resistance to extrinsic compression [10]. For 
pediatric patients, removal of the ureteral stent 
often involves another anesthetic and cystoscopy. 
Magnetic stents can provide reduced general 
anesthetic exposure and cost savings, but these 
stents do require catheterization for removal [11].

Choosing the correct size of stent is important. 
The calculation of patient age +10  cm is com-
monly used for selecting ureteral stent length for 
a pediatric patient [12]. For torturous, dilated ure-
ters, retrograde insertion of a measured ureteral 
catheter can be used to estimate the size prior to 
stent insertion. Stent size ranges from 3 to 8 Fr. 
Stents are typically passed over a wire for safe 
positioning. It is important to choose the correct 
wire diameter in order for the stent to pass over 
the wire (Table 6.1).

6.3.5  Wires

There are three main types of wires used in urol-
ogy: hydrophilic straight and angled wires, 
hybrid wires, which have a distal hydrophilic tip 
and typically a nitinol core, and stiff wires. The 
hydrophilic wires are useful for bypassing diffi-
cult obstructions and for navigating tortuous ure-
ters. They come in straight and angled tip. The 
angled tip can further facilitate passage through 
narrow, tortuous ureters. The hybrid wire pro-
vides the gentleness of a hydrophilic tip, enabling 

safe passage through the ureter, but also the stiff-
ness that can facilitate straightening of the ureter 
and stabilization when advancing instrumenta-
tion over it. The extra stiff wires are most useful 
when passing dilating catheters and sheaths, as 
they are even more kink resistant. Complications 
associated with stiff wires include puncture and 
passage through the ureteral wall. Therefore, 
hydrophilic tipped wires are preferred for retro-
grade ureteral access. Wire diameters range from 
0.018 to 0.038 in.

6.3.6  Baskets

There has been recent advances and innovation in 
disposable stone retrieval devices, including 
stone extraction baskets. Baskets were once made 
of reusable stainless steel, but are now single use 
and made of nitinol, making them more flexible 
and less traumatic. There are multiple types of 
baskets, with different characteristics and mecha-
nisms of action (Table  6.2). There are newer, 
smaller 1.3–1.5 Fr baskets that are less likely to 
interfere with deflection of the flexible uretero-
scope in the kidney and do not occlude the flow 
or irrigation through the working channel as 
much as larger baskets. Another recent innova-
tion is the tipless basket that is less traumatic and 
can conform to the shape of the calyx while 
ensnaring a stone. End-engaging baskets do not 
completely envelope the stone, but rather grasp 
the stone circumferentially (Fig. 6.1). This allows 
for more precise grasping and easy release [13]. 
Although baskets are more commonly used for 
stone extraction, they can be used for stent 
removal during flexible cystoscopy, and for stents 
that have migrated proximally into the ureter.

6.4  Technique

6.4.1  Ureteral Access Sheath/
Ureteral Dilator

After placement of the ureteral guidewire, place 
the 8–10 coaxial dilator to the mid-ureter under 
fluoroscopic guidance. Place the safety wire, 

Table 6.1 Appropriate size wires for stents

Diameter of stent (fr) Diameter of wire (in)
3 0.018
4 0.025
6 0.035
8 0.038
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Table 6.2 Properties of different stone baskets

Basket shape Manufacturer Basket name Special basket features
Tipless (4-wire 
round)

Bard Skylite
Boston scientific Zero tip
Coloplast Dormia no-tip
Cook NCircle Also comes as delta (sturdier) version and helical 

(intertwined) configuration
Olympus Ultra-catch Twisted wires to maintain shape, rotation control handle
Sacred heart Halo Rotation control handle

Vantage Rotation control handle
Tipless (end 
engaging)

Boston scientific Dakota OpenSure handle capable of secondary opening to ensure 
release

Cook NGage
Tipless (unique) Coloplast Dormia no-tip Twisted wire with flower design

Olympus X-catch NT Cross-paired wires for increased radial dilating force, 
basket changes to multiple sizes, rotatable handle

Sacred heart Halo
Tipped Cogentix medical/

Laborie
Flat/helical

Coloplast DormiaN.
Stone

Cook NForce
Sacred heart Apex

Miscellaneous Bard EXPAND212 2-1-2-1 wire design for increased wire coverage over 
stone

Dimension Able to articulate position of basket at handle
Boston scientific Escape 2-in-1 basket designed to hold stone and allow 

simultaneous lithotripsy
Graspit Shaped like grasping forceps, has serrated nitinol wire 

edges
OptiFlex Rotation control knob on handle, extendable cage 

diameter
Cook NCompass 16 wire meshed construction designed for small stone 

fragment retrieval
NTrap Woven meshed wires extend beyond stone, preventing 

retropulsion of fragments

Adapted from: Khaleel SS, Borofsky MS. Innovations in Disposable Technologies for Stone Management. UrolClin 
North Am. 2019;46(2):175–184 [15]

Fig. 6.1 End-engaging basket

remove the 8–10 dilator, coil the safety wire, and 
place the appropriate length ureteral access 
sheath to the mid-ureter. Remove the inner por-

tion of the access sheath; if the sheath is too long, 
trim the portion outside the patient before start-
ing ureteroscopy.

6.4.2  Percutaneous 
Nephrolithotomy

For mini-perc and standard PCNL, after obtain-
ing initial access, use Amplatz dilators to dilate 
the nephrostomy tract to 12  Fr. Place an 8–10 
dual lumen dilator to position an additional safety 
wire down the ureteropelvic junction into the 
proximal ureter. Trim the appropriate size ure-
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teral access sheath to the correct length and pass 
this over the working wire, remove the inner por-
tion of the access sheath. For micro-perc, the 
entire procedure is done through the needle by 
passing the laser fiber through the central chan-
nel. A limitation of micro-perc is that stones can-
not be extracted at the time of surgery, so it is 
more similar to shock wave lithotripsy, in that the 
stone fragments need to pass spontaneously [4].

6.5  Results

6.5.1  Ureteral Access Sheath/
Ureteral Dilator

Despite initial concerns about causing distal ure-
teral strictures from dilation, the stricture rate is 
<1% in most series, showing that properly 
applied active or passive dilation is safe, even in 
small children [14]. However, the caveat is that 
all patients who had placement of a ureteral 
access sheath previously underwent placement of 
a ureteral stent to allow for passive dilation. If 
you are attempting a one-step dilation on a ureter 
that feels tight, placement of a stent is the safer 
course. Stone-free rates after a single procedure 
remain in the 80% range with low complication 
rates [14].

6.5.2  Percutaneous 
Nephrolithotomy

Standard PCNL in children provides a stone-free 
rate of 80–90% [2], while mini-perc has an 85% 
stone-free rate [5]. Micro-perc showed an 89% 
stone-free rate for stones with a mean size of 
14 mm in a study population of 2 children and 8 
adults [4], with an identical 88% stone-free rate 
in 8 children [2]. Micro-perc seems to be ideal for 
lower pole stones <20 mm.

6.5.3  Endopyelotomy Balloon

Follow-up of primary endopyelotomy (both Acusize 
and antegrade ureteroscopic) with 34  months 
showed a 65% success rate, whereas, in secondary 

endopyelotomy at 61 months, the success rate was 
94%. Time to failure for primary Acusize incision 
ranged from 1.5 to 131 months [7].

Tips and Tricks
• Ureteral access sheath/ureteral dilator. 

If the 8–10 dilator cannot be passed, it is 
safer to place a stent and return in 2 weeks 
after the ureter has passively dilated to 
proceed with ureteroscopy, rather than 
risk creating a ureteral stricture. Similarly, 
if the ureteral access sheath cannot be 
passed easily, the decision on whether to 
proceed without the sheath should be 
made based on the stone burden and if 
relatively few passes would be required.

• Percutaneous nephrolithotomy sheath. 
Keeping the sheath in place when remov-
ing the nephroscope is the biggest chal-
lenge. The risk of dislodgement can be 
decreased by using an offset nephroscope 
or cystoscope without a curved beak, so 
that the sheath stays in the tract if the 
scope needs to be withdrawn to remove 
stone fragments. Confirm that the diame-
ter of the stone fragment will fit through 
the nephrostomy sheath before removing 
the scope and the basket. If the sheath is 
pulled out, placing the inner portion of the 
sheath over the safety wire and passage of 
both the inner and outer sheaths into the 
tract allows for replacement of the outer 
sheath.

• Stents, wires, and baskets. Become 
familiar with the instruments available 
to you, especially size and caliber of 
working channel, so you can appropri-
ately choose the proper size stent, wire, 
or other device. For dilated/tortuous 
ureters, measuring the ureteral length 
with a ureteral catheter can help with 
choosing the appropriate size of the 
stent. For stents that are in place for a 
short time, leaving the string attached to 
the distal coil of the stent to facilitate in 
office removal is an option, avoiding an 
additional anesthetic and cystoscopy.
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6.6  Discussion

Percutaneous nephrolithotomy achieves a higher 
stone-free rate after a single procedure, but car-
ries a higher risk of bleeding due to dilation of the 
tract, which is improved with the development of 
the mini-perc. The micro-perc allows for the pos-
sibility of a truly tubeless nephrolithotomy 
through a small tract, but is most beneficial in 
lower pole stones less than 2  cm in size. 
Retrograde ureteroscopy in children sometimes 
requires three procedures under anesthesia: 
placement of the ureteral stent, ureteroscopy, and 
stent removal. Therefore the risk/benefit balance 
for patients may shift based on each surgeon’s 
comfort with micro-perc, which could allow for 
combined access with ureteroscopy, if needed.

The use of ureteroscopy for treatment of pedi-
atric stone disease has increased dramatically 
over the past two decades, as it has been estab-
lished as safe and efficacious. Advances in tech-
nology, including smaller instruments, have 
facilitated the application of these minimally 
invasive techniques to the pediatric population. 
In order for most endourology cases to be done 
safely, wires are used to exchange instruments in 
the kidney and ureter. In addition, stents are used 
to drain the kidney before and after these proce-
dures. During a ureteroscopic procedure, baskets 
are commonly implemented in order to retrieve 
stone fragments. Ureteral access sheaths have 
made repetitive removal and reintroduction into 
the ureter to retrieve multiple stone fragments 
safer. The use of all of these devices requires a 
sound familiarity and understanding of the equip-
ment as well as the specific tools available.
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7Instruments for Pediatric MIS 
Urology (Laparoscopy, 
Endourology, Robotics)

Mario Mendoza Sagaon and Ernesto Montaruli

7.1  Introduction

Technology in pediatric surgical procedures con-
tinues to evolve. Particularly in the domain of 
urology, minimal invasive surgery is becoming 
popular and well accepted in the pediatric surgi-
cal community. The evolution and arrival of new 
technology, including instruments, telescopes, 
ultrasonic and laser generators, electronic 
devices, etc. require that pediatric surgeons and 
pediatric urologists get continuously updated and 
familiarized with this new technology. Thus, in 
order to obtain the best results in minimally inva-

sive pediatric urology procedures, accurate 
knowledge of the instruments is fundamental. 
Each instrument used during endourology, lapa-
roscopic or robotic interventions, deserves its 
detailed knowledge to obtain the best results dur-
ing the intervention and to be able to cope with 
the complications that can occur during these 
procedures.

The first part of this chapter will be dedicated 
to the description of the instruments used for 
endourological surgery, including cystoscopy 
and ureterorenoscopy. The second part of the 
chapter will describe commonly instruments 
used during pediatric laparoscopic urological 
procedures and finally, we will describe the par-
ticularities of urological robotic surgery 
instruments.

7.2  Endourology Instruments

Endourological exploration of the urinary tract is 
a standard procedure of the pediatric urologist. It 
may be performed in a variety of circumstances 
and requires three conditions: (1) a cavity filled 
with fluid; (2) an endoscope of the right diameter 
and (3) a light source connected to an external 
unit. Usually, a digital camera is used to connect 
the eyepiece to the external unit. The images are 
sent to the endoscopic tower to be processed and 
subsequently to a monitor to be viewed. Typically, 
xenon or halogen light source deliver cool light to 
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Fig. 7.1 Laser light source generator delivers cool light 
to the endoscope by a fine fiber-optic cable

the endoscope by a fiber-optic cable (Fig.  7.1). 
The most used irrigation fluids are sterile water, 
saline or glycine solutions. Usually, an 
electrolytes- free solution must be preferred if the 
use of electrocautery is expected.

Cystourethroscopy could be performed using 
a rigid or flexible endoscope. Each of these tools 
has specific advantages based on the clinical 
situation.

Rigid endoscopes offer better image quality 
than the flexible system based on optical fibers. 
Furthermore, the rigid cystoscope has a larger 
working channel and allows the introduction of 
different types of instruments, greater irrigation 
flow (Fig. 7.2). In addition, they allow easier han-
dling and better stability during the surgical pro-
cedures. Rigid cystoscopes require precise 
assembly before use. Usually they have a mark 
on the end that identifies the cystoscope size and 
the working channel width.

The flexible video ureteroscope (Fig. 7.2) has 
the advantage of allowing an easier examination 
of the upper urinary tract and allowing a com-
plete inspection of the bladder. Thanks to its flex-
ibility, it is often used to explore the upper urinary 
tract and treat urological pathologies located 
above the level of the iliac vessels. In pediatric 
age, it is used for endoscopic treatment of neph-
rolithiasis. Some type of laser probes, such as the 
holmium laser, are used to vaporize the stones 
[1]. This procedure has excellent results even in 
the pediatric age [2]. It is important to be aware 

that flexible cystoscopes are much more delicate 
and fragile than the rigid ones, but with a correct 
handling and maintenance, a long life of these 
devices could be achieved [3].

Pediatric endoscopes have sizes ranging from 8 
to 12 Fr, while cystoscopes for adults with a cali-
ber from 16 to 25 Fr may be used on teenagers. 
Obviously the size of the endoscope will depend 
on the age of the patient and the procedure to be 
performed and therefore on the need to introduce 
different types of tools. However, it should not be 
forgotten that a small cystoscope is less traumatic 
in the urinary tract. Additionally a portable fluoro-
scopic system is required in order to control local-
ization of lithiasis, position of catheters, 
intraoperative contrast studies, etc. (Fig. 7.3).

7.3  Laparoscopic Instruments

Laparoscopy is an essential tool in diagnostic 
investigations and in the treatment of multiple 
pediatric urological diseases. Laparoscopy 
requires four essential components: (1) laparo-
scopic telescopes, (2) an external light source 
with a fiber-optic cable, (3) a camera with a mon-
itor connected to a tower to process images and 
(4) a system of CO2 insufflation.

Laparoscopic telescopes are commonly avail-
able in different sizes. In the pediatric population, 
the most commonly used are of 3, 5 and 10 mm 
diameters. The optics can have a different angle 
depending on the type of procedure performed. 
The 0°, 30° and 70° optics are the most com-
monly used. Semi-flexible laparoscopes that 
allow a 90° exploration are less used (Olympus, 
Karl Storz Endo CAMeleon). Finally, there are 
laparoscopes that integrate a working channel to 
reduce the number of trocars needed for other 
instruments, but they have the inconvenience that 
they are of 10 mm diameter and the quality of the 
image may be affected by the concomitant pres-
ence of the working channel. Laparoscopic lens 
fogging is a frequently encountered problem and 
some solutions are available [4].

Correct positioning and orientation of the 
optic and the camera is essential to obtain good 
quality images. It should be remembered that 
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Fig. 7.2 Rigid cystoscope and flexible video ureteroscope

Fig. 7.3 Portable fluoroscopy system

during the procedure the camera must be oriented 
at 0° with the optics in order to avoid image rota-
tions, which can disrupt the procedure.

The light source is essential for good quality 
images. Halogen or Xenon light sources are usu-
ally used. The access to the abdominal cavity 

during laparoscopic operations can take place in 
different ways of trocar placement, and triangula-
tion may be achieved when possible. Surgical 
approach can be transperitoneal, extraperitoneal 
and retroperitoneal. These techniques require an 
access route [5] and adequate equipment, and 
will not be discussed in this chapter.

In pediatric laparoscopic urology, the 5 and 
3-mm instruments are generally used (Fig. 7.4). 
They offer 4 degrees of freedom: (1) in/out, (2) 
external pitch (up/down), (3) external yaw 
(left/right) and (4) rotation (clockwise/
counterclockwise).

The instruments used during a laparoscopic 
urologic procedure are those for grasping and 
retraction, for blunt and sharp dissection, incis-
ing, hemostasis (electrocautery or ultrasonic 
energy), suturing, clipping, specimen retrieval, 
suction and irrigation.

The most frequently used instruments for cut-
ting and hemostasis are: monopolar hook, mono-
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Fig. 7.4 3-mm 
laparoscopic instruments

Fig. 7.5 Laparoscopic knife

polar scissors, laparoscopic scalpels, electrocautery 
and ultrasonic devices and lasers. The scissors can 
be single-use or reusable and the tip can be fixed or 
rotating. Laparoscopic scalpels are often used for 
pyelotomy procedures (Fig. 7.5). The electric scal-
pel is employed much more often in comparison to 
the mechanical one, which can have different tips 
depending on its use. Care should be taken that the 
end of the scalpel is always protected by an inert 
envelope to avoid injury to other organs during 
cauterization. There are different types of ultra-
sonic coagulation and sealing vessels tools that 
permit to avoid intracorporeal knotting [6, 7]. The 
technology of these devices is based on a low volt-
age radio frequency generator. Finally, laser instru-
ments, based mainly on CO2 and Helium 
technology, can be used for cutting and hemostasis 
thanks to the use of light impulse energy through 
optical- fibers. Argon coagulation is reserved pre-
dominantly for hepatobiliary surgery [8].

A fundamental principle during a laparoscopic 
operation is the gentle and accurate manipulation 
of the organs and their dissection and suture. The 
force applied during tissue palpation plays an 
important role to reduce organ damage [9]. 
Several tools make this task easier. In pediatrics, 
dissectors and laparoscopic graspers have dimen-
sions that can vary from 3 to 10 mm with a liner, 
pointed or curved design, traumatic or more often 
atraumatic, locking or non-locking.

Laparoscopic needle holders have a locking 
mechanism which facilitates their use during 
laparoscopic suturing procedures. Mechanical 
staplers have certainly accelerated surgical pro-

cedures and become reliable to the mechanical 
stress [10].

Several tools become useful when making 
vascular dissections and occlusion, in this case 
clips devices are indispensable. There are differ-
ent sizes of clips according to the type of proce-
dure and the tissue thickness. During or before 
ending an operation, the abdominal cavity must 
be clean. In this regard, there are different types 
of laparoscopic disposable or non-disposable 
aspirators/irrigation devices.

Specimen retrieval bags permit to extract full 
organs or fragments of them during a laparo-
scopic procedure. The bags have different sizes 
and are made of different materials. These 
devices may request an enlargement of the 
abdominal wall incisions to permit the organ 
extraction.

7.4  Robotic Instruments

Robotic surgery is gaining in popularity in pedi-
atric urology due to the advantages of the three 
dimensional vision and the EndoWrist® technol-
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Fig. 7.6 Si and Xi da Vinci® platforms

ogy instrumentation that offer a wide range of 
motion, allowing great dexterity and precision 
through a minimal invasive approach. In addi-
tion, the robotic console offers better ergonomics 
for the surgeon during the procedures.

Many robotic urological procedures in chil-
dren have been reported with excellent results, 
including pyeloplasty, nephrectomy and hemine-
phrectomy, uretero-vesical reimplantation, renal 
tumor excision, bladder augmentation, nephroli-
thiasis, etc. [11]. Some limitations of this tech-
nology are the higher costs, the low availability 
of the platform and lack of haptic feedback. 
Although an advised limitation in neonates and 
infants due to the size of the robotic instruments 
and the deficiency of distance necessary between 
the ports of the robotic arms in order to avoid 
instrument clashes, some authors have reported 
good results in infants of less than 10 kg [12].

Currently there are two platforms of the da 
Vinci® system available, the Si and the Xi 
(Fig. 7.6). Older versions have been discontinued 
by Surgical Intuitive Inc., Sunnyvale, USA. The 
new system da Vinci® Xi offers the innovation of 
a crystal clear 3-D HD vision, integrated genera-
tor for electrocoagulation and ultrasonic energy, 
robotic vessel sealers, robotic staplers and single 
port technology. Another important benefit of the 
Xi platform is that the structure of the surgical 
cart allows easier docking and a multi-quadrant 
access, avoiding the necessity of re-docking.

The surgeon and all the surgical team must be 
familiarized with the structure, components and 

function of the three main units of the da Vinci® 
platform: the surgeon’s console, the surgical cart 
and the vision cart in order to benefit of the best 
capabilities of the platform and to guarantee the 
best surgical results. Moreover, knowledge that 
the platform will give strategies for troubleshoot-
ing in case of technical problems.

It is advised to create adequate checklists of 
the different robotic urologic procedures. These 
checklists should include (1) patient’s position, 
(2) surgical cart and visual cart position for the 
setting of the docking, (3) availability of the 
robotic instruments (including staplers, ultra-
sonic devices or clips) and their position in the 
robotic arms as well as the position of the mono-
polar or bipolar cables, (4) additional laparo-
scopic instruments, (5) additional urologic 
devices such as stents, catheters, drains, speci-
men retrieval bags, etc.

Robotic telescopes are available in 8 and 
12 mm, 0° and 30° for the Si platform and only 
8 mm with the video camera integrated, 0° and 
30° for the Xi platform.

Robotic instruments exist in 5 and 8 mm for 
the Si platform and only 8 mm for the Xi plat-
form [13]. Around 39 instruments of 8 mm are 
available with a wide variety of graspers, scis-
sors, dissectors, needle drivers that can articu-
late the tip up to 90° and allow 7 degrees of 
freedom (in/out, rotation; external and internal 
wristed pitch [up/down]; external and internal 
wristed yaw [left right]; and Grip) (Fig.  7.7). 
Moreover, some of these instruments can be 
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Fig. 7.7 Robotic 8-mm 
instruments

Fig. 7.8 Robotic and supplementary laparoscopic 
trocars

associated with monopolar or bipolar cauteriza-
tion. In general, the 8-mm instruments have a 
lifespan of ten uses. Generally, for most of the 
pediatric urologic procedures, only three of the 
four robotics arms of the surgical cart are used, 
and the five or six more instruments used are the 
bipolar forceps, the grasper, the monopolar scis-
sors, the needle drivers (2x) and the monopolar 
hook.

Regarding 5-mm instruments, these are only 
available in the Si platform. They are limited to 
ten instruments (hook, spatula, needle drivers, 
two forceps, two graspers, non-articulated ultra-
sonic shears and two cold scissors) and in com-
parison to the single articulation tip in the 8-mm 
instruments, the 5-mm have three joints, creat-
ing a snake-like curvature and will require more 
space to wrist. In addition, no bipolar instru-
ments are available and they have a lifespan of 
20 uses [14].

In general, the cost of each instrument during 
a robotic procedure is estimated to be between 
250 and 300 Euro. To reduce these costs, it is 
advised the use of additional laparoscopic work-
ing ports of 3, 5 or 10 mm that can be used for 
insertion/extraction of surgical devices (sutures, 
catheters, wirelines, etc.), suction and irrigation, 
retrieval of specimens, additional retraction, clip 
applying, use of staplers, etc. (Fig. 7.8). Moreover, 
a good preoperative strategy and a checklist will 
permit to avoid using unnecessary robotic instru-
ments for a certain procedure.

Evolution of robotic technology is necessary 
to create smaller instrumentation and develop 
robotic miniaturization in order to improve mini-
mal invasive procedures, where pediatric surgery 
will benefit, particularly in the domain of neona-
tal surgery.

In conclusion, continuing evolution of tech-
nology in the domain of minimal invasive surgery 
requires continuous update and knowledge of 
new instrumentation, devices, generators, robotic 
platforms as well as development of new skills of 
the surgeon and his/her surgical team. This will 
allow the surgeon to take advantage of all the 
benefits that the new technology offers and to 
face troubleshooting when necessary.
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8Energy Sources in Pediatric MIS 
Urology

Peter Zimmermann and Martin Lacher

8.1  Basics and Biophysics 
of Electrosurgery

Electrosurgery requires an electrosurgical unit 
(ESU), an active electrode, target tissue, and a 
return electrode [1]. The ESU takes alternating 
electrical current (AC) from a socket (with a fre-
quency of 50 or 60 Hz) and converts it into AC 
with frequency ranges of 200  kHz to 50  MHz. 
These frequencies allow the desired thermal 
effects without muscle fasciculation, nerve stim-
ulation, and interferences with the conductivity 
of the heart muscles resulting in cardiac arrest 
and death by electrocution. The ESUs can gener-

ate different waveforms like low-voltage continu-
ous mode, interrupted high-voltage mode, and 
various blended modes [2, 3]. The conversion of 
the generated flowing electric energy to thermal 
energy when it encounters the resistance of the 
target tissue leads to different tissue effects. 
Depending on the voltage and active time of the 
electrode, the effects are cutting, coagulation, 
desiccation, and fulguration [4].

8.2  Electrosurgical Technologies

8.2.1  Monopolar Electrosurgery

In monopolar electrosurgery, a focused alternat-
ing electrical current is delivered by a single 
small electrode at the tip of the surgical instru-
ment to the target tissue. To complete the electri-
cal circuit, a dispersive electrode is placed on the 
patient, remote from the surgical site [3]. Due to 
low costs, easy availability, and the variety of tis-
sue effects, monopolar electrosurgery remains a 
popular modality in MIS. Monopolar electrosur-
gery is the only electrosurgical modality respon-
sible for tissue vaporization (tissue destruction 
and/or transection) and fulguration (tissue 
destruction and small vessel hemostasis) 
(Fig.  8.1) [1]. However, its limitations are the 
need for a dispersive electrode, the possibility of 
stray current injuries and the inability to seal ves-
sels larger than 1–2 mm in diameter.
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Fig. 8.1 Dissection of the ureteropelvic junction with 
monopolar hook cautery during laparoscopic transabdom-
inal dismembered pyeloplasty

8.3  Conventional and Advanced 
Bipolar Electrosurgery

8.3.1  Conventional Bipolar 
Electrosurgery

In bipolar electrosurgery, both electrodes are at 
the tip of the surgical instrument itself. The elec-
tric current flows from one electrode to the other 
through the tissue held by the two electrodes to 
achieve the desired effect. The advantages over 
monopolar electrosurgery include the fact that 
the current does not flow through the patient’s 
body. However, in comparison to monopolar 
electrosurgery, coagulation takes longer, which 
may lead to tissue adherence to the electrodes 
and the risk of incidental tearing of adjacent 
blood vessels. Another disadvantage of bipolar 
electrosurgery is that the electrodes cannot cut 
tissue [1, 3].

8.4  Advanced Bipolar 
Electrosurgery

In advanced bipolar electrosurgical systems, the 
delivered electrical energy is highly pulsatile, 
which allows tissue cooling during activation in 
order to decrease lateral thermal diffusion [4]. 
Computerized feedback control systems on tis-
sue impedance and temperature adjust the cur-
rent and voltage for an optimal tissue vascular 
sealing and indicate the achievement of the 
desired tissue effect by an alarm or deactivation 

system. This protects against prolonged activa-
tion, avoiding high tissue temperatures, and 
reduces the risk for lateral thermal diffusion. 
Advanced bipolar devices allow the sealing of 
vessels up to a diameter of 7 mm (Table 8.1) [5, 
6, 9]. Moreover, most advanced bipolar devices 
have an incorporated retractable blade between 
the jaws of the instrument for tissue 
transection.

8.5  Ultrasonic Instruments

The basic principle of ultrasound devices is the 
creation of ultrasonic waves without electrosur-
gical current. Ultrasonic instruments produce 
tissue effects by generating mechanical vibra-
tions of frequencies greater than 20 kHz. This 
mechanical energy, combined with the gener-
ated thermal energy, leads to protein denatur-
ation and formation of a coagulum, sealing 
vessels up to 7 mm in diameter (Table 8.1) [4]. 
The advantages of ultrasonic instruments are 
less lateral thermal diffusion, less tissue necro-
sis and carbonization, and less amount of smoke 
generated. An ultrasonic generator provides the 
mechanical energy necessary to produce the 
desired tissue effects to the instrument. The 
“min” mode provides fine oscillations that are 
ideal for vascular sealing; however, the lateral 
diffusion is greater. In the “max” mode, higher 
mechanical energy leads to wider oscillations 
resulting in rapid transection with less hemosta-
sis. Like in advanced bipolar electrosurgery 
devices, a feedback control system regulates the 
energy according to tissue conditions coupled 
with an alarm system indicating the achieve-
ment of the desired effect [7].

8.6  Hybrid Technology 
(Bipolar + Ultrasound)

Hybrid technology combines the principles of 
advanced bipolar systems and ultrasonic systems. 
With such multi-functional instruments, it is pos-
sible to seal and cut vessels up to 7 mm in size 
with minimal thermal spread (Table  8.1). 
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Table 8.1 Selection of currently available vessel sealing device (VSD) technologies [1, 5–8]

Trade names (commonly 
used) LigaSure™ Harmonic™ ThunderBeat system™
Manufacturer Medtronic/Covidien, 

Boulder, CO, USA
Johnson & Johnson Plaza, 
New Brunswick, New Jersey, 
U.S.

Olympus Medical Systems 
Corporation, Shinjuku, Tokio, 
Japan

Year of availability 1998 
2003 2005

1998 2003 2012

Technology Pulsed bipolar energy Ultrasonic technique Ultrasonic and bipolar 
technique

Vessel seal (max. diameter 
in mm)

7 7 7

Mean time to seal (in vessel 
of 2–7 mm in s)

3.24 ± 0.32 3.3 ± 1.0 2.43 ± 0.76

Mean burst pressure (in 
arteries of 5–7 mm in 
mmHg)

615 ± 40 454 ± 50 734 ± 64

Sufficient safety margin 
(mm)

5 5 5

Fig. 8.2 Division of the renal parenchyma with 
LigaSure™ during right-sided transperitoneal laparo-
scopic heminephroureterectomy

Different clinical trials have shown superiority of 
this technique over the existing electrosurgery 
devices [8, 10].

8.7  Applications in Pediatric 
Minimally Invasive 
Urological Surgery

Esposito et  al. analyzed complications encoun-
tered during 701 urologic procedures performed 
at eight urological centers in Italy [11]. Nineteen 
complications (2.7%) were recorded, of which 
six required conversion to open surgery. Bleeding 
or dissection problems occurred in eight cases in 
which monopolar coagulation was used. For this 
reason, the authors recommended the use of 
advanced bipolar or ultrasonic instruments 
instead of monopolar electrocautery to reduce the 
risk of bleeding and of thermal injuries during 
delicate dissections. In another study, Esposito 
et al. reported their results of 149 nephrectomies 
in children using MIS (laparoscopic and retro-
peritoneoscopic). They concluded that the use of 
hemostatic devices like LigaSure™ or 
Harmonic™, instead of monopolar electrosur-
gery, reduces the risk of bleeding and shortens 
the operation time [12].

In a prospective study, Metzelder et  al. com-
pared the use of LigaSure™ with the use of clips 

or ligations during laparoscopic transabdominal 
nephrectomy in ten consecutive pediatric patients 
in each group. They showed that the use of 
LigaSure™ in laparoscopic transabdominal 
nephrectomy is safe, effective, and facilitates sig-
nificantly lower operating times compared to clip 
application and intracorporeal suturing [13]. In a 
second study, the same group evaluated the feasi-
bility of using LigaSure™ in laparoscopic trans-
peritoneal hemi-nephroureterectomy in children 
with impaired renal duplex systems (Fig. 8.2). The 
authors reported an excellent feasibility of this 
procedure using this vessel-sealing device [14].

These findings were confirmed by two other 
studies which reported their experience with 
transperitoneal laparoscopic heminephroureter-
ectomy using LigaSure™ [15, 16].

8 Energy Sources in Pediatric MIS Urology



56

Laparoscopic heminephroureterectomy, how-
ever, mainly in adults, has been performed in 
selected cases of renal tumors and where nephron 
preservation is essential. Comparable results 
without complications for nephron sparing tumor 
dissection either by cold scissors or by an ultra-
cision device have been reported [17]. Of note, 
although the tissue margins of the specimen may 
be deformed by the effects of lateral thermal dif-
fusion, the interpretation regarding a benign or a 
malignant character of the cells is not compro-
mised [18].

Two studies by Marte et al. and Koyle et al. 
compared the use of the LigaSure™ vessel- 
sealing system with laparoscopic clip ligation in 
laparoscopic Palomo varicocele ligation (LPV) 
in children and adolescents. In both studies, the 
authors concluded that LPV using a vascular 
sealing device is a rapid, safe, and effective thera-
peutic option for the pediatric and adolescent 
patient with varicocele, which has excellent 
results [19, 20].

8.8  Discussion

With the introduction of minimally invasive tech-
niques in pediatric surgery and urology, there is a 
growing demand for electrosurgical devices 
which maximize the desired tissue effects, while 
minimizing adverse events. Advanced bipolar 
electrosurgical systems and ultrasound systems 
have found their place in pediatric minimally 
invasive urological surgery. The use of these 
devices is safe, effective, and can help to reduce 
operating times and complication rates. However, 
they should be used with great care and a margin 
of at least 5  mm to adjacent organs is recom-
mended to avoid any thermal damage.
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9Endoscopic Suturing in Paediatric 
MIS Urology

Dariusz Patkowski

The process of minimally invasive surgery tech-
niques adaptation to paediatric urology was 
rather slow. The first procedures performed were 
mostly diagnostic shifting with time to operative 
one. With growing experience, more and more 
sophisticated operations were undertaken to 
broaden the spectrum of potential endoscopic 
procedures, mainly for reconstructive ones. 
Majority of the endoscopic procedures are mainly 
a kind of surgical resection that normally doesn’t 
require advanced suturing as opposed to recon-
structive surgeries involving advanced endo-
scopic suturing.

Suturing is one of the most difficult and chal-
lenging skills in endoscopic surgery. It requires a 

very good eye-hand coordination. There are 
many very experienced endoscopic surgeons 
doing great procedures that have no idea about 
the proper technique of endoscopic suturing as it 
is occasionally needed. When difficulties arise 
and it comes to suture placement, they struggle a 
lot with instruments, knots and tissue, making the 
procedure longer and risky, and finally they often 
decide to convert to open surgery. They try to fol-
low their experience with knots-tying technique 
coming from open classical surgery. However, it 
usually doesn’t work well in endoscopy.

Main reasons making endoscopic suturing 
particularly difficult are

• Restricted and small operative space, espe-
cially for newborns and infants.

• Precise needle positioning in needle holder 
with assistance of another instrument, not 
with surgeon’s fingers.

• The control of needle movements in small 
space without touching and injuring surround-
ing structures.

• Fixed angle between instruments and target 
organ or tissue, impeding precise suture 
placement.

• Lack of direct tissue touch and feel.
• Two-dimensional picture and lack of opera-

tive field depth.
• Paradoxical instruments’ movements.D. Patkowski (*) 
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It is impossible to perform advanced endo-
scopic paediatric urology without proper knowl-
edge about endoscopic suturing. There are many 
indications in paediatric urology for endoscopic 
suturing. The most frequent is placement liga-
tures around vessels (varicocelectomy, nephrec-
tomy, ovariectomy). It is a good training option 
for residents, especially for varicocelectomy, 
instead of easy vessels clipping. Other indica-
tions are more demanding like pyeloplasty or 
ureter reimplantation or even more advanced 
reconstructive procedures.

A perfect endoscopic knot is the result of a 
small steps series. It is extremely imperative to 
repeat each step in the same way and order, 
with a continuous movement of instruments as 
slowly as possible to get the best result and 
reproducibility. It necessitates many hours of 
training on simulators to become an expert. As 
simulators are becoming available easier, more 
efficient training may be expected. More to say, 
endoscopic suturing requires very precise and 
advanced eye-to-hand coordination that it 
should begin any training in endoscopic 
surgery.

9.1  Techniques of Suturing

There are different techniques of making knots. It 
may be accomplished in extracorporeal and intra-
corporeal way and is compared in Table 9.1. It 
seems that intracorporeal suturing, apart from 
being more difficult, should be regarded as a 
standard for any endoscopic surgery.

9.2  Suture Types

The proper selection of suture type is impor-
tant from the endoscopic surgery viewpoint. A 
discussion about different suturing materials 
is beyond the scope of this chapter. Basically, 
it is a selection between a monofilament or 
braided thread, as both behave differently dur-
ing endoscopic procedure. The main differ-
ences are showed in Table  9.2. It seems that 
braided thread is more practical for endo-

scopic surgery; however, for special indica-
tion, the monofilament should be considered 
(e.g., pyeloplasty).

9.3  Knots Types

There are different types of knots used in endo-
scopic surgery (Table 9.3). The elementary knot’s 
role is to bring and keep tissue together. In 
author’s opinion, the sliding knot is the most 
practical knot working in each situation. Using 
this knot, the surgeon can control the tension 
between tissues avoiding their disruption. If the 
tension seems to be high, one can stop tissue 
approximation and put another one or more slid-
ing knots. The knots are closed gradually bring-
ing the tissue’s edges together. In this way, the 
traction force is distributed between sutures pre-
venting tissue damage.

9.4  Instruments

The endoscopic suturing requires dissector, nee-
dle holder and scissors. Instead of dissector, one 
can use another needle holder or delicate fenes-

Table 9.1 Comparison between extracorporeal and 
intracorporeal suturing techniques

Extracorporeal Intracorporeal
Precision Low High
Suture adjustment 
control

Low High

Suture construction Easier Difficult
Thread length Long, thread 

wasting
Short, 
economic

Construction time Longer Shorter
Risk of damage to 
very thin, delicate 
thread

High Low

Table 9.2 Thread types comparison

Type Monofilament Braided
Handling Difficult Easy
Memory Yes No
Sticking to tissue No Yes
Damage Easy to be broken Easy to be torn
Sliding Easy Less easy
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Table 9.3 Comparison between different types of knots

Name
Surgical 
knot Square knot Sliding knot

Structure First double 
knot and 
second 
single 
opposite 
one

Two single 
opposite 
knots

Square knot 
converted into 
sliding and back 
to square one

Tension 
between 
tissue

Moderate Small The highest to 
withstand by 
tissue

Action Must be 
closed with 
the first 
knot

Must be 
closed with 
the first 
knot, a risk 
to 
self-opening 
with tissue 
tension

Adjustable, 
possible several 
knots to place 
and to close 
step by step 
decreasing 
tissue tension

trated grasper. Available needle holders may be 
straight or angled right or left. Angled needle 
holders are more versatile and make handling the 
needle at appropriate plane against tissue easier. 
Some needle holders are designed to a special 
needle’s size that is very important to bear in 
mind to avoid needle holder’s damage.

9.5  Needle Delivery 
and Extraction

Depending on needle’s size, it may be delivered 
inside through a trocar or abdominal wall. 
However, if a patient is obese, it may be difficult. 
In such a case, the needle should be straightened 
to accommodate trocar diameter.

9.6  Handling a Needle

A needle position in a needle holder’s jaws is cru-
cial for a perfect tissue piercing and a later con-
struction of a perfect suture. It is frequently an 
underestimated part of endoscopic suturing. In 
open surgery, the surgeon adjusts the needle posi-
tion with the aid of his fingers. In endoscopic sur-
gery the instrument replaces his fingers, making it 
difficult and problematic. There are two main steps 
to achieve proper needle position in needle holder:

9.6.1  First Step: Needle Grasping

The needle is grasped with instrument by domi-
nant surgeon’s hand at the region between the 
half to second/third distance from the needle’s 
edge. The needle arch should be grasped with the 
very tip of needle holder’s jaws. If the needle is 
gripped deeply in the jaws, then jaw’s tips will 
touch and move the surrounding structures in 
small operative space, making correct and pre-
cise tissue piercing difficult.

9.6.2  Second Step: Correcting 
Needle’s Position

The needle’s position is corrected separately in 
vertical and horizontal plane. The needle is kept 
with the needle holder by dominant hand. To 
correct the vertical position, the needle is turned 
left or right with the aid of second instrument 
while kept horizontally. To correct the horizontal 
position the needle’s shaft kept by the needle 
holder is set upright and then the process is 
repeated by turning needle left or right to desir-
able position.

9.7  Making a Knot

The concept of making a knot is based on the 
shape of letter “C” both real or reversed as seen 
on the picture. One end of “C”-shape formed 
thread comes out from the tissue and the other 
one from the needle holder’s jaws. The free sec-
ond instrument is placed into the “C” shape part 
of thread from above. Depending on the knot 
type (single or double) one or two loops are cre-
ated around the free instrument. Next, the thread 
end is grasped and is dragged out through one or 
two formed loops. The process is repeated in the 
opposite direction using the shape of reversed 
“C.” The formed square knot before closing may 
be converted into the sliding one by pulling apart 
inner and outer line of knot on the same side. 
Such a sliding knot allows to bring the tissue 
edges step-by-step together, controlling the ten-
sion between them.
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Tips and Tricks
• Always use the same suturing technique 

and repeat each step in the same way 
and order.

• Any modification of the suturing tech-
nique should be reserved for special 
intraoperative situation and for very 
experienced endoscopic surgeons.

• Always keep the instruments’ tips inside 
the operative view, avoiding any move-
ments without eye’s control and vision.

• Always work using both hands; how-
ever, move one instrument at a time 
unless you have enough experience in 
endoscopic surgery.

• Move the instruments as slowly as pos-
sible like in “a slow-motion film.” It 
makes the surgery faster, resulting in 
perfect motion and by avoiding ineffec-
tive, repeated and bad movements.

• The excessive thread’s length is not a 
problem if you keep it out of operative 
field dragging it out through the tissue 
from one side of the operative field to 
the opposite end.

• Continuous training on simulator is the 
best way to achieve proficiency and 
automated manoeuvres in endoscopic 
suturing.
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10Pediatric Anesthesia in MIS 
Urology

Giuseppe Cortese, Costanza Tognon, Rosario Sara, 
and Giuseppe Servillo

10.1  Introduction

The use of laparoscopic and robotic surgery in 
pediatric population has been rapidly increasing 
over the last 15–20 years, and has become a stan-
dard of care for many of the operations involving 
the thoracic and abdominal cavities like some 
urological surgical procedure [1].

The anesthesiology management of the pedi-
atric patient in this operative setting is a new 

challenge for the anesthesiologist: though laparo-
scopic and robotic surgery don’t have same con-
cerns about anesthesia as open abdominal 
surgery, they usually introduce different ones, 
including physiologic effects of the pneumoperi-
toneum, absorption of CO2, and positioning 
required for surgery (it has to be noticed, in fact, 
that some laparoscopic procedures can take lon-
ger than the open alternative). Moreover, although 
laparoscopy in children and adolescents seems to 
be similar to the one in adults, experience in adult 
surgery does not directly translate into safe sur-
gery in younger patients. Pediatric procedures 
must be performed with a full understanding of 
the relevant anatomic and physiopathological 
variation during MIUS.

Laparoscopy requires the insufflation of a gas 
(CO2) that is rapidly absorbed across the perito-
neum and increases total body CO2 content, 
determining changes in many physiological 
parameters. Carbon dioxide is an incombustible 
and high soluble gas that potentially produces 
excessive absorption, subcutaneous emphysema, 
intravascular embolization, pneumothorax or 
pneumomediastinum. Adequate surgical man-
agement of surgical access and gas pressure in 
association with anesthesiology strategies are 
able to reduce complications.

Indeed, minimally invasive surgery (MIS) 
does not mean minimally invasive anesthesia.

The application of minimally invasive tech-
nologies to urologic procedures in children 
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includes both upper and lower urinary tract pro-
cedures as complete nephrectomy, partial 
nephrectomy, pyeloplasty, ureterocalicostomy, 
ureteroureterostomy, anti-reflux surgery, creation 
of continent catheterizable channels, and aug-
mentation cystoplasty [2].

MIUS often requires distension of the perito-
neal cavity (except in a retroperitoneal 
approach), usually obtained by insufflation of 
CO2: it can be performed blindly using a Verres 
needle or placing a port under direct vision 
through a small subumbilical incision. In infants 
and young children, insufflation pressures of 
4–12 mmHg are typically sufficing to visualize 
intraperitoneal structures and create operating 
space as the prepubertal abdominal wall is more 
pliable and the peritoneal cavity is smaller than 
in adults. The insertion of the laparoscope, after 
the expansion of the abdominal wall, grants the 
surgeon the capability to easily observe intra-
abdominal space, to place instruments ports and 
to perform the procedure. A robotic system 
occupies a lot of space in the operating room 
and is made by a surgeon’s control console 
(remote from the patient), a stand for the optical 
system, and patient-side cart with robotic arms. 
After having created the pneumoperitoneum, 
the surgeon can place ports for the camera and 
robotic arms, then controls them from the con-
sole. An assistant is at the patient’s side for suc-
tioning, retraction, and passage of suture or 
sponges in and out of the abdomen.

10.2  Preoperative Evaluation

Any pediatric patient to be subjected to anesthe-
sia is different and requires an individual assess-
ment and management. The spectrum of patients 
is broad and ranges from healthy children in elec-
tion operative setting to newborn with many sys-
temic diseases for emergency surgery. The 
principle of management is similar, in the major 
part, to anesthesia in open surgery.

Anesthesiological evaluation should not be 
made on the day of surgery, but in a period of 
time to permit request for any exams and ade-
quate time required for informed consent [3].

Complete physical examination and patholog-
ical anamnesis should be carried out to identify 
contraindication to laparoscopy, in particular, 
heart disease or pulmonary dysfunction. The 
hydration status, pharmacological therapy, and 
allergies should be registered. A primary target in 
this stage is the evaluation of comorbidities that 
may impact the ability to tolerate surgery. In 
anticipation of laparoscopy, preoperative evalua-
tion has to be focused on those medical condi-
tions that may affect the response to physiological 
changes associated with laparoscopy and surgical 
procedure.

Indeed, congenital abnormalities of the geni-
tourinary tract, often treated with MIS, may be 
associated, for example, with heart malforma-
tions and can be easily used as a signal for the 
diagnosis of congenital heart disease. Insufflation 
of abdomen may pose an important risk in 
patients sensitive to decrease of ventricular pre-
load. Management of these patients requires pre-
operative consultation with a pediatric 
cardiologist and intraoperative care by an anes-
thesiologist experienced in such conditions. 
Moreover, in a congenital malformation scenario, 
it’s important to seek abnormalities in central 
nervous system, respiratory tract, and airways.

The need for laboratory investigation depends 
on the general status of the patient. The validity 
of laboratory exams is six months unless clinic or 
drugs news in the child’s anamnesis. Blood tests 
necessary to submit a pediatric patient to anes-
thesia are specified in Table 10.1. A preoperative 
ECG is recommended. Thorax radiography is not 
recommended routinely.

The preoperative assessment must be com-
pleted by an adequate airway examination which 
must allow an appropriate decision on the airway 
management algorithm. The small diameter of 
the infant’s airway explains many of the prob-
lems that might occur during orotracheal intuba-
tion or other techniques: the narrow superior 
airway is the principal factor in the choice of the 
tracheal intubation technique; from this choice 
depends the quality of child ventilation and the 
risk of postoperative pulmonary complications 
because the functional residual capacity is less 
than the adult and atelectasis ensues. A displace-
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Table 10.1 Blood tests and exams recommended

Exams Conditions
Electrolytes, hematocrit, 
hemoglobin, transaminase, 
glucose serum, cells blood 
count, creatinine, white blood 
cells count

Common use (not 
mandatory)

Coagulation panel (partial 
thromboplastin time, 
prothrombin time, INR), 
platelet count and blood group

Potential hemorrhagic 
surgery, anamnesis 
positive to 
coagulation problem

Pregnancy test Female patients in 
fertile period

ECG From birth to 
6-month-old patients

Thorax radiography Risk of bronco 
pulmonary dysplasia 
(BPD)

ECG + cardio examination Risk of BPD, heart 
murmur, or 
obstructive sleep 
apnea (OSAS)

Table 10.2 Appropriate intake of food and liquids before 
anesthesia

Ingested material
Minimum fasting 
period, hours

Clear liquids: water, fruit juice 
without pulp, clear tea, black 
coffee

2

Breast milk 4
Nonhuman milk 6
Light meal (toast and clear liquids 6

a b c

Fig. 10.1 Pneumoperitoneum causes a cephalic shift of 
the diaphragm, which reduces lung volumes, increases 
airway pressure and promotes atelectasis: these changes 
lead to deterioration of respiratory mechanics and gas 
exchange. (a) Normal; (b) pneumoperitoneum; (c) pneu-
moperitoneum plus Trendelenburg [15 ]

ment of the tracheal tube can occur during the 
change of the decubitus position or during sur-
gery, because the infant’s airway is very short. 
The tracheal and bronchial mucosa might suffer 
damage during intubation and a small lumen is 
easily obstructed by blood or secretions.

Recommendations for fasting are the same used 
in adults, with the addition of guidelines for breast 
milk and infant formula intake [4] (Table  10.2). 
Sometimes a bowel preparation is suggested to opti-
mize the working space during laparoscopy [5].

The anesthesiologist should be very clear and 
exhaustive in providing information. Although 
some surgeons might minimize the procedure 
(“only three small holes”), parents must know 
that, along with the benefits, there are also some 
risks, whose frequency and severity must be 
explained. Minimally invasive surgery does not 
mean minimal risk [6].

10.3  Physiological Effect 
of Laparoscopy

10.3.1  Respiratory System

The pneumoperitoneum associated to the push-
ing up of the abdominal content (often in the 
Trendelenburg position) determinates a cephalad 

shift of the diaphragm (Fig. 10.1). The total tho-
racic compliance and functional residual capacity 
(FRC) decreases and raises airways resistance 
(Table 10.3).

A decrease in arterial oxygenation has been 
reported in adult population under gynecological 
surgery. The reduction of FRC and atelectasis may 
produce a ventilation/perfusion mismatch with 
hypoxemia [7]. End-tidal CO2 can be increased 
from baseline value of 33–42 mmHg during sur-
gery if the ventilator settings were not adjusted [8]. 
It is necessary to increase over the 30–60% venti-
lator rate to restore end-tidal CO2 to baseline level. 
Greater than 90% of infants required at least one 
intervention in ventilator pattern to restore tidal 
volume and end-tidal CO2 [9].

However, the respiratory changes rarely have 
a bad effect on the postoperative respiratory func-
tional outcome. Respiratory acidosis may occur 
only in case of poor preoperative respiratory 
function or if residual drugs depress pulmonary 
drive.
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Table 10.3 Respiratory system changes during 
laparoscopy

Parameters Changes Causes
FRC Decrease Displacement of diaphragm, 

positioning
PO2 Decrease Atelectasis, preoperative 

respiratory function, 
vasoconstriction hypoxia 
induced

Lung 
compliance

Decrease Elevation of diaphragm, 
intra-abdominal pressure 
increased

PCO2 Increase CO2 absorption

Table 10.4 Cardiovascular system changes during 
laparoscopy

Parameters Changes Causes
SVR
MAP

Increase Hypercapnia, 
neuroendocrine 
response

Cardiac 
rhythm

Brady or 
tachyarrhythmia

Peritoneal stretch, 
vagal reflex, hypoxia, 
hypercapnia

Cardiac 
index

Decrease or 
stable

Increase in afterload, 
decrease in venous 
return, positioning, 
decrease in cardiac 
filling

10.3.2  Cardiovascular System

Cardiovascular changes are the result of the effect 
of pneumoperitoneum, the absorption of carbon 
dioxide and the blood volume shift by 
positioning.

Several studies have evaluated cardiovascular 
changes using echocardiography during laparo-
scopic surgery. The cardiac index decreases by 
13% when intra-abdominal pressure value 
reaches 12 mmHg [10]. Authors have studied an 
increase in mean arterial pressure (MAP), vascu-
lar resistance (SVR) and central venous pressure 
(CVP) with the decrease of stroke volume (SV) 
[11] (Table 10.4).

The increase of IAP induces neuroendocrine 
response, with spread of catecholamine and the 
activation of angiotensin system. The result is an 
increase of MAP and SVR.

10.3.3  Additional Systemic Effects

Plasma renin and aldosterone increase over base-
line values and these changes are similar to the 
ones in open surgery. Decreased renal plasma 
flow, glomerular filtration pressure may produce 
a reduction of urine output. These alterations in a 
healthy patient are well compensated. Permanent 
renal impairment is not evidenced [12].

Exposure of the peritoneal cavity to a large 
volume of cold and not humidified CO2 may con-
tribute to the development of hypothermia. 
Hypothermia with impact on the cardiovascular 
system and the coagulation pattern remains a 

possibility during long time surgery and espe-
cially in neonates.

Recent study has detected that, in pediatric 
population under laparoscopic surgery, cerebral 
blood flow and intracranial pressure (ICP) may 
be increased [13].

CO2 reacts with peritoneal fluid, reduces peri-
toneal pH, and creates an acid environment to 
limit the inflammatory response. The level of 
intra-abdominal pressure and the type of gas cho-
sen produce different degrees of inflammation. 
Low pressure CO2 causes minor changes in peri-
toneum differently from high pressure and air 
insufflation. The amendments concern a greater 
number of inflammatory cells represented by 
eosinophils, mastocytes, and lymphocytes, but no 
clinical modifications were detected.

MIUS involves a faster postoperative rehabili-
tation that includes a rapid recovery of bowel 
function, a rapid removal of devices, rapid mobi-
lization and pain relief [14].

10.4  Anesthesia Management

There is no dedicated anesthetic strategy to MIS 
in pediatric patients: the induction and mainte-
nance are in line with the standard pediatric anes-
thesia. A flow chart summarizing the anesthetic 
management is provided (Fig. 10.2).

Even before premedicating, the anesthesiolo-
gist, according to standard American Society of 
Anesthesiologists (ASA), must make sure that: 
adequate 02 supply and ventilator are checked; 
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Manage preoperative
Issue (Including

preoperative fasting)

Outline a
premedication

strategy

Choose an Induction
Technique (Intravenous

or Inhalartional)

Definition of a
strategy for airway

management

Outline maintenance
of anhestesia 

Ensure gastrointestinal
decompression

Lead patient’s
positioning

Manage Intraoperative
ventilation

Monitor the patient
paying attention to

specific complications

Manage Intraoperative
fluid adminsitration

Manage perioperative
pain

Manage postoperative
nausea and vominting

Fig. 10.2 A flow chart summarizing the anesthesiologic management [22]

size appropriate airway equipment (facial masks, 
laryngoscope blades, endotracheal and rhino- 
tracheal tubes, stylet, any devices for difficult air-
ways management) are present; all the basic 
drugs needed to support any phases of anesthesia 
have been prepared; pulse oximeter, ECG, non- 
invasive pressure, capnography, and stethoscope 
are present and functioning, defibrillator has been 
periodically checked and there are special equip-
ment and drugs for the singular particular case.

However, capnography does not consistently 
reflect PaCO2, especially in infants, because the 
respiratory rate is usually faster and the arterial to 
end tidal (a-et) CO2 gradient is variable [15].

10.5  Premedication

Premedication of anesthesia in children present-
ing for MIUS should not be different from other 
types of surgery. Since the surgery robotic room 
is often distant from the ward (being a multidisci-
plinary room), the premedication must be done in 
condition of extreme control and safety. The 
choice depends on the anxiety level and physical 
global status. Commonly, midazolam 0.5 mg/kg 
orally half an hour before induction is a good 
choice. Midazolam rectally (0.5 mg/kg) or sub-
lingually (0.3 mg/kg) or nasally (0.3 mg/kg) are 
alternative valid choices. A good alternative to 
midazolam in younger children, 8–20  kg, over 
6  months, is the administration of clonidine, 
4  mcg/kg. Atropine or glycopyrrolate may be 

included in premedication to prevent the reflex 
bradycardia induced by abdominal insufflation 
and to dry secretions.

At least one venous catheter must be placed; 
an additional device that is useful in case blood 
loss is expected. It is preferable to position the 
venous access above the diaphragm, as the pneu-
moperitoneum may limit the entry of fluid and 
drugs into the central circulation. Eutectic mix-
ture of local anesthetics (EMLA) should be 
applied before positioning the intravenous access 
to reduce pain.

10.6  Anesthesia

Induction may be intravenous or inhalational: the 
choice largely depends on the ability of the child 
to tolerate placement of an IV catheter. In the 
clinical practice, this usually means that an inha-
lational induction should be preferred for chil-
dren in pre- scholar age, and an IV induction for 
older ones. However, the decision has to be 
always individualized, based upon the child’s 
anxiety level. When compared with inhalational 
agents, IV induction agents are able to achieve 
more rapidly a level of anesthesia deep enough 
for airway instrumentation. Among these, propo-
fol is the agent of choice as it provides rapid 
onset and short duration of action, reduces the 
bronchospastic response to intubation, and has 
antiemetic effects. When inhalational induction 
is chosen, most potent inhalational agents have 
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the  advantage of decreasing airway responsive-
ness: sevoflurane is generally preferred for induc-
tion because it is the least pungent compared to 
isoflurane and desflurane. Desflurane is not gen-
erally used for inhalational induction because it 
is an extremely pungent volatile anesthetic that 
can produce an increase in secretions, coughing, 
airway resistance, and laryngospasm.

After induction, an orogastric tube should be 
placed to decompress the stomach and the gut, 
allowing minimizing of stomach injury and 
increasing intra-abdominal visibility.

In relation to airway management for pediatric 
laparoscopy, endotracheal intubation is often pre-
ferred rather than a supraglottic airway (SGA): it 
provides optimal control of ventilation for elimi-
nation of CO2 and protection against aspiration. It 
is also true that some authors show that the venti-
lator efficacy of Proseal™ laryngeal mask is 
comparable to ventilation through endotracheal 
tube [16].

A protocol of rapid sequence induction must 
be considered in children with high risk for regur-
gitation and pulmonary aspiration. H2-receptor 
antagonists such as ranitidine must be adminis-
tered to these patients.

Standard practice in pediatric anesthesia 
includes the use of an uncuffed endotracheal tube 
(ETT) if the child is younger than 8 years age: this 
can make it difficult to maintain minute ventilation 
during the laparoscopy. The use of a cuffed ETT 
instead can allow the use of positive end expira-
tory pressure (PEEP) and high peak pressure along 
the airways during pneumoperitoneum. This far, 
ETT intubation with minimum cuff inflation can 
limit difficulties with ventilation.

The use of SGAs for laparoscopy is controver-
sial, and it has been used safely for short proce-
dures. Maintenance of general anesthesia during 
laparoscopy may be based on inhalational or 
intravenous agents, as it’s usually done for open 
abdominal procedures.

The anesthetic is supplemented with intrave-
nous opioids (e.g., Fentanyl or remifentanil), if 
needed.

The use of nitrous oxide (N2O) is controver-
sial: concerns with regard to an increase in post-
operative nausea and vomiting and bowel 

distention, N2O diffuses into air containing 
closed spaces over time and can lead to bowel 
distention, being able to increase the technical 
difficulty of surgical maneuvers. Moreover, it 
could have deleterious metabolic and neurotoxic 
effects in pediatric populations [17].

Neuromuscular blocking agents are often 
administered during surgery to facilitate endotra-
cheal intubation and to improve surgical condi-
tions, but the literature about optimal level of 
neuromuscular blockade during laparoscopic sur-
gery is inconsistent and the need of neuromuscu-
lar blockade may depend on the surgical 
procedure.

Most of cases require controlled ventilation: 
as modern ventilators make it possible to have 
small tidal volumes delivered smoothly, a lung- 
protective and volume-targeted ventilation can be 
assured to pediatric patients. In fact, even if pedi-
atric surgical data about ventilation outcome are 
missing now, lung-protective ventilation cannot 
be less than beneficial for sure, as it’s been 
observed in adults. The strategy uses a target tidal 
volume in a range of 6–7 ml/kg, predicting use of 
PEEP to prevent atelectasis and, in case, recruit-
ment maneuvers to revert it.

Implementing such a strategy safely and effec-
tively requires selecting the ventilation mode and 
monitoring the interaction between the ventilator 
and the patient to optimize the ventilator settings. 
Notwithstanding this theory is clear, applying it 
tends to be challenging because of the difficulty 
to have exact bodyweight and optimal PEEP 
level in a pediatric patient: in this case, bedside 
monitors are a priority need in order to let the 
operator choose the optimal ventilation strategy, 
adjust with a real time approach gas exchange, 
and also ventilator parameters (Fig. 10.3). Goals 
to achieve in this case are:

• Optimal arterial oxygen tension at the least 
inspired oxygen concentration.

• Acceptable arterial CO2 tension.
• Delivered tidal volumes at the least inspira-

tory pressure.

Another factor to be looked at because of its 
postoperative outcomes is the fluid management. 
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a b c

Fig. 10.3 Changes in ventilator outcomes during mini-
mally invasive uro-surgery (MIUS). Image (a) shows the 
setting of ventilation at T0 with the values of etCO2 (red 
circle) and the airway pressures (Ppeak and Pplat, yellow 
circle). Image (b) shows the changes on etCO2 and airway 

pressures following laparoscopic gas insufflation with the 
same ventilator setting. Image (c) shows the changes in 
the ventilatory setting necessary to bring etCO2 back into 
a suitable range

Perioperative fluid requirements, in fact, depend 
upon multiple factors such as preoperative vol-
ume status, perioperative conditions, patient’s 
age, anesthetic management, and nature of the 
interventions (laparoscopic procedures are asso-
ciated with less insensible fluid losses than open 
ones). First goal in fluid therapy is to maintain 
standard volemia: it’s done by applying fixed vol-
ume algorithms to administer substantial amounts 
of fluid even if, as it’s being observed, it can be 
easily obtained a decreasing of perioperative 
morbidity and then mortality by restricting intra-
operative fluid administration. This is true both in 
adult and pediatric patients.

Laparoscopy has been identified as a risk factor 
for PONV, therefore routine prophylactic multi-
modal antiemetic therapy should be utilized in all 
patients undergoing laparoscopic\robotic surgery.

Postoperative pain after laparoscopic and 
robotic surgery is usually less than the corre-
sponding open procedure, but the degree of pain 
depends on how the specific surgery has been 
performed. Pain after laparoscopy can often be 
managed effectively with acetaminophen, non-
steroidal anti-inflammatory drugs, dexametha-
sone, and opioids. Moreover, it could be useful to 
infiltrate the incision with local anesthetic at the 
time of wound closure.

The position of the patient during surgery may 
be quite extreme, therefore areas prone to pres-
sure injury should be protected with specific 
padding.

Each patient must be heated sufficiently (liq-
uids, ambient, devices), remembering that the 
newborn produces maximum heat loss from the 
head and trunk.

10.7  Postoperative Pain, Nausea, 
and Vomiting

Postoperative pain is the result of ports insertion 
in the abdominal wall, irritation of phrenic nerve 
and distention of peritoneum; its intensity may 
persist for 24 h. The multimodal regimen of local 
anesthetic infiltration of incision sites, locore-
gional analgesia, opioids, NSAIDS, and 
paracetamol reduces the incidence of substantial 
pain.

An example of this approach is the postopera-
tive administration of intravenous fentanyl 
(1–2 y/kg), iv paracetamol (15 mg/kg), iv mor-
phine (0.1–0.2 mg/kg) and iv ketorolac (0.5 mg/
kg)/ketoprofene (1–1.5 mg/kg). The paracetamol, 
intravenous or orally administered at regular 
intervals, is the choice drug for postoperative 
pain treatment. A rescue drug, excluding fentanyl 
and morphine, is tramadol (1/2  mg/kg when 
needed, three times a day).

A promising approach to the provision of 
postoperative analgesia after abdominal surgery 
is to block the sensory nerve supply to the  anterior 
abdominal wall by placing a local anesthetic in 
the transversus abdominis plane (TAP).
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There has been a growing interest in 
ultrasound- guided transversus abdominis plane 
(TAP) block as an alternative and valid postop-
erative analgesic method in pediatric patients 
undergoing lower abdominal surgery.

The TAP block was first described by 
McDonnell et al. in 2004 [18]. Ultrasonography- 
guided TAP block provides excellent pain relief 
in lower abdominal surgeries.

This regional anesthetic technique that blocks 
neural afferents of the anterolateral abdominal 
wall provides superior and long-lasting analgesia 
without the risk of respiratory depression of 
intravenous opioids.

A recent research concluded that the pain 
scores were considerably lower in the TAP block 
when compared with the local infiltration group 
in the initial 2 h and this technique reduces the 
intraoperative requirement of further anesthetic 
drugs, as evidenced by decreased hemodynamic 
response during surgical maneuvers.

Laparoscopy has been identified as a risk fac-
tor of postoperative nausea and vomiting 
(PONV), therefore routine prophylactic anti-
emetic therapy should be administered. 
Dexamethasone is superior to ondansetron in pre-
venting postoperative nausea after 4–6 h of lapa-
roscopic surgeries. However, both drugs are of 
equal efficacy in preventing postoperative vomit-
ing up to 24 h after surgery [19].

10.8  Complications

Both adult and pediatric procedures share similar 
complications, including those related to the 
physiologic effects of the laparoscopic approach 
(e.g., hemodynamic and respiratory decompensa-
tion, gas embolism), surgical maneuvers (vascu-
lar or solid organ injuries), and patient 
positioning.

It’s necessary for the anesthesiologist to be 
aware of potential problems and be ready for a 
quick approach to them.

The management of the complications (hypo-
tension, hypertension, and arrhythmias) includes 
confirmation that IAP must be kept within defi-
nite limits of pressure, when all of treatable 

causes are excluded or resolved by the right sup-
portive therapies (e.g., reduction or variation in 
the use of intraoperative anesthetics, fluid admin-
istration, pharmacologic interventions).

It may even be necessary to deflate the abdo-
men if therapies are not effective and, eventually, 
to migrate to an open procedure in agreement 
with the surgeon. Hypercarbia or hypoxia could 
be, instead, signs of respiratory failure related to 
the physiologic effects of the technique or to a 
surgical injury (e.g., Diaphragm injury).

Hypercapnia is handled with the increase of 
ventilation aiming to compensate for CO2 
absorption.

Hypoxia can occur as a result of reduction in 
FRC and atelectasis caused by pneumoperito-
neum and surgical positioning, or because of 
different reasons occurring during any anes-
thetic procedure. First, the chest should be aus-
cultated to rule out a selective intubation or a 
bronchospasm, then the initial treatment should 
include an increase of inspired oxygen concen-
tration and, unless the patient is hypotensive, 
both recruitment maneuver and PEEP optimiz-
ing should be performed. If refractory hypox-
emia occurs, pneumoperitoneum must be 
desufflated; CO2 insufflation may also deter-
mine subcutaneous emphysema, capnothorax, 
capnomediastinum, capnopericardium, and gas 
embolism.

Subcutaneous emphysema, in most cases, 
tends to resolve without specific interventions 
just after the abdomen has been deflated. CO2 
absorption, in case of significant subcutaneous 
emphysema, may continue for several hours after 
surgery, but healthy patients are able to increase 
ventilation to eliminate CO2: only patients with 
respiratory or cardiovascular problems should be 
observed in the post-anesthesia care unit until 
they resolve. Capnothorax, capnomediastinum, 
and capnopericardium, although rare, may be 
life-threatening because they can be associated 
with severe hemodynamic compromise. They 
should be a matter of suspicion in case of an 
unexplained increase of airway pressure, hypox-
emia, and hypercapnia with subcutaneous 
emphysema of head and neck or inequality of 
chest expansion. Reduction of insufflation pres-
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sure, increase in PEEP, and hyperventilation are 
often sufficient to manage these syndromes.

Normally, venous gas embolism is common 
during laparoscopy, but it is almost always sub-
clinical and it does not impair the patient’s 
health status. Rarely, carbon dioxide embolism 
into artery or large vein may be a potentially 
fatal complication [20]. Clinical presentation is 
characterized by cardiovascular collapse (sud-
den drop in End-tidal CO2, collapse of oxygen 
saturation, fall in blood pressure, and different 
arrhythmias) and variations of blood gas analy-
sis, which can lead even to death, depending on 
the scale of the embolus. The aspiration of air 
through the central vein catheter, if it has been 
positioned, the Durant’s position placement and 
cardio pulmonary resuscitation with 100% oxy-
gen ventilation represent correct life-saving 
maneuvers. In case of suspected embolism, the 
abdomen should be deflated, ventilation and 
fraction-inspired oxygen increased to reduce 
dimensions of CO2 bubbles, and then support-
ive therapies with fluids and vasopressors 
administration may be helpful.

Vascular, bowel, or bladder injury appears to 
be serious complications too: a survey of major 
complications of pediatric urological laparos-
copy reported a rate of 1.2% [21]. These occur 
mostly during initial entry or subsequent place-
ment of trocars into the abdomen, as it usually 
happens in adult laparoscopy. Bleeding may be 
less obvious during laparoscopy than during open 
procedures. The view of the surgical field, in fact, 
is limited, and blood can pool away from the sur-
gical field when patients are in head-up or head- 
down position. Signs of hypovolemia (e.g., 
hypotension, tachycardia) should be suggesting 
occult bleeding, and needs to be brought to the 
surgeon’s attention.

Positioning is generally similar for pediatric 
and adult populations: care should be mostly 
taken to cushion pressure points on the arms, 
wrist, and hand in order to avoid inadvertent 
nerve injury during the procedure. Indeed, the 
use of the memory mattress is the best choice to 
avoid this kind of injury.

10.9  Discussion

Minimally invasive uro-surgery can be an advan-
tage in terms of speed, postoperative recovery 
time, better pain control, and approval of the 
patient.

However, it is clear that anesthesia associated 
with the changes brought about by the pneumo-
peritoneum may be an issue, if not properly 
handled.

It is therefore necessary to continue coopera-
tion, research, and comparison between surgeons 
and anesthesiologists to ensure the best standard 
of care for the pediatric patient.

In recent years, in the adult population, some 
laparoscopic surgeries are being performed by 
the use of epidural or spinal anesthesia with 
excellent results. In the future, it is hoped that 
MIUS anesthesia management qualifies for an 
international scientific validation, backed by a 
growing quantity of RCTs.
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11Endourologic Retrograde Balloon 
Dilatation of the Primary 
Ureteropelvic Junction 
Obstruction in Children

José María Angulo, Javier Ordoñez, 
Alberto Parente, Laura Burgos, Laura Pérez-Egido, 
Beatriz Fernández-Bautista, and Rubén Ortiz

11.1  Introduction

Open pyeloplasty is still considered the gold 
standard procedure for the treatment of the ure-
teropelvic junction obstruction (UPJO) (with a 
success rate of over 94%) [1], but recent publica-
tions report an increasing effectiveness of the 
minimally invasive approaches [2–4]. The advan-
tages of these techniques (reduction of postoper-
ative pain, length of hospital stay, better cosmesis, 
etc.), together with their effectiveness and safety, 
are making them considered as the first therapeu-
tic option in many cases.

Endourologic balloon dilatation for the treat-
ment of UPJO was first described in 1982 [5], but 
experience and outcomes in children are limited. 
Pediatric sized instruments and technical improve-
ment in the last years are making the endouro-
logic approach a safe and effective treatment, as it 
has been reported in other urological conditions 
(primary obstructive megaureter [6], secondary 
UPJO [7, 8], etc.). But its role in the primary 
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• To describe the endourologic technique 

for the UPJO dilatation with high- 
pressure balloon.

• To present the long-term outcomes of 
the ERBD.

• To describe the advantages of the ERBD 
compared with other minimally invasive 
options in the treatment of the UPJO.

• To show a video with the ERBD 
technique.
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and some key points of the endourologic 
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UPJO has been questioned due to  discrepancy in 
the success rates and outcomes published.

In the present chapter, we describe our experi-
ence in the management of primary UPJO treated 
by endourologic retrograde balloon dilatation 
(ERBD). It is established as the first line of treat-
ment in our institution, and it is performed using 
low-profile, high-pressure balloons (HPB). In 
case of presenting an incomplete resolution of 
the stenosis, the dilatation is completed using a 
peripheral cutting balloon microsurgical dilata-
tion device (Cutting Balloon™, CB).

11.2  Preoperative Preparation

All patients with UPJO are followed up with 
periodic ultrasound scans, beginning in the 
second day of life (if prenatal diagnosis is pre-
sented). Under conservative surveillance with 
low-dose antibiotic prophylaxis, this study is 
then repeated at 1 month of life and then, every 
3  months. This exploration is useful in the 
measurement of the anteroposterior pelvis 
diameter, calyces, and renal parenchyma thick-
ness, and it is also performed in order to dis-
card any other associated malformations. 
Mercaptoacetyltriglycine (MAG- 3) renal scans 
with furosemide washout is always performed, 
revealing an obstructive pattern. Also, a mic-
turating cystourethrogram is performed to rule 
out the presence of vesicoureteral reflux.

Preoperative antibiotic prophylaxis is admin-
istered, usually amoxicillin-clavulanic acid 

30 mg/kg, or a specific antibiotic according to the 
patient’s urine culture. Patients receive general 
anesthesia with laryngeal mask, and no vesical 
catheter or nasogastric tube is used.

11.3  Positioning

Intervention is performed with the patient in 
lithotomy position (Fig. 11.1). In case of small 
infants, the patient’s perineum is brought to the 
edge of the table and a towel roll of appropriate 
size is located below the flexed knees. This 
position is secured using adhesive tapes. In case 
of older children, the position is secured using 
leg supports attached to the table. The surgeon 
and the assistant stand on the feet or between 
the legs of the patient. The cystoscopy monitor 
is placed on the right side of the table, and the 
fluoroscopy at the head. The fluoroscopy C-arm 
is introduced from the left side of the patient.

11.4  Instrumentation

The cystoscopy is performed with a 9.5 Fr cysto-
scope with a 5 Fr instrumentation channel. A 4 Fr 
ureteral catheter is placed in the affected ureter, 
and a retrograde pyelography is then performed 
using a radiopaque contrast agent (iopamidol). In 
order to tutorize up the ureter to the renal pelvis, 
a hydrophilic guidewire (0.014″ Choice PT™, 
J-tip, Boston Scientific; or 0.018″ Radiofocus® 
Terumo) is used; in case of difficulties, we choose 

Fig. 11.1 Patient position
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a 0.035″ hydrophilic guidewire, as it travels eas-
ier in the retrograde direction inside the ureteral 
lumen. The UPJ is dilatated with 3  Fr high- 
pressure, semi-compliant balloon catheters 
(HPB) (Fig. 11.2), with different nominal diam-
eter (from 5 to 7 mm) according to the patient’s 
weight (5 mm in patients <6 kg, 6 mm in 6–10 kg, 
and 7  mm in >10  kg) and 2  cm length (RX 
Muso™, Terumo). In case of being needed, a 
2  cm length and a 3-, 4-, or 5-mm diameter 
Cutting Balloon™ (Boston Scientific, Natick, 
MA, USA) (Fig. 11.3) catheter is used (it com-
bines the features of conventional balloon dilata-
tion with advanced microsurgical capabilities). A 
double-J ureteral stent is always placed (3  Fr, 
8–12 cm; Sof-Flex Multi-Length Ureteral Stents; 
CookMedical Europe™), and a transurethral 
bladder catheter (Foley catheter) is placed for 
16–18 h after surgery.

11.5  Technique

The first step is to perform the cystoscopy and to 
introduce in the affected ureter a 4  Fr ureteral 
catheter. The retrograde pyelography is then per-

formed. The ureter is tutorized up to the renal pel-
vis using a hydrophilic guidewire (0.014″ or 
0.018″; in case of difficulties, a 0.035″ is 
 preferred). Then, and under fluoroscopic guid-
ance, the high-pressure balloon catheter is inserted 
over the guidewire and located in the UPJ.  It is 
filled with radiologic contrast to its nominal pres-
sure (14–16 atm) until the balloon notch or hour-
glass image disappears (Fig.  11.4). After 
successful dilatation procedure, a double-J ure-
teral stent is placed (3 Fr, 8–12 cm long) between 
renal pelvis and bladder. The transurethral blad-
der catheter is removed 16–18 h after surgery.

The Cutting Balloon™ (CB) catheter is 
reserved for those cases when the balloon notch 
or hourglass image of the high-pressure balloon 
does not completely disappear after 20  s at 
16–18 atm. In those cases, a CB is inflated at the 
level of the UPJ to up to 12 atm. Dilatation is then 
completed using a HPB as described before, and 
double-J ureteral stents are always placed.

Double-J stents are removed 4–6 weeks after 
the dilatation procedure. In this intervention, 
the UPJ is assessed (calibration) in day-hospital 
regimen. This procedure consists of the infla-
tion of a HPB at low pressure (6–8 atm) in the 
UPJ to check the absence of residual stenosis. 
If a residual stenosis is found in the fluoros-
copy, a new dilatation is then performed using 
an HPB, placing a double-J with a 4/0 Prolene 
suture attached to its distal tip and exteriorized 
(transurethral). It is removed 1 week later in the 
outpatient clinic pulling out the suture. In the 
case of persistent stenosis despite HPB dilata-
tion, and similar to the initial intervention, a CB 
dilatation is then performed, and the double-J 
stent is removed in the daycare center 4 weeks 
later.Fig. 11.2 High-pressure balloon. Balloon diameter: 5, 6, 

or 7 mm; balloon length: 2 cm

a b

Fig. 11.3 Cutting-balloon. (a) Collapsed. (b) Filled with radiologic contrast. Arrow: Atherotomes (0.0127  cm tall 
microsurgical blades). Balloon diameter: 3, 4, or 5 mm; blade length: 6, 10, or 15 mm
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a b

Fig. 11.4 UPJO dilatation under fluoroscopic guidance. 
(a) Inflation of the balloon (filled with fluoroscopic con-
trast) and location of the ureteropelvic junction obstruc-

tion (balloon notch, blue arrow). (b) Resolution of the 
narrowing after complete dilatation

11.6  Postoperative Control

Oral feeding is started as soon as the patient has 
recovered from the anesthetic procedure. For the 
initial intervention, analgesic requirements are 
limited to intravenous non-opioid drugs for less 
than 24 h, requiring no oral analgesics after dis-
charge. The transurethral bladder catheter is 
removed 16–18 h after surgery, and the patient is 
discharged after spontaneous miction is observed. 
The “calibration” procedure is performed in day- 
hospital regimen.

After discharge, follow-up consists in regular 
clinical review and renal ultrasonography at 3, 6, 
and 12 postoperative months (thereafter, it is per-
formed every 6  months). Anteroposterior renal 
pelvis diameter (APD, maximum pelvis diameter 
in a coronal view), pelvis/cortex ratio (relation 
between APD and minimum cortex thickness), 
and percentage of improvement of the APD are 
the main parameters used to predict the outcome. 
Postoperative MAG-3 diuretic renogram is per-

formed only when a poor outcome is predicted at 
the six postoperative months attending to the 
ultrasonography parameters (when 
APD > 18.5 mm, PI<35% or PCR > 3.5). In case 
of UPJO recurrence, the procedure can be per-
formed again in the same way.

11.7  Results

Our group recently performed a review of 112 
patients with unilateral primary UPJO who 
underwent this technique. Mean surgical time for 
the initial intervention was less than 30  min 
(25 ± 10 min), and it was successfully performed 
in 90% of the cases. In 10% of the cases, a CB 
dilatation was needed. Causes of failure were the 
persistence of hourglass image (most common) 
or the failure to pass the guidewire to the renal 
pelvis. There were no intraoperative complica-
tions, and in more than 80% of the patients, hos-
pital stay was 24 h. Causes of prolonged hospital 
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stay (more than 48 h) were preoperative urinary 
tract infection, requiring antibiotics or pain and 
vomiting in less than 2% of the patients. Causes 
of readmission after discharge were pain and 
vomiting (4%), persistent hematuria (2%), and 
urinary tract infection requiring an early double-J 
stent removal (2%).

Mean operative time of the double-J stent 
removal and calibration was 18  ±  14  min and 
with no intraoperative complications registered. 
A residual stenosis was presented in 24% of the 
patients, requiring an HPB dilatation (21%) or a 
CB dilatation (3%). Despite initial success, a late 
recurrence was observed in 8% of the patients, 
requiring an additional intervention. Overall suc-
cess rate for this technique was 76.7% (including 
those who required only one ERBD); this per-
centage raises up to 86.6% if those who required 
a second ERBD are included. Only seven (6.3%) 
patients required an open pyeloplasty, and two 
patients required a nephrectomy due to loss of 
renal function (one presented a preoperative dif-
ferential renal function of 21%, and the other, a 
severe pre- and postoperative pyelonephritis).

Finally, there was a statistically significant 
improvement in the reduction of APD 
(25 ± 10 mm preoperative vs. 10 ± 5 mm at one 
postoperative year) and parenchymal thickness 
(4 ± 1.5 mm preoperative vs. 1.3 ± 1.0 mm at one 
postoperative year) on those patients who 
required one or two ERBD (p  <  0.05, t-test). 
Mean percentage of improvement after 1  year 
was 55% ± 25%.

11.8  Discussion

The minimally invasive options for the treatment 
of the UPJO have become more attractive in the 
recent years, with promising results of the laparo-
scopic and robot-assisted pyeloplasty [2, 9]. But 
concerns about its application in small children, 
the need of specific technology and demanding 
training, and a higher cost make these options not 
universally applicable and available. Compared 
with these options, ERBD presents some advan-
tages, as the reduction in the hospital stay and 
operative time (mean operative time of 240 min-
utes and 1.5–3.0 days of hospital stay in recent 
laparoscopic and robotic series [9, 10]), the aes-
thetic benefits of the absence of scars, less anal-
gesic requirements, and its safe application in 
small infants. Furthermore, this technique does 
not alter the external anatomy of the ureter or 
renal pelvis, and the surgical field is intact in case 
of needing a pyeloplasty.

ERBD has proved good outcomes in the adult 
population [11], but previous publications in 
children showed inconsistent results [12, 13]. 

Tips and Tricks
• Adequation of the instruments to the 

patient size is essential. Technical 
improvement and pediatric sized instru-
ments have increased the safety of this 
procedure. Using instruments over 4 Fr 
in a child under 2 years of age has a high 
probability of failure and injury.

• Specific and proper material is needed 
to increase the success percentage: dif-
ferent balloon types (high-pressure, cut-
ting balloon) with different dimensions, 

guidewires, pediatric cystoscopes, dou-
ble- J stents, etc.

• The learning curve is as needed as any 
other minimally invasive technique. 
Most part of our failures and recurrences 
were registered in the first half of the 
study, with a significative reduction of 
the number of failures in the last years.

• In case of difficulties with the endouro-
logic approach, it is important to not 
force and prolongate the procedure. If 
we observe that the procedure is being 
too difficult and taking too long, it is 
preferable to change the approach in 
order to avoid a major complication. It 
is important to remember that the 
endourologic approach leaves the surgi-
cal field intact, so a pyeloplasty is 
always an option if the ERBD can’t be 
performed with safety.
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Some authors prefer the percutaneous antero-
grade approach, reporting successful results in 
UPJO recurrences after pyeloplasty [14]. In our 
opinion, due to the higher risk of complications, 
we prefer to reserve the anterograde percutane-
ous approach for patients with UPJO recurrence 
[8]. In the recent years, the improvement and 
adaptation of the endourologic tools to the pedi-
atric population made the retrograde approach a 
safe, less invasive and feasible option even in 
infants (as we demonstrate with the low percent-
age of intraoperative complications).

Probably the main disadvantage of the proce-
dure is that, in some cases (in up to 23% in our 
experience), a second dilatation procedure is 
needed to achieve a persistent resolution of the 
stenosis. This requires a second anesthetic proce-
dure (general anesthesia), but in our experience, 
no anesthetic adverse event was recorded. This 
could be explained due to the short duration of 
the intervention (less than 30  minutes in the 
majority of cases) and the minimal invasiveness. 
Moreover, this technique requires a learning 
curve (as any other minimally invasive option). 
We have observed a higher number of recur-
rences and failures in the first years of its applica-
tion than in the recent years.

The radiation exposure of the infants is an 
important concern in our practice. During the 
intervention, the operator reduces the effective 
dose to the minimum and it has promoted the use 
of radiation shields where possible. Furthermore, 
we have recently changed the postoperative 
image follow-up protocol (following recent rec-
ommendations [15, 16]), and a postoperative 
MAG-III diuretic renogram is only performed 
when an postoperative ultrasound worsening is 
observed.

In conclusion, even though the success rate is 
slightly lower than other minimally invasive 
options, we believe that the advantages of the 
ERBD approach make it a safe and valid option 
for the treatment of UPJO in infants. The success 
of this technique lies in the use of adequate 
material suitable for pediatric age (<4 Fr profile 
instruments, hydrophilic guidewires, balloon 

catheters, double-J stents, etc.). The complica-
tion rate is very low, being the most common 
event in urinary infection. This could be related 
with the double-J stent placement, but we 
strongly believe that its use is necessary in order 
to avoid an acute postoperative ureteropelvic 
junction obstruction [17]. Furthermore, the addi-
tion of the Cutting Balloon™ allowed a success-
ful outcome on those patients with a persistent 
stenosis despite the high-pressure balloon dilata-
tion. Finally, the success rate (76.7%, including 
those who required only one ERBD, and 86.6% 
if those who required a second ERBD are 
included) demonstrates the consistency of this 
technique in a significant number of patients and 
with a wide follow-up.

Take-Home Points
• Endourologic approach is the least inva-

sive option for the treatment of the 
UPJO.

• ERBD requires experience with the 
endourologic approach, and the learning 
curve is long.

• The use of specific and pediatric-sized 
instrumentation is essential in order to 
avoid complications and to increase the 
success rate.

• The main advantages of this approach 
are the few analgesic requirements, 
short hospital stay and surgical time, the 
absence of scars, and the integrity of the 
surgical field in case of failure. A lower 
success rate (compared with pyelo-
plasty) and the probability of requiring a 
second procedure are the main 
disadvantages.

• The use of a double-J stent is important 
to avoid an acute obstruction of the ure-
teropelvic junction.

• In case of failure, a pyeloplasty can 
always be performed (the surgical field 
is intact).

J. M. Angulo et al.
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12Robotic Pyeloplasty

Alexander M. Turner, Salahuddin Syed, 
and Ramnath Subramaniam

12.1  Introduction

Intrinsic or extrinsic compression of the pyelo-
ureteric junction (PUJ), caused respectively, by 
fibrosis/stenosis of the proximal ureter or aber-
rant lower pole vessels, are common issues in 
paediatric urology. Whereas the former cause is 
largely detected by antenatal screening, the latter 
often presents as an older child with Dietl’s cri-
sis. Although many have theorised on the aetiol-
ogy, we are no closer to a conclusion [1], but have 
excellent imaging options to predict outcome and 
guide therapy. Ultrasound is the mainstay of 
monitoring of the total antero-posterior diameter 
(TAPD) of the intra-renal pelvis and there are 

established international guidelines as the appro-
priateness and timing of investigations such as 
dynamic drainage scans (e.g. MAG-3) and retro-
grade studies to determine suitability for 
surgery.

A number of techniques have been described 
to treat pyeloureteric junction obstruction (PUJO) 
according to the cause, from the gold-standard 
Anderson-Hynes dismembered pyeloplasty and 
other ‘plasty’ techniques such as Y-V and Fenger, 
to the vascular hitch for crossing vessels, to stent-
ing or performing balloon dilatation or endopy-
elotomy, with differing levels of success [2, 3].

The robotic pyeloplasty has become a natu-
ral progression from the development of open, 
then laparoscopic procedures to treat pyeloure-
teric junction obstruction (PUJO). With the 
Anderson- Hynes, laparoscopic results soon 
equalled those performed open with greater 
operative duration being traded for shorter 
inpatient stays and reduced post-operative 
analgesia [3]. The temporal and dextrous 
advantages of open surgery and the post-oper-
ative benefits of the laparoscopic approach, 
however, has made the robotic pyeloplasty the 
operation of choice and is now so well estab-
lished that it is often used as a benchmark of 
robotic surgical training within the field of pae-
diatric urology training [4]. Easily adapted 
from the laparoscopic approach from the surgi-
cal point of view, there is often a rapid learning 
curve in terms of robot time. As an important 
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training procedure, it is often a case which 
reveals the technical learning curve of robotics 
[5]. Personal preference will dictate which 
approach is used; those with access to smaller 
instruments may choose a retroperitoneal pro-
cedure, whereas transperitoneal access is 
equally acceptable and allows for wider spac-
ing between instruments. One would expect 
minimally invasive surgery to follow the same 
route as open  – retroperitoneally; after all, it 
allows a more direct route to the PUJ and 
removes intra-abdominal contents from the 
equation. In addition, any urine leak would be 
confined to the retroperitoneal space. However, 
spacing of the instruments, especially in 
smaller children, is a challenge, with clashing 
of the robotic arms a common issue. For this 
reason, the transperitoneal route has been 
adopted, especially as the use of stenting has 
helped reduce the rate of urinary leak [6].

12.2  Robotic Pyeloplasty

12.2.1  Patient Positioning 
and Planning

The author uses a transperitoneal approach with 
the patient in a mid-lateral position so omentum 
and bowel fall away from the field of view. The 
patient is placed on the operating table in a 
supine position. A padded buttress, attached to 
the operating table, is placed, with appropriate 
padding, on the upper arm and upper thigh of the 
contralateral side. Straps are also placed over the 
chest and knees to stop patient roll. A head ring 
can be used to keep the head steady. At this point, 
a test tilt is completed, where the operating table 
is tilted so that the patient is in the mid-lateral 
position with the affected kidney uppermost. 
Once patient safety has been assured, the table 
can return to a supine position and the operative 
field prepared from nipples to thighs, including 
the perineum, and drapes applied. Once the area 
is sterile, a Foley catheter is placed transure-
thrally into the bladder with a spigot, to retain 
any upper tract dilatation, to ease pelvic mobili-
sation. A clear, sterile drape covers the genitals. 

Intraoperative analgesia can be achieved with 
epidural, TAP or local anaesthetic means, depen-
dent upon local protocol.

12.3  Incision and Port Placement

The camera port should be placed through an 
incision in the umbilicus (Fig. 12.1). The port is 
placed under direct vision, and insufflation 
achieved with appropriate flow rate and pressure. 
The camera can then be inserted to assess the 
anatomy. One working port should be placed in 
the midline of the epigastrium, as shown, and the 
other in the iliac fossa of the affected kidney. This 
should be at a distance equal to that of the 
umbilicus- epigastric ports and offset from the 
midline by approximately 5–10 degrees, avoid-
ing the inferior epigastric vessels. Once the ports 
have been placed, the mid-lateral position can 
again be adopted in preparation for robot 
docking.

12.4  Robot Positioning

For this procedure, the robot is side-docked. The 
cart advances at an almost perpendicular angle to 
the operative table, although allowance of a few 
degrees of angulation towards the head allows for 
the slightly superior position of the renal pelvis 
above the transumbilical plane. The arms pass 
over the semi-laterally lying patient and reflect 
back to be docked with the ports (Fig. 12.2).

12.5  Procedure Steps

12.5.1  Step 1: Decide upon the Best 
Approach to the Pelvis

In a smaller child with virtually no intra- 
abdominal fat, a bulging renal pelvis may be 
apparent through the mesocolon and dissection 
through this structure is all that is necessary. The 
author prefers a DeBakey forceps in the left arm 
and a Plasmakinetic grasper in the right. However, 
a high, malrotated kidney or hostile, adipose 
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Fig. 12.1 Port 
placement

Fig. 12.2 Cart position

abdomen may mandate alternate approaches. 
Mobilisation of the colon either up to hepatic or 
splenic flexures may be necessary to improve 
field of view or to access a difficult kidney. The 
well-documented principle of locating the ureter 
and tracking upwards is easier in the retroperito-
neal approach (Fig. 12.3).

12.5.2  Step 2: Establish the Clinical 
Problem

Once the pelvi–ureteric junction (PUJ) has been 
identified, the cause of the obstruction should be 
confirmed. Assessment of the calibre of the ure-
ter, peristaltic effort and the presence of aberrant 
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Fig. 12.3 Anatomy of the clinical problem

Fig. 12.4 Extracorporeal hitching suture at the PUJ for 
traction

lower pole vessels should be documented. To aid 
with mobilisation, an extracorporeal suture (e.g. 
5/0 Prolene) on a straight or straightened needle 
should be passed into the abdominal cavity, leav-
ing the long end outside. The suture is passed 
superficially through the PUJ, and back outside, 
to be clipped under tension by the assistant. This 
allows good visualisation of the pelvis, PUJ and 
ureter, and extraneous tissue can be removed to 
straighten the tissues (Fig. 12.4a, b).

12.5.3  Step 3: Incise Ureter 
and Pelvis

Switching to a bipolar scissor, a transverse cut is 
made in the postero-medial aspect of normal ure-
ter, distal to the obstruction. Lack of urine flow 
confirms the obstruction. A spatulation should be 

made in this same plain, for a length of approxi-
mately 1–1.5 cm (the length of the scissor head). 
The most dependent portion of the pelvis should 
be identified and a longitudinal incision made, 
reducing the volume of the pelvis as necessary, 
but taking care not to enter the calyces laterally. 
Ensure the apex of the ureteric spatulation 
reaches the pelvis. Suction is usually required at 
this point to evacuate urine expressed under pres-
sure from the pelvis.

12.5.4  Step 4: Anastomosis

The author uses a suture-cut robotic device for 
the anastomosis. The assistant passes a 5/0 PDS 
suture via the right working port using a manual 
needle holder, to be grasped and pulled into the 
abdomen by the DeBakey forceps on the left. The 
length of the suture should be stipulated before-
hand and is determined by personal preference 
and how many throws are envisaged. The apex of 
the ureteric spatulation is sutured to the most 
dependent portion of the open pelvis using the 
‘outside-in, inside-out’ method so the knot lies 
on the serosal surface. Correct lie of the knots is 
essential. The author’s preference is to use four 
further interrupted sutures, two either side of the 
apex. A continuous suture is then used to anasto-
mose the posterior wall of the ureter to the 
pelvis.

12.5.5  Step 5: Stenting the Ureter

Using an extracorporeal approach, the assistant 
inserts a device capable of admitting a Ch4.7 
stent, such as a Ch5 suprapubic catheter cannula. 
This should be inserted at an angle so the can-
nula, once the needle is removed, is able to be 
brought close, and parallel to, the ureter, which is 
still hitched up. Before advancing the guidewire, 
it is a useful tip to measure the approximate dis-
tance from pelvis to bladder, so that one knows 
when the guidewire should have been expected to 
have passed through the vesicoureteric junction 
(VUJ) and also not to enable it to pass into the 
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bladder neck. Once the guidewire is deemed to be 
in the bladder, the stent is passed through and, 
with the help of a pusher, traverses into the blad-
der. Lift the sterile drape regularly to expose the 
genitals to see whether the guidewire or stent has 
emerged from the urethra. Pressure over the blad-
der should result in a spurt of urine from the 
proximal stent fenestrations, and now the cathe-
ter spigot can be removed and the catheter 
attached to a urine bag.

12.5.6  Step 6: Complete 
the Anastomosis

The anastomosis of the anterior ureter can now 
be completed in a continuous fashion (Fig. 12.5). 
Once the first knot of the pelvic closure has been 
placed, the PUJO can be excised completely and 
removed via one of the working ports (Fig. 12.6). 
In turn, this loses the traction suture and so the 

short end of the pelvic suture can be lifted to 
ensure the view is not lost. Any residual urine can 
be aspirated before undocking the robot.

12.6  Post-Operative Actions

The patient can eat and drink when they feel well 
enough to do so. The urethral catheter is placed 
on free drainage overnight and rosé urine should 
be seen. Prophylactic antibiotics ± antimusca-
rinic should be used while the stent is in situ. Day 
one post-operatively, if all is well, the catheter is 
clamped for 3  h in an attempt to untangle any 
potential connection between catheter and stent, 
prior to removing the catheter. An X-ray is per-
formed to confirm correct stent positioning. The 
patient is normally well enough to go home the 
day after surgery. Eight weeks later, the stent is 
removed with cystoscopy and follow up is by 
ultrasound assessment of the kidney.

12.7  Conclusion

In all but the smallest infants, where the open 
procedure has benefits in terms of duration of 
general anaesthetic and there are limitations in 
the size of instruments, robotic pyeloplasty is 
becoming the preferred option for those centres 
able to fund the devices [7]. Results for the 
robotic approach are also extremely promising, 
with shorter operative times than laparoscopy 
and equal success rates, length of stay and com-
plications [3, 6]. By 2009, robotic surgery became 
the most-used modality to treat all PUJO and 
continues to grow in popularity [3].
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13Laparoscopic Approach 
for Uretero–Pyelo Junction 
Obstruction (UPJO)

Philipp Szavay

13.1  Introduction

In 1995, Peters performed the first laparoscopic 
pyeloplasty in a child, thereby beginning the era 
of reconstructive pediatric laparoscopic urology. 
Uretero–pelvic junction obstruction (UPJO) is 
the most common cause of hydronephrosis in 
infants and children. The gold standard in surgi-
cal care for UPJO has been open dismembered 
pyeloplasty through a retroperitoneal approach as 
described by Anderson and Hynes. Laparoscopic 
dismembered pyeloplasty offers advantages such 
as superior visualization of the anatomy, accurate 
anastomotic suturing and thus precise reconstruc-
tion of the UPJ consecutively, promising good 
functional outcome. For the approach to mini-
mally invasive pyeloplasty, the laparoscopic 
transperitoneal approach is a multiused, stan-
dardized approach as for a large variety of indica-
tions in pediatric surgery and pediatric urology, 
respectively. It offers a maximum capacity of 
working space  – rather than retroperitoneos-
copy  – and is suitable for all ages and weight 
groups in the pediatric patient population, rang-
ing from newborns to adolescents. It provides 
excellent overview, detailed visualization and 
augmentation, which make it the superior 
approach, particularly for complex anatomy and 
pathology, respectively.
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Learning Objectives
• To describe step by step the technique of 

laparoscopic transperitoneal dismem-
bered pyeloplasty.

• To present long-term outcomes of lapa-
roscopic transperitoneal dismembered 
pyeloplasty.

• To report the latest results in literature 
on laparoscopic transperitoneal dis-
membered pyeloplasty.

• To show a video with the technique of 
laparoscopic transperitoneal dismem-
bered pyeloplasty.

• To describe tips and tricks of laparo-
scopic transperitoneal dismembered 
pyeloplasty.
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13.1.1  Preoperative Preparation

Indications for pyeloplasty include:

• Differential renal function (DRF) of the 
affected side below 40%.

• Decrease of DRF, documented in more than 
just one examination, such as a renal scinti-
gram and an MRI, respectively.

• Relevant urodynamic obstruction in renal 
scintigram and MRI, respectively.

• Recurrent urinary tract infection (UTI) and/or 
pyelonephritis.

• Subjective patient complaints, such as flank 
pain.

• Special anatomical condition such as horse-
shoe kidney along with obstruction.

The aim of surgery is to maintain DRF and to 
improve urinary drainage.

Preoperative diagnostic work-up include:

• Ultrasound.
• Diuretic renal scintigram and/or.
• MRI.
• Intravenous pyelography is widely considered 

to be obsolete and should be reserved for 
selected and complex indications only.

Preoperative preparation includes informed 
consent, obtained from all patients or their par-
ents, prior to surgery. Laparoscopic pyeloplasty 
is performed under general anesthesia with mus-
cle relaxation. A Foley catheter should be inserted 
prior to surgery in order to control urinary drain-
age as well as emptying the urinary bladder for 
improved working space and view. Perioperative 
single-shot antibiotic therapy is administered 
according to local guidelines. The patient is 
prepped and placed according to local standards 
and following the rules of asepsis.

For the positioning, the patient is placed in a 
(semi-) supine position, with a slight elevation of 
flank on the affected side. In order to provide a 
maximum of ergonomics, the screen is positioned 
on the side which will be operated on and low-
ered down towards the bottom to provide a natu-
ral sight-angle for the surgeon. Additional 

monitors may be placed meaningfully to facili-
tate the view for the assistant surgeon, scrub 
nurses, anesthetists and others, respectively. The 
surgeon’s position is on the opposite side of the 
patient, while the assistant surgeon driving the 
camera is seated on the same side, with both the 
surgeons looking in direction to the side of the 
operating field. The scrub nurse is standing across 
at the patient’s opposite side.

13.2  Technique

At the inferior site of the umbilicus, a cut down 
technique is preferred to access the peritoneum 
and installation of a 5 mm camera port, using a 
30° scope. This will be followed by the place-
ment of two 3  mm working ports under direct 
vision in the upper and lower abdomen of the 
affected side with respect to triangulation regard-
ing the renal pelvis to operate on. Access to the 
affected kidney is obtained by either a retro- 
colonic or a trans-mesocolic approach through 
Gerota’s fascia. After the incision of the fascia as 
well as of the trans-section fatty capsule of the 
kidney, a blunt/sharp dissection is carried out 
leading to the (dilated) renal pelvis. When the 
pyelon becomes visible, a direct attempt should 
be made to grasp it and further dissection is per-
formed, using blunt and/or sharp techniques with 
the help of electrocautery, scissors, harmonic 
scalpel or similar devices, respectively. When the 
pyelon and the UPJ are sufficiently exposed, two 
transabdominal hitching sutures are placed to 
facilitate resection of the UPJ. Those should be 
placed with care, safely sparing the renal hilar 
vessels cranially and leaving enough space on the 
caudal and lateral aspects of the UPJ, in order to 
allow the resection of the UPJ in front of the 
hitching suture (see Fig. 13.1).

When the resection of the UPJ is completed, 
the ureter has to be incised; however, we prefer to 
not cut completely at a level well below the UPJ 
in order to assure an adequate lumen of the ureter. 
Then, on its lateral aspect, the ureter will be spat-
ulated for a sufficient length of the ureteral wall 
and the consecutive side-to-side anastomosis (see 
Fig. 13.2).
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Fig. 13.1 Transabdominal hitching sutures, exposure 
and resection of UPJ

Fig. 13.2 Spatulation of the ureter

Fig. 13.3 Inverted single interrupted suturing on the dor-
sal side

Fig. 13.4 Check for patency of neo-UPJ

While not cutting off completely the proximal 
part of the ureter along with the UPJ, the remain-
ing tissue may provide as a “handlebar” for sutur-
ing of the anastomosis. This will facilitate the 
ureteral tissue to be picked up and grabbed and 
consecutively become compromised by edema-
tous alterations. According to Anderson and 
Hynes, a side-to-side anastomosis is then carried 
out, starting on the dorsal side (see Fig.  13.3). 
This can be done with either single interrupted 
sutures or a running suture. Single-interrupted 
sutures may provide more safety in watertight-
ness and may be more tissue-sparing as well. A 
running suture may allow a time-saving tech-
nique; however, it requires constant application 
of tension to the thread in order to avoid loosen-
ing, which might be the cause for urinary leakage 
later [1]. Meanwhile barbed sutures are available 
down to metric sizes of 5/0; those may facilitate a 
running suture in this setting. We prefer the use of 
braided sutures in sizes of 6/0 for infants and 5/0 
for older patients. An inverting technique of 
suturing is required to avoid exposure of the 
threads to the lumen as this might cause crystal-

lization with consecutive bacterial colonization. 
When completed, the back side of the patency of 
the neo-UPJ should be checked, before continu-
ing the anastomosis of the front side (see 
Fig. 13.4).

The front side is then sutured in the same tech-
nique (see Fig. 13.5), the remaining pyelon can 
be closed using a “z-type” single interrupted 
suture or a running suture alternatively. The result 
should provide a wide-open side-to-side anasto-
mosis with a patent neo-UPJ.

Whether to stent the anastomosis and, if so, 
what kind of stent to use is subject of ongoing 
discussion. We prefer to apply a transabdominal, 
transanastomotic stent technique before continu-
ing with the front-sided anastomosis, a 6–8  Fr 
stent is poked into the abdomen with the use of a 
curved (custom-made) spear, then through the 
open renal pelvis and through an identified calyx, 
respectively, punctured through the renal paren-
chyma and the lateral abdominal wall, respec-
tively (see Fig. 13.6). The tip of the catheter is 
then pulled into the abdomen and inserted into 
the distal ureter [2]. This allows removal of the 
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Fig. 13.5 Single-interrupted suture of the front side. The 
remaining UPJ is used as a “handlebar” (left)

Fig. 13.6 Transabdominal, transanastomotic ureteral 
stent placement

Fig. 13.7 Completed pyeloplasty

stent from outside without requiring a second 
general anesthesia (see Fig. 13.7).

In addition, this enables retrograde irrigation 
intraoperatively in order to prove watertightness 
of the anastomosis at the end of the procedure. 
Other options for stenting include double-J 
stents, percutaneous nephrostomy stents and oth-
ers. The procedure will be terminated by removal 
of the hitching sutures’ reposition of the kidney. 
In a regular case, any other drainage will not be 
necessary. The specimen can be easily collected 
along with one of the working ports.

13.3  Postoperative Care

Patients are transferred to the ward following the 
recovery room. Analgesics are administered 
according to local regimens and guidelines in gen-
eral following international recommendations 
such as the WHO “Treatment Guidelines on Pain.” 
We recently changed the antibiotic treatment to a 
single-shot regimen perioperatively only. Oral 
feeds are allowed 4–6  h postoperatively and 
patients are back to full feeds on day one postop-
eratively in a regular case. Patients can be dis-
charged from hospital on the second or third 
postoperative day, when drainage with the trans-
ureteral stent is secured. However, we leave the 
transanastomotic stent for 7 days, while the patient 
may prefer to continue staying in the hospital. The 
question whether to put a stent in and, if so, how 
long it should stay is left to the preference of the 
surgeon, as there is so far no evidence in favor for 
one of the mentioned methods. Postoperative clini-
cal as well as ultrasound controls are scheduled for 
4 weeks and 1 year postoperatively. At 3 months 
postoperatively, we routinely perform a Uro-MRI, 
aiming to assess differential renal function and uri-
nary drainage postoperatively.

13.4  Results

In a publication already 10  years old, we could 
prove in a total of 70 patients, including 26 patients 
below 1 year of age, who underwent laparoscopic 
dismembered pyeloplasty, a median operating time 
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of 140  min (range 95–220  min). The described 
stent placement was successful in all patients. 
There was only one intraoperative complication 
with an initially unnoticed accidental perforation of 
the sigmoid leading to septic peritonitis and a com-
plicated postoperative course. Mean length of hos-
pital stay was 7 days (range 6–14 days) at that time. 
During follow up, diuretic MAG-3Tc99 renography 
was repeated 3 and 12  months postoperatively. 
Therewith, the preservation of the differential func-
tion of the operated kidney could be documented 
with no significant difference in DRF from pre- to 
12 months postoperatively (P > 0.05). All children 
investigated 1 year after operation showed a signifi-
cant improvement in tracer clearance on diuretic 
MAG-3Tc99 renography (P < 0.0001). None of the 
patients had complaints during the postoperative 
course related to surgery or persistent hydrone-
phrosis. Since then, numerous publications could 
prove the efficiency and excellent outcome of lapa-
roscopic dismembered pyeloplasty, while operat-
ing times as well as the duration of hospitalization 
were continuously decreasing.

13.5  Discussion

Laparoscopic dismembered pyeloplasty has 
evolved to become the gold standard for the 
surgical treatment of intrinsic UPJO since first 
done in 1995 by Craig Peters [3]. It has been 
proven to be safe, effective and associated with 
a low complication rate with excellent func-
tional results [4–15]. This is obviously also true 
for recurrent UPJO [16]. Laparoscopic dis-
membered pyeloplasty provides low morbidity 
due to the surgical trauma, superior cosmesis, 
fast recovery and quick return to daily and 
social activities. It has therefore surpassed open 
pyeloplasty in many centers as the standard sur-
gical management for UPJO [14, 17].

Compared to open surgery, there have been 
implications coming along with minimal inva-
sive approach techniques. The most remark-
able one is probably the less reduction of the 
renal pelvis as compared to the original tech-
nique described by Anderson and Hynes. 
However, different authors considered a less 
reductive resection of the renal pelvis not to be 
determinative in terms of the functional result 
[18]. One striking advantage of transperitoneal 
laparoscopic pyeloplasty is that the approach is 
a standard procedure for many indications in 
both pediatric surgery and urology. In addition, 
it is applicable also for children below 1 year 
of age. There is sufficient evidence in literature 
that infants’ laparoscopic dismembered pyelo-
plasty has also been proven to be a safe proce-
dure, providing the same functional outcomes 
as the open approach [6, 15, 19]. Multiple 
studies were aiming to describe differences 
between open, laparoscopic and robotic pyelo-
plasties, respectively. All of these demonstrate 
that patients undergoing robotic-assisted lapa-
roscopic pyeloplasty had a shorter hospital 
stay and less request for pain medication; how-
ever, there could be no difference shown in the 
success rates for open, laparoscopic and 
robotic- assisted laparoscopic pyeloplasty, 
respectively [4, 5, 11, 12].

Tips and Tricks
• The application of transabdominal 

hitching sutures for exposure of the 
pyelon will help to resect the UPJ as 
well as to safely perform a patent anas-
tomosis. The subtotal dissection of the 
proximal ureter, leaving the most proxi-
mal part of the ureter along with the UPJ 
and the resected part of the renal pelvis, 
respectively, in place until the anasto-
mosis has been completed will allow 
using these tissues as a “handlebar,” 
avoiding repeated picking up of the sen-
sitive urothelium in the area of the anas-
tomosis. The described placement of a 
transanastomotic ureteral stent will 
allow avoiding any secondary general 
anesthesia such as for the removal of a 
Double-J catheter through cystoscopy.
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Take-Home Points

• Laparoscopic dismembered pyeloplasty 
offers an evidenced-based standard of 
care for UPJO in children of all age and 
weight groups.

• Laparoscopic dismembered pyeloplasty 
provides low morbidity due to the surgi-
cal trauma, superior cosmesis, fast 
recovery and quick return to daily and 
social activities.

• Transabdominal hitching sutures will 
help better expos the renal pelvis and 
the UPJ.

• The described technique of a transanas-
tomotic ureteral stent might be favor-
able in terms of atraumatic removal as 
well as of monitoring urinary drainage.
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14Retroperitoneal Laparoscopic 
Pyeloplasty in Infants and Children

Annabel Paye-Jaouen, Matthieu Peycelon, 
and Alaa El-Ghoneimi

14.1  Introduction

Pyeloplasty, as described by Anderson and Hynes 
(Fig.  14.1), is an effective procedure for long- 
term correction for children with significant ure-
teropelvic junction obstruction (UPJO) leading to 
impaired differential renal function. Many stud-
ies have shown the benefits of laparoscopic treat-

ment of the UPJO compared to open surgery [1]. 
Retroperitoneal laparoscopic pyeloplasty (RLP) 
appears to offer more advantages compared to 
the transperitoneal laparoscopic approach [2]. In 
our team, Alaa El Ghoneimi has started the retro-
peritoneal approach for nephrectomy and then 
for urologic reconstructive surgery (pyeloplasty) 
since 1998 [3]. He first reported his preliminary 
experience in 22 patients in 2003, and this tech-
nique has been modified several times since [3, 
4]. We first used 5/0 absorbable monofilament 
sutures for the ureteropelvic anastomosis and 
then with the development of 3-mm instruments 
we moved to 6/0 sutures. Another technique 
change was to decrease the number of trocars 
from 4 to 3. The youngest child who had an RLP 
in our department was of 6 weeks of age with a 
weight of 4.8 kg.

14.2  Preoperative Preparation

Investigations must include renal ultrasonography 
and functional imaging. We prefer the use of mag-
netic resonance urography than renal scintigraphy 
as it provides an anatomical view of the urinary 
tract. All patients and their parents have to sign a 
specifically formulated consent before the proce-
dure. Patients receive a general anesthesia and 
require orotracheal intubation and myorelaxation. 
Antibiotic prophylaxis is done preoperatively with 
a 50 mg/kg dose of ceftriaxone.
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Fig. 14.1 Operative 
steps for a pyeloplasty 
described by Anderson 
and Hynes

Fig. 14.2 Trocars placement for a pyeloplasty by 
retroperitoneoscopy

14.3  Positioning

The retroperitoneal access is done by a lateral 
approach. The patient is placed in the lateral 
decubitus position, with a lumber padding to flex 
the patient and thus expose the area of trocars 
placement, between the last rib and the ileac 
crest (Fig. 14.2). Yeung used a different position-
ing according to the side of the kidney: semi-
prone for the right side and semi-lateral for the 
left side [5].

14.4  Instrumentation

Regarding the laparoscopic procedure, we adopt 
a 5-mm 0-degree optic trocar and two 3-mm 
assistant trocars. We use one atraumatic grasping 
forceps, one 2-mm scissors, one 3-mm bipolar 
forceps and one needle driver. The JJ stent or the 
pyelostomy tube is inserted through a 2-mm 
trocar.

14.5  Technique

Retroperitoneal access is achieved through a 
10-mm incision, one finger from the lower side of 
the 12th rib (Fig. 14.2). The use of narrow retrac-

tors with long blades allows a deep dissection 
with short incision. The Gerota’s fascia is 
approached by a muscle-splitting blunt dissec-
tion, then it is opened under direct vision and the 
first blunt 3-mm trocar is inserted directly inside 
the Gerota’s fascia (Fig. 14.3). A working space 
is created by gas insufflation, and the first trocar 
is fixed with a purse-string suture that is applied 
around the deep fascia to ensure an airtight seal 
and to allow traction on the main trocar, if needed, 
to increase the working space. We prefer this type 
of fixation to the single-use self-retaining trocar, 
as we think that this type of trocar is relatively 
too big in children and may interfere with the 
mobility of instruments. The second 3-mm trocar 
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Fig. 14.3 Insertion of the first 3-mm trocar inserted 
directly inside the Gerota’s fascia

Fig. 14.4 Identification and minimal dissection of the 
ureteropelvic junction

is inserted posteriorly in the costovertebral angle, 
in front of the lumbosacral muscle. The third 
3-mm trocar is located one finger above the top of 
the iliac crest. To avoid transperitoneal insertion 
of this trocar, the working space is fully created, 
and the deep surface of the anterior wall muscles 
is identified before the trocar insertion. 
Insufflation pressure does not exceed 12 mm Hg, 
and the Co2 flow rate is progressively increased 
from 1 to 3 l/min. Access to the retroperitoneum 
and creation of the working space are the keys to 
success in the retroperitoneal renal surgery. Age 
and low weight are not limiting factors for this 
approach. Young children have less fat and the 
access is even easier. We also used the retroperi-
toneal laparoscopic approach in other indications 
like nephrectomy in newborns less than 3 weeks 
old [6].

We currently use a 3-trocar technique [4]: the 
first one for the 5-mm laparoscope (at the tip of 
the 12th rib), the second is inserted in the costo-
vertebral angle (and it will be used for the needle 
driver in case of a left pyeloplasty), and the third 
one is inserted at the top of the iliac crest (the 
needle driver is used here in case of right pyelo-
plasty). The kidney is approached posteriorly, 
and the renal pelvis is first identified. The ure-
teropelvic junction is identified and a minimal 
dissection is done to free the junction from con-

nective tissue (Fig. 14.4). The anterior surface of 
the kidney should be left intact to keep it adherent 
to the peritoneum, which can play a role of “self- 
retraction” to avoid the kidney from dropping. 
Small vessels are divided using bipolar electroco-
agulation. Care is taken not to section ureteral 
blood vessels. A stay stitch is placed at the junc-
tion. Aberrant crossing vessels are identified. The 
renal pelvis is partially divided using scissors at 
the most dependent part (Fig.  14.5) and gentle 
traction on the stay suture helps to define this 
point. Keeping the traction, the ureter is partially 
divided and incised vertically for spatulation. The 
traction suture helps to mobilize the ureter 
(Fig. 14.6) so the scissors can be in the correct 
axis of the ureter, usually introduced through the 
last trocar. The anterior surface of the kidney is 
left adherent to the peritoneum so that the kidney 
is retracted medially without the need for indi-
vidual kidney retraction. The ureteropelvic anas-
tomosis begins using a 6–0 absorbable suture 
with a tapered 3/8 circle needle, placed from the 
most dependent portion of the pelvis to the most 
inferior point or vertex of the ureteral spatulation 
(Fig.  14.7). The suture is tied using the 
 intracorporeal technique with the knots placed 
outside the lumen. The same stitch is used to run 
the anterior wall of the anastomosis. The UPJ is 
kept intact for traction and stabilization of the 
suture line and removed just before tying the last 
suture on the pelvis. This stay suture may be 
fixed to the psoas muscle to give stability and to 
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Fig. 14.5 Section of the renal pelvis at the most depen-
dent part

Fig. 14.6 Tip for a better ureter visualization and suture

Fig. 14.7 Ureteropelvic anastomosis

Fig. 14.8 Tip to facilitate the suturing process thanks to 
the stay suture on the psoas muscle

facilitate the suturing (Fig.  14.8). A double- 
pigtail stent or a transanastomotic pyelostomy 
stent is inserted through the costovertebral-angle 
trocar, and if there is doubt, its position in the 
bladder is assured under fluoroscopy. The poste-
rior ureteropelvic anastomosis is then done. We 
still proceed with double-pigtail stent in the cases 
with intra- renal pelvis because of the technical 
difficulties to insert the pyelostomy stent in these 

cases. The pelvis is trimmed if needed. In case of 
aberrant crossing vessels (Fig.  14.9), the tech-
nique is slightly different. After placement of the 
stay suture, the ureter is completely divided and 
the UPJ and the pelvis are delivered anteriorly 
from the vessels with the help of the stay suture. 
Then the anastomosis is performed as described 
(Fig. 14.10).

We do not use a perirenal drain.
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Fig. 14.9 Final aspect of the anastomosis

Fig. 14.10 Ureteropelvic junction aspect in case of aber-
rant crossing vessels

Tips and Tricks

• A good positioning for the lateral retro-
peritoneal approach is needed.

• The anterior surface of the kidney must 
be left adherent to the peritoneum.

• A stay suture can be fixed to the psoas 
muscle to give stability and to facilitate 
the running suture.

• Long-term follow-up is needed to assess 
the decrease of the renal pelvis and to 
check the renal function.

14.6  Postoperative Care

Patients start oral feeding 4 h postoperatively. 
Pain management is controlled with acetamin-
ophen (15 mg/kg every 6 h) for 24 h after sur-
gery. No postoperative antibiotics are given, 
and patients are discharged from hospital on 
day one. The bladder catheter is left for 24 h 
postoperatively. The JJ stent is removed 
between 4 and 6 weeks under general anesthe-
sia, or under hypnosis for girls more than 
6  years old.If the patient has a transanasto-
motic stent, this external stent is clamped on 
day one postoperatively and removed after 
10 days in the outpatient clinic. The follow up 
included a renal ultrasound (RUS) 1  month 
after surgery; if no increased pelvic dilatation 
is described, RUS regimen is at 6  months, 
1  year, every year for 5  years, every 5  years 
until puberty. An MR Urography is repeated if 
a preoperative impaired differential renal func-
tion was noted.

14.7  Results

This technique is feasible even in children less than 
1 year old, but need well-experienced surgeons in 
pediatric laparoscopy. Even if operative time may 
be longer, no significant complication or worse out-
comes have been reported so far. The largest mono-
centric experience with RLP in children has been 
published by El Ghoneimi et al.: 104 patients were 
included with a mean operative time of 185 min, 
and a 98% success rate [7]. They even started to 
perform this procedure for children under the age of 
one. Between 2012 and 2017, 144 RLP were per-
formed, including 24 done in children less 1 year 
old and we compare the open surgery and RLP for 
UPJO repair in children less than 1 year of age. No 
conversion has been noted. Hospital stay and intra-
venous analgesic use were significantly lower in the 
RLP group in comparison to the open group, 
although operative time was significantly longer. 
Postoperative complication included urinary tract 
infection, subfascial hematoma, and gross hematu-
ria without urinary retention. Complication rate was 
statistically identical in each group [8].

To avoid a second general anesthesia for the 
stent removal, we use nowadays, more often, a 
transanastomotic pyelostomy stent. Our experi-
ence using external ureteropelvic stenting after 
RLP was reported in 2011 on 22 patients with no 
complication. All stents were removed at the out-
patient clinic on postoperative day 10 without 
any urinary leakage, while the double J stent need 
to be removed under general anesthesia between 
4 and 6 weeks [9].

14 Retroperitoneal Laparoscopic Pyeloplasty in Infants and Children
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14.8  Discussion

Clear advantages of laparoscopic pyeloplasty 
over open surgery have been proven by retro-
spective and prospective studies [10, 11]. Early 
series were reported by Yeung et  al. and El 
Ghoneimi et  al. with good outcomes [4, 5]. 
More recently, larger series were reported by 
Zhou et al. and Subotic et al. and they concluded 
that RLP was a safe, efficient, and reproducible 
procedure in high volume and at expert laparo-
scopic centers [11, 12]. The largest series about 
RLP in children was published by El Ghoneimi 
et al.: 104 patients were included with a mean 
operative time of 185  min and a 98% success 
rate. They highlighted that this procedure is 
associated with a long learning curve and auton-
omy is achieved after about 30 procedures [7]. 
Qadri et  al. supported the retroperitoneal 
approach, given advantages such as shorter 
operative time, less dissection needed, a higher 
sensitivity of detecting crossing vessels, a 
decreased risk of visceral injury, and an early 
start of oral feeds [13]. In a randomized clinical 
trial, Badawy et  al. was in favor of the RLP 
because of shorter operative time, shorter hospi-
tal stay, and early resumption of oral feeding 
[14]. The retroperitoneoscopic approach allows 
a more rapid access to the renal pelvis, but this 
technique needs to be more delicate in maneu-
vering in a restricted workspace. As a conse-
quence, an experienced surgeon with 
laparoscopic skills and working in a high vol-
ume center is recommended. This procedure is 
also feasible for infants younger than 2  years 
old. Zhang et  al. reported their experience in 
2019: 22 children underwent an RLP and 14 a 
transperitoneal LP with no difference between 
the two groups in terms of operative time [15]. 
A shorter postoperative hospitalization and 
faster oral feeding were noted in the RLP group 
[15]. El Ghoneimi et al. also reported recently 
24 RLP on children under 1  year age with no 
conversion and only one failure [8]. Canon et al. 

reported no major difference between the RLP 
and the transperitoneal LP.  The difference in 
operative time reflected eventually the learning 
curve for suturing and dissection [16]. Both 
techniques should be considered equal in the 
successful correction of the UPJO. We think in 
our center that it is important to learn and use 
both procedures.

RLP is really interesting in cases of anatomi-
cal variants as it can also be effective with retro-
caval ureter in children, even if the anomaly was 
not detected preoperatively [17].

RLP is thus nowadays the gold standard pro-
cedure in many departments and, since 2003, in 
our team [6]. However, it is a challenging proce-
dure and needs training in an experienced team 
(technical difficulties) [18]. The procedure is 
safe, gives as good functional results as open sur-
gery, but with better cosmetic appearance and 
more comfortable postoperative course. 
Nowadays, the robotic-assisted laparoscopic 
pyeloplasty represents an attractive option to per-
form minimally invasive surgery in case of UPJO 
in children [19]. Suturing may be more precise 
and the learning curve seems to be shorter [20]. 
Our pediatric urology department still performs 
RLP in children less than 1 year age, but we use 
now the robotic approach for older children.

Take-Home Points
• A good experience in the retroperitoneal 

approach is required before starting an 
RLP.

• You should learn this procedure in a 
high-volume center using RLP 
routinely.

• This procedure is efficient in children 
younger than 1 year.

• A transanastomotic pyelostomy avoids a 
second general anesthesia.

• The patient can be discharged at day one 
postoperatively.

A. Paye-Jaouen et al.
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15Uretero-Pelvic Junction 
Obstruction (UPJO) Treatment 
Using: One-Trocar-Assisted 
Pyeloplasty (OTAP)

Neil Di Salvo, Eduje Thomas, Tommaso Gargano, 
and Mario Lima

15.1  Introduction

During the past decades, several techniques have 
been designed to achieve the main goal of sur-
gery in the uretero-pelvic junction obstruction 
(UPJO): preserving the renal function by allow-
ing unobstructed drainage of the renal pelvis. 

Among these, the Anderson–Hynes dismem-
bered pyeloplasty is the most adopted, being con-
sidered the mainstay in the surgical treatment of 
UPJO.

Minimally invasive surgery has evolved and 
has been introduced to reduce postoperative mor-
bidity, length of hospitalization and aesthetic 
impact. Pyeloplasty can be carried out in a trans-
peritoneal or retroperitoneal manner. The trans-
peritoneal approach provides increased working 
space and readily identifiable anatomic land-
marks, but requires adequate bowel mobilization 
[1]. The retroperitoneal approach is hampered by 
limited working space, but has the advantage of 
direct and rapid access to the ureteropelvic junc-
tion (UPJ) and less risk of bowel damage.

Craig Peters reported the first case of paediat-
ric laparoscopic trans-mesenteric pyeloplasty in 
1995 [2]; Furthermore, retroperitoneoscopic 
pyeloplasty, first attempted by C.K.  Yeung in 
2002, is often performed by paediatric urologists 
[3, 4].

In 2004, in the conception of a hybrid surgery, 
Mohammed Amin El Gohary described the first 
laparoscopic assisted pyeloplasty in children, 
using three ports to gain access to the UPJ [5]. 
The procedure entailed mobilization of the colon 
to expose the pelvis and upper ureter. The UPJ 
was brought to the flank via a 10 mm port and the 
procedure was completed as in the open 
 technique. We developed his idea of extracting 
the UPJ, but we adopted the retroperitoneoscopic 
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Learning Objectives
• To describe the historical process which 

led to the invention of the technique.
• To describe step by step the technique of 

One-Trocar-Assisted Pyeloplasty 
(OTAP).

• To present our experience with the tech-
nique, including results and 
complications.

• To show a video with the OTAP 
technique.
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route, being more direct, instead of the laparo-
scopic one.

Due to our increasing experience in one trocar 
video assisted procedures, in 2005 we attempted 
a new technique, the One Trocar Assisted 
Pyeloplasty (OTAP) [6]. This technique com-
bines the advantages of a minimally invasive ret-
roperitoneoscopic approach with the high success 
rate of an open dismembered pyeloplasty. Since 
its introduction in 2005, OTAP has been adopted 
in many paediatric surgical units in Italy [7–9].

15.2  Surgical Technique

The patient is placed in lateral decubitus on the 
non-pathologic side, exposing the pathologic 
flank. A transurethral catheter is inserted. A 
12 mm long incision is made on the prolongation 
of the 11th to 12th rib (Fig. 15.1). The Gerota fas-
cia and the perirenal fat are reached anteriorly 
after blunt dissection through the muscles. A 
10 mm balloon anchorage trocar is inserted, and 
we use a 10 mm 0° lens operative telescope with 
a 5 mm operative channel (Fig. 15.2).

The retroperitoneal working space is created 
through insufflation of CO2 (Pressure 
8–10 mmHg, Flow 0.5–1 l/min; according to the 
patient’s size and weight) and moving the tele-
scope with an Endo peanut (Coviden, 
Massachusetts, US); once the lower renal pole is 
identified, the pelvis and the proximal ureter are 
anteriorly approached targeting the UPJ (Video 

15.1/Figs. 15.3 and 15.4). Small vessels are coag-
ulated by unipolar cautery. The UPJ is then iso-
lated with an “L” dissector and exteriorized 
through the lumbar incision, after previously 
placing a vessel loop for traction purposes 
(Fig. 15.5). In cases of massive hydronephrosis, 
the pelvis can be emptied with a needle to facili-
tate the procedure (Fig.  15.6). A stay suture is 
first given on the ureter in order to correctly ori-
entate the UPJ thus avoiding twisting of the 
ureter.

The Anderson–Hynes pyeloplasty is then per-
formed in a traditional manner, using 6–0 or 7–0 
PDS running sutures (Fig. 15.7). Before complet-
ing the pyeloplasty, an external uretero-pelvic Fig. 15.1 Anatomical landmarks for a small incision

Fig. 15.2 Position of the surgical team during the retro-
peritoneoscopic phase

Fig. 15.3 Ureter identification during the retroperitoneo-
scopic phase. The L dissector, inserted in the operative 
channel of the operative telescope, can be seen

N. Di Salvo et al.
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Fig. 15.4 Isolation of the UPJ with the L dissector

Fig. 15.5 The UPJ is brought out through the lumbar 
incision using a vessel loop, inserted during the retroperi-
toneoscopic phase

Fig. 15.6 The obstructed UPJ with part of the dilated 
pelvis and proximal ureter are removed

Fig. 15.7 Final aspect of the reconstructed pelvis, with 
an external ureteropelvic stent emerging from one end of 
the suture

stent is placed in anterograde manner, emerging 
from the end of the anastomosis. Alternatively, an 
internal ureteral stent (double J stent) can be 
anterogradely positioned and cystoscopically 
removed 3–4  weeks later. The pelvis is reposi-
tioned into the renal lodge and the anastomosis 
can be checked with a retroperitoneoscopic look. 
In case of extrinsic obstruction due to crossing 
vessels, these are uncrossed prior to completing 
the anastomosis. A soft Penrose drain is left in 
place near the anastomosis and the wound is 
closed by absorbable sutures.

During the postoperative period, a full course 
of antibiotics is administered. The transurethral 
catheter is removed on the first or second postop-
erative day, whereas the uretero-pelvic stent and 
Penrose drain are, respectively, kept until the fifth 
and sixth post–op day. The patient is then 
discharged.

The feasibility of the technique is hindered 
only by relative contraindications represented by 
huge pelvic dilatation, previous retroperitoneal 
surgery, previous renal trauma and infections 
(pyonephrosis).

15 Uretero-Pelvic Junction Obstruction (UPJO) Treatment Using: One-Trocar-Assisted Pyeloplasty (OTAP)
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15.3  Complications 
and Follow-Up

The complication rate is similar to the standard 
open approach. The principal complication is ste-
nosis of the anastomosis. Fortunately, this is rare 
and 90–95% of cases are successful. In case of 
OTAP, recurrence could be due to fibrosis or ure-
ter angles near the anastomosis; it is related to a 
difficult dissection that can cause tension and 
ischemia. Another rare complication is urinary 
leakage from the anastomosis determining a ret-
roperitoneal urinoma (1–3%); however, leakage 
spontaneously resolves in the majority of cases 
and reintervention is extremely rare. Conversion 
to open surgery is necessary if the peritoneum is 
accidentally open because of the impossibility to 
create an adequate working chamber in the 
retroperitoneum.

Follow-up consists of repeated ultrasound at 
3, 6, 12 months and then yearly. In our Centre, if 
pelvic dilation decreases over time and no further 
deterioration of the kidney echo-structure is seen, 
renography is not usually required [10]. If dila-
tion does not improve and/or the echotexture 
worsens and/or symptoms appear, a renogram is 
performed.

15.4  Case Series

Since 2005, in our institution, the OTAP has been 
the preferred approach for hydronephrosis in 
children younger than 2  years of age [11]. 
Nevertheless, OTAP has also been used in chil-
dren older than 2  years. In a range period of 
15 years, we performed 156 OTAPs. Follow-up 
was available in 95.7% of all patients. We consid-
ered the minimum period of follow-up to be 
1 year after surgery to define success. The mean 
operative time was 133 min and it was not influ-
enced by crossing vessels. The mean hospitaliza-
tion length was 6.71 days.

Conversion to open repair was required in 
seven cases (conversion to open surgery 
rate = 4.5%) with a mean age of 19 months: five 
accidental peritoneal opening that did not allow 

the retroperitoneoscopic phase and two technical 
difficulties, but these conversions occurred at the 
very beginning of our experience with OTAP 
(mostly in the first 8 years of experience with the 
technique).

Seven patients had complications due to recur-
rence of UPJ stenosis defined as a post–operative 
worsening of pelvic dilatation on ultrasound and 
persistence of impaired urinary flow pattern 
obstruction on dynamic MAG3 renography at 
6 months after surgery (recurrence rate = 4.5%).

Regarding this complication, it is to say that 
these patients (4/7) mostly belong to the small 
group in which a stent was not used. This is the 
reason why we suggest the use of such stents, 
especially in very young patients.

At the beginning of our experience, we used 
an internal J-J ureteral stent; afterwards, as men-
tioned before, we tried not to use ureteral stents 
in a small series of patients, but this practice was 
abandoned due to increase in recurrence. At pres-
ent, we are used to using external pyelo–ureteral 
stents that can be easily removed during hospital-
ization, with no sedation.

The postoperative course was characterized 
by urinary collection around the kidney (uri-
noma) in three patients (urinary leakage 
rate  =  1.9%). One patient among these had a 
scarce urinary leakage and he was treated conser-
vatively. In two cases, the urinary collection 
required a reintervention with the placement of a 
transanastomotic stent to replace the former one 
that was accidentally removed.

We have treated very young patients affected 
by severe forms of hydronephrosis for which an 
early surgical correction can be of some advan-
tage. As a matter of fact, we demonstrated feasi-
bility, in terms of efficacy and safety, of OTAP in 
the first 90  days of life in a case series of 23 
patients [12].

All parents were satisfied with the aesthetical 
result.

Thus far, we have attempted a posterior 
muscle- sparing incision to approach the kidney 
in one patient, always through the retroperitoneal 
space (Posterior One Trocar Assisted Pyeloplasty, 
POTAP) [13].

N. Di Salvo et al.
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Take-Home Points
• OTAP is a hybrid technique which com-

bines the advantages of a minimally 
invasive retroperitoneoscopic approach 
with the high success rate of an open 
dismembered pyeloplasty.

• This technique consists of isolating the 
UPJ, thanks to a retroperitoneoscopic 
one-trocar approach and exteriorizing 
the UPJ through the lumbar incision, in 
order to perform an open dismembered 
pyeloplasty.

• OTAP is safe and feasible in very young 
patients.

• Complication and success rates are sim-
ilar to those of the standard open 
technique.
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16Laparoscopic Management 
of Extrinsic Uretero-Pelvic 
Junction Obstruction (UPJO) 
by Crossing Vessels

S. F. Chiarenza and C. Bleve

16.1  Introduction

Dismembered Pyeloplasty (DP) was first 
described by Anderson and Hynes (AHDP) in 
1949 [1]; this technique, both open and laparo-

scopic, remains, nowadays, the gold standard 
procedure to treat uretero-pyelic junction 
obstruction (UPJO). UPJO may be secondary to 
intrinsic muscle and collagen disorganization 
or to extrinsic compression due to crossing ves-
sels (CV); the extrinsic obstruction is often 
present symptomatically in older children, fre-
quently observed in adults and rarely in neo-
nates. Von Rokitansky et  al. in 1842 [2] first 
described the association between UPJ-
obstruction and extrinsic etiology by lower pole 
CV. In case of pure extrinsic-UPJO, Hellström, 
also in 1949 [3], described an alternative 
approach to AHDP for the pure extrinsic- UPJO; 
it involved displacing the lower pole vessels 
cranially and then anchoring them to the ante-
rior pelvic wall using vascular adventitial 
sutures. In order to prevent vascular damage to 
aberrant polar vessels, in 1959, Chapman [4] 
further modified this technique by securing a 
more superior position of the lower pole vessels 
within a wrap of the anterior redundant pelvic 
wall, without the need for vascular adventitial 
sutures. This technique has since been described 
in children in case of pure extrinsic-UPJO as an 
alternative to open dismembered pyeloplasty 
(DP). Pesce et  al., in 1999 [5], reported the 
largest series of pediatric patients treated with 
vascular hitch (VH). Aberrant renal polar ves-
sels usually can cause intermittent UPJO. These 
cases present a normal perinatal history, fol-
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Learning Objectives
• To describe step by step the technique of 

laparoscopic polar vessel transposition 
(LPVT) in extrinsic uretero-pyelic junc-
tion obstruction (EUPJO).

• To present long-term outcomes of 
LPVH.

• To report the latest results of the major 
international papers about LPVH.

• To show a video with the technique of 
LPVH.

• To describe tips and tricks of LPVH.
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lowed by the subsequent onset of clinical signs 
and symptoms, often influenced by the child’s 
hydration status,  characterized by intermittent 
hydronephrosis on imaging and normal kidney 
function. The aberrant CV perfuses the lower 
pole of the kidney and typically cross over the 
UPJ. Currently, there are no definitive imaging 
techniques or intraoperative procedures avail-
able to confirm the etiology of UPJO. As noted 
by Schneider [6], one frequently encounters 
anatomic variability in the relationship between 
the renal pelvis and the lower pole vessels. 
Some authors have proposed DP to exclude 
intrinsic associated anomalies; others, in order 
to minimize technical difficulties and improve 
outcomes, have described simpler procedures 
that do not involve pyeloureteral anastomosis. 
In this chapter, we describe the minimally inva-
sive approach to extrinsic-UPJO performed by 
laparoscopy. In order to reduce the risk of 
incomplete operation during laparoscopic vas-
cular hitch (LVH), we suggest a simple and 
uncomplicated intraoperative test, diuretic test 
(DT), to confirm the relief of the obstruction. 

Since the renal pedicle and the position of 
obstructing polar vessels are anterior to renal 
pelvis and ureter, laparoscopic approach is the 
suitable technique to make easier the transposi-
tion of the aberrant pedicle. This technique 
gives excellent results in our hands.

16.2  Preoperative Preparation

A complete preoperative assessment is manda-
tory to make a correct diagnosis and to plan sur-
gery. Complete medical history and a specific 
imaging examination are essential to confirm the 
diagnosis of extrinsic-UPJO. The presence of 
extrinsic obstruction by CV must be suspected 
in case of: absence/non significative renal pelvis 
dilation at prenatal or postnatal ultrasound; late 
presentation with intermittent symptoms (flank 
pain, or renal colic sometimes associated to 
vomit); marked hydronephrosis at the time of 
pain with primarily extrarenal dilatation.

All the patients with UPJO undergo ultraso-
nography/Doppler scan and MAG3 renogram, 

a b c

Fig. 16.1 A functional-magnetic-resonance-urography 
(fMRU) is reserved in case of doubtful suspected extrinsic 
obstruction. (a) Huge left pelvis distension; (b) Polar 

 vessels compressing UPJ (red circle). (c) 3D RMN 
reconstruction
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Fig. 16.2 Intraoperative corresponding view

respectively, with diuretic test confirming the 
obstructed patterns; in older patients, doppler 
scan can even detect obstructive extrinsic aber-
rant lower pole vessels. A functional-magnetic- 
resonance-urography (fMRU) is reserved in case 
of doubtful suspected extrinsic obstruction (Figs. 
16.1a–c and 16.2) and or renal malformations 
such as horseshoe kidney.

Surgical indication is suggested in case of 
two or more of the following conditions: pres-
ence of clinical symptoms, obstruction on diuretic 
renogram (99mTc-MAG3); decrease in relative 
renal function; clear or suspected image of polar 
vessels on fMRU; worsening of intermittent 
hydronephrosis on follow-up.

The patients are hospitalized 24  h before 
surgery, starting with liquid diet, bowel cleans-
ing with scheduled enemas and eventual laxa-
tive; these recommendations are suggested in 
order to obtain bowel deflation facilitating lapa-
roscopic approach. All patients and their par-
ents have to sign a specifically formulated 
informed consent before the procedure that 
must include not only the hitching procedure 

but also the possibility of a dismembered pyelo-
plasty also with “open” technique and potential 
intraoperative vascular complications. A gen-
eral anesthesia and antibiotic prophylaxis with 
IV amoxicillin-clavulanic acid or cephalospo-
rin is performed.

16.3  Positioning

Renal vascular pedicle and aberrant polar vessels 
are typically displaced anteriorly to the renal pel-
vis and UPJ, whereby a laparoscopic transperito-
neal approach is advisable. In fact, the anterior 
access to the kidney ensures direct vision of the 
renal pedicle, aberrant vessel and renal pelvis and 
makes easier the anterior CV hitching. Just before 
the operation, a bladder catheter and nasogastric 
tube are positioned and the patient is placed in a 
semi-lateral supine position (45°) at the edge of 
surgical table to facilitate the instruments’ move-
ment. The surgeon’s stand in front of the patient 
with the assistant to his left/right are trying to 
obtain for the surgical team the best possible ergo-
nomics for the shoulders; scrub nurse is to the side 
of the surgeons (usually to the right) (Fig. 16.3a). 
The monitor is placed in front of the surgeon and 
at the back and toward the head of the patient.

16.4  Instrumentation

After a standard umbilical open approach, a 5 or 
10  mm optical port is inserted; the trocar size 
depends on the weight and the age of the patient. 
Pneumoperitoneum is induced by insufflating 
CO2 at the minimal pressure to obtain an accept-
able operative space (pressure varies from 5 to 
10  mmHg). An optical laparoscope is intro-
duced to explore abdominal cavity; as in the 
majority of pediatric procedures, a 30° scope is 
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a

b

OPTICAL TROCAR

HEAD OF
THE PATIENT

OPERATIVE TROCAR

ANESTHESIOLOGIST

OPERATIVE TROCAR

ASSISTANT
SURGEON

SCRUB NURSE

MONITORFig. 16.3 (a) Patient 
position and team 
set-up. (b) Trocars’ 
position

Fig. 16.4 Exposure of right dilated renal pelvis working 
just on the upper side of the colonic flexure that is freed. 
Suspension of CV

preferable to better visualize the different angu-
lation of the operative field. Two other 3–5 mm 
working ports, according the weight of the 
patient and the  surgeon’s preference, are then 
placed, one in the epigastrium and one in the 
ipsilateral iliac fossa at the midclavicular line, 
to allow an ideal triangulation during the opera-
tion. Sometimes, it could be useful to use a third 
3–5 mm lateral operative port to move the colon 
or to suspend the aberrant vessels during the 
UPJ dissection.

16.5  Technique

Once the operative trocar setting is obtained, the 
access to the retroperitoneal space is obtained 
on the left side, freeing the colonic flexure or 

usually through a window in the mesocolon, 
while on the right side, working just on the 
upper side of the colonic flexure that is freed 
(Fig. 16.4). Once the dilatated pelvis is identi-
fied, the obstructive CV must be visualized, dis-
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a b

Fig. 16.5 (a) Dilated pelvis pre-diuretic test. (b) Empty pelvis after diuretic test and vessels mobilization

a b

Fig. 16.6 (a) Loose wrap of the anterior pelvic wall 
around the aberrant polar vessels (pyelo-pyelic sleeve) 
(b). Vascular Hitch. To achieve and secure an adequate 

tunnel, the wrap with the anterior pelvic wall must be 
fixed with two/three interrupted stitches (3–4/0 non 
absorbable suture)

sected and mobilized off the UPJ and the 
proximal ureter. After complete mobilization of 
the CV pedicle, a diuretic test (DT) is then per-
formed administering a bolus of normal saline 
(20 ml/kg IV before complete vessels mobiliza-
tion), followed by furosemide (1  mg/kg IV). 
The success of the operation is obtained observ-
ing an easy urine passage through the junction 
(Fig. 16.5a, b). The UPJ is then carefully 
inspected for any ureter kinking and or intrinsic 
visible stenosis (significant narrowing). To be 
sure of a pure extrinsic obstruction, the CV must 
be temporarily transposed and the surgeon must 
observe: the peristalsis associated with the easy 
urine passage across the junction with satisfac-
tory deflation of the renal pelvis. Once the test is 
successfully completed, the cranially displaced 
lower pole CV is then positioned away from the 
UPJ. Full mobility of the UPJ is confirmed by 
moving freely the upper and lower portions of 
the anterior pelvis wall just behind the CV as a 
shoeshine (shoeshine maneuver). At this point, a 

loose wrap of the anterior pelvic wall around the 
aberrant polar vessels (pyelo-pyelic sleeve) is 
prepared. To achieve and secure an adequate 
tunnel, the wrap with the anterior pelvic wall 
must be fixed with two/three interrupted stitches 
(3–4/0 non absorbable suture) (Fig.  16.6a, b). 
One possible tip is to pass the first suture trans-
parietally, stabilizing and fixing the vascular 
bundle into the pelvic tunnel to assist the 
remaining suture. At the end of the procedure, it 
is very important to check the floppiness of the 
wrap and the absence of ischemia of the lower 
pole of the kidney. No double-J stent or abdomi-
nal drain is required.

16.6  Postoperative Care

In the postoperative period, the patients can start 
full oral feeding after few hours and according 
normal bowel movements. The analgesic require-
ment (Paracetamol every 6–8 h) is generally lim-
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ited to the first 24 postoperative hours. All 
patients are discharged on the second or maxi-
mum on the third postoperative day.

16.7  Results and Personal 
Experience

In case of pure extrinsic-UPJO, the LVH success 
rate is almost 100% as reported in literature [7].

In our experience, median operative time was 
95 min (range 45–125 min). Mean hospital stay 
was 2 days (range 2–4 days); these data are con-
firmed from recent literature that reports a median 
operative time of 105 min and a mean hospital 
stay of 1.8 days [7–9].

All patients treated underwent intraoperative-
 DT (furosemide) in the first stages of laparos-
copy, which showed reduction of hydronephrosis 
after the complete mobilization of the vessels in 
45 out of 48 children. A multicentric study by 
Chiarenza et al. reported similar results, in fact, 
after DT (furosemide), 51 out 54 patients were 
confirmed isolate extrinsic obstruction and 
underwent LCVT, while in three doubtful 
patients, dismember pyeloplasty was performed.

We did not report intraoperative or postopera-
tive complications in our series of an 11 years- 
period. All patients had clinical evaluation and a 
renal-US at 1–6 months, and diuretic-renogram 
6  months following surgery. Follow-up (range 
12–132 months) showed complete resolution of 
symptoms (pain, hematuria) and decrease in 
hydronephrosis grade. Although none of the chil-
dren displayed significant improvement in rela-
tive renal function, all of them showed improved 
drainage on 99mTc-MAG3-renogram and 
became unobstructed. One patient had recurrent 
symptoms of flank pain associated with recurrent 
pelvic dilatation 18  months after surgery. She 
underwent successful laparoscopic-AHDP 
2 years after the original LVH-procedure. In our 
experience, long-term follow-up was very satis-
factory; we followed at 5 years 37 patients. In all 
the patients, neither renal hypotrophy nor relapse 
and increase of renal blood pressure was recorded. 
At renal US, all the patients had complete resolu-
tion of the hydronephrosis, but four reported a 

mild hydronephrosis: three (SFU grade 1) and 
one (SFU grade 2) with occasional episodes of 
abdominal-flank pain. In the last patient, MAG3 
renogram detected non  obstructive pattern. 
Madec F. et al. reported similar results at long- 
term follow-up [7–11].

Tips and Tricks
• During laparoscopy, each case must be 

carefully evaluated regarding presence 
and position of CV, appearance of the 
UPJ, ureter course and DT-response of 
the dilated pelvis after vessels displace-
ment. The main criteria to apply VH 
were the following: (I) hydronephrosis 
with presence of obstructing lower pole 
CV; (II) normal UPJ on inspection; (III) 
DT-response with emptying of the 
dilated pelvis after vessel displacement 
in order to confirm release of the 
obstruction and to exclude intrinsic-UPJ 
anomalies. We divided our patients with 
a suspicion of extrinsic UPJO by CV 
into two groups on the basis of anatomi-
cal relationships between CV, renal pel-
vis, UPJ and the ureter according 
Schneider’s classification [6].

• In total, we treated 48 patients that we 
can divided into two groups.The AHDP 
group with the vessels placed in front of 
the UPJ, which present a really intrinsic 
stenosis (Schneider’s second type): only 
three patients; the LVH group (45 
patients), in which the vessels cross infe-
riorly the UPJ, resulting in variable ure-
teral kinking (defined as a ureteral curl or 
bend around the polar vessels similar to a 
swan-neck ureter), observing intraopera-
tively peristalsis and demonstrating the 
absence of intrinsic-UPJO (Schneider’s 
third type). In particular, the very low 
incidence of relapse suggests that intra-
operative-DT must be done and correctly 
in every suspect of extrinsic-UPJO (after 
CV transposition) to exclude associated 
intrinsic obstruction.
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16.8  Discussion

UPJO is usually due to the presence of an 
aperistaltic- dysplastic narrow segment of the 
UPJ.  It is often diagnosed with prenatal ultra-
sound, when a dilated pelvis is seen. The UPJ 
narrowing is caused by an incomplete recanaliza-
tion process in utero at the cranial end of the ure-
ter. The obstruction can result from an irregular 
arrangement (hypertrophied or virtually absent) 
of smooth muscle cells, causing a dysfunction of 
peristalsis. Besides this intrinsic etiology, cross-
ing vessels (CV), as aberrant lower pole CV, rep-
resent the more frequent cause among extrinsic 
factors, above all in older children. CV are 
thought to cause from 40% to over 50% of 
extrinsic- UPJO in adults; they are more often 
ventrally located than dorsally to the UPJ; In the 
last case they are usually not obstructive. The 
arterial supply of accessory polar vessels usually 
arise directly from the aorta, while the venous 
supply arises from cava or iliac veins. The func-
tional significance of vessels crossing the UPJ, 
causing the UPJ obstruction, is controversial and 
not a new one, but recently, thanks to the advent 
of advanced imaging techniques such as CT-scan 
and fMRU, the debate has been resurrected 
because of improved vessels detection.

The incidence of CV causing obstruction of 
the UPJ in children increases with age. CVs are 
very rarely noticed in newborns and infants. The 
CV incidence in children has been reported to 
range from 11 to 15%, but was as high as 58% in 
a series of older children with symptomatic UPJO 
and a history of normal antenatal renal ultraso-
nography. According to the literature, the average 
age of patients with a CV is between 7 and 
11 years and is statistically higher than in patients 
with pure intrinsic obstruction. Open AHDP rep-
resents the gold standard procedure to treat UPJO 
in children, but the laparoscopic approach, devel-
oped in the last few decades, shows similar or 
even better outcomes. Laparoscopic pyeloure-
teral anastomosis in small children remains chal-
lenging, while robotic pyeloplasty in the last year 
has been felt to be technically easier. During the 
operation, in case of extrinsic polar CV, some 
authors have proposed AHDP to exclude intrinsic 

associated anomalies with the presence of 
CV. Nowadays, in case of pure extrinsic UPJO, 
valid minimally invasive alternative to AHDP can 
be considered laparoscopic vascular transposi-
tion. In the last years, we have assisted to an 
increasing number of papers regarding the treat-
ment of pure extrinsic-UPJO by the relocation of 
lower pole CV in children The most recent series 
are reported by Schneider [6] and Miranda [12], 
with a successful outcome in up to 95% [13]; 
Polok, with a success rate of 93% [11] and by 
Chiarenza–Bleve, successful in 97% of patients, 
with a careful selection of candidates [14]. Meng 
and Stoller (in 2003) first reported laparoscopic 
vascular relocation using the Hellström technique 
in nine adults, with success in all cases. They 
observed that the herniation and subsequent ure-
teral kinking caused the obstruction and stated 
that changing the geometry may be enough to 
alleviate the obstacle [15]. Other important fac-
tors to consider are the numerous anatomical 
variants as described by Sampaio [16]. The dou-
ble vascular bundles create a vascular window, 
facilitating the UPJ prolapse increasing obstruc-
tion. Vascular compression in these cases is in the 
proximal ureter. In these cases, the junction is 
certainly healthy, and the correction of the herni-
ation is resolutive [6, 13]. This observation is 
supported histologically by the UPJ and CV anal-
ysis with the presence of normal muscle density, 
suggesting a different UPJ configuration between 
intrinsic and extrinsic obstruction. In this clinical 
condition, only patients with pure extrinsic- UPJO 
can be treated with this procedure, while any 
associated intrinsic UPJ abnormality must be 
ruled out. Janetschek has recommended always 
an UPJ exploration by a longitudinal incision in 
order to rule out the associated intrinsic anoma-
lies, reported in up to 33% of their patients [17]. 
By histological analysis of resected UPJ tissue, 
some authors have showed evidence of intrinsic 
fibrosis and inflammation in cases where CV was 
thought to be the cause of obstruction. Some 
authors suggested that aberrant vessels may pre-
dispose the UPJ to the stenosis, favoring inflam-
matory episodes, infection; they could cause 
tension and ischemia, producing an urothelium 
fibrosis and stenosis, which could be one cause of 
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the hypothetical failure of the VH-procedure [6, 
12–18]. However, there is no evidence that the 
fibrosis can be progressive. Moreover, electron 
microscopy studies of extrinsic UPJ obstruction 
described immunohistochemically no significant 
structural changes in muscle or collagen content, 
in nerve distribution compared to normal con-
trols, while intrinsically obstructed junction 
showed thinning of muscle fascicles with dense 
collagenous deposits when compared with con-
trols. According to our experience, a careful 
patient selection is essential to obtain a high suc-
cess rate performing LVH procedure. We usually 
consider three criteria: (1) preoperative patient 
selection; (2) accurate diagnostic studies; (3) per-
formance of intraoperative-DT to confirm extrin-
sic obstruction. Among different imaging 
methods, preoperatory, none presents an accu-
racy of 100% in diagnosis of pure extrinsic-UPJO 
by CV. Indeed, we believe that an accurate clini-
cal history remains the basis for correct selection 
of the patients affected from pure extrinsic- 
UPJO.  In fact, it is mandatory to consider that 
these patients had usually no prenatal history of 
hydronephrosis; further, the majority presents 
intermittent colicky flank pain, sometimes asso-
ciated with vomiting or hematuria. All patients 
show when symptomatic, marked hydronephro-
sis with a dilated pelvis associated to a mild caly-
ceal dilatation that resolved shortly. Polok [11] 
reported success in 29/31 patients (93.54%); 
Godbole [18] in 12/13 patients with a median age 
of 10 years; Esposito C, Chiarenza S.F., Bleve C. 
et al. were successful in all 51 [8]. According to 
us, a success rate >90% with LVH procedure 
could be reached with close cooperation between 
surgeon and anesthesiologists to perform the 
intraoperative diuretic test correctly. The saline 
bolus needs to be timed so that the renal pelvis is 
well dilated prior to vessel dissection and mobili-
zation. Once the aberrant pedicle is dissected 
away from the UPJ and after IV furosemide 
administration, a decreasing or emptying renal 
pelvis and a clear, visible peristalsis of UPJ usu-
ally confirm the extrinsic obstruction. If UPJ has 
intrinsic abnormalities associated, pelvic dilata-
tion remains even after furosemide administra-
tion. The test is crucial because it allows to 

discriminate a variability in cases related to dif-
ferent factors: to the location of the abnormal 
vessels and their relations with the ureter and 
UPJ; the size of the vessels; the presence of 
hydronephrosis with sufficient tissue to allow the 
VH (index of the presence of an obstruction); the 
junction size and the presence of ureteral peri-
stalsis. Miranda et  al. performed laparoscopic 
vascular hitch with modified Whitaker test in 4 of 
11 children. A fine needle was inserted percuta-
neously into the renal pelvis and the ureteral 
opening pressure was evaluated three times using 
a water column device. They assumed that if the 
opening pressure was lower than 14 cm of water, 
then the junction was considered to be unob-
structed [6, 12]. VH procedure allows to preserve 
the UPJ integrity, eliminating the risk of leakage 
or urinoma and preserving the physiologic pyelo-
ureteral motility and ureteral peristalsis; in addi-
tion, operative time is shorter. In our opinion, 
there is no need for invasive procedures like the 
Whitaker test. The puncture of the pelvis causes 
the risk of complications.

LVH is also particularly indicated and recom-
mended in patients with symptomatic hydrone-
phrosis due to CV in particular anatomic 
condition such as horseshoe kidney. In these 
cases, the UPJ anatomy is not favorable to a 
resection/re-anastomosis between ureter and 
renal pelvis [10]. As for the technical point of 
view, in our mind, laparoscopic vascular hitch 
seems to be effective and safe as procedure, but 
can only be performed on carefully selected 
patients (based on preoperative clinical and 
radiologic findings that are diagnostic of 
extrinsic- UPJO). The classical intraoperative, 
diuretic test with furosemide is simple to per-
form, does not extend the surgical time and 
maybe could reduce the risk of misdiagnosis.
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17Minimally Invasive 
Redo- Pyeloplasty

Holger Till, Maria Escolino, and Ciro Esposito

17.1  Introduction

Laparoscopic Anderson–Hynes pyeloplasty 
(AHP) has already been described in a previous 
chapter. In summary, it gained rapid acceptance 
among pediatric urologists once it had been tech-
nically refined and granted similar success rates 

like open AHP [1, 2]. Nevertheless, recurrences 
occur either by extrinsic causes like perirenal 
fibrosis, malposition of the primary AHP, kinking 
of the ureter or intrinsic scarring of the anastomo-
sis. Besides endourological salvage maneuvers, 
redo pyeloplasty has been established for such 
cases with good functional results in experienced 
hands [3, 4]. The cornerstones for redo AHP 
remain the same as for primary pyeloplasty such 
as lateral spatulation of the ureter and tension 
free, water-tight anastomosis at the most depen-
dent part of the renal pelvis. When robotic sur-
gery was introduced, it became obvious that this 
technology can provide major advantages in both 
primary and redo AHP during dissection and 
suturing in restricted spaces [5–8].

The following manuscript elucidates the cor-
nerstones of transperitoneal redo pyeloplasty 
with special attention to technical details of lapa-
roscopic and robot-assisted approaches.

17.2  Preoperative Preparation

Patients for surgery must have proven secondary 
functional UPJO.  Documentation include ultra-
sonography, holdup or significant delay in drain-
age on MAG3 diuretic renal renography and, in 
special cases, even radiologic demonstration of 
obstruction in an excretory urography. 
Preoperative retrograde pyelogram can also be 
performed so as to ascertain the anatomy of the 
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ureter and pelvis. Associated abnormalities like 
pelvic kidney or horseshoe kidney must be evi-
dent prior to surgery.

The child is given a preoperative enema the 
night before surgery. Preoperative antibiotic pro-
phylaxis should be administered either with a 
broad spectrum medication or according to the 
child’s specific urine testing.

Before surgery, parents are counselled for the 
minimal invasive procedure and the option for 
open surgery.

17.3  Positioning

17.3.1  For Conventional Laparoscopy

Positioning of the patient for redo AHP follows 
the same rules as for primary surgery. Before 
positioning the patient, most pediatric urologists 
would place a transurethral foley bladder catheter 
and connect it to a drainage bag as well as to a 
saline infusion bag for later “blue test” of the 
transanastomotic stent. Then the patient is placed 
in a semi-lateral position close to the edge of the 
operating table, with the ipsilateral side elevated. 
The patient is stabilized using adhesive bandage 
strapping to the operating table to allow rotation 
if deemed necessary.

17.3.2  For Robot-Assisted Approach

The patient is placed supine, and the affected side 
is elevated approximately 30° by placing a wedge 
cushion or jelly-roll under the patient’s back. The 
patient is padded and secured firmly to the table. 
With tilting of the table, the intestines and colon 
fall away from the renal fossa. A sterile Foley 
catheter is inserted into the bladder.

17.4  Instrumentation 
for Conventional 
Laparoscopy

Essential
• 5 mm 30° laparoscope
• 2 × 3–5 mm working ports

• 3–5 mm atraumatic grasping forceps and scis-
sors with fine tips

• 3–5 mm diathermy hook
• 3–5 mm needle holder
• Gauge 18 venous cannula.
• Fr 4 or Fr 5 double pigtail stent over 

guidewire.

Sutures
• 6–0 Vicryl sutures for infants
• 5–0 Vicryl sutures for children/adolescents
• 4- Prolene suture, straight needle to elevate 

the renal pelvis (“hitch-stitch”)

17.5  Instrumentation for Robot- 
Assisted Approach

Essential
• 8 mm 30° robotic optic
• 2 × 8 mm robotic ports
• 1 × 5 mm conventional laparoscopic port
• Double pigtail stent over Terumo guidewire.
• 8 mm robotic monopolar curved scissors
• 8 mm robotic Cadiere grasper
• 8 mm robotic Maryland bipolar forceps
• 8 mm robotic needle driver
• 5  mm laparoscopic instruments (scissors, 

grasper, irrigation/suction device) to be used 
through the 5 mm assistant port.

Sutures
• 6–0 polydiaxone sutures
• 5–0 polydiaxone sutures

17.6  Technical Details 
of Laparoscopic Redo AHP

If the primary surgery had used a transperitoneal 
access and the original trocar positions seem to 
ergonomically fit the present procedure, the old 
scars should be used. For placement of the optic 
trocar, a 5–7 mm Hasson technique is used at the 
umbilicus. Two additional 3–5  mm instrument 
ports are introduced under direct vision. Redo sur-
gery on the right side may require a liver retractor, 
which can easily be employed by a simple grasper 
crossing the entire upper abdomen underneath the 
liver and anchoring in the diaphragm.
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Access to the UPJO does not differ from pri-
mary AHP except that the “heritage” of the previ-
ous surgery must be handled, i.e., adhesions of 
the colon to the kidney of peripelvic fibrosis 
requiring blunt and sharp dissection. Care must 
be taken in preserving the peri-ureteric vascula-
ture. Any fibrotic band kinking the ureter is 
divided.

A hitch stitch to elevate the renal pelvis may 
make the procedure much easier, e.g., a 4/0 
Prolene suture over a straight needle is passed 
percutaneously through the abdominal wall to 
the upper pole of the renal pelvis and passed 
back through the abdominal wall at the same 
entry point. This stitch serves to mark the upper 
limit of the line of the pyeloplasty during pelvic- 
ureteric anastomosis. More importantly, it also 
serves as a hitch stitch to stabilize and present 
the pelvis to facilitate intracorporeal suturing 
during the anastomosis. The renal pelvis is dis-
membered above the area of the pathology. 
Some authors recommend additional excision of 
redundant renal pelvis. If a concomitant intra-
renal stone is present, at this point it is ideal 
using a flexible scope. If crossing vessels are 
still present, the ureter and renal pelvis are 
transposed to the opposite side. Finally, the 
proximal ureter is disconnected distal to the 
fibrotic segment and adequately spatulated on 
the lateral aspect.

Reconstruction starts with suturing the most 
dependent part of the renal pelvis to the apex of 
the spatulated ureter and continued at the poste-
rior wall of the reduced renal pelvis (continuous 
or interrupted sutures). A stent is being placed 
transanastomotic and into the bladder. Its cor-
rect position may be confirmed by Methylen 
blue test.

Thereafter the anterior layer of the pelviure-
teric anastomosis is completed with continuous 
sutures and tied intracorporeally at the upper cor-
ner with the suture from the posterior anasto-
motic sutures.

The hitch stitch is released and the UPJ and 
the upper ureter are inspected to ensure a good, 
tension-free anastomosis and that no kinking has 
occurred.

17.7  Technical Details of Robot- 
Assisted Redo AHP

Peritoneal access is gained transumbilically 
using open technique with an 8 mm robotic port. 
A pneumoperitoneum of 12–15  mmHg is cre-
ated and the robotic optic is introduced. Two 
additional 8 mm robotic ports are placed under 
direct vision, one in the midline between the 
umbilicus and the xyphoid, and the second in 
the mid- clavicular line 2 cm below the umbili-
cus. Finally, the fourth 5  mm assistant port is 
positioned on the pararectal line, mean 7-cm 
caudal to the robotic camera port. The table is 
tilted to raise the affected side. The DaVinci 
robot system (Intuitive Surgical, Sunnyvale, 
CA) is brought over the ipsilateral shoulder and 
is docked, using a three- arm configuration. 
Patient, trocars and robotic team positioning is 
represented in Fig. 17.1.

Adhesions with ipsilateral gut and omentum 
are first identified and adhesiolysis is performed 
releasing the gut and omentum (Fig. 17.2a). Then, 
the ipsilateral gut is mobilized in order to expose 
the retroperitoneal area. The ureter is identified in 
the virgin field, significantly below the UPJ 
(Fig. 17.2b). Careful dissection is then performed 
upward to expose the renal pelvis using blunt and 
sharp dissection with Maryland bipolar forceps 
and monopolar scissors that release the surround-
ing fibrosed tissue (Fig.  17.3a). Thereafter, the 
ureter and the pelvis are transected with excision 
of the fibrosed segment (Fig. 17.3b). The spatula-
tion of the ureter on the lateral side and transec-
tion of the redundant renal pelvis is carried out 
(Fig.  17.3c). Identification of any crossing ves-
sels, dismissed in the previous surgery, and their 
transposition behind the UPJ are performed. The 
AHP is carried out with 6–0 or 5–0 polydiaxone 
interrupted or running sutures, according to the 
surgeon’s preference.

Once the posterior wall of pelvi-ureteric 
anastomosis is completed (Fig.  17.4a), a dou-
ble-J stent is placed into the ureter in an antero-
grade fashion through the assistant port over a 
Terumo guidewire (Fig.  17.4b). Finally, the 
anterior wall of anastomosis is completed as 
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a b

Fig. 17.2 Redo robot-assisted AHP technique: the adhesions with omentum are released and the ureter is isolated in a 
virgin field

Fig. 17.1 Patient, 
trocars and robotic team 
positioning in robot- 
assisted redo AHP

well (Fig. 17.4c). An abdominal drain is placed 
through the 5-mm assistant port (Fig.  17.5). 
Trocars’ orifices are closed using resorbable 
sutures.

17.8  Postoperative Care

Redo AHP usually requires no different postop-
erative care compared with primary surgery. 
Depending on the intraoperative findings, hospi-

tal setting and healthcare system, the patient is 
started on normal diet as tolerated on day 1 post-
operatively and progressed accordingly. 
Postoperative analgesia is given until discharge. 
The Foley catheter and abdominal drain are usu-
ally removed after 2–3 days. The antibiotic pro-
phylaxis is administered until the double pigtail 
stent is removed which is around 3–4 weeks after 
surgery. Unlike primary AHP, MAG3 diuretic 
renal renography may be advisable 3  months 
after removal of the stent.
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a b

c

Fig. 17.3 Redo robot-assisted AHP technique: the previous AHP is identified (a), it is sectioned (b) and the ureter is 
spatulated laterally (c)

Tips and Tricks
• A hitch-stitch to elevate the renal pelvis 

may make several steps much easier.
• Avoid devascularization of the ureter.
• Avoid a secondary anastomosis under 

tension.
• Avoid urine leak and urinoma, as it 

translates into peripelvic fibrosis.
• Ensure adequate placement of stent 

intraoperatively.
• Identify and uncross any crossing ves-

sels missed in the previous surgery.

17.9  Discussion

Recurrent UPJO is mostly the result of technical 
issues such as urinary extravasation leading to 
peripelvic fibrosis, ischemic injury to the ureter 
by excessive use of thermal energy or anastomo-
sis under tension, which can cause more tissue 
reaction and fibrosis [9]. Once secondary UPJO 
has been confirmed by ultrasonography, MAG3 
diuretic renal renography and, in special cases, 
even radiologic demonstration of obstruction in 
an excretory urography, drainage procedures may 
not be delayed. An attempt can be made to sal-
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b

c

a

Fig. 17.4 Redo robot-assisted AHP technique: the posterior wall of new AHP is reconstructed (a), a double-J stent is 
inserted (b) and the anterior wall of new AHP is completed (c)

a b

Fig. 17.5 Redo robot-assisted AHP technique: final result of redo AHP (a), an indwelling abdominal drain is finally 
placed (b)
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vage the primary surgery by repetitive stenting, 
balloon dilatation or even endopyelotomy [10]. 
However, if the child remains symptomatic and 
renal function decreases, redo surgery is needed. 
Basically, redo surgery should aim to replace the 
primary pyeloplasty by a “better one.” Care must 
be taken to preserve adequate blood supply to the 
upper ureter and renal pelvis and to create a ten-
sion free anastomosis at the most dependent part 
of the renal pelvis.

The access for redo pyeloplasty remains a 
matter of discussion. One basic consideration 
could be to avoid the primary access if possible, 
i.e., to choose the transperitoneal route in cases 
that had primarily been operated retroperitone-
ally and vice versa. On the other hand, the sur-
geon’s experience with the “alternative route” 
should be excellent, because redo surgery will 
most likely be more demanding. In cases of long 
segment strictures of the ureter, a transperitoneal 
approach for redo pyeloplasty could be advisable 
because, unlike a retroperitoneal access laparos-
copy, it allows for careful mobilization of the ure-
ter all the way down to the bladder.

Laparoscopic redo pyeloplasty has gained 
increasing acceptance because it achieves almost 
comparable results like open redo pyeloplasty 
while providing the advantages of minimally 
invasive surgery. In a comparative study of open 
versus laparoscopic redo pyeloplasty in children 
[4], the authors found a 91.7% success rate of 
laparoscopic redo pyeloplasty vs. 100% in open 
redo pyeloplasty. Compared with redo open 
pyeloplasty, the mean operative time was longer 
(211.4 ± 32.2 vs. 148.8 ± 16.6, P = 0.002), esti-
mated blood loss was higher (102 vs. 75  ml, 
P  =  0.06), while hospital stay was shorter and 
pain score was lower in the laparoscopy group 
(P = 0.02). There were no intraoperative compli-
cations, while the postoperative complication 
rate was similar in the two groups (20.8 vs. 
20.0%).

Although the laparoscopic technique mimics 
open surgery, it is not as versatile; however, it 
becomes technically more challenging in case of 
failed pyeloplasty.

More recently, the introduction of robotic sys-
tem has reported additional advantages over con-
ventional laparoscopy as it offers 
three-dimensional vision with increased magnifi-
cation and depth of perception; it filters tremor 
and it provides an excellent surgeon’s ergonom-
ics [11, 12]. The dynamic versatility of EndoWrist 
Instrumentation allows easy intracorporeal sutur-
ing in a magnified 3-D environment. All these 
features result in an easier reconstructive proce-
dure compared with laparoscopy and are useful 
especially in challenging scenarios such as recur-
rent UPJO [13].

In recent years, redo robot-assisted laparo-
scopic pyeloplasty (RALP) has gained wider 
acceptance because of the excellent exposure, 
delicate maneuvering of the instrument to facili-
tate fine dissection and the superb wrist- 
movement to re-establish the anastomosis 
[14–16]. This growing evidence reported very 
good outcomes of redo RALP in terms of feasi-
bility, efficacy, safety and durability of the proce-
dure [14–16]. Further studies and long-term 
follow-up evaluation should be awaited to con-
firm this evidence.

Take-Home Points
• Laparoscopic redo AHP can be safely 

and effectively performed in infants and 
children.

• The robot technology adds technical 
advantages such as the magnification of 
the view to identify peripelvic fibrosis 
and the “wrist-movement” for easy 
suturing.

• Larger series comparing “conventional 
laparoscopic” versus “robot-assisted” 
redo pyeloplasty are limited.

• Redo pyeloplasty requires advanced 
skills and should be reserved for experts 
in pediatric urology and specialized 
centers offering a variety of techniques 
and alternatives for management of sec-
ondary UPJO.
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18Nephrectomy: Robotic Approach

Lorenzo Masieri, Giulia Bortot, Chiara Cini, 
Simone Sforza, and Alberto Mantovani

18.1  Introduction

Radical nephrectomy (RN) is the recommended 
surgical approach in several diseases, in both 
adults and children.

In pediatric age, the indications for RN include 
benign diseases such as:

• Multicystic or dysplastic kidneys with or 
without renal hypertension.

• Non-functioning kidneys associated with 
reflux nephropathy.

• Non-functioning hydronephrotic kidney/
infected kidney.

• Kidney-mediated hypertension not respond-
ing to pharmacological therapy.

• Xanthogranulomatous pyelonephritis.
• Protein-losing nephropathy (pre- 

transplantation nephrectomy).

And malignant diseases:

• Wilms tumor.
• Other renal tumors (renal cells carcinoma, 

RCC…) [1].

Currently, nephrectomy can be performed by 
different surgical approaches such as open sur-
gery or mini-invasive surgery.

Open RN can be performed via retroperito-
neal access (posterior or lateral) or with an 
anterolateral transperitoneal approach.

Regarding mini-invasive surgery, laparoscopic 
trans-peritoneal nephrectomy is a well- 
standardized procedure; more recently, robotic 
approach has also gained popularity in the pediat-
ric field [2].

This chapter is focused on the operative tech-
nique of robot-assisted laparoscopic radical 
nephrectomy (RALN).
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18.2  Preoperative Assessment

Preoperative examination should focus on clini-
cal evaluation and patient’s history. Anatomic 
characteristics of kidney and urinary tract, renal 
vessels and loco-regional nodes are defined with 
radiological investigations: renal ultrasonogra-
phy (US), abdominal MRI scan or CT scan. 
Renal scintigraphy is used to evaluate residual 
renal function and the contralateral kidney.

It is important to emphasize that every patient 
is evaluated by a multidisciplinary team with 
pediatric nephrologists, radiologists, oncologists, 
in addition to urologists, in order to define the 
appropriate pathway.

Surgical procedure is discussed and described 
to parents and patients during the outpatient eval-
uation. A specifically formulated informed con-
sent is administered during the last visit and has 
to be signed before the procedure. We endorse 
and apply, before, during and after any surgery, 
the WHO Surgical Safety Checklist. We check 
using a validated Italian translation of the origi-
nal version [3].

Children are hospitalized the day before sur-
gery. Regarding the prompt preoperative man-
agement, we usually do not prescribe intestinal 
preparation, but fasting from food or artificial 
milk is needed for at least 6  h, from breast- 
feeding for at least 4 h, from clear liquids for 
1 h [4].

Patients receive a general anesthesia with 
orotracheal intubation, myorelaxation and trans-
versus abdominis plane (TAP) block.

A Foley catheter is positioned into the bladder 
using sterile precautions just before surgery and 
is usually removed on first—second postop day, 
after complete mobilization of the patient. A 
nasogastric tube is placed in order to keep empty 
the stomach during the procedure and removed at 
the end of the surgery.

All patients receive antibiotic prophylaxis 
at the induction of anesthesia with broad-spec-
trum antibiotic (usually third generation 
cephalosporin).

18.3  Patient Positioning

The patient is placed in a semi-lateral decubitus 
close to the edge of the table, rotating the opera-
tive side up by 45° axially with the help of sili-
cone pads underneath (Figs. 18.1 and 18.2). This 
position, allowing the retraction of the colon, 
provides a clear dissection of the ureter and a safe 
access to the renal pedicle.

Both the robotic console DaVinci® Xi and 
Si (Intuitive Surgery, Sunnyvale, CA) are 
available in our center. The surgeon sits at the 
console and the assistant stands at the opera-
tive table facing the monitor for laparoscopic 
assistance.

Three-arm configuration is usually set for a 
simple nephrectomy with a 5 mm port for the 
assistant. An additional trocar, if needed, can 
be placed more often on the right side, to 
retract the liver or on the left side to retract the 
spleen.

Fig. 18.1 Left flank position

Fig. 18.2 Right flank position
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18.4  Trocars and Instruments

We adopt an 8/10-mm trocar for 30-degree cam-
era and 8 mm-robotic ports, while the assistant 
usually has a 5-mm trocar. We use monopolar 
curved scissors for the right robotic arm and 
Maryland fenestrated bipolar forceps for the left 
robotic arm. A robotic needle driver is rarely 
adopted for this procedure. The assistant may use 
laparoscopic Johann atraumatic fenestrated 
grasping forceps, suction device, clip applier, 
curved Metzenbaum scissors, endo clinch or nee-
dle holder, Hem-o-lok applier.

The hilar vessel control is usually performed 
using 5-mm titanium clips, or alternatively, using 
hemostatic devices such as Hem-o-lok, depend-
ing on vessels’ size. An endo-bag is needed to 
remove the kidney, that is usually exteriorized 
through a mini-Pfannenstiel incision or through 
the umbilical port, depending on the dimension 
of the kidney.

18.5  Technique

RARN can be carried out through either a retro-
peritoneal or transperitoneal approach.

18.5.1  Transperitoneal Approach

We first place the 8/10 mm camera trocar infra-
umbilically: after the induction of pneumoperito-
neum (8–10  mmHg), we insert the two 8-mm 
robotic trocars under vision. Robotic ports are 
placed on the emiclavear line, one 2 cm under the 
subcostal arch and the other 3  cm above the 
inguinal ligament. The 5-mm assistant port is 
positioned on the pararectal line, mean 6-cm cau-
dal to the robotic camera port.

The ports are positioned in a sort of ‘kite-like’ 
appearance and as far apart as possible to reduce 
collisions (Fig. 18.3). Moreover, a slight traction 
of trocars, tenting the abdominal wall, appears to 
us useful to create some extra room and have 
adequate working space [5].

The da Vinci Xi or Si robot is then docked.

The colon is detached in correspondence of 
the Toldt’s line and lowered. We then open the 
Gerota’s fascia in order to have access to the 
kidney. The ureter is identified, isolated and 
clipped. The next step is to identify and isolate 
hilar vessels and possible accessory vessels. In 
dysplastic kidneys, aberrant arterial supply is 
common.

After the kidney is completely isolated, hilar 
vessels are clipped with titanium clip or Hem-o- 
lock and divided. Another option to manage the 
vessels is to seal them using sealing device, but 
we usually prefer the first technique.

Once resected, the kidney is placed into an 
endo-bag and then removed through a mini- 
Pfannenstiel incision, or through the umbilical 
port, depending on the size. An abdominal drain-
age can be left to check postoperative leakage, 
even if usually it is not necessary. Urethral cath-
eter is usually removed on first—second postop 
day, after complete mobilization of the patient.

18.5.2  Retroperitoneal Approach

The 11th and 12th ribs, the iliac crest and the 
lumbar muscles are identified (Fig. 18.4).

An incision (1–1.5 cm) at the tip of the 12th 
rib following the anterior margin of the rib itself 
is performed, and the posterior fascia is opened to 
access the retroperitoneum. The retroperitoneal 
space is created performing a blunt dissection 
with gauzes, a dissection balloon or finger-guided 
maneuvers. These maneuvers have to be 
extremely delicate to avoid accidental lesions to 
the peritoneum that would allow the passage of 

Fig. 18.3 Kite-like positioning of trocars
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Fig. 18.4 Landmarks for retroperitoneal approach

gas in the abdomen, consequently losing the ret-
roperitoneal space. An 8  mm trocar is 
positioned.

An 8–10  mm trocar for the camera is posi-
tioned on the iliac crest along the mid-axillary 
line. An 8 mm robotic trocar is then positioned 
along the psoas muscle below the 12th rib- 
vertebra angle.

Once all the trocars are positioned, pneumo-
peritoneum is induced and the da Vinci Si® or Xi® 
robotic surgical system (Intuitive Surgical, 
Sunnyvale, CA) is positioned and docked [6].

The kidney is retracted anteriorly and the 
dissection proceeds along the psoas muscle 
until the underlying renal vessels are identi-
fied. The renal hilum is then dissected and 
ligated using suture ligation, clips and/or 
robotic Hem-o-lok clips. The resected kidney 
is placed in an endo-bag and then removed 
through a mini incision, or through the camera 
port, depending on the size. An abdominal 
drainage can be left to check postoperative 
leakage. Urethral catheter is usually removed 
on first—second postop day, after complete 
mobilization of the patient.

We used to perform both techniques, despite 
the transperitoneal approach being preferred for 
simple nephrectomy, especially with lymphade-
nectomy, as it offers a wider working space com-
pared to the retroperitoneal one.

18.6  Postoperative Care

Patients start liquid intake few hours postopera-
tively and following oral feeding. Analgesic ther-
apy is prescribed by the Anesthesiologist 
according to our internal pain management pro-
tocol: Paracetamol (dosage 15 mg/kg at 6 to 8-h 

intervals) and Tramadol (dosage 1 mg/kg at 8-h 
intervals) are administered in the first 24–48  h 
postoperatively.

A short-term antibiotic therapy is performed 
for 48–72 h postoperatively.

Patients are usually discharged on second or 
third postoperative day (POD). An early postop-
erative outpatient control is scheduled on sev-
enth–tenth POD to evaluate the surgical wound.

The subsequent follow-up depends on the 
underlying pathology that led to surgery, a multi-
disciplinary follow-up being preferred for all 
patients (urologists, nephrologists, oncologists, 
radiologists).

18.7  Results

Even if the robotics learning curve is flatter than 
the laparoscopic one, it is important to underline 
that the surgeon needs a significative robotic 
experience before performing a robot-assisted 
nephrectomy, especially for vessels management. 
Due to this, literature is still poor regarding 
robotic radical nephrectomy in pediatric patients.

In literature, robotic RN are performed espe-
cially and almost exclusively for Wilms tumors 
(small ones) and non-functioning atrophic kid-
neys [7–12].

Regarding the age of patients, in our center, 
we perform RARN and robot-assisted urological 
surgery preferably in children over 1 year of age, 
due to logistic (DaVinci® Robot is located in 
another pavilion), anesthesiologist’s and sur-
geon’s comfort.

However, in literature, many articles are 
emerging describing robot-assisted urological 
procedures even in children younger than 1 year 
of age [13, 14].

18.8  Complications 
and Management

Main complications in a mini-invasive RN are 
represented by: bleeding (immediate for intraop-
erative vessel damage or in the postoperative 
period for clips dislodgment) or damage to 
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abdominal structure such as bowel, liver, spleen, 
or wound infection [1].

Complications could be managed, depending 
on which occurs, by redo surgery or explorative 
laparotomic surgery.

In our experience, to date, we have not experi-
enced any intraoperative and postoperative com-
plications, nor particular difficulties in performing 
the surgical technique described above.

18.9  Discussion

Advanced robotic procedures in Pediatric 
Urology field are now promoted by the use of 
new technologies available such as HD optics, 
miniaturized instruments, sealing devices, etc. 
and thanks to the robot-assisted surgical experi-
ence of adult Urologists.

However, to date, robot-assisted radical 
nephrectomy is not the Gold Standard in pediat-
ric patients.

Indications for robotic approach in pediatric 
renal surgery are limited to clinical cases requir-
ing nephrectomy with associated lymphadenec-
tomy, partial nephrectomy or heminephrectomy/ 
nephroureterectomy in duplication of the renal 
system; also, anatomical situations for which the 
robotic approach is more comfortable for the 
surgeon.

This procedure has not gained wider accep-
tance compared to the laparoscopic or the open 
approach, due to the high costs related to robotic 
surgery and because it is mostly indicated for 
reconstructive procedures. Da Vinci robotic sys-
tem, moreover, is not available in all centers and 
only few pediatric surgeons and urologists have 
experience with robotic surgery.

The advantages of the robotic approach are 
the 3D vision with a complete and clear view of 
the entire urinary tract and the robotic arms’ 
seven degrees of freedom allowing for more fine 
movements, especially in more challenging pas-
sages such as the exposure of renal hilar vessels.

Robotic nephrectomy is, anyway, a challeng-
ing procedure that can be performed only in pedi-
atric centers with a very strong experience in 
minimally invasive surgery.

Tips and Tricks
• Semi-lateral decubitus, with the opera-

tive side up by 45° with pads under-
neath, is crucial to optimize the surgery: 
the intestinal loops slide down and 
allows to have an excellent exposure of 
the renal lodge. Detaching the colon is 
important to easily expose the kidney 
and to isolate the ureter. At the end of 
the procedure, it is not necessary to reat-
tach the colon to the abdominal wall.

• Ports positioned in a sort of ‘kite-like’ 
appearance, as far apart as possible, help 
to reduce robotic arms’ collisions. 
Moreover, a slight traction of trocars, 
tenting the abdominal wall, appears to 
us useful to create some extra room and 
have adequate working space.

• An additional trocar may be useful espe-
cially when working on the right side to 
retract the liver, but sometimes it can be 
needed also on the left side, depending 
on the spleen’s size and on the surgeon’s 
preference.

• The use of sealing devices for tissue dis-
section makes the procedure bloodless, 
faster and safer.

• Regarding the management of hilar ves-
sels, despite sealing devices having the 
FDA approval to seal vessels of 5–7 mm 
in diameter, we believe that it is safer to 
ligate separately hilar vessels with endo-
scopic clips (titanium or Hem-o-lok). If 
titanium clips are applied on vessels, it is 
forbidden to use monopolar energy or 
sealing devices to seal the vessels, in order 
to avoid the risk of clips’ dislodgement.

Take-Home Points
• Literature is still poor regarding robotic 

radical nephrectomy in pediatric 
patients.

• The learning curve for robotic nephrec-
tomy is flatter than for the laparoscopic 
technique.

18 Nephrectomy: Robotic Approach
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• The surgeon needs significative robotic 
experience before performing a robot- 
assisted nephrectomy, especially for 
vessels management.

• The advantages of the robotic approach 
are the 3D vision with a complete and 
clear view of the entire urinary tract and 
the robotic arms’ seven degrees of free-
dom allowing for more fine movements, 
especially in more challenging passages 
such as the exposure of renal hilar 
vessels.

• The correct positioning of the patient 
and the robotic ports is already half the 
work done.
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19Laparoscopic Nephrectomy 
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19.1  Introduction

At the beginning of the 1990’s, Clayman 
described the first laparoscopic nephrectomy in 
adults [1]. Koyle et al. described the technique 
in children in 1993 [2]. Currently, nephrectomy 
is the most common urological indication for 
video- assisted surgical procedures in children. 
Over the years, LN has shown itself to be safe 
and effective, with additional benefits in so far 
as postoperative morbidity, hospital stay and 
cosmetic results when compared with open 
nephrectomy [3].

The most common indication for LN is the 
removal of non-functioning renal units that are 
secondary to VUR, MCK, UPJ obstruction or 
have an ectopic ureter [4]. Although results of 
LN in adult oncology patients are comparable to 
those of open surgery when the tumors are local-
ized, few groups have recommended this tech-
nique to treat malign kidney processes in 
children [5–8].

With regard to other minimally invasive tech-
niques like retroperitoneoscopic nephrectomy 
(RPN) in lateral decubitus or a pronus position, 
laparoscopy offers the advantages of a larger 
working space that allows the placement of more 
easily manipulated trocars and better orientation 
in the surgical field, resulting in a shorter learning 
curve than RPN. Also, this technique allows bet-
ter access to ectopic pelvic kidneys and the more 
distal sections of the ureter, which makes it the 
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• To compare the results of LN with other 

techniques such as open nephrectomy 
and retroperitoneal nephrectomy (RPN).

• To describe some tips and tricks for LN 
and the use of other available new 
technologies.

• To show images and video with the 
technique.
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technique of choice for many authors when treat-
ing a non-functioning VUR kidney, since it avoids 
creating a long ureteral stump that might moti-
vate new interventions [9, 10].

19.2  Preoperative Preparation

The patient’s preoperatory evaluation includes a 
complete clinical history and physical explora-
tion. The kidney and urinary tract should undergo 
an anatomical and functional study that includes 
ultrasound, DMSA scan and voiding cystography 
for those with suspected VUR or other anatomic 
anomalies.

Blood laboratory analyses should include bio-
chemistry, coagulation time and blood count.

The patient will be evaluated by an anesthetist 
as part of the pre-surgical work-up and both, the 
parents as well as the child, if he/she is old 
enough, will be informed of the proposed proce-
dure and should sign an informed consent form.

An intestinal preparation in the preparative 
period consisting of a liquid diet and enema 
should facilitate intestinal management during 
the procedure, particularly in the smallest 
patients.

Antibiotic prophylaxis is administered prior to 
surgery with a wide spectrum antibiotic. Surgery 
takes place under general anesthesia, muscular 
relaxation and orotracheal intubation.

Just before the procedure, a Foley catheter is 
placed in the bladder and a nasogastric tube 
inserted to relieve any stomach distension that 
may make the procedure more difficult.

19.3  Positioning

19.3.1  Patient’s Position

The patient is placed in semi-lateral decubitus. To 
facilitate the surgeon’s movements, it is best to 
place the patient close to the edge of the table and 
strap them into place to maintain their position. A 
pillow is placed below the axilla and also under 
the knees to avoid pressure lesions.

This position causes gravity to shift the intes-
tine outside the surgical field, facilitating colon 
detachment, and makes it possible to desiccate 
the entire length of the ureter and access the renal 
hilum (Fig. 19.1).

19.3.2  Positioning of Surgeons 
and Trocars

The surgeon and assistant will stand on the side 
contralateral to the kidney to be removed so that 
the kidney and the screen are in a straight line. If 
it is a nephrectomy of the left kidney, the surgeon 
will place themselves towards the patient’s head 
and the assistant in the most caudal position; if it 
is a right kidney, the positions are reversed, with 
the assistant towards the patient’s head and the 
surgeon in the caudal position. In both cases, the 
nurse in charge of the instruments will place 
themselves facing the surgeons and leave space 
for the laparoscopy tower.

The trocars will be placed forming a triangle 
such that the camera can be introduced through 
the umbilicus and the working ports placed in the 
ipsilateral upper and lower quadrants relative to 
the non-functional kidney. The umbilical port 
through which the 30° camera is introduced is 
10 mm wide and will be used to extract the surgi-
cal piece. The use of Hasson-fixing trocars will 
facilitate the procedure. In older and/or obese 
patients, it may be necessary to displace incision 

Fig. 19.1 Patient positioning and working ports for a 
right nephrectomy
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Fig. 19.2 Patient positioning for a nephrotic syndrome 
requiring bilateral nephrectomy

for the optic trocar port laterally towards the 
pararectal position.

Initially, three trocars will be placed, although 
it may become necessary to place a fourth trocar 
to retract the liver on the right side or the spleen 
to the left. The instrument ports will be 5  mm 
wide to allow the introduction of endoclips or a 
sealing device to control the hilar vessels. If a tro-
car is needed to lift the liver, it will be placed in a 
subxiphoid position, taking care to not damage 
the liver or the round ligament (Fig. 19.2).

19.3.3  Pneumoperitoneum

The umbilical trocar will be placed using an open 
procedure once the optic lens has been intro-
duced and, once it has been confirmed that there 
is no visceral lesion or adherences, pneumoperi-
toneum will be produced by injecting sufficient 
CO2 to achieve a minimum pressure that will 
allow us to work easily without surpassing 
12–14 mmHg. The other trocars will be placed 
under direct vision.

19.4  Instruments

19.4.1  Equipment

You will require a laparoscopy tower that includes 
an optic lens, a camera, a xenon light source, 
screen, video recorder and CO2 pump with a heat-

ing system. In addition to a 10 mm 30° optic lens, 
you will need two atraumatic forceps to manipu-
late the intestine and tissues, a curve dissector to 
individualize the renal hilum vessels, a dissection 
and cauterization hook, scissors, a 5 mm titanium 
clip applier, peanuts for drying and dissection 
and a sucker-rinser that should be ready in case of 
bleeding. If there is a Ligasure®, Utracison® or 
Starion MLS3® vessel-sealing device, the proce-
dure can go faster. Except in cases in which 
nephrectomy is motivated due to infection or sus-
picion of a tumor, it is not necessary to introduce 
the piece in an endo-bag for extraction.

19.5  Technique

After achieving pneumoperitoneum and as a 
result of the patient’s semi lateral decubitus posi-
tion, gravity will cause the handles of the small 
intestine to drop, permitting access to the retro-
peritoneal space after detaching the colon (fol-
lowing the avascular line of Toldt). On the left 
side, colon detachment should go higher, section-
ing the splenorenal ligaments, if necessary, to 
allow the descending colon to fall medially and 
have a more complete access to the renal hilum 
from the front. One must be especially careful 
with cauterization on this side since the pancre-
atic tail is quite close to the renal hilum and might 
be damaged.

Once colon detachment is achieved  – either 
with electrocauterization or with a sealing 
device  – the fascia of Gerota is opened to 
approach the kidney. Access to the kidney can 
also be made without detaching the colon, open-
ing the mesocolon; however, this maneuver can 
be complicated in older children and those with 
more fatty tissue, and also it may cause damage 
in the colic vessels, motivating most authors to 
avoid it.

The psoas muscle serves as an anatomic guide 
for the entire intervention. The ureter and gonadal 
vein are found lying over the psoas and can be 
followed cranially to the renal hilum. Locating 
the ureter is easier in the most caudal position, 
since, in older patients, the fat of the Zuckerkandl 
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cone may make it difficult in the area closest to 
the lower renal pole.

Excessive dissection of the posterior face of 
the kidney while accessing the renal hilum is not 
advisable since this may make it difficult to see 
the hilum (Figs. 19.3 and 19.4).

The following are the anatomic landmarks 
that identify the hilar vessels:

• On the left, the aorta crosses the field horizon-
tally, the gonadal vein will guide us to the 
main renal vein and dissecting behind that 
vein will reveal the renal artery. A lumbar vein 
that reaches the main renal vein is quite com-
mon on the left side and it should be ligated 
before dissecting the renal artery. Once the 
artery is dissected, it is ligated with 5 mm tita-

nium clips and sectioned. Last, we dissect and 
clip the renal vein.

• On the right side, the vena cava lies in a hori-
zontal position, covered by the second duode-
nal portion on the anterior face, making it 
necessary to perform a Kocher maneuver to 
have easy access to the renal vein, behind 
which lies the renal artery. The same as on the 
left side, the first step is to dissect, ligate and 
section the renal artery before finally doing 
the same with the renal vein.

When the hilar vessels are less than 5 mm in 
diameter they can be closed with sealing devices 
without using clips.

After sectioning the renal hilum, we separate 
the kidney from its posterior adherences and con-
tinue caudally along the ureter as close as possi-
ble to the bladder. If the nephrectomy is motivated 
by a VUR, we must be especially careful when 
dissecting to leave the shortest possible ureteral 
stump and to ligate the ureter with an endoloop. 
We do not advise sealing devices to ligate the 
ureter. In cases without VUR, the ureter can be 
left open.

Before extracting the piece, we revise the 
hemostasis of the surgical field and reduce the 
pneumoperitoneum pressure for a few minutes.

The piece is extracted through the umbilicus, 
usually without a need for an endo-bag.

The trocars are removed under direct visual 
supervision to control any bleeding.

Fig. 19.3 Positions of the renal hilum vessels on the right 
side. Illustration by A. Aguilera

Fig. 19.4 Positions of 
the renal hilum vessels 
on the left side. 
Illustration by 
A. Aguilera
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Fig. 19.5 Surgical piece (VUR non-functional kidney) 
removed through the umbilical port

Drainage is not necessary unless the patients 
have some infection.

In recent years, many papers have been pub-
lished on single-port laparoscopic surgery to treat 
different urological pathologies in children, 
including some that require nephrectomy. These 
articles report a clinical result similar to that 
obtained with conventional laparoscopy, but bet-
ter cosmetic results and less preoperatory mor-
bidity (Fig. 19.5).

19.6  Postoperative Care

The patient regains oral tolerance within a few 
hours. Infusing the ports with local anesthesia 
before leaving the surgical theater will decrease 
the need for analgesia in the immediate postop-
erative period. Opioids are not necessary and 
generally the regular administration of 
paracetamol over the first 24 h after surgery will 
be enough to maintain the patient’s comfort.

Antibiotic prophylaxis is maintained 24–48 h 
after surgery and, in our case, Ceftriaxona is 
 usually administered in one daily intravenous 
dose during the hospital stay.

The patient is released 48 h after surgery and 
can renew daily activities progressively.

The first revision is done 1 week after surgery 
to control the surgical wounds and 1–3 months 
later a control ultrasound is performed.

19.7  Results

Few complications have been reported after 
LN, with a frequency of about 5% and the 
need to convert to open surgery quite rare. The 
infrequent complications include renal hilum 
vessel bleeding and port infection, which 
almost always only occur when an infected 
kidney is extirpated (pyelonephritis xanto-
granulomatosa). Reports of intestinal compli-
cations like perforation or ischemic damage 
secondary to mesocolon vessel lesion are 
extremely rare [11].

Surgical duration has decreased with the 
increase in experience of the groups with the sur-
gery and the use of sealing devices and is now 
comparable with the open technique and less 
than with an RPN.

Most published series report that hospital stay 
is less than for open surgery and comparable to 
that of the RPN.

Less analgesia is needed than with the open 
technique and the amount needed is comparable 
to that required with patients recovering from 
RPN.

Laparoscopy allows complete dissection of 
the ureter up to the detrusor with a clear advan-
tage over the open technique and RPN, thus 
avoiding the creation of a long ureteral stump that 
may necessitate the need for new interventions if 
it becomes infected [4, 10, 12, 13].

Single port LN has similar results to those of a 
conventional laparoscopic approach without 
increasing complications and also provides better 
cosmetic results [14].
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19.8  Discussion

At present, minimally invasive techniques are 
considered the gold standard in the treatment of 
non-malign pathologies that produce non- 
function of the renal union and necessitate 
nephrectomy in children [15].

Compared to the open technique, minimally 
invasive techniques for nephrectomy, known as 
MIS Nephrectomy, have been shown to provide 
advantages in so far as postoperative morbidity, 
hospital stay and cosmetic results are concerned 
without increasing the complication rate. In 
addition to these benefits, the laparoscopic 
approach makes it possible to remove the ureter 
much more distally than when using an open 
technique approach via a lumbotomy, and it 
decreases the need for later interventions to 
remove the ureteral stump if there is pyoureter 
or infection [4]. By allowing simultaneous 
access to the renal space and pelvis, laparoscopy 
makes it possible to perform the nephrectomy 
and procedures affecting the most distal part of 
the upper urinary tract without making new 
incisions.

Tips and Tricks
• Placing the patient in semi-lateral decu-

bitus allows gravity to cause the intes-
tines to drop, giving easier access to the 
renal area. Placing the patient on the 
edge of the operating table from which 
the surgeons work facilitates ergonom-
ics and helps to make it easier to maneu-
ver the instruments.

• When detaching the colon, one should 
follow the avascular line and coagula-
tion and sealing devices can speed the 
maneuver and decrease surgical time. 
We do not advise a transmesocolon 
approach, particularly in older and/or 
obese patients. On the left side, it is nec-
essary to disconnect the colon up to a 
higher level, even dissecting the spleno-
renal ligaments to be able to expose the 
renal hilum clearly. On the right side, it 
is necessary to perform a Kocher maneu-
ver to move the second part of the duo-
denum so as to expose the anterior face 
of the vena cava and the entrance of the 
renal vein in the cava. Working on this 
right side, it may also be necessary to 
place a fourth trocar to shift the liver 
from the subxiphoid.

• The position of the psoas muscle is a 
reference point throughout the entire 
intervention. Identifying and following 
the ureter and gonadal vein cranially 
help to locate the renal hilum. It should 
be remembered that these structures 
might be found more medially than 
expected due to the patient’s position 
and one should not try to locate the ure-
ter very close to the inferior renal pole 
because the fat there will make it diffi-
cult to see.

• Sealing devices are helpful in detaching 
the colon, dissecting the renal hilum, 
sealing vessels less than 5 mm in diam-
eter and freeing the posterior face of the 
kidney. They decrease surgical time and 
hemorrhagic complications. We recom-
mend using 5 mm titanium endoclips on 

larger vessels. It is necessary to be espe-
cially careful when using the monopolar 
coagulating electrode near the clips 
since the current may provoke a burn 
that could cause the clip to come lose in 
the postoperative period.

• It is absolutely necessary to dissect the 
ureter caudally as far as possible in 
patients undergoing nephrectomy due to 
VUR.  Also, in these cases, the distal 
portion of the ureter should be ligated 
with an endoloop.

• No advantages have been reported from 
repositioning and fixing the colon after 
detaching it.

• The kidney can be extracted through the 
umbilical port without using an endo- 
bag, unless the nephrectomy is due to an 
infection or tumor, in which case an 
endo-bag should be employed.
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139

There is a consensus among pediatric urologists 
and surgeons regarding their preference for MIS 
techniques when performing nephrectomy, 
although the debate on the advantages and inconve-
niences of the transperitoneal approach versus the 
retroperitoneal one continues [9, 12, 13, 16–19].

The most obvious advantage of the transperi-
toneal approach is the existence of a larger work-
ing space that allows easy trocar placement and 
the use of a larger number of trocars. Also, the 
peritoneal space facilitates kidney access in 
patients with prior pyelonephritis, massive 
hydronephrosis, ectopic kidneys, horseshoe kid-
neys or when a bilateral nephrectomy is required.

On the other hand, a retroperitoneal approach 
reproduces the steps of the classic open tech-
nique, avoids entering the peritoneum and colon 
detachment, easing direct access to the kidney 
and renal hilum without risk of damaging intrab-
dominal organs. By avoiding the peritoneum, it 
decreases the risk of intestinal adherences and 
postoperative eviscerations, as well as confining 
possible complications like hematomas and uri-
nomas to the retroperitoneal space, thus produc-
ing less damage to the patient.

However, the retroperitoneal space is small and 
must be created for the surgery, trocar placement is 
more difficult and, as the kidney is above the instru-
ments, they must be directed upwards at an acute 
angle, making triangulation with the camera more 
difficult. In patients with recurrent pyelonephritis, 
prior renal surgeries or xanthogranulomatous 
pyelonephritis, it can be nearly impossible to create 
sufficient working space in the retroperitoneal area.

Accidental lesion of the peritoneum during 
surgery may decrease the already scarce working 
space and might force the conversion of the RPN 
into an LN or even an open nephrectomy.

Given these drawbacks, the learning curve is 
quicker for transperitoneal procedures and many 
authors consider an LN to be easier and quicker 
than an RPN, with no differences between the 
techniques in so far as postoperative stay and 
morbidity.

Certain pathologies as well as the patient’s age 
may favor the choice of one approach or the 
other. In nephropathies secondary to reflux, in 
which as much ureter as possible must be 
removed, LN offers better results since the result-

ing ureteral stump is less than 5 mm in length, in 
comparison to the up to 5 cm resulting from the 
retroperitoneal approach on a patient in pronus 
position, the position that gives the worst access 
to the distal ureter.

Castellan et  al. advise a transperitoneal 
approach for small patients with large kidneys 
and for those in whom a complete ureterectomy 
is necessary. In patients over 12 months of age 
who do not require the ureterectomy, they recom-
mend RPN [19].

Esposito et al. state that LN is mandatory in 
cases undergoing nephrectomy due to VUR, in 
pelvic ectopic kidneys and preferable in nearly 
all the indications, reserving RPN almost exclu-
sively for the infrequent cases that require 
nephrectomy due to MCK [15].

Most authors do not report significant differ-
ences in surgical time, complications, postopera-
tive morbidity or hospital stay between LN and 
RPN; thus the indication of one or the other 
should be made on an individual basis in function 
of the patient’s pathology and the surgeon’s pref-
erences and experience. It is advisable to have 
experience with both techniques so that the sur-
geon can offer the one that is best for each patient 
[13, 17, 18].

Another controversy that has arisen recently is 
whether LN, commonly accepted to treat localized 
malign pathologies in adults, can be used for this 
purpose in children. In 2017, Duarte et  al. pub-
lished their experience with LN to treat Wilms 
Tumor in children after neoadjuvant chemotherapy 
(the SIOP protocol). They propose its use only for 
patients with small tumors that have shrunk in 
response to chemotherapy. They argue that laparos-
copy allows abdominal inspection in search of 
metastases, a radical nephrectomy and the extirpa-
tion of perihilar and para-aortic ganglia. Their 
results in a group of 24 patients aged 10–93 months 
who underwent LN show that the procedure could 
be done by laparoscopy in all cases and the hospital 
stay was 2–3 days. The authors did not report any 
intraoperative tumor spillage and after a follow-up 
of 6.65 years, two patients have had relapses, one in 
the lung and the other in the liver [6].

Varlet et  al. published a retrospective multi-
centric study with 17 patients who underwent LN 
to treat malign renal tumors; 16 had neoadjuvant 
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chemotherapy according to the SIOP protocol, 
and one (renal carcinoma) surgery alone. It was 
possible to complete the treatment laparoscopi-
cally without any tumor rupture in 16 patients, 
and the largest tumor was 8 cm. After a follow-up 
ranging from 11 to 77 months, 15 children were 
well, 1 had a local relapse and another, with a 
clear cell sarcoma, had died. The authors con-
clude that radical nephrectomy via a transperito-
neal approach is a valid option to treat Wilms 
tumor and other malign renal tumors [8].

References

1. Clayman RV, Kavoussi LR, Soper NJ, Dierks SM, 
Merety KS, Darcy MD, Long SR, Roemer FD, 
Pingleton ED, Thomson PG. Laparoscopic nephrec-
tomy. N Engl J Med. 1991;324(19):1370–1.

2. Koyle MA, Woo HH, Kavoussi LR.  Laparoscopic 
nephrectomy in the first year of life. J Pediatr Surg. 
1993;28(5):693–5.

3. You D, Hong S, Lee C, Kim KS.  Feasibility and 
safety of laparoscopic ablative renal surgery in 
infants: comparative study with children. J Urol. 
2012;188(4):1330–4.

4. Traxel EJ, Minevich EA, Noh PH.  A review: the 
application of minimally invasive surgery to pediat-
ric urology: lower urinary tract reconstructive proce-
dures. Urology. 2010;76(1):115–20.

5. Cabezalí Barbancho D, Guerrero Ramos F, 
López Vázquez F, Aransay Bramtot A, Gómez 
FA.  Laparoscopic approach for Wilms tumor. Surg 
Laparosc Endosc Percutan Tech. 2014;24(1):22–5.

6. Duarte RJ, Cristofani LM, Odone Filho V, Srougi M, 
Dénes FT.  Videolaparoscopic radical nephrectomy 
after chemotherapy in the treatment of Wilms’ tumor: 
long-term results of a pioneer group. J Pediatr Urol. 
2017;13(1):50.e1–5.

7. Tolley DA, Esposito MP.  Laparoscopic and renal 
sparing approaches to tumours of the ureter and kid-
ney. Surg Oncol. 2002;11(1–2):47–54.

8. Varlet F, Petit T, Leclair MD, Lardy H, Geiss S, 
Becmeur F, Ravasse P, Rod J, de Lambert G, Braik K, 
Lardellier-Reynaud F, Lopez M. Laparoscopic treat-
ment of renal cancer in children: a multicentric study 
and review of oncologic and surgical complications. J 
Pediatr Urol. 2014;10(3):500–5.

9. Esposito C, Valla JS, Yeung CK. Current indications 
for laparoscopy and retroperitoneoscopy in pediatric 
urology. Surg Endosc. 2004;18(11):1559–64.

10. Escolino M, Farina A, Turrà F, Cerulo M, Esposito 
R, Savanelli A, Settimi A, Esposito C. Evaluation and 
outcome of the distal ureteral stump after nephro- 
ureterectomy in children. A comparison between 
laparoscopy and retroperitoneoscopy. J Pediatr Urol. 
2016;12(2):119.e1–8.

11. Aksenov LI, Granberg CF, Gargollo PC.  A system-
atic review of complications of minimally invasive 
surgery in the pediatric urological literature. J Urol. 
2020;203(5):1010–6.

12. Valla JS.  Retroperitoneoscopic surgery in children. 
Semin Pediatr Surg. 2007;16(4):270–7.

13. Kim C, McKay K, Docimo SG.  Laparoscopic 
nephrectomy in children: systematic review of trans-
peritoneal and retroperitoneal approaches. Urology. 
2009;73(2):280–4.

14. Soto-Aviles OE, Escudero-Chu K, Perez-Brayfield 
MR.  Laparoscopic single-site surgery in pediatric 
urology: where do we stand today? Curr Urol Rep. 
2015;16(10):68.

15. Esposito C, Becmeur F, Steyaert H, Szavay 
P.  ESPES manual of pediatric minimally inva-
sive surgery. Springer: Switzerland. 2019. ISBN 
978–3–030-00963-2.

16. Esposito C, Escolino M, Corcione F, Draghici IM, 
Savanelli A, Castagnetti M, Turrà F, Cerulo M, Farina 
A, Settimi A.  Twenty-year experience with laparo-
scopic and retroperitoneoscopic nephrectomy in chil-
dren: considerations and details of technique. Surg 
Endosc. 2016;30(5):2114–8.
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necessary. No drainage is needed except 
in some cases of kidney infection.
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20Retroperitoneal Laparoscopic 
Nephrectomy

Elie Farah, Aline Broch, Nathalie Botto, 
and Thomas Blanc

20.1  Introduction

The standard therapeutic management of a poorly 
or nonfunctioning kidney in children connected 
to a refluxing, obstructed, or dysplastic ureter is 
nephrectomy with total or proximal ureterec-
tomy. The aim of surgery is to prevent urinary 

tract infections or limit the risk of hypertension. 
In cases of reflux nephropathy with/without 
megaureter, it is essential to continue the resec-
tion all the way down to the vesico–ureteric 
junction.

Since the introduction of minimal invasive 
nephrectomy in 1991 by Clayman for adults, and 
only 2  years later by Koyle for children, the 
approach has quickly gained general acceptance 
among pediatric urologists [1, 2]. Report of mini-
mally invasive nephrectomies in children was 
first published in 1998 for the retroperitoneal 
approach [3]. Laparoscopic nephrectomy has 
been shown to be a safe, viable alternative to tra-
ditional open surgery, with potential advantages 
of shorter hospital lengths of stay, decreased 
postoperative analgesic use, and improved cos-
mesis [4, 5].

Technically speaking, the surgical steps for 
pediatric nephroureterectomy follow the same 
principles independent of the surgical approach. 
Both, the transperitoneal as well as the retroperi-
toneal route have been established [6]. The retro-
peritoneoscopic approach has advantages of 
direct kidney visualization, decreased risk of 
intra-abdominal adhesions, and reduced in- 
patient stay, compared with open or transperito-
neal laparoscopic surgery [7].

In this chapter, we report the technique of ret-
roperitoneal laparoscopic nephrectomy in infants 
and children.
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Learning Objectives
• To describe step by step the technique of 

retroperitoneal laparoscopic nephrec-
tomy (RLN).

• To show a (Videos 20.1 and 20.2) with 
the technique of RLN.

• To describe tips and tricks of RLN and 
to show all the new technologies avail-
able in pediatric urology that can be 
adopted to perform an RLN.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
C. Esposito et al. (eds.), Minimally Invasive Techniques in Pediatric Urology, 
https://doi.org/10.1007/978-3-030-99280-4_20

mailto:eliefarha@hotmail.com
mailto:aline.broch@aphp.fr
mailto:nathalie.botto@aphp.fr
mailto:nathalie.botto@aphp.fr
mailto:thomas.blanc@aphp.fr
https://doi.org/10.1007/978-3-030-99280-4_20


144

20.2  Preoperative Preparation

All the patients are operated under general anes-
thesia with orotracheal intubation and they 
received a nasogastric tube. Bladder catheter is 
not needed.

20.3  Positioning

The procedure starts with a crucial step to achieve 
a successful retroperitoneal access: proper posi-
tioning of the patient.

The surgeon and his team stay behind the 
patient (Fig. 20.1).

The child is placed in the lateral position 
close to the edge of the table, using lumbar pad-
ding to stretch the costo–iliac distance without 
flexing the operating table. Non-stretch adhe-
sive banding secures this position and prevents 
displacement either forwards or backwards. The 
upper leg is stretched while the lower leg is 

flexed, with no contact between them to avoid 
compression.

The landmarks are the twelfth rib, the costo-
vertebral angle, and the top of the iliac crest.

20.4  Initial Access, Insufflation, 
and Trocar Placement

Retroperitoneal access is achieved through the 
first access incision (15  mm), one finger width 
from lower border of the twelfth rib.

A perpendicular dissociation of the muscles 
will approach the Gerota’s fascia under vision 
(Fig. 20.2). The Gerota’s fascia is opened at its 
most posterior part under vision.

The first blunt trocar is introduced directly 
inside the opened Gerota’s fascia.

A working space around the kidney is created 
directly by a 5 or 10 mm 0° laparoscope and by 
gas insufflation dissection, with no need for fin-
ger or balloon dissection.
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Fig. 20.1 Operating room set-up for right retroperitoneoscopy
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Fig. 20.2 Perpendicular dissociation of the muscles to 
approach the Gerota’s fascia

This allows insufflation to push the kidney 
upscreen (medially) without the need for indi-
vidual kidney retraction to expose the renal 
pedicle.

The space around the kidney is created.
The second trocar (5 mm-operative trocar) is 

inserted posteriorly under vision in the costover-
tebral angle, in front of the lumbosacral muscle.

Third trocar insertion is in the anterior axillary 
line, a finger width from the top of the.

iliac crest.

20.5  Instrumentation

 – Three ports (5-5-5 mm or 10-5-5 mm).
 – Atraumatic fenestrated grasping forceps to 

manage tissues.
 – Clip applier for vessel control and scissors or 

sealing device.
 – Suction and aspiration device in case of 

bleeding.
 – Endo-bag to remove the kidney.
 – Endoloop to ligate the distal ureter in case of 

refluxing ureter.

20.6  Surgical Technique

The kidney is approached posteriorly.
The psoas, the landmark during the whole 

procedure, is downscreen, the kidney is up 
screen.

The lower pole of the kidney and the ureter are 
identified.

The kidney remains attached anteriorly to the 
peritoneum and is lifted gently in order to iden-
tify and control the pedicle.

The renal artery and the renal vein are isolated 
separately.

Hilar vessels can be sealed and divided with a 
sealing device, either the 5-mm LigaSure® 
(Covidien US, MN) or harmonic scalpel, that 
allows a faster and safer surgery without bleed-
ing, although hemoclips (Hem-o-lok®) can also 
be used, depending on the renal vessel size.

Other pedicles can be controlled with the 
same technique.

The ureter can be preserved for a future kid-
ney transplantation and the ureter is then divided 
at the level of UPJ.

If VUR is present, the ureter should be iso-
lated as far down as possible to the bladder base 
and ligated, using preferably an endoloop.

The kidney is freed from the peritoneum and 
placed in a laparoscopic retrieval bag and 
removed piecemeal so that the incision size does 
not need to be increased.

No drain is left in situ.

20.7  Results

From 2010 to 2020, 130 laparoscopic total 
nephrectomy were performed in the Department 
of Paediatric Surgery and Urology at Necker- 
Enfants Malades University Children Hospital, 
including 95 retroperitoneal laparoscopic total 
nephrectomies, performed by six surgeons. 
Transperitoneal laparoscopic nephrectomies 
were excluded from further analysis.

Mean age at surgery was 6.2  years 
(2 months–16 years).

Indication for surgery was

• Vesico–ureteric reflux (n = 33).
• Nephrotic syndrome (n = 21).
• PUJ obstruction (n = 15).
• VUJ obstruction (n = 11).
• Multicystic dysplastic kidney (n  =  6) 

(Fig. 20.3).
• Simplex ureterocele (n = 5).

20 Retroperitoneal Laparoscopic Nephrectomy
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• Duplex kidney (n = 2).
• Renal artery stenosis (n = 1).
• Urolithiasis (n = 1).

Six bilateral nephrectomies were performed 
for nephrotic syndrome, including one HSK.

Mean duration of surgery was 110 min (range 
44–265 min).

Mean length of hospital stay was 3.5  days 
(range 1–16), with 45% of children discharged at 
day 1 postoperatively.

Three cases (3%), with previous kidney sur-
gery for UPJ obstruction or partial nephrectomy, 
were converted to open surgery.

Four children were re-operated for recur-
rent UTIs due to refluxing ureteric stump 
(Fig. 20.4).

The median length of follow-up was 3.5 years 
(range 2 months–9 years).

Fig. 20.3 Multicystic dysplastic kidney

Fig. 20.4 Symptomatic refluxing ureteric stump

Tips and Tricks
• Leave the kidney attached to the 

peritoneum.
• Landmark: psoas muscle.
• Use sealing devices for tissue dissection 

to make the procedure bloodless, faster, 
and safer.

• In case of peritoneum opening, insert a 
Veress needle in the peritoneum through 
the abdominal wall.

E. Farah et al.
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20.8  Discussion

Nephrectomy in pediatric patients is a treatment 
option for benign, nonfunctioning kidneys with a 
history of obstructive uropathy, vesico–ureteral 
reflux, multicystic dysplastic kidney, UPJ 
obstruction or stone disease [8, 9]. Nephrectomy 
before renal transplantation is indicated in chil-
dren with ESRD who have severe proteinuria, 
polyuria, or hypertension [10].

Although open nephrectomy, either via an 
abdominal or flank incision, has long been con-
sidered the “gold standard,” minimally invasive/
laparoscopic nephrectomy has gained acceptance 
over the last two decades as a safe and effective 
surgical option in pediatric patients. It has been 
associated with shorter lengths of hospital stay, 
decreased pain medication use, earlier return to 
normal activities, and improved cosmetic results 
[11, 12].

Given the paucity of knowledge regarding use 
of pediatric nephrectomy in the United States, 
Sammon et  al. explored the trends in incidence 
across age and gender [13]. While the annual 
incidence of nephrectomy is stable, the use of 
minimally invasive nephrectomy is expanding in 
the pediatric population. The median age of 
patients undergoing minimally invasive nephrec-
tomy (MIN) was greater than those undergoing 
the open approach (7 vs. 3 years, p < 0.001). The 
majority of nephrectomies were for benign indi-
cations (73.8% vs. 26.2%), with only 2.2% of 
MIN procedures performed for malignancy. 
Median annual hospital volume for pediatric 
nephrectomy was 12 (IQR 6–23), with MIN more 
likely to be performed at institutions with greater 
annual volumes (median 15, IQR 7–26).

There is still some controversy concerning 
which approach to choose: transperitoneal or ret-
roperitoneal. Arguments to advocate one 
approach are more theoretical than true objective 
criteria. The transperitoneal approach offers the 
advantages of a larger working space; however, it 
requires more dissection to reach the kidney and 
the colon must be reflected. Although there is a 
theoretical risk of intra-abdominal injury while 
performing a transabdominal technique, it 
remains rare. The retroperitoneal approach has 

the advantage of direct access to the urinary tract 
and an easier detection of crossing vessels. It also 
reduces manipulation and contact with the intra-
peritoneal organs. However, the longer time 
needed for the retroperitoneal approach is related 
to the limited working space. Shoma et al. pub-
lished the first prospective randomized study that 
compared the transperitoneal approach and the 
RA in adults in 2007 [14]. Both approaches had 
satisfactory comparable outcomes without a sig-
nificant difference in the success rate. The RA 
was associated with a longer operative time (189 
vs. 149 min).

We routinely do all laparoscopic renal surgery 
through the RA, and we reserve the transperito-
neal approach for selected indications. We believe 
that in experienced centers, the team should be 
familiar with both approaches and decide which 
is easier for the team to apply routinely, keeping 
the alternative approach for selected indications. 
The choice of performing a transperitoneal 
approach or the RA should be based mainly on 
the personal preference and experience of the 
individual surgeon.

Esposito et al. reported their 20 years of expe-
rience in laparoscopic and retroperitoneoscopic 
nephrectomy. All the removed kidneys were non-
functioning because of benign diseases: VUR 
(84), UPJO (38), multicystic dysplastic kidney 
(20), xanthogranulomatosis pyelonephritis (4), 
nephropathy causing uncontrollable hyperten-
sion (2) and nephrolithiasis (1). Based on their 
experience, they concluded that LN is easier and 
faster to perform compared to RN. They consider 
xanthogranulomatous pyelonephritis or other 
kidney infections or in case of previous renal sur-
gery as contraindication for retroperitoneoscopy. 
In case of VUR, they prefer LN because it is fun-
damental to remove all the ureter. Finally, this 
group clearly prefers to perform nephrectomy 
using laparoscopy rather than 
retroperitoneoscopy.

Interestingly, we have recently reported that 
the unilateral retroperitoneal approach allows 
total nephrectomy in horseshoe kidney for benign 
disease. Port placement was modified due to the 
anatomy of the HSK: one 5-mm port was, as usu-
ally, at the costo–vertebral angle, but the other 
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5-mm port was placed above the iliac crest at the 
external margin of the lumbosacral muscle. The 
dissection was safe with section of the vessels 
close to the HSK. Despite significant variation of 
the origin and distribution of the vessels, it was 
completed in excellent condition.

Retroperitoneal access preserves the abdomi-
nal cavity, which will remain intact for peritoneal 
dialysis if favored by the nephrology team. 
Szymanski et  al. reported their experience with 
retroperitoneoscopic nephrectomy in children on 
peritoneal dialysis [15]. They performed three 
bilateral synchronous, one bilateral staged, and 
six unilateral RPNs 1in 0 children with a mean 
age of 12 years. Peritoneal dialysis was initiated 
at a median of 9 h postoperatively and dialysate 
volume was titrated to target within a median of 
60 hours. One patient with a small peritoneotomy 
needed temporary hemodialysis despite intraop-
erative airtight repair. They conclude that retro-
peritoneoscopic nephrectomy for end stage renal 
disease is a safe, effective technique that pre-
serves peritoneal integrity in children who require 
immediate postoperative peritoneal dialysis. 
Avoiding post-nephrectomy hemodialysis 
decreases patient morbidity, preserving vessels 
for future vascular access. Compared to the liter-
ature on laparoscopy in this setting, retroperito-
neoscopic nephrectomy can be considered the 
ideal approach for minimally invasive nephrec-
tomy in patients on peritoneal dialysis.

Nephroureterectomy, through retroperitoneos-
copy, anterolateral abdominal incision, or through 
a lumbotomy does not allow excision of the entire 
ureter, even in very small children. In case of 
refluxing ureter, the ureter has to be divided as 
low as possible in the deep pelvis. A dual 
approach (retroperitoneal and inguinal approach) 
has been recommended when complete excision 
of the kidney and ureter is required [16]. The risk 
of recurrent urinary tract infections due to stasis 
of infected urine in the refluxing ureteric stumps 
has been described, with symptoms mimicking 
pyelonephritis, even though the kidney had been 
removed [17]. Controversy persists in regard to 
treatment of the lower defunctionalized segment 
of ureter and it has been recommended in such 

cases to divide the stump where it entered the 
bladder and to suture the bladder hiatus [18, 19].

Hence, the length of the remaining ureteric 
stump in reflux nephropathy is a key parameter of 
success. Escolino et  al. published an evaluation 
of the distal ureteral stump after NU in children 
comparing the TPN versus RPN approach [20]. 
The authors included 21 consecutive patients 
(median age 3.5 years; range 1–10 years). They 
found a longer operating time for RPN versus 
TPN (80 vs. 50 min). The length of the distal ure-
teric stump was significantly shorter after TPN 
(range 3–7 mm) versus RPN (range 2–5 cm). In 
conclusion, the authors stated that TPN permits 
removal of all ureter near to the bladder dome. In 
children with non-functioning kidneys due to 
VUR, they recommend performing a laparo-
scopic rather than RPN nephrectomy.

Laparoendoscopic single-site surgery (LESS) 
means working through one access, most com-
monly the umbilicus. This technique challenges 
the paradigm of conventional laparoscopy to 
angulate the instruments for optimal working 
spaces. Instead, it introduces significant ergo-
nomic difficulties such as clashing (of the ports 
outside), crowding (of the instruments within the 
single port), and, most important, crossing of the 
instruments [21, 22]. The latter means that all 
intuitive movements of conventional laparoscopy 
become counterintuitive.

Despite all euphoria for LESS, the surgical 
performance remains a matter for vivid discus-
sions due to the different ergonomics. Tam from 
Hong Kong found that LESS nephrectomy took 
longer than conventional laparoscopy (mean 156 
vs. 99 min) and no postoperative complications 
occurred [23]. The authors conclude that LESS 
nephrectomy is safe and effective with a minimal 
invasive nature comparable to conventional lapa-
roscopy. However, they recommend further stud-
ies to investigate the implication of patient 
selection and the cosmetic benefits of LESS.

Cherian et al. reported the first single incision 
retroperitoneoscopic pediatric nephrectomy in 
two patients, including one child with bilateral 
synchronous nephrectomy, using an advanced 
access platform (GelPOINT Mini) [24].
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21Posterior Prone 
Retroperitoneoscopic 
Nephrectomy

Naser Al-Soudan Al Anazi, Sara Lobo, 
and Imran Mushtaq

21.1  Introduction

Pediatric laparoscopic nephrectomy was first 
described in 1993 by Das et al. [1] Laparoscopic 
approaches to the kidney include transperitoneal 
(TP), posterior prone retroperitoneoscopic (PPR), 
and lateral retroperitoneoscopic (LRP) routes. 
Gaur initially described the retroperitoneal 

approach, which is now the approach of choice 
for most laparoscopic urological surgeons. 
However, the transperitoneal route still has a role 
when performing renal ablative surgery for 
tumors or when performing laparoendoscopic 
single site (LESS) surgery. Regardless of the 
approach utilized, the benefits to the child in 
terms of a faster postoperative recovery and 
improved cosmesis are without question.

This chapter is focused on the operative tech-
nique of posterior prone retroperitoneoscopic 
nephrectomy (PPRN).

21.2  Indications

A laparoscopic nephrectomy is indicated in the 
following cases:

• Poorly functioning or non-functioning 
kidney.

• Multicystic dysplastic kidney.
• Reflux-associated nephropathy.
• Congenital nephrotic syndrome.
• Pre-transplant native kidney nephrectomy.

Learning Objectives
• To describe step by step the technique of 

posterior prone retroperitoneoscopic 
nephrectomy (PPRN).

• To present outcomes of retroperitoneo-
scopic versus transperitoneal 
nephrectomy.

• To show a video with the technique of 
PPRN.

• To describe tips and tricks of PPRN.
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21.3  Contraindications

• Previous renal surgery.
• Renal malignancy.
• Xanthogranulomatous pyelonephritis.
• Coagulation disorders.

21.4  Pre-Operative Preparation

• Recent imaging in the form of a recent renal 
ultrasound scan and MAG3/DMSA scan must 
be available.

• In children with a history of vesicoureteric 
reflux, the micturating cystogram images must 
also be available for review.

• The renal ultrasound provides information 
about the size of the kidney, degree of hydro-
nephrosis, and, in the case of a multicystic 
kidney, regarding the number and size of 
cysts. This allows for determining the 
approach for specimen removal: endopouch, 
cyst aspiration, port site extraction.

• Routine preoperative blood tests, which 
should include serum creatinine, hemoglobin 
level, and a group/save of serum. Clotting 
parameters do not need to be checked rou-
tinely unless there is a history of bleeding 
disorders.

21.5  Positioning

The patient is positioned fully prone under gen-
eral anesthesia. The exposed dorsal and lateral 
aspects of the trunk are prepared and draped in a 
sterile manner. For more details, refer to the pos-
terior prone retroperitoneoscopic access chapter.

21.6  Anesthesia

Anesthesia for MIS procedures in children 
requires endotracheal intubation and the use of 
volatile and/or intravenous anesthetic agents. 
Children are at significant risk of developing 
hypothermia during laparoscopic surgery, espe-

cially with prolonged operating times and a high 
gas flow. Therefore, the use of underbody/over-
body warming mats is recommended for all 
cases. The current trend is to combine general 
anesthesia with caudal or local anesthesia.

21.7  Instrumentation

• Primary camera port—6 or 10  mm Hasson, 
1–2 secondary 5 mm instrument ports.

• 30°- 5 mm laparoscope
• Kelly forceps (×2) for dissection.
• Metzanbeum scissors.
• Harmonic scalpel for coagulation/division of 

vessels or 5 mm endoclip applicator.
• Endoloop.
• Endopouch for specimen retrieval.

21.8  Technique

• A 5 mm transverse incision is made midway 
between the iliac crest and the tip of the 12th 
rib, just lateral to the outer border of the sacro-
spinalis muscle. This will be used as the cam-
era port (CP) (Fig.  21.1). Through this 
incision, a small area of the retroperitoneum is 
dissected bluntly with artery forceps to allow 
the insertion and inflation of a balloon to cre-
ate the retroperitoneal working space [2, 3].

• A Hasson cannula is inserted into the port site, 
followed by insufflation of the retroperito-
neum with CO2 to a pressure of 10–12 mmHg 
and a flow of 1–3 L/min.

• An instrument port is placed under direct 
vision below the tip of the 11th/12th ribs and 
above the iliac crest, and if required a second 
instrument port can be placed 2–3 cm medial 
to the camera port traversing the sacrospinalis 
muscles (Fig. 21.2).

• Gerota’s fascia is incised in a cruciate manner 
to enter the perinephric space (Fig. 21.3) The 
kidney is dissected on its posteromedial aspect 
to expose the hilar vessels: these are individu-
ally displayed and divided between hemoclips 
or with a harmonic scalpel (Fig. 21.4).

N. A.-S. Al Anazi et al.
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CP

IP1

IP2

Fig. 21.1 Diagram showing surface landmarks and loca-
tion of port sites ( CP Camera Port, IP1 Instrument port 1, 
IP2 Instrument port 2)

Fig. 21.2 Diagram showing the arrangement of the ports 
after insertion

Fig. 21.3 Laparoscopic view of the Gerota’s fascia 
which is incised in a cruciate manner to enter the peri-
nephric space

Fig. 21.4 Laparoscopic view of the renal hilar vessels 
and division using a Ligasure device

• The ureter should be traced inferiorly as far as 
necessary and divided. In children with ipsi-
lateral vesicoureteric reflux, the ureter should 
be ligated or the bladder drained with a ure-
thral catheter for 48 h.

• The kidney is then mobilized on all surfaces 
until it is completely free of all attachments. 
This can be accomplished with a single instru-
ment but with exceptionally large or previ-
ously infected kidneys, it may require a second 
instrument to provide counter-traction.

• Small kidneys or those with minimum paren-
chyma can be removed directly via the camera 
port, whereas larger specimens may require 
entrapment in an Endopouch retrieval device 
and piecemeal removal.

21.9  Postoperative Care

• Can start fluids and diet on return to the ward.
• As bacteremia may occur during the proce-

dure, oral antibiotics to cover the immediate 
postoperative period may be required in some 
cases.

• The patient is discharged when mobilizing 
with adequate control of pain with simple 
analgesia.

21 Posterior Prone Retroperitoneoscopic Nephrectomy
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21.10  Complications

21.10.1  Peritoneal Tear

The posterior prone approach minimizes the risk 
of a peritoneal tear as compared to other 
approaches for retroperitoneoscopic surgery. It 
can occur in the following situations: dissecting 
balloon is inflated too rapidly; the balloon is too 
large for the size of the patient and in children on 
peritoneal dialysis, where the peritoneum is very 
delicate.

21.10.2  Balloon Rupture

Rupture of the dissecting balloon can occur when 
the balloon is inflated too rapidly, with over- 
inflation of the balloon or when excessive exter-
nal pressure is applied over the balloon. When it 
occurs, the ruptured balloon must be carefully 
examined for lost fragments, which should be 
sought and removed from the patient.

21.10.3  Intraoperative Bleeding

Intraoperative bleeding is most likely due to slip-
ping of hemoclips from a renal vein or due to 
inadvertent damage to a renal vein or vena cava 
by a laparoscopic instrument. In most cases, 
hemorrhage can be controlled by the prompt 
application of hemoclips to the affected vessel. 
Uncontrollable hemorrhage will require conver-
sion to an open approach to ligate or over sew the 
bleeding vessel.

21.10.4  Urine Leak

A retroperitoneal urinoma can occur from the 
reflux of urine from the distal ureteric stump or 
from the cut surface of the kidney following 
heminephrectomy. The risk can be kept to a mini-
mum using an endoloop suture on the renal 
parenchyma and by endoloop ligation of reflux-
ing ureters as opposed to the use of hemoclips or 
the harmonic scalpel to seal the ureter. Most uri-

nomas will resolve with the placement of a ure-
thral catheter for at least 48–72  h. A persistent 
urine leak or an infected urinoma may require the 
placement of a percutaneous wound drain.

21.11  Results

A recent study from Scotland compared the 
results of laparoscopic and open nephrectomy in 
children. It was found that a laparoscopic 
nephrectomy may take longer to perform but that 
the children suffer less postoperative pain and 
have a shorter duration of hospital stay. 
Furthermore, they found that those children who 
had a retroperitoneoscopic nephrectomy made an 
even faster recovery. The technique of retroperi-
toneoscopic nephrectomy is now well established 
and has been shown to be applicable to all age 
groups, with a low conversion (<3%) and compli-
cation rate. The technique has been adapted to the 
management of children who have end-stage 
renal disease and who require bilateral native 
kidney nephrectomy. As the peritoneum can be 
maintained intact, it allows for immediate post-
operative peritoneal dialysis.

Tips and Tricks

• A visible lateral bulge during balloon 
inflation confirms an extraperitoneal 
location of the balloon.

• The aim should be to inflate the dissect-
ing balloon outside Gerota’s fascia, and 
then incise this under direct vision. This 
approach will minimize bleeding from 
the perinephric adipose tissue which 
bleeds easily.

• For rapid and optimum access to the 
renal hilum, dissection is started at the 
inferior pole of the kidney and contin-
ued superiorly along the medial aspect 
of the kidney pushing it laterally and 
downwards to expose the posteromedial 
surface and the renal hilum.

N. A.-S. Al Anazi et al.
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• The lateral and inferior attachments of 
the kidney are maintained intact to facil-
itate exposure of the renal pedicle by a 
natural retraction of the kidney.

• Ureterectomy and ureteric ligation can 
be done after the kidney is extracted out 
of the patient in an extracorporeal 
manner.

• With increasing experience, the proce-
dure can be completed with a camera 
port and single instrument port (SIMPL 
nephrectomy).

• Bleeding points should be meticulously 
controlled throughout the procedure 
with monopolar diathermy.

• A multicystic dysplastic kidney or 
hydronephrotic kidney may be decom-
pressed by aspiration and withdrawn 
directly via the camera port wound.

Take-Home Points

• Minimally invasive alternatives to con-
ventional open urological procedures 
are now practiced in major pediatric 
urology centers [4, 5].

• Both the transperitoneal and retroperito-
neoscopic approaches are utilized in 
children, although the retroperitoneo-
scopic technique is favored for renal 
surgery in benign conditions [5].

• Posterior prone retroperitoneoscopic 
nephrectomy can be utilized for most of 
the renal surgeries with minimal com-
plications [5, 6].

21.12  Discussion

The retroperitoneoscopic approach has several 
advantages over the transperitoneal laparoscopic 
approach to the kidney. It avoids the risk of injury 
to intra-abdominal organs and enables a quicker 
recovery. It also facilitates easy positioning of the 
patient and direct access to the kidney resulting 
in a decreased operative time.

References

1. Das S, Keizur JJ, Tashima M. Laparoscopic nephro-
ureterectomy for end-stage reflux nephropathy 
in a child. Surgical Laparoscopy & Endoscopy. 
1993;3(6):462–5

2. Gill IS, Munch LC, Lucas BA, Das S.  Initial expe-
rience with retroperitoneoscopic nephroureterec-
tomy: use of a double-balloon technique. Urology. 
1995;46(5):747–50.

3. Cho A, Asimakidou M, Mushtaq I. Access for retroper-
itoneoscopic surgery. J Pediatr Urol. 2019;15:287–8.

4. Lee RS, Retik AB, Borer JG, Diamond DA, Peters 
CA.  Pediatric retroperitoneal laparoscopic partial 
nephrectomy: comparison with an age matched cohort 
of open surgery. J Urol. 2005;174(2):708–11.

5. Gundeti MS, Patel Y, Duffy PG, Cuckow PM, Wilcox 
DT. Imran Mushtaq an initial experience of 100 pae-
diatric laparoscopic nephrectomies with transperito-
neal or posterior prone retroperitoneoscopic approach. 
Pediatr Surg Int. 2007;23:795–9.

6. Cho A, Mushtaq I.  Retroperitoneoscopic lower pole 
heminephrectomy. J Pediatr Urol. 2019;15:89–90.

21 Posterior Prone Retroperitoneoscopic Nephrectomy



157

22Robot-Assisted Partial 
Nephrectomy in Children

Ibtissam Kassite, Aurélien Binet, Anne Letouze, 
Thierry Villemagne, Karim Braik, and Hubert Lardy

22.1  Introduction

The management of duplication anomalies of the 
upper urinary tract depends on many factors: the 
presence of an ureterocele, a vesico-ureteric 
reflux of the lower pole, symptoms … The aim of 
all treatment is to conserve as much normal renal 
parenchyma as possible.

Currently, different minimally invasive surgi-
cal approaches can be used: mostly, laparoscopy, 
retroperitoneoscopy, and robotic surgery.

Laparoscopic (transperitoneal or retroperito-
neal) partial nephrectomy has been reported to be 
a technically challenging procedure, performed 
only in pediatric institutions with advanced expe-
rience in pediatric laparoscopy [1]. Robotic tech-
nology was introduced to ease laparoscopic 
surgery and to facilitate the expansion of mini-
mally invasive surgery for more complicated pro-
cedures, with the added benefits of 
three-dimensional visualization of the operative 
environment, elimination of surgeon tremor, the 
dexterity afforded by instruments. Indeed, this 
can allow correct identification of anatomical 
variation and precise control of technically chal-
lenging tasks such as delicate dissection of renal 
hilum.

The aim of this chapter is to focus on the oper-
ative technique and the results of robot-assisted 
partial nephrectomy (RAPN).
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Learning Objectives
• To describe step by step the technique of 

robot-assisted partial nephrectomy 
(RAPN).

• To present long-term outcomes of RAPN.
• To report the latest results about RAPN 

published in the literature.
• To show a video with the technique of 

RAPN.
• To share tips and tricks of RAPN.
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22.2  Preoperative Preparation

Preoperative imaging is performed to specify 
duplication anatomy. Patients are primarily 
evaluated with cystography, renal ultrasonog-
raphy, and scintigraphy scans. If anatomy 
remains unclear, magnetic resonance imaging 
can be performed. It provides comprehensive 
morphologic and functional information on 
duplicated renal collecting system, as well as 
demonstrating barely or nonfunctional renal 
pole. It helps surgical planning by delineating 
each renal moiety in complicated duplex 
systems.

Urine testing is performed preoperatively, and 
preoperative antibiotic prophylaxis is prescribed 
according to the results.

Surgery is carried out after obtaining parent’s 
approval and after explaining in detail the 
known benefits, risks, and expectations of 
RAPN.  All the procedures are performed in 
general anesthesia, and a single dose of antibi-
otic prophylaxis with cefazolin is administered 
according to local protocol. No caudal or epi-
dural anesthesia is needed to help in pain con-
trol after surgery.

22.3  Positioning

Patients are positioned in a lateral decubitus posi-
tion with the ipsilateral side raised using a vac-
uum mattress (shell mattress), so that they can lie 
more securely (Fig.  22.1). The patient is suffi-
ciently padded at all pressure points to prevent 
injury. The robot is positioned over the ipsilateral 
flank. All procedures are carried out using three 
arms: one camera arm and two instrument arms 
(8 mm each). Two additional 5-mm non-robotic 
accessory ports are used for introducing sutures, 
suction, irrigation devices, and exposing the 
working space (Fig. 22.2).

Fig. 22.1 The patient is lying in a vacuum mattress with 
padding at all pressure points

Fig. 22.2 Position of ports for a left partial nephrectomy: 
3 robotic ports (8 mm) and 2 non-robotic accessory ports 
(5 mm)

I. Kassite et al.
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22.4  Instrumentation

We used two atraumatic fenestrated forceps to 
handle and manipulate tissues. Monopolar scis-
sors are used in the right-handed 8-mm port and 
a precise bipolar forceps in the left hand.

We used clips or Ligasure to control the hilar 
vessel.

We used endoloop (Vicryl Endoloop-0, 
Ethicon Endo-surgery, Cincinnati, Ohio, USA) or 
clips to ligate the distal ureter. A flexible silicone 
loop (Vesseloops®) is needed to retract and 
expose the nonfunctional moiety. A suction and 
irrigation device is needed to better expose the 
working space.

22.5  Technique

No cystoscopic evaluation is performed and no 
catheterization of the preserved ureter is 
realized.

The procedure is performed through a trans-
peritoneal approach. The colon is mobilized to 
reach the kidney in the retroperitoneal space. 
Sometimes, a transmesocolic approach is per-
formed without colon mobilization. During upper 
pole partial nephrectomy, the upper pole ureter is 
identified and freed from the lower ureter. It is 
then passed behind the lower pole vessels 
(uncrossing manoeuvre). The blood vessels to 
both moieties are then identified before carrying 
out ligation. The upper pole vessels are ligated 
with nonabsorbable clips or ligasure or absorb-
able 3-0 Vicryl sutures. A line of demarcation 
between vascularized and devascularized renal 
tissue appears clearly on the renal surface after 
vascular control. Monopolar electrocautery or 
Ligasure are used to transect the renal tissue.

For lower pole PN, the uncrossing manoeuvre 
is unnecessary. The equivalent surgical process is 
carried out after identifying the normal ureter and 
the functional moiety. The cut margin of the nor-
mal moiety is left open with no sutures. 
Sometimes sealants are used if hemostasis is 
required. During dissection, renal cavities may 
be opened in some cases of hugely dilated pelvis 
in order to help define anatomy and identify 

clearly the nonfunctional moiety, particularly in 
case of nondilated ureter. The ureter is then dis-
sected as far as possible down to the bladder to 
allow a nearly complete ureterectomy, but exten-
sive pelvic dissection of the distal ureter is 
avoided. Ureteral stump is systematically secured 
using endoloop and removed through the camera 
port. No peritoneal drainage is leaved. All of the 
ports are closed under direct visual control with 
absorbable 4-0 Vicryl sutures. No bladder cathe-
ter is left in place.

22.6  Postoperative Care

Postoperative analgesia typically includes alter-
nating anti-inflammatory drugs and paracetamol 
(acetaminophen), with narcotics administered as 
needed. As for the immediate postoperative 
course, usually children start liquid diet within 
few hours after surgery. Patients are discharged 
from the hospital after adequate oral intake and 
good pain control.

At follow-up, some examinations are per-
formed systematically: renal Doppler ultraso-
nography every 3  months postoperatively, to 
assess functionality of the remnant moiety. Poor 
parenchymal blood flow on Doppler study and/
or significant reduction in volume of the remain-
ing moiety during follow-up is considered as 
renal functional loss. It is not our current prac-
tice to perform postoperative renal scintigraphy, 
if the remaining moiety appears normal or 
unchanged with adequate decompression or sig-
nificantly improved hydronephrosis on postop-
erative ultrasound. In case of functional loss of 
the remnant moiety in Doppler study and if the 
patient has clinical presentation (hypertension), 
a total nephrectomy can be proposed. 
Sometimes, there is a fluid collection surround-
ing the margin of the remnant moiety, which is 
usually asymptomatic.

Urinary tract infections (UTIs) are treated 
with antibiotics in hospitalization. In case of 
recurrent febrile UTIs, a cystography scan is then 
be performed to look for de novo vesico- ureteral 
reflux in the remaining ureteral stump or the rem-
nant renal moiety.
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22.7  Results

In our institution, 18 patients underwent RAPN 
between 2007 and 2020, performed by three 
pediatric surgeons (Table 22.1). The median age 
at surgery was 4.2  years (range 0.9–12) with a 
median weight of 13.5  kg (range 8.6–27). 
Averaged operating time was 160.3  min and 
ranged from 88 to 280 min. All 18 RAPNs were 
completed totally under robotic assistance with-
out conversion to open surgery.

Intraoperative complications occurred in one 
patient: a vascular injury which was sutured 
robotically without need of conversion. 
Postoperatively, three patients had Clavien–
Dindo grade II complications [2]:

 – One thrombosis of renal vein and artery. This 
patient showed a renal (remnant moiety) func-
tional loss, due to vascular injury during 
RAPN. This patient had clinical presentation 
(postoperative fever and abdominal pain) and 
showed poor parenchymal blood flow on 
Doppler study with thrombosis of the ipsilat-
eral renal vein and artery.

 – Two patients had one postoperative UTI.

The median postoperative stay was 3  days 
(range 2–10). The median time for need of anal-

gesia was 2  days [1–4]. On follow-up (median 
4.2 months range 2–49), in all other patients, the 
postoperative period was uneventful.

In the literature reporting the outcome of 
RAPN in children published over the last 20 years 
(Table 22.2), the conversion rate described in all 
papers ranged between 0% and 14% [3–6]. The 
median operating time varied between 90  min 
and 446 min depending on the indications [3, 5]. 
The complication rate varied between 9% and 
21%. These were mainly recurring febrile UTI 
secondary to refluxing ureteral stump or fluid 
collections around the kidney. In some series, 
some patients needed further surgery to remove 
the distal remnant ureteral stump because of 
recurrent febrile UTIs [6, 7]. These procedures 
were done robotically

22.8  Discussion

Over the last 20  years, robotic partial nephrec-
tomy has been reported to be safe and feasible in 
paediatric population [8].

Table 22.1 Patients’ characteristics

Number of patients 18
Agea (years) (range) 4.2 (0.9–12)
Weighta (kg) (range) 13.5 (8.6–27)
Indications for surgery Recurrent urinary tract 

infections
Incontinence
Abdominal pain
Unfunctional moeity

Operative timea (min) 
(range)

146 (88–280)

Conversion 0
Complications 3
Time to no need for 
analgesica (days)

2 (1–4)

Length of staya (days) 3 (2–10)
Follow-upa (months) 4.2 (2–49)

aMedian

Tips and Tricks
• In partial nephrectomy, it is very helpful 

to use vessel loops to identify the right 
ureter and the right vessels to facilitate 
the dissection of the nonfunctional 
moiety.

• In case of hugely dilated renal cavities, a 
transparietal needle aspiration can be 
useful. Renal cavities can be opened to 
help to define anatomy and margin of 
resection, particularly in case of large 
cavities.

• To avoid injury of the normal moiety by 
extensive dissection, we suggest to do a 
nonanatomical resection of the nonfunc-
tional moiety leaving the bottom of 
renal cavities.
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The technical difficulty in pediatric partial 
nephrectomy relies on the delicacy of the renal 
vasculature of the remnant segment. Robotic 
assistance allows precise dissection of the moi-
ety, limits mobilization of the remnant pole, and 
facilitates vessels’ isolation.

In children, partial nephroureterectomy is 
indicated for treatment of patients with poorly 
functioning moiety and/or symptomatic dupli-
cated systems (recurrent urinary tract infections 
[UTIs], incontinence, pain), and/or associated 
vesicoureteral reflux.

Some authors published their experience with 
robotic partial nephrectomy for oncological indi-
cations such as unilateral or bilateral Wilm’s 
tumors, tubulopapillary, or renal cell carcinomas 
[5, 9, 10].

In partial nephrectomy, the main complica-
tions reported are recurrent febrile UTI second-
ary to refluxing ureteral stump and urine leakage 
at the resection area. According to some authors, 
the risk of damaging the lower pole ureter and 
bladder does not justify the routine excision of 
the ureteral stump, which is symptomatic (recur-
rent UTIs) in only 8–10% of cases [11, 12].

Therefore, if a surgical removal is necessary 
subsequently, it can be performed robotically. As 
to fluid collections or urinomas, in the majority 
of cases, they resolved spontaneously or remained 
stable and asymptomatic. In the series by Varda 
et al., in two cases, it was found to be associated 
with pain [13]. One patient was managed suc-
cessfully with drainage and sclerotherapy, while 
another failed with this approach and needed 
open redo partial nephrectomy. In the existing 
robotic series, no loss of function of the remnant 
moiety was reported [7, 14]. In our series, one 
patient experienced renal atrophy. This is 
explained by vascular injury during the proce-
dure. Particularly when mobilizing and control-
ling the upper pole as well as additional traction 
on the hilum when obtaining vascular control 
there is a greater risk of ischemia of the remnant 
moiety and therefore loss of renal function [7].

In 2004, Pedraza et al. reported the first case 
of robot-assisted partial nephrectomy for bilat-
eral duplicated collecting systems in a 4-year-old 
girl [3]. Since then, many authors adopted robotic 
approach for this procedure (Table  22.2) since 
the robot offered advantages such as precise visu-
alization of the moieties and precise vascular 
control [8].

Some authors reported their experience with 
robotic retroperitoneoscopy (RP) [6, 9], whereas 
others performed this procedure through a trans-
peritoneal (TP) approach (Table  22.2). RP is 
reported to be technically more difficult due to 
the creation of a nonexisting operative working 
space [1, 15]. It’s also difficult according to some 
authors to well position the trocars which may be 
difficult to move because the retroperitoneal 
space is too small [16]. Also, there is a risk to 
open the peritoneum during dissection. 
Specifically with the retroperitoneoscopic 
approach, Wallis et  al. postulated that infants 
may be at higher risk for residual ischemia in the 
remaining moiety, given the smaller working 
space with the hemodynamic effects of CO2 
insufflation on renal blood flow [17].

Blanc et  al. reported three cases of partial 
nephrectomy for oncological indications by 
adopting retroperitoneoscopic approach [9]. 
According to the author, this approach spares the 
peritoneal cavity in case of new developing 
lesions, and when radiotherapy is indicated (posi-
tive margins), it can be limited to retroperitoneal 
space avoiding in to irradiation of the abdomen.

Transperitoneal approach allows performing a 
complete ureterectomy near the bladder dome 
avoiding leaving a residual distal ureteral stump, 
which may cause recurrent febrile UTIs because 
of reflux on the residual ureteral stump, needing 
reoperation. In Esposito series, in RP, the ureter 
can be removed until it crosses the iliac vessels 
leaving in place the last 5–6 cm of the ureter, thus 
they recommend the transperitoneal approach 
when complete excision of the ureter is required 
like in reflux nephropathy [1].
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Also, the TP approach is preferable to retro-
peritoneoscopy in case of ectopic pelvic kidneys 
[18, 19]. On the basis of their 20-year experience 
in pediatric minimally invasive nephrectomy, 
Esposito et  al. preferred performing nephrec-
tomy using the TP approach since it’s easier, 
faster, and safer compared to RP [1]. Sala et al. 
recommend the use of a TP approach for bilat-
eral nephrectomy for Wilm’s tumor since it pro-
vides direct access to the kidneys and the renal 
hilum, and a very good view of the tumors [5]. 
Moreover, it allows operating on the contralat-
eral side by reinserting the same ports after flip-
ping the patient [5].

Laparoscopy is physically demanding whereas 
with the robotically assisted system, the surgeon 
sits relaxed at the console. Robotically assisted 
system is specifically useful in limiting traction 
on vasculature and reducing the risk of resultant 
ischemic damage [7].

In a series by Ballouhey et al., in comparison 
with the open approach, robotic system provided 
similar renal outcomes, lower hospital stay, and 
less postoperative pain, even in lower weight 
patients [20].

It combines the advantages of the precision of 
an open approach and the benefits in term of hos-
pital stay, postoperative pain, complications, and 
cosmetic results of the laparoscopic approach 
[20]. They found also that infants undergoing 
RAPN used half the amount of morphine than 
those undergoing open partial nephrectomy. 
Robotic surgery with the small port incisions 
causes less pain than open surgery, and thus 
allows a shorter recovery [20].

Varda reported that robotic approach for par-
tial nephrectomy was comparable to open 
approach regarding safety and operating time, 
with a shorter length of stay with robotic system 
[13].

In conclusion, we believe partial nephrectomy 
is a good application of robotic surgery since this 
device allows a safer dissection of renal hilum, a 
safer vascular control. Thus, it improves the fea-
sibility and the quality of this procedure.
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23.1  Introduction

Duplication of the renal system is one of the most 
common congenital anomalies of the urinary 
tract. The majority of these anomalies remain 
clinically silent. A smaller number of them 
becomes evident as a consequence of hydrone-
phrosis, vesicoureteral reflux (VUR), or inconti-
nence [1]. Recently, antenatal diagnosis permits 
to identify many urologic anomalies, including 
different variants of ureteral duplications, which 
are clinically asymptomatic.

A duplex renal system often has one moiety 
that is either poor or nonfunctioning. In such 
cases, there is indication to remove surgically the 
nonfunctioning moiety [2]. The surgical manage-
ment of children with renal duplication depends 
on a variety of factors such as parenchymal func-
tion of each unit and presence or absence of con-
comitant anatomic anomalies and pathologies, 
such as ectopic ureterocele or VUR [3–5]. 
Currently, different surgical approaches can be 
used to perform partial nephrectomy such as pos-
terior retroperitoneal, lateral retroperitoneal, lap-
aroscopic trans-peritoneal, and more recently 
robotic approach [6–8].

In case of duplex system with nonfunctioning 
moiety and a huge refluxing megaureter, laparos-
copy is the approach of choice.

This chapter is focused on the operative tech-
nique of laparoscopic partial nephrectomy 
(LPN).
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• To describe step by step the technique of 

laparoscopic partial nephrectomy 
(LPN).

• To present long-term outcomes of LPN.
• To report the latest results of the major 

international papers about LPN.
• To show with a video the technique of 

LPN.
• To describe tips and tricks of LPN and 

to show all the new technologies avail-
able in pediatric urology that can be 
adopted to perform a LPN.
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23.2  Preoperative Preparation

Preoperative examinations should focus on the ana-
tomical malformations of the entire urinary tract 
and their functional implications. Investigations 
have to include renal ultrasonography and DMSA 
renal scintigraphy or a magnetic resonance (MR) 
urogram. In some cases, cystoscopy may help to 
understand the anatomy. An intestinal preparation 
with simethicone, enema, and liquid diet is desir-
able, especially in young children.

Preoperative antibiotic prophylaxis should be 
administered either with a broad-spectrum medi-
cation or according to the child’s specific urine 
testing.

All patients and their parents have to sign a 
specifically formulated informed consent 
before the procedure. Patients receive a general 
anesthesia with oro-tracheal intubation and 
myorelaxation. A Foley catheter is positioned 
into the bladder using sterile precautions just 
before surgery and a nasogastric tube is placed 
in order to keep empty the stomach during the 
procedure.

23.3  Positioning

In case of laparoscopic partial nephrectomy (LPN), 
the patient should be placed in a semilateral decubi-
tus position, close to the edge of the operating table, 
with the ipsilateral side elevated using a pad under-
neath. The surgeon and the assistant stand on the 
contralateral side, facing the pathology and the 
monitor in a straight line on the patient’s back 
(Fig. 23.1). This approach uses the gravity for the 
retraction of the colon, allows clear dissection of the 
ureter till down to the bladder level, and provides a 
safe access to the renal pedicle. We always adopt a 
10-mm 30° optic since we usually remove the kid-
ney moiety through the optic orifice. In laparoscopy, 
we start the procedure using three trocars, even if 
we sometimes need an additional fourth trocar, 
more often on the right side, in order to retract the 
liver or alternatively on the left side in order to 
retract the spleen or the loops. In general, we prefer 
to adopt 5-mm working trocars so as to use intraop-
eratively a clip applier for vessel control, a sealing 
device, or a peanut, that have 5-mm diameter. The 
trocars are positioned in triangulation with the optic 

in order to achieve a better ergonomics (Fig. 23.2): 
one port for the optic in the umbilicus and two 
working ports in the upper and lower quadrant 
(always ipsilateral to the diseased kidney) for the 
instruments.

NURSE

SCREEN

SURGEONASSISTANT

Fig. 23.1 The patient is positioned in semilateral decubi-
tus on the operative table with the screen on his back, and 
the surgeon and the assistant in front of him

5mm

5mm

5mm

10mm

Fig. 23.2 We prefer to use 4 trocars: one 10-mm optic 
trocar in the umbilicus and two 5-mm working trocars and 
a fourth 5-mm trocar to retract the liver or the spleen
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23.4  Instrumentation

Before starting laparoscopy, we usually perform 
a cystoscopy, and we place a stent into the normal 
moiety ureter. In this step, we adopt an 9.5 Fr 
operative cystoscope. Regarding the laparoscopic 
procedure, we adopt a 10-mm 30° optic and all 
5-mm instruments. We use two atraumatic fenes-
trated grasping forceps to manage tissues, one 
curved dissector to isolate vessels, a hook cautery 
to perform dissection, and scissors to cut. We 
usually adopt an endoloop to ligate the distal ure-
ter. A needle holder is rarely adopted for this pro-
cedure. The hilar vessel control is usually 
performed using 5-mm titanium clips, or alterna-
tively, using hemostatic devices such as Starion 
MLS3 or Ligasure, that may be useful to perform 
a faster and safer dissection. A peanut may be 
helpful during the dissection. It is safe to prepare 
a suction and aspiration device and put it on the 
bench because it may be useful in case of bleed-
ing. No endo-bag is needed to remove the kidney 
moiety that is usually exteriorized through the 
umbilical trocar orifice, except for cases of 
infected kidney. In the last 3 years, we adopted 
indocyanine green (ICG)-enhanced fluorescence 
technology in order to easily identify the vascu-
larization and to guide the parenchymal resection 
of the nonfunctioning moiety. To use ICG tech-
nology, you need a special equipment represented 
by a special camera system and a special laparo-
scope equipped with a specific filter for near- 
infrared (NIR) light detection and obviously a 
vial of ICG dye (5 mg/mL) to be injected intrave-
nously during the procedure.

23.5  Technique

The technique is divided in two phases: cystos-
copy and laparoscopy. Cystoscopy is performed 
as the first step of the procedure with the aim to 
place a stent into the ureter of the normal func-
tioning pole to be adopted intraoperatively as a 
guide to avoid injury to the normal ureter during 
the dissection of the nonfunctioning moiety 
ureter.

In the laparoscopy phase, as the loops slide 
down due to the semilateral decubitus, the colon is 
detached and lowered before opening the Gerota’s 

fascia and access to the kidney. An alternative 
could be to pass through a trans-mesocolic win-
dow, but it may be challenging especially in older 
children due to abundant fatty tissue in the meso 
and a considerable risk of vascular injury. For this 
reason, most authors prefer to detach the colon. 
This step can be performed using hook cautery or 
a sealing device that allows a faster and safer sur-
gery without bleeding. After opening the Gerota’s 
fascia, the ureter of the affected moiety is identi-
fied and isolated, and it is dissected upward to the 
kidney. Thereafter, hilar vessels of the affected 
moiety are identified, isolated separately, and 
finally clipped and divided. Another option to 
manage the vessel is to seal them using sealing 
device. After vessels ligation, a demarcation line 
shows the dissection plane between the normal 
and the ischemic moiety that can be easily sec-
tioned using sealing device. Thereafter, the 
affected pole is separated from the posterior 
attachment, and the ureter is isolated downward, 
up to the bladder dome. If VUR is present into the 
affected kidney moiety, the ureter should be iso-
lated far down as possible to the bladder base and 
ligated, using preferably an endoloop. If VUR is 
not present, the ureter can be left open.

In the last 3 years, we adopted ICG-enhanced 
fluorescence in order to better identify the vessels 
of the nonfunctioning moiety and to guide the 
surgeon during the parenchymal resection.

ICG is injected intravenously, using a dosage of 
0.3 mg/mL/kg, just after the division of the Gerota’s 
fascia and ICG-guided NIRF allows to visualize the 
vascularization of the kidney within 2  min. ICG-
enhanced fluorescence is very useful to identify the 
main hilar vessels and the vessels supplying the 
upper/lower moiety (Figs.  23.3 and 23.4). After 

Fig. 23.3 View of the main renal vessels and two lower 
pole vessels at standard white light imaging in a lower 
pole partial nephrectomy
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division of supplying vessels, ICG- enhanced fluo-
rescence is useful to delineate the anatomical 
boundary or dissection plane between the two moi-
eties and finally check the perfusion of the normal 
moiety following the parenchymal resection of the 
nonfunctioning one (Figs. 23.5 and 23.6).

In laparoscopy, the resected moiety and the 
ureter are removed through the umbilical orifice. 
An indwelling abdominal drain can be left to 
check postoperative urinary leakage.

23.6  Postoperative Care

Patients start oral feeding few hours postopera-
tively. Analgesic therapy is rarely necessary; 
paracetamol (dosage 15 mg/kg at 8-h interval) is 
usually administered in the first 12–24 h postop-
eratively. A short-term antibiotic therapy is per-
formed for 48–72 h postoperatively. Patients are 
discharged from hospital on second or third post-
operative day (POD). Postoperative clinical con-
trols are scheduled on 7th and 30th POD and 
thereafter annually. A renal Doppler ultrasonog-
raphy is performed 1 month and 1 year postop-
eratively to check the vascularization of the 
remaining moiety (Fig.  23.7). Finally, a renal 
scintigraphy is performed 1 year postoperatively 
to assess the function of the remaining moiety.

23.7  Results

The median duration of surgery in our experience 
is 95 min (range 80–125). The conversion rate of 
laparoscopic partial nephrectomy, when per-
formed by experienced surgeons, is near 0% [9–

Fig. 23.5 After vessel ligation, the nonfunctioning upper 
pole moiety is resected using sealing device

Fig. 23.6 ICG-enhanced fluorescence allowed to iden-
tify the demarcation line between the normal lower pole 
and the ischemic upper pole

Fig. 23.7 At 1-month follow-up, a Doppler renal ultraso-
nography is performed to check the vascularization of the 
remaining renal moiety

Fig. 23.4 Using ICG-enhanced fluorescence, the renal 
vessels and renal parenchyma appear green colored. (LP) 
lower pole; (UP) upper pole; (MRV) main renal vessels; 
(LPV) lower pole vessels
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11]. It is important to underline that you should 
accomplish this procedure only after a robust 
experience with total nephrectomy.

The indications for surgery include recurrent 
urinary tract infections (UTIs), secondary to 
VUR and/or obstructive ureterocele, loss of kid-
ney moiety function, and ectopic ureter causing 
(pseudo) incontinence [12, 13].

A recent multicenter study by Esposito et al. 
[2] reported 10/52 (19.2%) complications (4 
urinomas, 2 recurrent UTIs in symptomatic ure-
teral stumps, 4 prolonged urinary leakages), 
classified as grade II according to Clavien–
Dindo grading system [14], but no conversions 
to open surgery or intraoperative complications 
were recorded. The patients with prolonged uri-
nary leakage were managed conservatively, 
leaving the bladder catheter and the drainage in 
situ until the complete resolution of the leakage 
(max 10 days) [2, 9]. In the same study, in one 
patient, who underwent upper partial-nephrec-
tomy, the urinary leakage was discovered intra-
operatively, and methylene blue dye was 
injected into the stent, previously introduced 
into the normal ureter via cystoscopy, in order to 
identify the leakage point and close it with inter-
rupted stitches [2].

In the study by Esposito et al. [2], the remain-
ing complications (four urinomas and two recur-
rent UTIs in symptomatic refluxing ureteral 
stumps) are resolved spontaneously or after anti-
biotic therapy, without the need of a new surgical 
procedure [2, 9]. Renal Doppler ultrasound was 
normal in all patients, either 1 month or 1 year 
after surgery. Postoperative DMSA scan demon-
strated no loss of function of the residual kidney 
moiety (mean 37.8%) compared with preopera-
tive value (mean 38.1%) in all operated children 
[2, 9].

Analyzing the literature reporting the outcome 
of LPN in children published over the last 
10  years [6–8], a 0% conversion rate was 
described in all papers. The median operative 
time varied between 90  min and 198  min. The 
complications rate varied between 7.4% and 
52.9% [14–16].

Tips and Tricks

• In case of partial nephrectomy, it is very 
useful to perform a cystoscopy before 
starting laparoscopy in order to place a 
stent in the normal ureter to avoid dam-
aging it during the procedure. Regarding 
the laparoscopic phase, the patient’s 
position in semilateral decubitus is a cru-
cial point for the success of the proce-
dure; in fact, using this patient’s 
positioning, the loops slide down and you 
have an excellent exposure of the renal 
lodge. It is fundamental to detach the 
colon when you have to perform a partial 
nephro-ureterectomy; in this way, you 
can easily expose the kidney and isolate 
the entire ureter up to the bladder dome. 
An additional fourth trocar may be useful 
especially on the right side to retract the 
liver but sometimes also on the left side; 
in such case, the need of a fourth trocar 
depends on the spleen’s size and on the 
surgeon’s preference. Probably at the 
beginning of experience, it is better to use 
always four trocars, independently from 
the affected side, in order to have an ade-
quate exposure of the operative field.

• A very useful expedient in our experi-
ence is to check the integrity of the paren-
chymal resection edge by injection of 
methylene blue dye into the ureteral cath-
eter positioned preoperatively into the 
ureter of the normal functioning moiety. 
In this way, we can see that the normal 
functioning of kidney moiety has not 
been opened during the resection of the 
nonfunctioning moiety. We also suggest 
to leave an indwelling abdominal drain 
for at least 24–48  h postoperatively to 
check an eventual urinary leakage.

• Finally, another important recommen-
dation is to always perform distal ureter-
ectomy to the level of the bladder hiatus 
and to ligate the ureteric stump in 
patients with refluxing ureter in order to 
avoid postoperative symptoms associ-
ated with recurrent UTIs.
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23.8  Discussion

Laparoscopic partial nephrectomy has gained 
widespread acceptance for benign kidney pathol-
ogies in pediatric patients over the last two 
decades [9, 10, 17].

Advanced laparoscopic procedures in pediat-
ric urology field are now facilitated by the use of 
the advanced technologies available on the mar-
ket as HD cameras, miniaturized instruments, 
and special sealing devices [11]. Furthermore, 
new imaging technologies such as ICG-enhanced 
fluorescence allow easier intraoperative visual-
ization of the kidney anatomy and its vasculature 
and subsequently safer dissection of the anatomic 
structures [7, 18]. Excluding oncological indica-
tions, the main indication for partial nephrectomy 
in children is to remove a nonfunctioning upper 

or lower pole secondary to complicated duplex 
anomalies of the kidney [7].

Laparoscopic partial nephrectomy is techni-
cally more demanding than laparoscopic nephrec-
tomy [12]. In particular, during the resection of 
the nonfunctioning moiety, there is the risk to 
damage the vascularization of the residual kidney 
and also the risk of urine leakage at the level of 
the parenchymal resection or at the level of the 
residual ureteral stump [7].

After the first description of laparoscopic par-
tial nephrectomy in children by Jordan and 
Winslow more than 25 years ago in 1993 [19], 
this procedure has gained wider acceptance com-
pared to the open approach, thanks to the reported 
advantages of decreased hospital stay, lower 
analgesic requirements, and better cosmesis [14].

This procedure can be carried out through 
either a retroperitoneal or transperitoneal 
approach [10].

Although there is no evidence in the interna-
tional literature about which technique between 
laparoscopy and retroperitoneoscopy is the best 
to adopt to perform LPN, analyzing the interna-
tional literature, it seems that retroperitoneos-
copy has a higher rate of conversion and a higher 
number of major complications compared to 
LPN [15].

The most frequent complications occurred in 
our experience in LPN were urinomas and pro-
longed leakages that are related to urine leakage 
at the level of the parenchymal resection or of the 
residual ureteral stump [2]. This leakage could be 
due to residual excretive structures of an incom-
pletely resected kidney moiety or to the opening 
of the normal functioning kidney moiety.

Based upon our experience, it seems that the 
prolonged leakage can be due also to an exces-
sive peritoneal secretion due to the fact that the 
colon is mobilized to better expose the kidney 
and ureter. We also recorded two cases of recur-
rent UTIs due to symptomatic residual ureteric 
stumps [2, 9].

The use of laparoscopy to perform partial 
nephrectomy has the main benefit of a good over-
all exposure of the anatomy of the kidney and its 
vasculature; in particular, it is extremely easy to 
identify the vascularization of the nonfunctioning 

• Another useful expedient is to use seal-
ing devices for tissue dissection that 
make the procedure bloodless, faster, 
and safer.

• Regarding the management of hilar ves-
sels also if sealing devices have the FDA 
approval to seal vessels of 5–7  mm in 
diameter, we believe that it is safer to 
ligate hilar vessels using endoscopic 
clips. It is also important to remember 
that if you use clips to close vessels, it is 
forbidden to use monopolar energy or 
sealing devices to seal the vessels 
between clips, in order to avoid the risk 
of clips dislodgement that may occur 
immediately or later in the postoperative 
period.

• At the end of the procedure, it is not 
necessary to re-attach the colon to the 
abdominal wall.

• ICG technology may be useful to iden-
tify kidney vascularization and to guide 
the surgeon during the parenchymal 
resection, allowing a clear identification 
of the demarcation line between the 
ischemic and the perfused moiety.
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kidney, thanks to the use of a 30° optic. 
Furthermore, during the dissection of the dilated 
ureter, it is very important to identify and save the 
gonadal vessels, that cross the ureter on the left 
side, in male patients.

In conclusion, we believe that laparoscopic 
partial nephrectomy is easier compared to the 
other approaches adopted to perform partial 
nephrectomy in MIS (retroperitoneoscopy, prone 
position), but it still remains a challenging proce-
dure performed only in pediatric centers with a 
strong experience in minimally invasive surgery. 
In our experience, the principal advantages of the 
laparoscopic approach include the complete and 
clear view of all urinary tract, the excellent expo-
sure of renal hilar vessels, and the possibility to 
remove the entire ureter up to the bladder dome.
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24Partial Nephrectomy Using 
Retroperitoneoscopy

Matthieu Peycelon, Valeska Bidault, 
Annabel Paye-Jaouen, and Alaa El-Ghoneimi

24.1  Introduction

Laparoscopic procedures in pediatric urology are 
gaining popularity with an increasing number of 
centers performing advanced surgery due to 
improvements in equipment and expertise. 
Currently, nephrectomy is an accepted laparoscopic 
procedure in children and is included in the routine 
practice of many centers [1] Partial nephrectomy is 
technically more demanding than total nephrec-
tomy and needs more laparoscopic experience 
showed by higher conversion rate and possible renal 
and extrarenal complications [2] Since the first 
description of partial nephrectomy in children by 
Jordan et al., the procedure has been reported either 
through transperitoneal or retroperitoneal 
approaches and more recently the surgery is also 
feasible by robotic assisted technique [3–8]. Partial 
nephrectomy is a well- established option for the 
treatment of nonfunctioning renal moieties in 
duplex kidneys. Most indications are represented by 
high-grade reflux in lower moieties and nonfunc-
tioning upper moieties caused by ureterocele or 
ectopic distal implantation of the ureter [4]. 
Retroperitoneal approach is preferable for partial 
nephrectomy as it resembles more closely the 
approach used in open surgery [9]. Due to the lim-
ited indications of partial nephrectomy in children, 
the number of patients in most reported series to 
date remains small [9]. The emergence of alterna-
tive procedures to partial nephrectomy had also 
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Learning Objectives
• To describe step by step how to perform 

a laparoscopic retroperitoneal partial 
nephrectomy.

• To present long-term outcomes of 
 laparoscopic retroperitoneal partial 
nephrectomy.

• To report the latest results of the major 
international articles about laparoscopic 
retroperitoneal partial nephrectomy.

• To show a video with a laparoscopic ret-
roperitoneal partial nephrectomy 
procedure.

• To describe tips and tricks of laparoscopic 
retroperitoneal partial nephrectomy.

• To discuss the management of 
complications.
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reduced significantly the number of these proce-
dures (ureterocele incision, low transureteroureter-
ostomy for duplex system).

24.2  Preoperative Preparation

A duplex renal system often has one moiety that is 
either poor or nonfunctioning. Excluding oncologi-
cal indications, partial nephrectomy is usually done 
in children to remove surgically a nonfunctioning 
upper or lower pole secondary to complicated 
duplex anomalies of the kidney. The usual pathol-
ogy of the upper pole is recurrent urinary tract infec-
tions (UTIs), persistent obstruction associated with 
an ureterocele after endoscopic incision or inconti-
nence secondary to an ectopic ureter [1, 8, 10–12]. 
The usual pathology in the lower pole is UTIs and 
vesicoureteric reflux (VUR) [13, 14].

Patient preparation is not different from the 
conventional pediatric urology preparation. Any 
specific diet measures are prescribed before sur-
gery. Usual recommendations for general anesthe-
sia preparations are followed. All patients are 
screened for blood type. Serum electrolytes, cre-
atinine, and coagulation studies are performed, 
and all patients should have preoperative sterile 
urine cultures. The child is on strict diet depending 
on his/her age, according to international pediatric 
anesthesia guidelines (usually between 4  h and 
8 h), and premedicated before going to the operat-
ing room. Some surgeons recommend fluid diet 
and enema on the night preceding surgery [10]. 
Cystoscopy, ureteral stent insertion, and indwell-
ing bladder catheter are recommended to facilitate 
the identification of one of the poles. A nasogastric 
tube may be placed after the endotracheal general 
anesthesia. Noninvasive hemodynamic and venti-
latory monitoring is needed during the laparo-
scopic polar nephrectomy in either trans- or 
retroperitoneal approach. Cephalosporin is admin-
istered intravenously at the induction time.

24.3  Positioning

The retroperitoneal access is done by a lateral 
approach. The patient is placed lateral, with a 
lumber padding to laterally flex the patient to 

expose the area of trocars placement, between the 
last rib and the ileac crest. Yeung et al. used dif-
ferent positioning according to the side of the 
kidney: semi-prone for the right side and semi- 
lateral for the left side [15].

24.4  Instrumentation

Regarding the laparoscopic retroperitoneal pro-
cedure, we adopt a10-mm 0° optic and two 5 mm 
working trocars. We use one atraumatic fenes-
trated grasping forceps, one 5-mm scissors, one 
5-mm bipolar, and sealing devices.

24.5  Technique

24.5.1  Retroperitoneal Access

24.5.1.1  Lateral Approach
The patient is placed lateral, with enough flexion 
of the operating table so as to expose the area of 
trocar placement, between the last rib and the 
iliac crest. In infants and young children (under 6 
years), our preference is to use lumber padding to 
laterally flex the patient without flexing the oper-
ating table. Retroperitoneal access is achieved 
through the first incision, 10–15  mm in length, 
and one finger width from the lower border of the 
tip of the 12th rib. The use of narrow retractors 
with long blades allows a deep dissection despite 
a short incision. Gerota’s fascia is approached by 
a muscle splitting blunt dissection, then it is 
opened under direct vision and the first blunt tro-
car (10 mm, 0° lens) is introduced directly inside 
the opened Gerota’s fascia. A working space is 
created by gas insufflation’s dissection, and the 
first trocar is fixed with a purse-string suture that 
is applied around the deep fascia to ensure an air-
tight seal and to allow traction on the main trocar 
if needed to increase the working space. This 
suture is preferably done before putting the trocar 
as the small incision is too tight around the trocar. 
We prefer this type of fixation to the disposable 
self-retaining trocar, as we find that this type of 
trocar is relatively large and interferes with the 
mobility of instruments. A second trocar (5 mm) 
is inserted posteriorly in the costovertebral angle, 
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in front of the lumbosacral muscle. A third trocar 
(5 mm) is inserted in the anterior axillary line, a 
finger width from the top of the iliac crest. To 
avoid transperitoneal insertion of this trocar, the 
working space is fully developed, and the deep 
surface of the anterior wall muscles is identified 
before trocar insertion. Insufflation pressure does 
not exceed 12 mm, and the CO2 flow rate is pro-
gressively increased from 1 L to 3 L/min. Access 
to the retroperitoneum and creation of the work-
ing space are the keys to success in retroperito-
neal renal surgery. Age and weight are not 
limiting factors for this approach [14]. Young 
children have less fat and the access is easier. The 
authors’ preference is for the lateral approach; it 
allows any type of renal surgery at any age with 
good exposure to the distal ureter.

24.5.1.2  Other Techniques to Access 
the Retroperitoneal Space

Since the description by Gaur, balloon dissection 
has been the method applied by most urologists 
[16]. Disadvantages of the balloon are the cost of 
the disposable material and the possible compli-
cations related to rupture of the balloon [17]. On 
the other hand, balloon dissection allows creating 
a working space without opening Gerota’s fascia, 
which is important for radical removal of malig-
nant tumors in adults. Capolicchio et  al. [26] 
described a modification of lateral access [18]. 
They recommend the insertion of the first trocar 
through the costovertebral angle. This modifica-
tion helped the authors to avoid an accidental 
peritoneal tear during access through the first lat-
eral incision and allowed a smaller incision for 
the laparoscope. One of the possible disadvan-
tages of the use of this device is that the place-
ment of the device can be badly inserted and the 
Gerota’s fascia would be approached more ante-
riorly. This common mistake may lead to the 
drop down of the kidney and makes more diffi-
cult the retroperitoneal approach with the need to 
retract the kidney upward. Micali et al. reported 
the use of the Visiport visual trocar to access 
directly to the retroperitoneal space, which was 
originally described by Cadeddu et al. [19, 20]. 
The advantage of this method is the possibility to 
use a small incision for the first trocar, which is 

helpful in reconstructive surgery but not in abla-
tive surgery as the first incision is needed for 
organ retrieval.

24.5.2  Retroperitoneal Laparoscopic 
Upper Pole Partial 
Nephroureterectomy

Cystoscopy at the beginning of the procedure is 
advised to confirm and define the underlying 
pathology, and in our last decade practice, we 
insert routinely a ureteral catheter to the remain-
ing moiety ureter. This step will allow to connect 
methylene blue to the ureteral catheter and to 
inject the dye just before the parenchyma transec-
tion. The advantage of this step is to easily find 
the healthy ureter to remain (especially if the 
pathologic ureter is not significantly dilated) and 
to confirm after the parenchymal transection that 
no leak from the remaining collecting system is 
identified.

As previously described, the kidney is 
approached posteriorly [1]. The upper pole ureter is 
identified at the lower pole of the kidney and dis-
sected very close to its wall not to injure the vascu-
larization of the lower pole ureter. We found it 
helpful to ligate the proximal ureter before cutting 
it, so the proximal ureter remains dilated facilitating 
the dissection of the upper pole. The upper pole ure-
ter is lifted off the vessels by blunt dissection supe-
riorly. The upper pole ureter is used as a handle to 
facilitate this part of dissection. The plan between 
the dilated upper pole pelvis and the lower pole 
parenchyma is easily identifiable by blunt dissec-
tion until the edges of the thin parenchyma of the 
upper moiety are recognized. At this step, the upper 
pole vessels are identified running from the aorta or 
the renal vessels to the upper pole parenchyma. 
They are either clipped or coagulated depending on 
their size. The upper pole is identified by color 
changes after vessel ligature and mostly by the dif-
ference in aspect between normal lower pole and 
dilated dysplastic upper pole. In cases of having dif-
ficulty to individualize upper pole vessels, the 
parenchymal transection is started before the vascu-
lar control of the upper pole. Sometimes, it is safer 
to go through the dilated cavity of the upper pole to 
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identify the limit of parenchymal transection. Many 
options are available to transect the parenchyma. 
Surgeons must choose the device that they are most 
familiar with. The device can be monopolar hook, 
bipolar energy, sealing devices, or harmonic scal-
pel. We have been using the harmonic scalpel with 
the curved jaws, as it provides a clean cut at the 
junction between upper and lower poles. To mini-
mize mobilization of the lower pole and conse-
quently the risk of indirect vascular trauma of the 
renal pedicle, the lower pole remains attached to the 
peritoneum during all the steps of the procedure. 
The upper pole is freed completely from peritoneal 
attachments before transecting the parenchyma to 
avoid any transperitoneal bowel injury. The distal 
part of the upper ureter is left opened and suction of 
its contents is done to decompress the ureterocele. If 
it is a refluxing ectopic ureter, the distal ureter is 
dissected as far as possible and is ligated by endo-
corporeal knots or endoloop. Drain is not routinely 
used except in specific cases of severe adhesions 
secondary to repeated infections or any doubt of 
opening the collecting system.

24.5.3  Retroperitoneal Laparoscopic 
Lower Pole Partial 
Nephrectomy

The access is the same as for the upper pole. The 
lower pole ureter is identified and followed till 
the lower pole pelvis to be sure of its identifica-
tion. Contrary to the upper pole nephrectomy, full 
dissection of the lower pole vessels is necessary 
before transecting the parenchyma. As the main 
pathology is a VUR with repeated UTIs, the 
lower pole is usually retracted and easily identi-
fied from the healthy upper pole parenchyma. 
The ureter is ligated near to the bladder to avoid 
postoperative reflux in a long ureteral stump.

24.5.4  Robot-Assisted Laparoscopic 
Partial Nephrectomy (RALPN)

Described by Lee et al. in 2009, RALPN could 
be performed using the Vinci Surgical System 
[5]. The affected side is elevated by a 30° wedge 
and the patient is secured carefully to the oper-

ating table. With the abdomen flat, transperito-
neal port access is gained either using a Veress 
needle or via the modified Hasson technique. A 
camera port (12 mm) is placed at the umbilicus. 
A second port is placed superior to the umbili-
cus in the midline approximately 10  cm from 
the umbilical port. A third working port (5 or 
8 mm) is positioned at the ipsilateral anterosu-
perior iliac spine laterally at a 45° offset and 
10 cm from the umbilical port. A fourth 5-mm 
port is placed if necessary, particularly in right 
cases to lift the liver edge and expose the upper 
pole of the kidney. The table is angled to raise 
the affected side to a 60° flank position. The 
robot is positioned on the ipsilateral side of the 
patient and angled over the shoulder. The three 
robotic arms are then engaged to the laparo-
scopic ports. A 30° lens is used in the down 
position. In patients undergoing lower pole 
nephrectomy, the inferior port may need to be 
placed more inferior and medial to avoid being 
too close to the working area and limiting mobil-
ity. In the sole patient undergoing concomitant 
antireflux surgery, the robot is repositioned to 
the foot of the patient and the camera port 
remains in the umbilicus [21, 22]. The ipsilat-
eral lower working port is used along with a 
contralateral mid clavicular port at the level of 
the umbilicus. This arrangement would be simi-
lar if removal of the distal ureter into the deep 
pelvis is desired. The kidney is exposed by 
reflecting the colon medially. The ureter from 
the nonfunctioning moiety is identified and 
mobilized as distally as the iliac vessels. The 
ureter is then divided if there is no vesicoure-
teral reflux and ligated if there is a refluxing 
moiety. The affected pole is manipulated using 
the divided ureter as a handle. The vessels to the 
moiety are identified and briefly compressed 
with a dissecting tool if there was any uncer-
tainty as to their association. Vessels are divided 
in the standard fashion using either suture or 
titanium clips. The renal pelvis of the nonfunc-
tioning pole is separated from the normal pole 
parenchyma using blunt dissection to identify 
better the demarcation between the functioning 
and nonfunctioning pole. The nonfunctioning 
pole is excised using electrocautery or harmonic 
scalpel along the line of vascular demarcation. 
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Perirenal fat is used as a bolster before closing 
the cut surface of the remaining pole with 4/0 
absorbable monofilament sutures. Some authors 
advise closing the cut surface of the remaining 
pole with 4/0 absorbable sutures [22]. After 
inspection for hemostasis, a retroperitoneal 
drain is placed if there is concern about remnant 
pole collecting system injury. The specimen is 
removed through the camera port. Local anes-
thetic could be injected into the trocar site 
wounds. The bladder catheter is usually removed 
on postoperative day 1 or 2.

The retroperitoneal approach is also feasible 
and have been reported by few centers who 
already use the retroperitoneal approach for 
robotic pyeloplasty [23, 24].

24.6  Postoperative Care

Bladder drainage is not mandatory. The postop-
erative care is mainly analgesics and standard 
recommended postoperative surveillance for 
hemodynamic and urine output. The current hos-
pital stay in the recent series is between 1 and 2 
days. With the progress of anesthesia and analge-
sic management, most of children recover with 
excellent pain control, and they return to activity 
early. Recently in some highly experienced cen-
ters, day-care partial nephrectomy has been 
applied without major complications [1, 8, 13, 
25–28]. Postoperative fever or uncontrolled pain 
should be the alarming signs for complications 
on the remaining moiety or ureter. Leak should 
be excluded and managed promptly.

To achieve the best outcomes on mid-term and 
long-term follow up, it is mandatory to exclude 
any damage of the remaining moiety. Monitoring 
renal function following heminephrectomy mer-
its special attention. We routinely performed a 
renal Doppler ultrasonography (US) at 1 and 6 
months postoperatively. The follow-up in our 
series was reported up to 12  years postopera-
tively. We find that dimercaptosuccinic acid 
(DMSA) scintigraphy is not mandatory if no 
abnormality is detected on US such as cortical 
thinning, large hydronephrosis, or poor Doppler 
flow. In our practice, we complete an abnormal 

US by a functional imaging. However, Wallis 
et al. insisted on the importance of DMSA renal 
scan and not only Doppler studies even if it shows 
a normal hilar blood flow [9].

A multicentre French retrospective cohort 
study of 9 years included 30 patients all undergo-
ing laparoscopic partial nephrectomy (LPN) 
evaluated by renal US and DMSA scintigraphy 
pre- and postoperatively [14]. Long-term follow-
 up with US and DMSA showed that none of this 
cohort had complete loss of lower pole renal 
function. Mean lower pole renal function directly 
related to LPN was not significantly different 
after versus before surgery for the entire cohort, 
for the <12-month group and for the >12-month 
group. Partial loss of function was identified in 
17% of the patients (mean function loss, 9.3 ± 6% 
at a median age of 13 months). They concluded 
that systematic postoperative DMSA was not 
mandatory if US remains normal.

24.7  Results and Discussion

Though laparoscopic retroperitoneal partial 
nephrectomy is a challenging procedure, early 
publications have shown that it can be performed 
in a comparable operative time to that of an open 
procedure [1]. The mean (range) operative time 
was 146 min (50–180) and 152 min (75–240) for 
the open surgery and the laparoscopic groups, 
respectively. The main advantage to the laparo-
scopic approach is that it shortens significantly 
the length of hospital stay. The mean (range) hos-
pital stay was 1.4 days (1–3) and 3.9 days (3–5) 
for the laparoscopic and open surgery groups, 
respectively (p  <  0.0001). Eight of 13 children 
were discharged the day after the laparoscopic 
procedure.

Robinson et  al. compared, in a prospective 
nonrandomized study, costs and outcome of LPN 
to open surgery in children [29]. Mean operative 
time in the laparoscopic and open groups was 
200.4 and 113.5  min, mean hospital stay was 
25.5  h and 32.6  h, respectively (p  <  0.0005). 
Patients in the laparoscopic group required lower 
doses of analgesics than those who had open 
 surgery. The main disadvantage reported in this 
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series was a longer operative time in case of 
LPN. The operative time in this series was rela-
tively longer than in other pediatric series, and 
probably it will be shortened with experience.

Valla et al. have reported 37% of intraopera-
tive complications, mainly residual perirenal col-
lections at the transection line [12]. The major 
complication is, however, the loss of function of 
the remaining moiety. We have lost one kidney 
early in our experience in a 7-year-old child after 
upper pole nephrectomy. We believe that the 
main surgical mistake was to free the remaining 
moiety from the peritoneum which increased the 
risk of twisting the main renal pedicle. Wallis 
et al. have reported functional loss of the remain-
ing moiety in two children who were 6- and 
7-month-old, respectively [9]. They insisted on 
the importance of following these children by 
DMSA renal scan and not only with a Doppler 
US, which may show normal hilar blood flow. 
They concluded that in children under 1  year, 
there was a higher risk for complications. Leclair 
et  al. have also reported higher conversion and 
complication rates in children under 1 year [4].

Castellan et  al. compared the transperitoneal 
with the retroperitoneal approach [30]. Four of 
the five complications (80%) were reported in 
patients younger than 1 year and the authors con-
cluded that the complication rate does not depend 
on the surgical approach but rather on the age of 
the patient. Conversion to open surgery was rela-
tively high in this series, which reported the early 
experience of advanced laparoscopic surgery 
(retroperitoneal or transperitoneal approaches), 
but recent published series are more encouraging 
on the feasibility and the safety of the procedure, 
as Dénes et al. have reported no conversion in a 
series of 18 LPN [31].

We have reviewed our experience with ret-
roperitoneal partial nephrectomy in a series of 
58 consecutive cases with special interest in 
our group of patients under 1  year [21, 32]. 
Among the tenlaparoscopic retroperitoneal 
upper partial nephrectomies performed in chil-
dren under 1 year, only one had a complication 

in our first year of experience which required 
conversion to identify the line of parenchymal 
section. Others had no complications nor 
required conversion, even for a 60-mm dilated 
upper pelvis in a 1-month old child. Mean 
(range) operative time was 150 min (75–180). 
One child had an asymptomatic urinoma at 
2 years of age. All children had a well-vascu-
larized remaining moiety after a mean follow-
up of 36 months (6–60) [21].

Ballouhey et  al. have compared retrospec-
tively perioperative outcomes between robotic 
and open partial nephrectomy in a multicenter 
study [33]. The study was focused on young chil-
dren weighting less than 15 kg. The robotic group 
has shorter hospital stay and less postoperative 
analgesics than the open surgery group. They 
found no difference in operative time. None of 
their cohort had a loss of function of remaining 
moiety [33].

To investigate the natural history of cystic 
lesions following LPN in children, Esposito et al. 
reviewed the US imaging reports performed dur-
ing the follow-up of 125 children (transperitoneal 
approach in 83 children and a retroperitoneal 
approach in 42 children) [34]. The mean follow-
 up was 4.2 years. At US, an avascular cyst related 
to the operative site was found after 61/125 pro-
cedures (48.8%). A total of 13 on 61 cysts 
(21.3%) disappeared after a mean of 4  years, 
26/61 (42.6%) did not significantly change in 
dimension, 17/61 (27.8%) decreased in size, and 
only 5 of the 61 cysts (8.3%) enlarged. The cysts 
were asymptomatic in 51 children (83.6%), while 
they were associated with UTIs and abdominal 
pain in the remaining 10; none required a reinter-
vention. They concluded that US finding of a 
simple cyst at the operative site after LPN can be 
common during the follow-up, with an incidence 
of nearly 50%. No correlation between cyst for-
mation and type of surgical technique was found. 
As there was no association between cysts and 
clinical outcomes, renal cysts after LPN can be 
managed conservatively, with periodic US 
evaluations.
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are now safely feasible with comparable 
results and recommend that the surgical 
teams concentrate on and improve the 
technique of their choice, instead of try-
ing to compare approaches. It is clear 

Tips and Tricks
The major complication, even rare, is the 
loss of function of the remaining moiety. 
We learned from our early complications 
that some aspects are necessary to make the 
retroperitoneal approach easier and safer:

• Excellent comprehension and anatomi-
cal definition of the duplex anomaly 
before surgery.

• The technique should be standardized to 
reduce complications.

• The remaining moiety should be kept 
attached to peritoneum, if the retroperi-
toneal approach is chosen.

• The pathological ureter should be kept 
dilated by ligature at the beginning of 
surgery.

• Retrograde insertion of ureteral catheter 
to allow methylene blue injection is rec-
ommended when possible and neces-
sary in cases of lower pole nephrectomy 
or atypical upper pole nephrectomy.

from the published reports that the main 
objective is to avoid the high complica-
tion rate in the beginning of the experi-
ence. Mentored learning of the procedure 
is recommended before starting to pro-
ceed on one’s own [35].
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25Retroperitoneoscopic Prone 
Partial Nephrectomies

Marc-David Leclair

25.1  Introduction 
to Retroperitoneoscopic 
Partial Nephrectomies

The first cases of laparoscopic total and partial 
nephrectomies have been reported in the early 
1990s in adult and children. Most total and par-
tial nephrectomies in children are performed for 
non-functioning symptomatic kidneys or moi-
eties, secondary to renal dysplasia, obstructive 
uropathy, or vesico-ureteric reflux. Symptoms 
warranting the indication include infections, 
hypertension, stones, and loin pain.

Whether the kidney should be approached by 
transperitoneal or retroperitoneal laparoscopy 
has been an endless debate among pediatric urol-
ogists, although both approaches have specific 
advantages and drawbacks.

It is generally accepted that total nephrectomy 
is the procedure of choice to acquire and develop 
experience with retroperitoneoscopy, although 
indications remain rare. Laparoscopic partial 
nephrectomy is technically more demanding than 
total nephrectomy. Main indications are repre-
sented by nonfunctioning upper moieties second-
ary to obstructive uropathy (ureterocele, ectopic 
ureter), or lower moieties destructed by reflux or 
PUJ obstruction.

Upper-pole nephrectomy usually represents 
the majority of indications. The main technical 
difficulty for retroperitoneoscopy may be the 
limited working space in small infants with mas-
sively dilated upper tract [1, 2]. Lower-pole 
nephrectomies are usually performed in older 
children and involve less dilated upper tract. The 
procedure, however, may remain difficult due to 
the size of the moiety to resect and deep involve-
ment of the lower calyces in the upper moiety. 
The main difficulty of both procedures relies on a 
clear and undoubtable identification of the vascu-
lar anatomy and requires meticulous dissection 
before any definitive vessels ligation be 
performed.
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Fig. 25.1 Prone installation for a left retroperitoneo-
scopic approach. Note that the infant is placed along the 
edge of the operating table to facilitate the movements of 
the most lateral and dependent trocar. Note also the 
slightly curved installation of the patient, to enlarge the 
space between the 12th rib and the iliac crest

25.2  Patient Positioning

The lateral position has been the historical route 
for retroperitoneal access; however, the prone 
position for posterior retroperitoneoscopic 
approach [3] has raised recent interest among 
pediatric urologists. The patient is placed in a 
fully prone position, with rolls placed under the 
chest and the pelvis to allow the abdominal con-
tents to fall away in a dependent position [4]. The 
indicated side of the child is brought close to the 
edge of the table to allow maximum freedom of 
mobility for the most dependent operating port. 
The patient should also be positioned such as to 
enlarge the space between the iliac crest and the 
12th rib (Fig. 25.1).

25.3  Instrumentation

Limited working space of the retroperitoneum 
translates externally in a very limited skin area to 
insert trocars. It is mandatory to use at least 5 mm 
instrumentation, or smaller when available. We 
use very few different instruments, mainly atrau-
matic grasper (Babcock-type or windowed 
grasper), a fine curved bipolar used both as a fine 
tip dissector and for elective coagulation of small 
vessels, and scissors. Any sealing device in 5 mm 
or 3 mm diameter is useful, especially for the step 
of parenchyma division. Specimen is extracted 
directly through the posterior/medial wound, 
usually the largest, without the need for a speci-
men bag (which is anyway difficult to deploy in 
the retroperitoneal space).

25.4  Trocars Placement 
and Working Space Creation 
(Video 25.1)

A transverse skin incision is made along the lat-
eral edge of the sacro-lumbar muscle, and a 
home-made balloon is introduced percutaneously 
in the retroperitoneum after the fascias have been 
punctured. The retroperioneal working space is 
then fully developed by insufflation of the bal-
loon, posterior and lateral to the kidney, outside 
of the Gerota’s fascia. In a striking contrast with 
the technique used by most experts in lateral 
position retroperitoneoscopy (which implies 
opening and insufflating within the Gerota’s fas-
cia at the very beginning of the procedure), it is 
important to stress the fact that in prone position, 
most of the working space is developed outside 
of the Gerota fascia, before it is ultimately 
incised. A 5-mm trocar is placed through the inci-
sion, and the retroperitoneum is insufflated. 
Additional ports (Fig. 25.2) will be inserted under 
direct vision, at the tip of the 12th rib for the lapa-
roscope, and a lateral operating port as lateral and 
anterior as possible, taking great care not to insert 
it through the peritoneum.
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Fig. 25.2 Prone left retroperitoneoscopy. Ports are 
inserted along the sacrospinalis musculature at mid-dis-
tance between the iliac crest and the last rib, at the tip of 
the last rib, and laterally as low and lateral as possible

25.5  Technique

It can be of great help to perform a cystoscopy at 
the beginning of the procedure, especially if both 
ureters are small or have no major diameter dis-
crepancy. A ureteral stent can be inserted espe-
cially in the moiety that is planned to be left 
intact. It allows easier identification of both ure-
ters during the dissection. During parenchymal 
division, methylene blue injection in the “remain-
ing moiety” may help to detect any calyceal 
beach. Some experienced teams advocate early 
ligation of the pathological ureter at the begin-
ning of the procedure that will remain dilated and 
facilitate further dissection of the moiety [5].

After insufflation of the retroperitoneal space 
at 8  mmHg to 10  mmHg pressure, 3  mm to 
5 mm-0° laparoscope is inserted in the first inci-
sion trocar (most medial) to allow direct vision 
for the introduction of the two other 3  mm or 
5  mm ports. The laparoscope will then switch 
position to be used through the middle-trocar at 
the tip of the 12th rib.

The Gerota fascia is incised horizontally, and 
the posterior aspect of the kidney and the renal 
hilum is exposed.

25.5.1  Upper-Pole Nephrectomy 
(Video 25.2)

The dissection starts at the upper pole of the kid-
ney and usually easily identifies the upper ureter 
emerging from the renal sinus. It is generally 
unnecessary to dissect at the lower pole of the kid-
ney and look for renal main pelvis and lower ure-
ter; upper-moiety vascular branches will be 
electively identified and divided along the upper 
pole. A posterior upper-pole artery is usually very 
easy to identify and divide. In case of any doubt on 
the vascular territory of any vessels, a clamp and 
release test can be performed by gentle occlusion 
of the arterial branch with an atraumatic grasper. 
The next step is to perform division of the upper-
pole ureter; the ligation should be performed 
2–3 cm from the renal sinus, allowing to use the 
proximal stump as a handle and expose the ante-
rior aspect of the renal sinus. Following the con-
tact of the anterior surface of the proximal ureter, 
the dissection should identify the main upper-pole 
vessels, with an anterior artery emerging from the 
main renal artery. After clear identification of the 
vascular anatomy is ascertained, vessels can be 
safely divided, using clips (Hemolock® 5  mm 
clips for example) or sealing devices.

After vessels control, the step of parenchymal 
section is now greatly facilitated by the use of 
modern sealing devices (Harmonic® scalpel, 
Ligasure®). It is important that the remaining 
moiety is kept attached to the peritoneum and 
mobilized as little as possible all along the 
 procedure, to avoid vascular injury caused by 
intraoperative traction and accidental postopera-
tive torsion. Any doubt on accidental calyceal 
breach of the remaining moiety should drive 
thorough evaluation, intracorporeal suturing 
repair, or open conversion if necessary.

After parenchymal division, a supplementary 
ureterectomy can be performed, starting from the 
distal stump of the previously divided ureter. It 
usually needs to be uncrossed from the main 
renal pedicle and carefully dissected away, as 

25 Retroperitoneoscopic Prone Partial Nephrectomies



184

 distal as possible, from the intact ureter paying 
great attention not to jeopardize the common 
vascularization.

25.5.2  Lower-Pole Nephrectomy 
(Video 25.3)

Technical steps are similar, but some important 
differences must be stressed. The dissection starts 
below the lower pole of the kidney, and in the 
absence of major dilatation difference between 
both moieties, it can sometimes be difficult to 
ascertain which ureter is which. The dissection 
then proceeds directly along the main renal pedi-
cle, to determine where vessel division will pre-
serve upper-moiety vascularization. The artery is 
dissected and ligated first, which is a significant 
advantage of the prone posterior approach. It 
usually helps to underline clear demarcation on 
the parenchyma surface to assist later parenchy-
mal division. Surgical steps then follow open- 
surgery guidelines, and after division of the most 
posterior vascular branches of the lower pole, it is 
often helpful to divide the pelvi-ureteric junction 
and proceed to further dissection along the ante-
rior aspect of the pelvis, to electively identify 
small lower-pole anterior vessels.

Parenchyma division may be a challenging 
step; In contrast to the upper-pole nephrectomy, 
it may sometimes be safer to proceed to paren-
chyma division directly through the median caly-
ceal cavities, leaving a small rim of ischemic 
lower-moiety parenchyma.

25.6  Postoperative Course

The minimally invasive retroperitoneal access 
allows very short hospital stay. We observed steady 
decrease of length of hospitalization in our experi-
ence, and hospital stay is now routinely limited to 
one postoperative night and discharge the next 
morning. The antalgic requirements are usually 
very limited, and return to normal feeding is allowed 
in the next hours after the end of the procedure.

The partial nephrectomy in prone position is 
even feasible as day-case surgery, as in our expe-
rience (Fig. 25.3).

Working space suction drain placement or 
bladder drainage are unnecessary in typical cases 
of partial nephrectomy.

Of note, postoperative fever (38° or above) is 
frequently observed at day 2 or 3 postoperatively, 
and very likely related to parenchymal ischemia 
if a small rim of renal tissue has been left in place 
to allow safe bloodless parenchymal division. 
Obviously, prolonged postoperative fever should 
drive adequate blood and urine sampling to rule 
out any postoperative complications.

25.7  Discussion

The retroperitoneal area is a virtual space, thus 
the creation of an adequate working volume is an 
essential phase of every retroperitoneoscopic 
procedures. This first step, potentially problem-
atic for beginners in terms of orientation and 
adequation of the space created to the size of the 
child, may have slowed down the diffusion of the 
technique as it requires significant learning curve 
to be mastered.

The creation of the working space can be 
achieved either under direct control vision with 
repeated movements of the laparoscope or 
blindly with the insufflation of a balloon of 
appropriate size percutaneously inserted (a 
home-made balloon can easily be manufactured 
using one finger of a surgical glove secured at 
the tip of a large catheter). When using a balloon, 
the ideal site for percutaneous insertion may not 
be at the tip of the 12th rib, but more along the 
lateral edge of the sacrolumbar muscles, due to 
the high risk of transperitoneal insertion and 
subsequent pneumoperitoneum (Fig. 25.4). This 
site will eventually be the location of the most 
medial operative port.

A thoughtful positioning of the child is also of 
outstanding importance, considering the limited 
space between the iliac crest and the 12th rib in 
young children. Every effort should be made to 
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Fig. 25.3 Example of learning curve for partial nephrec-
tomies (single institution experience, 1993–2016, unpub-
lished data). Vertical axis: duration of procedure in 
minutes. Horizontal axis: ranking order of cases. Total 
number of procedures: 110 (one surgeon: 65; one sur-

geon: 35; 4 surgeons: 1–5 procedures) Squares: lateral 
position retroperitoneoscopy; Circles: prone position. 
Red: conversion to open surgery; Green: day-case 
procedure

a b

Fig. 25.4 Schematic view of abdominal CT scan, show-
ing point of entry of the first trocar. (a) Arrow shows the 
path of a balloon inserted along the lateral edge of the 

sacrospinalis muscle. (b) Arrow shows the path of the 
approach at the tip of the 12th rib. Note the presence of the 
peritoneal lateral cul-de-sac

enlarge this space, by using flexible operative 
table or bolsters while installing the patient.

In retroperitoneoscopy, the orientation of the 
surgeon in such an unusual space may be confus-
ing, and actually relies on one major landmark: 
the psoas muscle, which should be constantly 
kept in a fixed position, usually at the bottom of 

the field of view in lateral position or at the ceil-
ing in prone.

An important point is the necessity of mobiliz-
ing the kidney itself as less as possible until com-
plete control of the vascular structures. Indeed, 
the natural peritoneal attachments of the kidney 
will help the exposure, avoiding the need for 
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additional ports, sometimes difficult to introduce 
considering the limited space.

25.8  Prone Vs Lateral Approach

The kidney can be approached retroperitoneo-
scopically with both approaches, with comparable 
difficulties and similar learning curves. The lateral 
approach has been the historical and logical route 
for retroperitoneoscopy, in analogy with the con-
ventional access for open renal surgery. However, 
the prone posterior approach offers undeniable 
advantages, like a direct and early access to the 
renal pedicle. In lateral position, it is often neces-
sary to retract and hold the kidney at the “ceiling” 
of the working space to maintain access to the 
renal vessels, whereas the prone position allows 
direct access to the vessels, without the need for an 
instrument to maintain this space opened. The 
benefit of gravity permitted by prone installation 
also provides a larger working space, without the 
need for excessive CO2 insufflation. The posterior 
route is a very versatile approach, especially in 
small infants in whom the limited working space 
may be critical. In our opinion, this approach is 
superior to the conventional lateral route when 
meticulous and prolonged dissection of the renal 
hilum is necessary (partial nephrectomies), and for 
bilateral cases as it avoids the need for changing 
the installation. Another advantage of the prone 
position is that any accidental peritoneal opening 
will have very limited impact on the working 
space and will be barely recognized intraopera-
tively. The main drawbacks are the time needed for 
urgent open conversion, if major vascular injury 
occurs, and a somewhat limited access to the deep 
pelvis in older children after 5–7 years of age [3]. 
When complete resection of the lower ureter is 
mandatory in old patients, the lateral approach 
may allow to extend the ureterectomy lower in the 
deep pelvis, beyond the division of the iliac 
vessels.

25.9  Retroperitoneoscopy:  
Pros and Cons

The choice for transperitoneal or retroperitonal 
laparoscopy for renal access is an on-going 
debate among pediatric urologists [6–9].

One of the major arguments for the retroperi-
toneal access is that it reproduces exactly what 
had been previously performed and advocated for 
decades for renal surgery. The risk of bowel 
adhesions is not theoretical and may have been 
underestimated, especially in the procedures that 
will involve some urine leakage. One has to keep 
in mind this hazard when planning a laparoscopic 
procedure, considering the long life span of the 
pediatric patients.

In children with ESRF already under perito-
neal dialysis, the retroperitoneoscopic approach 
is certainly superior to transperitoneal laparos-
copy, as it has been clearly shown that it allows 
faster return to dialysis. Bilateral procedures, 
although uncommon, will be best approached 
through prone posterior access without the need 
for changing the installation.

The small working volume and the difficulties 
of orientation of the surgeon’s mind in this 
unusual volume represent significant limitations 
that have hindered the widespread adoption of 
the technique. Mentored learning is especially 
recommended, and standardization of the proce-
dures helps to reduce complications. It is obvious 
in the pediatric literature that, with the develop-
ment of minimally invasive techniques, a shift 
can be observed from retroperitoneal open sur-
gery toward transperitoneal laparoscopic proce-
dures, especially for the most technically 
challenging indications (heminephrectomies, 
pyeloplasties, adrenalectomies). However, this 
trend may be viewed as a devious effect, as expe-
rienced groups have extensively shown the feasi-
bility of all these procedures through 
retroperitoneoscopy, after adequate teaching and 
safe learning curve.
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Take-Home Messages
• Retroperitoneoscopic partial nephrec-

tomy is a challenging procedure, in rela-
tively rare indications.

• Creation of the working space is the 
most important step.

• It is mandatory to clearly expose vascu-
lar anatomy before any vessels ligation.

• Leaving all peritoneal attachments of 
the kidney intact allows easier exposi-
tion of the renal hilum and vessels.
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26Management of Kidney Stones 
Using RIRS

Lorenzo Masieri, Alfonso Crisci, 
Alberto Mantovani, Chiara Cini, 
and Simone Sforza

26.1  Introduction

RIRS stands for retrograde intrarenal surgery, a 
minimally invasive surgical strategy that respects 
the natural anatomy of the urinary tract. It is the 
endoscopic evaluation of the upper urinary tract 
in a retrograde fashion with rigid or flexible 
instruments and represents a milestone of the 
modern treatment of urinary stones.

Indeed, stone disease is an important increas-
ing clinical problem in pediatric urology practice. 
As per the European Urology Association (EAU) 
guidelines, RIRS represents one of the primary 
treatment choices for renal stones up to 2 cm [1, 
2] EAU–European Society of Pediatric Urology 
(ESPU) guidelines suggest RIRS as a valid alter-
native option for stones up to 2 cm.

Moreover, as recently reported, there is an 
increasing demand of RIRS for pediatric stones 
with a growing number of surgeons using this 
technique [3, 4]. Different articles reported shorter 
hospital stay, lower radiation exposure, and lower 
complication rate related to RIRS when compared 
to PCNL, especially for stones between 10 and 
20  mm. Furthermore, evidences suggest that, 
although urinary lithiasis is less prevalent in chil-
dren than in adults, it is associated with significant 
morbidity and incidence is increasing [5]. Indeed, 
refinements in endoscopic instrumentations, the 
widespread popularization of endourology, and 
the recognition of minimal invasiveness of endo-
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scopic approach, with powerful lasers and new 
instruments, have led to evolving interest in adopt-
ing the technique not only in adults but also in the 
pediatric patients [6].

In this light, our chapter is focused on the pre-
operative and perioperative details, on practical 
tips and tricks, on the outcomes and on a brief 
reporting of the literature of RIRS in children.

26.2  Preoperative Preparation

To approach pediatric RIRS, you need to gain 
endourological experience on adults or in one of 
the few large caseload pediatric centers in endou-
rology to not only improvise but also be familiar 
with different endoscopic instruments and 
disposables.

Pre-operative diagnostic assessment usually 
requires abdominal ultrasonography and plain 
filming of the abdomen (KUB). This will give us 
information on the number of the stones, their 
location in the kidney, their size and their radi-
opacity. To plan how to better tackle the stone, 
you will need to add an intraoperative retrograde 
pyelogram that will paint our path to the stone, 
highlighting the upper urinary tract details and 
congenital malformations or narrowings. This, 
together with the direct visualization of the uri-
nary tract, can provide the surgeon with sufficient 
anatomical data.

Optional low-dose protocol non-contrast com-
puted tomography (NCCT) scan (standard in 
adults) could give us critical preoperative infor-
mation on the stone hardness measured in 
Hounsfield units (HU) and on the pelvicalyceal 
anatomy, especially in a dilated system.

Clarify parents the concept of single proce-
dure/single RIRS: every “single” RIRS could be 
a staged procedure (presenting–surgery–stent 
removal) requiring up to three general 
anesthesia.

Inform parents of the real chance/risk of 
staged procedures/repeated RIRS to obtain stone- 
free status (SFS). Primary SFR is 80% for less 
than 1.5 cm stones. Parents should be aware of 
nature, risks, and possible therapeutical alterna-
tives of the RIRS.

You must have perfect knowledge of your 
instruments and be aware of the compatibility of 
your flex scopes with your UAS (ureteral access 
sheath).

Always culture urine preoperatively and 
administer proper antibiotic treatment until the 
urine becomes sterile. In non-toilet-trained 
patients, use urine collection pads.

Administer prophylactic perioperative wide- 
spectrum antibiotics to patients before surgery 
and continue for 48 postoperative hours. In non- 
toilet- trained children, continuous antibiotic pro-
phylaxis should be given until stent removal.

We believe that passive dilation of the ureter 
with a double-J stent kept in place 1–2  weeks 
before RIRS is the way to dramatically decrease 
the risk of potential complications of active dila-
tion of the ureter in younger children, whether or 
not you will use an UAS. Primary URS/RIRS can 
be performed safely in older children. Pre- 
stenting protects against possible severe UAS- 
induced ureteral injury. Keep in mind that most 
children with an obstructive/symptomatic stone 
require a double-J stent, so these patients arrive 
already pre-stented at RIRS.

26.3  Positioning

The procedure is performed under general anes-
thesia in dorsal lithotomy position, or frog leg 
position, (Fig. 26.1) with X-ray image intensifier 
screening. Positioning an infant on the surgical 
table in the lithotomy position is always a moment 
of concern for anesthetist and surgeon. While the 
standard stirrups can be used to hold the legs for 
lithotomy position in adolescents, they are impos-
sible to use in neonates and infants because of the 
greater discrepancy in size, with the legs often 
left dangling and insufficiently secure. 
Furthermore, stirrups are cumbersome for C arm 
positioning. Taking advantage of the anatomy of 
the hip joint of the infants that allow the flexed 
hip to be abducted to 90° the perineum is brought 
to the edge of the operation table, both hip joints 
are symmetrically flexed, abducted, and exter-
nally rotated, and also a towel roll of appropriate 
size is placed on either side below the flexed 
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Fig. 26.1 Frog leg position

Fig. 26.2 Dorsal lithotomy position

knees (Fig. 26.2). As the towel rolls are soft, neu-
rological complications from compression are 
unlikely. Radiolucent cloth rolls also permit on- 
table radiography.

26.4  Instrumentation

One unique aspect of URS in children is the 
smaller ureteral diameter compared to adults, 
which more often results in failure to access the 

ureter. The goal is to remove all the stones in 
order to reduce the high incidence of recurrence, 
keeping safety at first place and respecting the 
anatomy. We need to use smaller instruments. 
RIRS could not exist as we know it today without 
the development of miniaturized, actively deflect-
able (dual 270° deflection) flexible ureteroreno-
scope with excellent optical properties. These 
instruments are expensive and delicate; they need 
a structured maintenance plan to be cost- 
effectively used. In fiberoptic scopes, light and 
image are transmitted in analog format through 
optic fibers, whereas illumination in digital 
scopes is made by optic fibers or by a diode, and 
image capture is charged by a digital sensor 
located at the distal end of the endoscope.

The 7.5-Fr fiberoptic flexible ureteroreno-
scope Flex X2S (Karl Storz, Germany) is the thin-
nest on the market. Olympus fiberoptic URF-P7 
has a diameter of 7.95 Fr, with a 4.5 Fr evolution 
tip.

Reusable Digital flexible scopes in adults 
showed improved visual quality compared to 
fiberoptic counterparts and consequently 
achieved 20% shorter operative laser time. The 
thinnest currently in market are 8.5 Fr wide 
(Storz Flex XC and Olympus URF-V3). They 
better fit into 11/13 or 12/14 Fr UAS. They are 
more expensive and larger in diameter, but they 
are lighter, and they are becoming the standard of 
care for RIRS in the adult. They should be part of 
the armamentarium of the pediatric endourolo-
gist being aware that they could be used only in 
the compliant ureter of an older child. Both fiber-
optic and digital instruments have a 3.6 Fr work-
ing channel, 67–69 cm shaft length and 6–8 cm 
flexible tip length.

Recently, disposable single-use digital flexible 
ureteroscopes have been released in the market to 
eliminate the inconsistent performance and main-
tenance hassles associated with reusable scopes. 
They provide no sterilization and maintenance 
costs and eliminate the risk of cross infection. 
Being very light, their ergonomics design brings 
good manipulation experience to doctors. Their 
goal is also to give high cost performance bene-
fits to both patients and hospitals. The LithoView 
from Boston Scientific is currently the most used 
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with a 7.7 Fr tip diameter and 9.5 Fr outer 
 diameter. Pusen Uscope UE3022 has 9.5 Fr outer 
diameter. OTU WeScope has a 7.4 Fr tip and a 8.6 
Fr outer diameter.

RIRS era started with development of the 
Holmium-Yag pulsated Laser. There are various 
generations of laser machines ranging from low 
power (≤20  W) to high power (120  W). High 
power machines allow for much more setting (PE 
pulse energy, Fr pulse frequency, PD pulse dura-
tion) adjustment, thus allowing the stone to be 
disintegrated into fragments Fragmentation: high 
PE, low Fr, short PD) or converted into dust/
powder (Dusting: low PE, high Fr, long PD) 
(Popcorning: higher Fr, small calix, fiber in con-
tact with the stone) (Fig. 26.3).

The fragments can be removed by nitinol tip-
less baskets <=1.9 Fr/120  cm advanced in the 
working channel of the scope, and dust/powder 
exits with the irrigation fluid without the need for 
retrieval devices. Baskets and laser fibers inserted 
in the working channel decrease significantly the 
irrigation flow.

Thulium fiber laser technology has evolved 
and is gaining attention now that it is capable of 
pulsed emission. In comparison to Ho-YAG 
lithotripsy, it is two to four times faster for dust-
ing, generates finer particulate and produces 
minimal or no retropulsion without any signifi-
cant heat production. Thullium fiber laser has 
recently been launched in the market for endou-
rological use.

The Tuohy Borst adapter/port seal connector 
is a small but pivotal accessory for RIRS.  It 
allows controlled access to the working channel 
of the flexible ureteroscope, preventing the back-
flow of fluid around the laser fiber/basket intro-
duced through the working channel, improving 
irrigation and visibility, and blocking the laser 
fiber at the right distance from the tip of the 
scope.

A good irrigation is important in endourology. 
Warm normal saline is used. Gravity irrigation at 
80 cm height is preferred to limit pressure build 
up in the collecting system but combined with a 
hand- assisted irrigation system providing on- 
demand forced irrigation to provide proper visi-
bility. Modulation of irrigation is essential. 
Manual pumps are the best system. These hand- 
held devices should be used carefully because it 
can generate dangerous high pressure picks espe-
cially when the working channel is empty.

UAS are used to establish a conduit during 
endoscopic urological procedures in the upper 
urinary tract. They are essential as RIRS facilita-
tors. Most UAS have a hydrophilic coating, 
radio-opaque markings, and a tapered tip with a 
smooth transition between dilator and outer 
sheath. UAS improve visualization, reduce intra- 
renal pressure, decrease surgery time and compli-
cations, increase SFR, and preserve endoscope 
life allowing multiple passes of instruments. 
UAS are manufactured at lengths from 13 to 
55 cm and inner diameters from 9.5 Fr to 16 Fr. 

Dusting Fragmenting Popcorning

Fig. 26.3 Different setting of holmium laser lithotripsy (Desai and Ganpule; BJUI Surgical Atlas, 2011)
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The 13 cm long/9.5–11.5-Fr Flexor UAS (Cook 
Medical, USA) is the shortest and the thinnest in 
the market, but it can barely accommodate the 
thinnest flexible scope. Always ensure to have a 
good backflow of irrigation out of the UAS and 
also consider the 10/12 Fr or 11/13 Fr UAS 
(Cook, Boston Scientific, Olympus, Rocamed, 
Applied Medical, Richard Wolf, etc.). Neither the 
most used disposable (LithoView-Uscope) nor 
the reusable digital flexible scopes fits in the 9.5–
11 Fr UAS. You must have perfect knowledge of 
your instruments and be aware of the compatibil-
ity of your flex scopes with your UASs.

Semirigid ureteroscopes for diagnostic or 
therapeutic purpose are an essential part of 
RIRS. A 4.5 to 6.5 Fr, 31 or 43 cm long, 3.3 Fr 
wc, semi-rigid ureteroscope (Needle 
Ureteroscope, Richard Wolf, USA) or a 7.3 Fr, 
25 cm long, 3.6 Fr wc, semirigid pediatric ure-
terorenoscope (Karl Storz, Germany) or a 6.5 to 7 
to 9.9 Fr, 34 or 43 cm long, 4.8 Fr wc, semirigid 
adult ureterorenoscope (Karl Storz, Germany), or 
a 6.4 to 7.8 Fr, 33 or 43 cm, 4.2 Fr wc, semirigid 
adult ureteroscope (Olympus, Japan) are the 
smallest instruments available.

Every surgeon uses his favorite guidewire for 
RIRS, but the leading principle is that we want a 
stiff radiopaque wire with a flexible tip to advance 

the flexible scope and/or the UAS.  Metallic- 
Polytetrafluoroethylene (PTFE) wires are more 
stable but kinkable, however, nitinol hydrophilic 
wires have a tendency to slip out but are not kink-
able and are more likely to slide past an 
 obstruction. Hybrid guidewires are a good option. 
We prefer nitinol stiff hydrophilic guidewires 
(150  cm length/0.035 in.) with flexible straight 
tip either as working or as safety wire.

26.5  Technique

RIRS endourological technique must be stan-
dardized and reproducible. You need to have and 
to be familiar with different endoscopic instru-
ments and disposables. You need to gain endou-
rological experience on adults or in one of the 
existing large case-load pediatric centers in 
endourology. Pediatric RIRS is technically iden-
tical to adult RIRS.  It can be performed with 
semirigid or flexible ureteroscope. One unique 
aspect of RIRS in children is the smaller ureteral 
diameter compared to adults, which more often 
results in failure to access the ureter. Operating 
on a 2 yo child is different than treating a 12 yo, 
and we need to adjust to the anatomical features 
encountered and not the contrary (Fig. 26.4).

Mean ureteral diameter (mm)

Age CUSSEN 1967 HELLSTROM 1985

0–3 m 3.5 3.0

3–12 m 3.6 3.1

1–3 y 3.5 3.6

3–6 y 4.1 4.3

6–9 y 4.6 4.6

9–12 y 4.9 4.8

Fig. 26.4 Mean ureteral 
diameter according to 
the age of the children
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26.5.1  Our Procedure Step by Step

• The procedure is performed under general 
anesthesia in lithotomy position, or frog leg 
position, with X-ray image intensifier screen-
ing usually located on the left of the patient 
and with the endoscopic tower usually placed 
on the right.

• Surgeon and first assistant/scrub nurse is the 
best team composition.

• Cystoscopy with a 11 Fr instrument before 
puberty.

• Double-J stent removal if in place (we believe 
in passive dilation of the ureter in younger 
children especially under 3–4 yo).

• Insert nitinol stiff hydrophilic guidewire 
(0.035 in. 150 cm length) with a straight flex-
ible tip into the renal pelvis under fluoroscopy 
guidance. Always keep an eye on the tip of the 
guidewire since rarely it can perforate the kid-
ney and give hemorrhagic complications.

• Retrograde pyelogram with contrast medium 
with a 5–6 Fr ureteral catheter (serves as a 
road map for the endoscopic procedure and 
tests the compliance of the upper urinary tract 
and confirms the location of the stone).

• Diagnostic or therapeutic semirigid ureteros-
copy. Instrument size must be decided accord-
ing to the compliance of the urinary system. 
Remember to carefully introduce ureteroscope 
with a railway/two guidewires technique and 
to leave one stiff guidewire as safety wire 
secured to the surgical drape. The safety 
guidewire is the one that saves from the sins 
committed inside the ureter.

• Semirigid ureteroscopy provides a gentle 
active dilation of the already passively dilated 
ureter, treats simultaneous ureteral stones, 
detects ureteral stenosis. Longer semirigid 
ureteroscope can be passed inside a 35–36 cm 
UAS.

• Semirigid laser ureteroscopy can also effec-
tively treat renal pelvis or upper caliceal 
stones in compliant systems.

• If you plan or need to use a flexible uretero-
scope, whenever you can smoothly advance 
an UAS, go and do it! In the adult, it has dem-
onstrated to decrease surgery time and com-

plications, increase SFR, preserve endoscope 
life. It will make the difference!

• Advance under continuous fluoroscopy UAS 
over a stiff working guidewire up to the proxi-
mal ureter. UAS size must be adapted to ana-
tomical specificity.

• Flexible ureteroscopy and direct visualization 
of the stones: Make sure to always have a 
good backflow of irrigation out of the UAS.

• Gravity irrigation of warm normal saline at 
80 cm height combined with a hand-assisted 
irrigation system provides on-demand forced 
irrigation for proper visibility.

• For small (less than 1 cm) and soft (less than 
1000 HU) stones, when you foresee effective 
dusting and no need for repeated extraction of 
the flexible scope, you could guide directly the 
flexible scope over a working wire without the 
UAS and proceed with holmium laser 
vaporization.

• Keep surgery time under 60′–90′ and keep 
intrarenal pressure low to decrease pyelove-
nous backflow and risk of urosepsis.

• Stones are vaporized or fragmented using 
200–275 μm holmium laser fiber. Small fibers 
have same efficacy, more flexibility, more irri-
gation, less retropulsion and allow better 
scope deflection compared to larger ones.

• The holmium laser generator can be set to 
dusting (e.g., 0.2–0.5 J; 20–80 Hz; LP), frag-
menting (e.g., 0.8–1.2 J; 6–10 Hz; SP) or pop-
corning (e.g., 0.5  J; 80  Hz; SP) parameters. 
When treating renal stones, a complete dust-
ing technique consists of two phases: contact 
laser lithotripsy (painting, chipping), followed 
by noncontact laser lithotripsy (popcorning).

• The goal is a stone-free status. At the end of 
the stone laser treatment, all visible fragments 
other than dust are carefully removed with the 
help of a basket (a 1.9 Fr/120 cm nitinol tip-
less stone retrieval basket is a good 
 compromise between endurance and size) and 
sent for analysis.

• After completion of the procedure, UAS is 
removed under visual control, to assess even-
tual ureteral injury and stones.

• Remember to decrease as much as possible 
child radiation exposure.
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• Always put up a double-J ureteral stent 
(depending on the age and the height of the 
patient, 3–6 Fr, 10–28 cm) at the end of the 
surgery whenever you use an UAS or when 
you feel the procedure was even mildly com-
plicated or based on the length of the case. A 
mono-J ureteral catheter left in place 24  h 
could be used after a short and straightforward 
procedure.

• Place Foley urethral catheter.

26.6  Postoperative Care

Stone free is defined using a combination of 
being endoscopically stone-free immediately 
after URSL and radiologically stone-free on fol-
low- up imaging. Stone-free status is particularly 
critical in pediatric patients because of the higher 
risk of recurrence.

Keep child hydrated with e.v. fluids. Keep ure-
thral catheter for 12–24 h in uncomplicated cases.

Physical examination to check for hematuria 
and fever. Discharge 24–48 h after the procedure 
in uncomplicated cases.

Send stone fragments for physical analysis 
with X-ray diffraction crystallography or infrared 
spectroscopy.

Double-J removal can be done 10–15  days 
after RIRS usually under general anesthesia.

If a second RIRS is needed to ensure complete 
SF status, this must be planned accordingly after 
2–3  weeks (at the time when usually double-J 
stent is removed).

Follow-up child at 1–3 and 6 months, and then 
yearly with abdominal ultrasound, urine analysis, 
and urine culture.

Refer child to pediatric nephrologist for a full 
biochemical metabolic analysis.

26.7  Results

A recent well-written non-systematic review by 
Silay et al. analyzed the status of surgical treat-
ment of stones in pediatric urology and SWL; in 
their analysis, they also reported four studies on 
RIRS. They concluded that success rates between 

80% and 100% are achieved with RIRS for kid-
ney stones <2 cm but may require pre-stenting in 
smaller children [7]. SWL usually requires mul-
tiple sessions under general anesthesia in younger 
children.

When compared to others techniques, retro-
spective comparative reports have indicated that 
RIRS provides at least similar stone-free rate as 
mini PCNL in pediatric patients with 
intermediate- sized renal stones. Resorlu et el., in 
the larger multicenter study on RIRS, discuss the 
outcomes of mini PCNL and RIRS in children for 
10–30 mm renal calculi. They recorded 201 pedi-
atric patients who underwent mini PCNL 
(n  =  106) or RIRS (n  =  95). Primary SFR was 
84.2% for the RIRS group and 85.8% for the 
mini PCNL group (p = 0.745). These percentages 
increased to 92.6% and 94.3% with adjunctive 
therapies for RIRS and mini PCNL, respectively. 
Minor complications classified as Clavien I or II 
occurred in 17% and 8.4% in mini-perc and 
RIRS, respectively. Seven patients in the mini 
PCNL group received blood transfusions, 
whereas none of the children in the RIRS group 
were transfused (p = 0.015) [8].

Indeed, Wang et  al. compared micro PCNL 
(group 1) and RIRS (group 2) in treating 1 and 
2  cm solitary renal stones in pediatric patients 
aged less than 3 years [9]. There were 27 patients 
in group 1 and 30 patients in group 2, and the 
patients mean ages were 19 ± 9.9 months and 21 
± 7.8 months, respectively (p = 0.462). The stone 
size was 1.60 ± 3 cm in group 1 and 1.7 ± 0.2 cm 
in group 2 (p = 0.217); the mean surgical time 
was 52 ± 7  min in group 1 and 48 ± 9  min in 
group 2 (p = 0.163) while the SFR at 1 month 
after surgery was 88.9% in group 1 and 86.7% in 
group 2 (p = 0.799). The complication rate was 
similar with 14.8% and 16.7% in group 1 and 
group 2, respectively (p = 0.714).

A large recent experience is reported by 
Suliman et al. (56 stone episodes in 36 patients) 
with a favorable outcome. Primary RIRS was suc-
cessful in 42/56 (75%) with a second FURS per-
formed in 11 cases, bringing the cumulative 
clearance to 89%; clearance rates of more than 
70% after first RIRS were achieved with stones up 
to 17 mm. The authors described excellent results 
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similar to the adult population, they treated also 
small infants as young as 17 months and showed 
how even multiple stones may be treated in one 
session. Importantly, there were neither immediate 
ureteric complications nor long-term problems 
such as ureteric strictures, with no evidence of 
dilation on follow-up control [3].

Another large series is described by Erkurt 
et al.. They evaluated the efficacy and safety of 
RIRS to treat renal stones in preschool age 
(<7 years) in a total of 65 children with a mean 
stone size that was 14.66 ± 6.12 mm (7–30 mm) 
and a relative low operative time (mean 
46.47 ± 18.27 min). The authors reported that in 
five (7.69%) patients, the initial procedure failed 
to reach the renal collecting system and ended 
with the insertion of a pigtail stent. The stone- 
free rates were 83% and 92.3% after the first and 
second procedure, respectively. They reported 
post-operative hematuria (Clavien I) in six (9.2%) 
patients, urinary tract infection with fever 
(Clavien II) was observed in 10 (15.4%) patients 
while an ureteral wall injury (Clavien III) was 
noted in two (3%) patients [10].

A large cohort study was recently published 
by Li et  al. on 45 patients that presented upper 
urinary stones treated using RIRS combined with 
holmium laser lithotripsy. The size of the calculi 
was 1.7 cm (0.8–3.3) with 11 stones over 2 cm. 
The overall operative success rate was 97.8% 
(44/45); 1 patient (2.2%) was complicated by 
intraoperative ureteric laceration and was con-
verted to laparoscopic pyelolithotomy and ureter- 
bladder reimplantation. After the first RIRS, 
there was stone clearance in 38 patients (84.4%), 
and second or third phase lithotripsy were needed 
for six patients (13.3%). Severe postoperative 
gross hematuria occurred in one patient and high 
fever occurred in two patients [11].

These large series demonstrated the safety and 
efficacy of RIRS in the pediatric population 
despite the fear that instrument size might limit 
the application of FURS to children.

Most of the pediatric literature on RIRS is 
about adolescents. Regarding children of low 
weight and younger age, Berrettini et al. assessed 
the safety of RIRS with UAS focusing on patients 
under 20  kg. They analyzed 13 patients with a 
median age of 3.91 ± 1.8 years (mean ± SD) who 

underwent 16 RIRS.  Mean patient weight and 
stone burden were 14.88  ±  3.81  kg (range 
10–20 kg) and 15.5 ± 3.8 mm (median 16 mm), 
respectively. All patients were pre-stented, a UAS 
was used in 15 out of 16 (93.8%) procedures and 
SFS was reached in 81.3% of cases after the first 
surgery with 100% after auxiliary procedures. 
Postoperative hematuria (Clavien I) occurred in 
three (18.8%) children and was resolved with 
hydration and clot removal, postoperative urinary 
tract infections with fever (Clavien II) were 
observed in two (12.5%) patients while hydroca-
lyx (Clavien IIIb) was noted in one (6.3%) 
patient. Patients with stones located in the lower 
pole calices (p = 0.024) and with mixed composi-
tion (p = 0.036) had a greater prevalence of com-
plications than those with calculi of other 
compositions located in other sites. The authors 
demonstrated that RIRS with UAS is feasible, 
safe, and effective in very young children under 
20 kg, with no ureteral stenosis or vescicoureteral 
reflux or late UTI or hydronephrosis at 
22.4 months follow-up. As reported in this chap-
ter, younger children could evocate an higher 
incidence of complications [12].

Indeed, another important issue, when the sur-
geon approaches kidney stones, is the nature of 
the stones themselves. Cystine calculi are resis-
tant to SWL and are one of the most challenging 
types in the pediatric setting because of their high 
risk of rapid recurrence especially in the presence 
of residual fragments. Even if patients with cys-
tine stones may present in older ages, the major-
ity of patients are diagnosed during childhood 
and require multiple invasive treatment. Yuruk 
et al. described the largest consecutive series of 
14 children with this type of stones treated with 
RIRS, the mean age was 10.9 ± 2.2 years (range: 
7–15) and mean stone size was 13.6 ± 2.4 mm 
(range: 10–18); UAS was used in 12 (85.7%) 
patients. At 4 weeks follow-up, SFR was 100%. 
The authors report of a quite short mean opera-
tion time (38.2 ± 7.2 min, range: 30–50) under-
lines how cystine stones are sensitive to holmium 
laser treatment. Mild ureteral laceration was 
observed in one case during the procedure and 
another case developed fever on the second post-
operative day. During a mean follow-up period of 
25.7 ± 5.2 months, stone recurrence was noted in 
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one patient. The authors concluded that RIRS is 
the surgical treatment of choice to manage cys-
tine stone [13].

In conclusion, we recently reported a compar-
ison between a pediatric (group A) and an adult 
cohort (group B) to assess the learning curve of 
an adult endourologist. There was no statistically 
significant difference between RIRS in group A 
and group B regarding gender, laterality, size of 
the stone, length of stay (p = 1.000), and opera-
tive time (group A: mean = 70, IQR 60–80; group 
B: mean = 80, IQR 63–105; p = 0.466). While the 
mean size for stone surface area in group A was 
90 (IQR 80–144) mm2 and for group B it was 100 
(IQR 90–165) mm2; there was no statistically sig-
nificant difference between the two groups 
(p = 0.137). Moreover, no statistically significant 
difference was found regarding stone-free rate 
(p  =  0.624). In facts, 13 out of 15 patients in 
group A (86.7%) and 12 patients in group B 
(80%) were stone-free after the procedure. All 
the patients, two (13.3%) in the pediatric and 
three (20%) in the adult group, respectively, who 
had not achieved SFS after the first procedure, 
were submitted to a second RIRS who gained 
SFS without need of ulterior treatment. Hematuria 
and fever were noticed in one patient for both 
groups requiring antibiotic treatment (Clavien II) 
and a longer period of stay [4].

Tip and Tricks
• The laser fiber should be advanced in 

the flexible scope only when the instru-
ment is straight, better if inside the UAS.

• When you tackle a stone with holmium 
laser lithotripsy remember to adjust to the 
characteristics of the stone. Start with low 
power and low frequency settings and 
check how the stone respond. The darker 
stone is harder than the lighter stone. If the 
stone is very hard and less than 1 cm size, 
a winning strategy is to set the laser for 
fragmentation and obtain few fragments 
to basket out. You should be very careful 
to mold reasonable size fragments that fit 
into your UAS and into the ureter without 
getting stuck.

• A 2  cm stone produces at least sixty- 
four 0.5 mm fragments that need to be 
extracted, making the procedure time- 
consuming and hazardous. With such a 
stone, a better strategy is extreme and 
patient dusting. Laser Popcorn is useful 
for residual fragments.

• When snow-effect of prolonged dusting 
impairs your visibility, take your time to 
flush progressively out the dust with 
irrigation.

• Whenever possible relocate a lower pole 
stone in the renal pelvis or in an upper 
calix to preserve the instrument life and 
increase the SFR.

• Cleave laser fiber every 10–15 min with 
metallic scissor to reduce fiber tip degra-
dation. To avoid repeated and potentially 
harmful laser fiber insertions, cleave it 
without retrieving it from the scope.

• Remember to check for bladder fullness 
during surgery and either empty it with 
a small tube advanced alongside the 
scope/UAS or with a small suprapubic 
percutaneous drainage to be removed at 
the end of the procedure.

• Since reusable flexible scopes are frag-
ile, in tough cases where the risk of 
scope damage is high it could be wise to 
use a disposable instrument.

• During RIRS make sure that you do not 
move/advance with UAS. To avoid dam-
age to the ureter, you can move UAS only 
over a wire and with the obturator inserted.

• If UAS doesn’t fit in smoothly, you can 
try to remove the safety guidewire to 
facilitate the insertion.

• If wide-breathing excursions of the 
patient impair the precision of your lith-
otripsy increasing the risks of bleeding 
complications, remember to ask anes-
thetist to modulate respiration of the 
patient decreasing the extent of breath-
ing excursion or providing short periods 
of apnea.

• Try to always perform endourological 
procedures with your skilled assistant/
team.
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26.8  Discussion

Since the first paper on the use of URS for stone 
treatment in children have been published by 
Ritchey et al. in 1988, ureteroscopy management 
has become increasingly common in pediatric 
stone patients [14, 15]. Recently, RIRS has 
gained attention as an effective method for stone 
lithotripsy in the proximal ureter, in the renal col-
lecting system, especially in the lower calyx, pro-
viding less invasiveness compared to PCNL [16]. 
Indeed, RIRS allows lithotripsy and removal of 
the stones through a natural channel of the human 
body. Surgical urinary tract trauma, bleeding, and 
other complications are significantly reduced in 
comparison to PCNL, laparoscopic, and open 
approaches. RIRS minimizes operative time and 
hospital stay and has an acceptable reproducibil-
ity and a shorter learning curve [11].

RIRS is less invasive than PCNL and is there-
fore the most preferred approach to treat renal 
calculi in patients with a bleeding diathesis and in 
recurrent cystine stone formers. This method has 
the advantages of high efficiency, minimal inva-
siveness, and repeatability.

Other indications are SWL-resistant stones, 
multiple kidney stones, simultaneous ureteric 
and kidney stones, and also lower pole stones 
<1.5 cm.

RIRS can be used to minimize morbidity of 
the percutaneous access of PCNL by Endovision 
puncture of the renal papilla of the targeted calix 
or be constituent part of the ECIRS (endoscopic 
combined intrarenal surgery) approach.

RIRS has also been compared with PCNL for 
large stone over 2 cm, concluding that RIRS has 
the advantages of decreased radiation exposure, 
fewer complications, and shorter hospital 
although PCNL maintains a better stone-free 
rates [17]. Moreover, RIRS can be performed 
safely in children, even in infants younger than 1 
yo and has become a popular modality to treat 
upper ureteric and renal stones ≤2 cm [12].

Patients with bilateral renal stones, although 
simultaneous RIRS is technically feasible, should 
be managed in two separate sessions for safety 
reasons.

A recent systematic review of children under-
going RIRS for both kidney and upper ureter 
stones reported an aggregate success rate of 
87.5% and a complication rate of 10.5%. When 
outcomes are limited to intrarenal stones in chil-
dren, FURS can achieve stone-free rates of 
58–91% after a single treatment. The authors 
data show how both stone location and stone bur-
den are important factors for treatment success 
[18].

Whatley et al. wrote the most recent system-
atic review searching for all English language 
articles in patients ≤18 years from 1990 to 2018 
who underwent FURS. They found 11 studies on 
431 patients, with a mean age of 8.5 years; mean 
stone size was 13 mm (range, 1.5–30 mm). SFR 
was 87% (58–100%) with a mean complication 
rate of 12.6% (n = 55) (range, 0–31.3%) and 76% 
needing a post-operative ureteric stent insertion. 
Five articles were from Turkey, two from the 
United States, two from the United Kingdom, 
and one each from France and Australia. Although 
there are still only a few studies on FURS for 
pediatric stone disease, RIRS is growing in num-
bers and appears safe and effective [19]. The 
most frequent complications are fever and uri-
nary tract infection, hematuria, and post- operative 
pain, including stent discomfort. No Clavien V 
complication (ureteral avulsion) is mentioned in 
this series, but Li et al. in 2019 reported on a ure-
teral laceration requiring ureter-bladder reim-
plantation [11, 19]. There was no data found in 
the literature on the development of ureteric stric-
tures following URS in the pediatric population.

Complications increase with length of the pro-
cedure, stone burden, and younger age. This indi-
cates that RIRS is particularly delicate and should 
be recommended with caution in younger chil-
dren. Never force the boundaries of primary 
RIRS for a higher SFR but plan a second look 
procedure. Prolonged surgery comes with pro-
longed high intrarenal pressure and high risk of 
sepsis.

Most of the literature on pediatric RIRS 
includes adolescents. SFR decrease with stone 
burden, younger age, and for lower pole stones in 
case of acute infundibulopelvic angle. Stones 
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>2 cm and staghorn stones confer a high risk for 
treatment failure [12, 20].

Although EAU/ESPU guidelines consider 
SWL the first option of treatment for kidney 
stones, a critical view of SWL outcomes coupled 
with improved instrumentation for RIRS has 
resulted in a shift in practice across the United 
States and Europe, with lower rates of SWL com-
pared to RIRS. The long-term effects of SWL are 
not clear. In a prospective series comparing SWL 
with RIRS for renal stones under 2 cm, Ibrahim 
A. et al. showed stone-free rate of single session 
RIRS higher than that of SWL (86.6% vs. 70%) 
but the difference was not statistically significant, 
probably because of the small number of cases. 
In a retrospective analysis, Freton L et al. showed 
better single-session SFR for FURS vs. SWL, 
despite more complex urinary stones (multiple, 
lower pole, etc.) and without increasing morbid-
ity. In single stones less than 2 cm size, SRF was 
78.6% vs. 50%; p = 0.06 [7]. This SFR difference 
is especially wide in case of lower pole stones 
[20].

Another issue is to pre-stent children before 
surgery and the use of UAS.

Primary URS/RIRS can be performed safely 
in older children as in the adults. Passive dilation 
of the ureter with a double-J stent kept in place 
1–2  weeks before RIRS is the way to dramati-
cally decrease the risk of potential complications 
of active dilation of the ureter in younger children 
according to the small caliber of the ureter, 
whether or not you will use an UAS. Pre-stenting 
does allow for more reliable access to the ureter 
(almost 100% UAS smooth insertion vs. around 
50% success without pre-stenting in preschool 
children [11]) and has been associated with 
shorter operative time and better stone clearance 
rates in retrospective studies in adults. Deciding a 
sharp age threshold to pre-stent children is not 
possible because other factors need to be taken 
into account like body weight and physical body 
development, but considering ureteric diameters 
(Fig. 26.4), one could suggest to pre-stent patients 
under 3–4 yo age. The risk-benefit ratio for addi-
tional anesthetic compared to potentially 
improved outcomes with pre-stenting deserves 
anyway further investigation [3].

The use of UAS in children is still under 
debate because of the potential risk of ureteral 
injury and vesicoureteral reflux related to the 
relatively large caliber of the instruments. Pre- 
stenting protects against possible severe UAS- 
induced ureteral injury. Recent data 
demonstrate the safety of UAS in the pediatric 
population and even in children under 20  kg 
[11, 12, 21].

As on today, the final decision whether to pro-
ceed with a primary or secondary (with pre- 
stenting) RIRS and whether to use UAS or not 
depends to a great extent on the endourological 
experience of the surgeon and the type of endo-
scopic instrumentation available.

We should inform parents of our personal 
results and complications with RIRS and discuss 
with them other possible alternatives.

To overcome his boundaries, RIRS in the 
future will need further downsizing of the instru-
ments to improve the safety profile, but this will 
come with more time-consuming procedures. 
Extraction of fragments can’t be mechanical but 
should be hydrodynamic to reduce surgery time. 
The dusting technique will have to be maximized 
acting on different laser setting or thanks to 
Thulium fiber laser.

Last but not the least, as we previously 
reported, another interesting topic is the learning 
curve of this procedure. It is commonly thought 
that RIRS is relatively more difficult to perform 
in children due to the narrower space that makes 
it more challenging to maneuver the instrument.

Moreover, usually preoperative anatomical 
and stone data are lacking in the children because 
diagnostic assessment is done with US scan 
before the surgery instead of CT scan.

Despite these limitations, the increasing 
demand for pediatric stone management in daily 
clinical practice in tertiary referral center leads 
adult’s surgeons to perform RIRS in this subset 
of patients without a high expertise in children. 
We assessed that surgeons who have achieved 
high expertise in adult’s field could confidently 
approach pediatric age population with efficacy 
and safety comparable with adults, even in his 
first series, as seen for other surgical procedures 
as a robotic procedure.
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A twin surgeon approach with a pediatric 
urologist and an experienced adult endourologist 
has also been recommended for achieving good 
results in pediatric patients. The results also seem 
to be equally good in medium and high volume 
centers.

In conclusion, the use of ureteroscopy for the 
treatment of pediatric kidney stones has increased, 
and RIRS represents a safe and effective option 
with high SFR and low complication rate. 
Pediatric population is surgically and technically 
more challenging than adults and must be 
addressed with great attention and preparation.
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27Management of Kidney Stones 
Using Perc/Micro-perc 
as Minimally Invasive 
Percutaneous Procedures

Paolo Caione, Giuseppe Collura, 
Michele Innocenzi, Mauro De Dominicis, 
Laura Del Prete, Ermelinda Mele, 
and Nicola Capozza

27.1  Introduction

Renal stone disease in pediatric age is a signifi-
cant problem to treat even today, and there is a 
need to optimize diagnostic and surgical approach 
[1]. The incidence of upper tract urinary stones in 
children is reported as representing 0.1– 5% of 
urolithiasis in adult age [2], but it seems to have 
increased in Western countries in recent decades, 
due to metabolic disorders and due to modified 
alimentary habits from the first period of life [1, 
3]. Moreover, urolithiasis in children is associ-
ated with considerable morbidity and presents 
higher recurrent rate than in adults [4].

Thus, the goal to achieve stone-free status is 
paramount in pediatric age patients. Improvements 
in new technologies and devices for the urologi-
cal treatment of pediatric nephrolithiasis have 
been borrowed from adult experience and 
adopted to the smaller anatomical features of 
children, especially in pre-school age [5]. 
According to the European Association of 
Urology (EAU) and European Society for 
Pediatric Urology (ESPU) guidelines, shock 
wave lithotripsy (SWL) is still the initial option 
in pediatric renal stones [6] but continuous 
advances in endoscopic and percutaneous tech-
nology and equipment have obtained to reach 
recently higher success rates with low complica-
tion and reduced morbidity. Endoscopic uretero- 

Learning Objectives
• To update on percutaneous treatment of 

stone disease in pediatric age and discuss 
the minimally invasive different options

• To describe step by step the technique of 
mini-perc by ClearPetra equipment

• To describe step by step the technique of 
micro-perc by a 4.8 gauge stylet

• To show mini-perc and micro-perc pro-
cedures by two videoclips

• To describe tips and tricks of PCNL, 
mini- and micro-perc in pediatric age, to 
optimize results and reduce the compli-
cation rates
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lithotripsy (ULT), retrograde intra-renal surgery 
(RIRS), percutaneous nephrolithotomy (PCNL) 
with its mini-invasive variants as mini- 
percutaneous lithotripsy (Mini-PCNL) and 
micro-percutaneous access to calyceal system 
(micro-perc) are offered and adopted in pediatric 
renal stone disease [7].

We will focus on technical refinements in 
recent percutaneous procedures for renal stones 
in pediatric age, with special attention to new 
technologies and perspectives in discussion.

27.2  Preoperative Preparation

A rigorous workup is mandatory prior to proceed-
ing with any urological treatment [8]. Accurate 
familial and personal medical history, repeated 
urinalysis, and urine culture are the first steps. 
Blood laboratory investigations, including blood 
cells count, coagulation profile, serum creatinine, 
protein, and electrolytes, are needed before any 
surgical approach. Blood group must be deter-
mined with availability of erythrocyte transfusion 
if needed. High-quality imaging is paramount to 
address properly the stone disease treatment: 
renal ultrasonography (US) and plain abdomen 
X-ray after adequate bowel preparation are the 
required traditional imaging tests (Fig. 27.1a).

Nowadays, X-ray is commonly replaced by 
low-dose non-contrast computerized tomography 
(CT) scan of the abdomen, for quantitative 
assessment of the stone burden and for better 
definition of the stone number and localization 
within the renal calyceal, pyelic, and ureteral sys-
tem (Fig. 27.1b). Pretreatment determination of 
Hounsfield Units density by CT can be used to 
distinguish the harder stones, commonly when 
composed by cysteine or struvite, from other 
types of calculi [9]. This information is useful to 
address the urologist to the most appropriate lith-
otripsy treatment. Renal scintigraphy (DMSA or 
MAG3) can be required to assess relative kidney 
function and any urinary outflow obstruction 
before lithotripsy.

Finally, the percutaneous treatment, with its 
variants mini-perc and micro-perc, must be 
selected individually for any patient, choosing 
between the different available options that 
include SWL, ULT, RIRS, PCNL, and its variants 
or open surgical approach [8].

27.3  Positioning

Classically, percutaneous renal approaches are 
carried out on patient in prone position, as for  
any nephrostomy positioning [10]. The prone 

a b

Fig. 27.1 (a and b): stone imaging. (a) US picture of a 14 mm stone in lower portion of right kidney pelvis in a 7-year 
boy. (b) CT abdominal scan, better defining the endopyelic stone (1150 Hounsfield Units density) in the same boy
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Fig. 27.2 The Valdivia Urìa modified Galdakao position of the pediatric patient during the percutaneous procedures for 
renal lithotripsy

position is still the most commonly utilized 
approach in adult patients. Recently, the supine 
position of the patient gained popularity, with 
several variants, although multiple renal accesses 
could be more difficult to perform. In particular, 
the Valdivia Urìa modified Galdakao position is 
preferred for several advantages [11, 12]: shorter 
time and easier positioning of the patient on the 
surgical table, easier fragments clearing, reduced 
risk of colonic lesion, and better anesthesiologist 
respiratory control [13].

In our institution, we adopt only the Valdivia 
Urìa modified Galdakao position (Fig. 27.2): the 
patient lays supine on the urological table, with 
two small pillows under the ipsilateral shoulder 
and buttock. The ipsilateral arm is flexed on the 
opposite side over the chest and the contralateral 
leg is placed in flexed and abducted position 
(Fig.  27.2). The posterior axillary line and the 
12th rib are marked. The position guarantees 

simultaneously retrograde uretero-renoscopy and 
antegrade percutaneous access to the kidney [11].

27.4  Instrumentation

PCNL is still considered the gold standard treat-
ment for large renal calculi (diameter  >  2  cm) 
even in pediatric age, mimicking from adult uro-
logical procedures. Although the use of adult size 
instruments is referred to be safe [13], miniatur-
ization of instrumentation is able to reduce sig-
nificantly invasiveness in the pediatric population, 
especially in very young children who undergo 
renal percutaneous approaches [7, 8].

The instrumentation, mainly borrowed from 
adult urology, includes availability in the operat-
ing room of high-definition ultrasonographic 
device. A portable X-ray machine with the 
“C-arch” must be kept beside the operating table, 
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Table 27.1 Equipment required in the operating room for PCNL-miniperc-microperc procedures

Disposable Not disposable
Pollack ureteral catheter (4–5 °F) Portable US machine
Ciba needle 18 G Portable X-ray machine with “C arch”
Standard guide wire (0.025–0.035 in.) Pediatric operative cystoscopy set

(8–9.8; 12; 14 °F)
Sensor hybrid guide wire with hydrophilic 5 cm tip  
and nitinol+PTFE core 140 cm

Semirigid ureteroscopes 5° optic
(6.5–7.5 F 60 cm; 4.5–6.5 F 57 cm)

Amplatz guide wire 145 cm 0.035 inch (super-stiff; 
extra-stiff)

Flexible nephroscope (7.5 F 67 cm
Flexion 270° vision 88°)

Amplatz dilatator up to 24 °F Nephroscope 12 F (mini-PCNL)
High-pressure balloon dilatator (17 cm
24 °F; 16 cm 18 °F) with Amplatz sheath

Nephroscope 24 F (PCNL)

Basket 1.9–2.2 °F Holmium-YAG laser 30 W
Clear Petra sheath (16 °F 13 cm)
With aspiration system (mini-PCNL)

Trilogy combinate energy machine (US+ ballistic)

Open tip occluding catheter (10 °F 50 cm) Microperc set
Dual-lumen catheter (10 °F 50 cm) Optic fibers 200–550 μm for Holmium YAG laser
Probe for combinate energy machine 340 mm 10.3 °F 
(PCNL) 341 mm 5.7 °F (mini-PCNL)
Optic fibers 200–550 μm for Holmium YAG laser
Double-J ureteral stent 4.5–6 °F (14–24 cm)
Contrast media solution

with contrast media for pyelogram to allow pre-
cise pointing of the stone within the renal pelvis 
and calyx. Both ultrasonography and retrograde 
pyelogram can be used to guide properly the per-
cutaneous access to the collecting system by 
means of a delicate navigation maneuver [14].

Percutaneous access to kidney requires a Ciba 
needle for the kidney sting and a series of differ-
ent tools to perform the dilatation of the percuta-
neous way through the flank abdominal wall. The 
polyurethane Amplatz dilators in ascending order 
up to 24  °F or the metallic telescopic dilators, 
proposed by Alken, have been widely used from 
the 1980s [15]. Usually, we adopt the high- 
pressure “balloon” dilatation system that allows 
quicker dilatation in a single passage through the 
abdominal wall and the kidney, reducing the risk 
of parenchymal trauma and bleeding due to vas-
cular injury [16]. Different caliber Amplatz 
sheath cannulas (14–24 °F) are required to adopt 
to the nephroscope and several 0.0035 to 0.0018 
metallic or hydrophilic guide wires are used 
(Table 27.1).

A 22 F nephroscope (Karl Storz, Tubingen, 
Germany) is used for classic PCNL in older 
children and adolescents. In order to reduce 

invasiveness and bleeding complications, we 
adopt the mini-perc procedure, with smaller 
percutaneous access (16–18 F Amplatz cannu-
las) and 12 F nephroscope (Karl Storz). Flexible 
nephroscope or flexible ureteroscope (Karl 
Storz, Wolf, Girus Acmi) may be ready for 
residual stone fragments extraction by basket or 
laser tripsy. Fragmentation is carried out by dif-
ferent sources of energy: ballistic and pneumatic 
energy by 1.9 (0.8–2.5) mm probe (Swiss 
Lithoclast), ultrasound energy, Holmium:YAG 
laser by 200–500 micron fibers (Sphinx 30  W 
laser machine, LISA Laser, Pleasanton, 
California, United States) (Table  27.1). The 
micro-perc uses a special kit, with a 4.85  °F 
needle containing a 0.9  mm optic fiber and a 
200 micron laser fiber (Figs. 27.3 and 27.4).

For any percutaneous procedure, complete 
setup for pediatric cystoscopy, ureteral catheter-
ization, retrograde pyelogram, with 4–5  °F 
Pollak, and occluding catheters are needed. 
Semirigid and flexible ureteroscopes, caliber 
6 °F–8 °F, must be available if a retrograde pro-
cedure (ULT or RIRS) should be associated 
combined with the percutaneous antegrade 
approach [11]. As final remark, it must be 
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Fig. 27.3 The micro-perc setting with the 4.85 °F needle and the three-way connector and optic fiber for laser-tripsy

Fig. 27.4 The 272 micron laser fiber inserted in the cen-
tral port of the three-way connector and the syringe for 
manual controlled, low pressure, irrigation

stressed that complete endourological equip-
ment suitable for pediatric patients must be 
available in the operating room, before starting 
any percutaneous procedure.

27.5  Technique

27.5.1  Perc/Mini-perc Procedure

The patient is put on the urological table in 
supine Valdivia Urìa modified Galdakao position 
[10] under general anesthesia by tracheal intuba-
tion. Posterior axillary line, 12th rib, and iliac 
crest are marked. Transurethral cystoscopy 
allows retrograde catheterization of the affected 
ureter and contrast media is injected carefully 
through an occluding open tip catheter posi-
tioned at the pyelo-ureteral junction. 
Opacification of the pyelo-calyceal system is 
obtained using the “C-arch” fluoroscopic X-ray 
machine combined with US to guide the selected 
calyx. If possible, only US can be used for stone 
pointing guidance.

As the selected calyx has been reached by the 
tip of the Ciba needle, a guide wire is inserted 
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Fig. 27.5 The ClearPetra System with the aspiration channel that can be manually controlled

into the pelvis under X-ray control, and dilatation 
of the nephrostomy access is obtained by high- 
pressure balloon or by progressive Amplatz dila-
tors, up to 26 °F for classic PCNL, 16 °F for the 
mini-perc, or finally 12  °F for the so-called 
“ultra-mini-perc” (UMP). Amplatz sheath of 24 
or 16–14 or 12 °F is positioned, according to the 
chosen caliber of the procedure. A second 
“safety” guide wire is passed through the sheath. 
The nephroscope caliber should be 3–4  °F 
smaller than the sheath to allow good saline irri-
gation and easy fragments outflow. We prefer the 
mini-perc procedure with 12 °F pediatric nephro-
scope through a 16  °F sheath that guarantees 
good endoscopic visual, efficient irrigation, and 
reduces the invasiveness of the standard 
PCNL.  Recently, a new device has been intro-
duced in our institution, the “ClearPetra 
System.” It is a new single-use 14  °F–16  °F 

sheath that allows direct calyx access with con-
tinuous aspiration and irrigation flow (Fig. 27.5). 
The continuous irrigation (60–80 mL/min) is per-
formed through the nephroscope channel, 
whereas the negative aspiration pressure (150–
200 mmHg) is manually controlled through a lat-
eral channel with multiple orifices (Fig.  27.5). 
Stones and fragments are attracted at the sheath 
opening and laser lithotripsy is carried out with-
out risk of stone retropulsion. As lithotripsy 
source of energy, Holmium YAG laser passes 
through a 272 micron fiber, with low energy and 
high frequency (30 W, 0.6 J, 8 Hz). Stone frag-
ments pass easier between sheath and nephro-
scope and are extracted through the lateral 
slanting tube into a bottle. Larger fragments are 
aspirated into the Clear-Petra sheath when the 
nephroscope is partially extracted. At the end of 
the procedure, a 10 °F nephrostomy tube is posi-
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tioned and a 4.5 °F double-J is often left postop-
eratively, with transurethral Foley catheter.

27.5.2  Micro-perc Procedure

Micro-perc procedure has been recently offered 
to treat lower pole stones, small diameter (less 
than 20  mm) with a really minimally invasive 
procedure. The patient is in supine Valdivia 
modified position; open tip occluding catheter is 
positioned at the pyelo-ureteral junction. The 
procedure adopts a single-step percutaneous 
calyceal puncture using a single 4.85-°F needle. 
When the collecting system access is achieved, 
the inner stylet is removed and a three-way con-
nector is attached to the sheath. A 0.9 mm high- 
resolution (10,000 pixels) optic flexible wire 
connected with the telescope is passed through 
the sheath. The other side port is used for inter-
mittent saline irrigation by manual control 
(Figs. 27.3 and 27.4). A 200 micron laser fiber is 
passed through the connector central port and 
stone fragmentation is performed under direct 
vision using high frequency and low energy 
(0.6–0.8 J). Complete fragmentation and stone 
clearance is checked by direct vision and fluoro-
scopic control before needle removal. No neph-
rostomy tube is left. The transurethral catheter 
and bladder Foley are removed at 18–24 h from 
surgery.

27.6  Postoperative Care

Children who undergo mini-perc procedure 
receive wide-spectrum antimicrobial treatment 
and fluid overload during the three postoperative 
days. Postoperative pain assessment is detected 
by the “face-legs-activity-cry-consolability” 
(FLACC) scale in children younger than 4 years 
or the “visual analogic scale” (VAS) in older 
patients. Paracetamol requirement (15  mg/kg 
body weight at 6  h intervals, if needed) is ful-
filled. Hemoglobin decrease and complications 
are detected. Nephrostomic tube is closed at day 
2 and removed at day 3 if hematuria is controlled 
and transurethral catheter is removed at hospital 

discharge. Renal US and abdominal X-ray are 
performed at 1 month and 3 months postopera-
tively. Stone clearance is defined as achieved if 
no residual calculi or asymptomatic fragments 
less than 4 mm diameter are detected. Metabolic 
disorders (mainly idiopathic hypercalciuria and 
cystinuria) are monitored for the required nephro-
logical treatment and long-term prevention of 
stone recurrence is needed.

The postoperative care after micro-perc proce-
dure is really simple: very little postoperative 
pain is usually observed, with minimal require-
ment of paracetamol. The transurethral bladder 
catheter is removed simultaneously within 
18–24 h. The patient is discharged consequently, 
continuing antimicrobial prophylaxis in the sub-
sequent 2 weeks. US and, if required, X-ray 
check, as well as long-term patient monitoring, 
are similar to the PCNL procedure.

27.7  Results

The stone composition in our experience is 
summarized in Table  27.2. The youngest chil-
dren treated with micro-perc and mini-perc 
were 13 and 18  months old, respectively. The 
mean operative time ranged from 58 to 150 min 
(mean 88  min), shorter in micro-perc proce-
dures. Stone- free rate was achieved in 83% of 
our patients after a single mini-perc procedure. 
Non- significant asymptomatic residual frag-
ments were observed in 5% of children and 
observed at long-time follow-up. A secondary 
procedure was required in 12% of children who 
underwent mini- perc: usually, we adopted retro-
grade access to renal pelvis and calyx by RIRS 
with laser lithotripsy, usually at the time of dou-
ble-J removal.

Table 27.2 Stone composition in pediatric age

Dihydrate calcium oxalate 39.5%
Monohydrate calcium 16.2%
Struvite 23.5%
Cystine 10.4%
Uric acid 2.3%
Other or not detected 8.1%

(From Salerno et al. [1])
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Postoperative pain was very limited, espe-
cially after the micro-perc procedure, with the 
FLACC/VAS scale <3 often also in the mini-perc 
patients. The Paracetamol requirement was lim-
ited to the first or second postoperative day. The 
blood loss was insignificant in the micro-perc and 
limited to the first 3–5 postoperative days in the 
mini-perc, with 0.5 to 2.1 gr% hemoglobin 
decrease. No gross hematuria was observed, but 
two patients required limited blood transfusion in 
mini-perc procedures.

In 1 out of the eleven child patients who 
received micro-perc procedure, we observed 
stone migration into the pelvis that required con-
version to RIRS. No other significant complica-
tions were observed, unless transient febrile 
urinary tract infection in one patient.

27.8  Discussion

Renal stone disease causes significant morbidity 
in pediatric age population, for the reported 
increased incidence worldwide in developed 
countries, for the symptomatic involvement of 
the affected kidneys and urinary tract, and lastly 
for the difficult treatment, both medical and sur-
gical, especially in younger children [1, 7]. 
Therefore, every effort should be made to achieve 
stone-free status in pediatric population. The 
smaller anatomical characteristics of the urinary 
tract in younger children may challenge any uro-
logical treatment. There is no complete agree-
ment that really does exists at the moment on the 
most efficacious and most safe modality for treat-
ment of renal stone disease in children [5].

Medical management, as adequate fluid 
intake, restricted dietary salt, and metabolic dis-
orders treatment have demonstrated to be useful 
in prevention of recurrence, whereas alpha- 
blockers drug administration is given for stimu-
lating small ureteral stones expulsion. Although 
it is still reported to be the first line of treatment 
even in pediatrics [6], the use of SWL in children 
has often been unpredictable or shown partial 
results, general anesthesia is needed and it can 

Tip and Tricks
• The percutaneous procedures for renal 

stone disease in pediatric age are not 
easy to perform and it is necessary to be 
confident with common urological 
endoscopy before approaching it with 
safety and efficacy. We recommend to 
start any percutaneous procedure with 
the support of an experienced endourol-
ogist, as mentor. It seems realistic that at 
least 20 procedures should be performed 
with mentoring protection before 
becoming independent in PCNL and its 
variants.

• The supine position of the patient, 
according to Valdivia Urìa modified 
Galdakao, is very useful to allow retro-
grade access combined with the percu-
taneous antegrade approach. The 
positioning at the pyelo-ureteral junc-
tion of the open tip occluding catheter as 
preliminary act is a very effective 
advice, avoiding stones or fragments 
migrating into the ureter during the per-
cutaneous lithotripsy maneuvers.

• As soon as the access into the selected 
calyx is reached and the sheath is posi-
tioned, a crucial point is to put a second 

“safety” guide wire into the renal pelvis 
and proximal ureter. At the end of the 
procedure, we suggest to leave a small 
caliber nephrostomy tube (10  °F cali-
ber) in mini-perc procedures. No neph-
rostomy but transurethral pyelo-ureteral 
catheter fixed to a Foley bladder catheter 
is adopted in micro-perc.

• It must be stressed that no force should 
be applied during any endourological 
procedure. Renal parenchyma injury, 
urinary tract wall perforation, and sig-
nificant bleeding are the possible com-
plications, if the endoscopic maneuvers 
are not appropriate. The hemorrhage 
risk is always possible and it is reported 
up to 8%, but sometimes it could be a 
severe complication [7, 13].
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require pre-stenting the urinary tract by double-J 
positioning. Moreover, repeated sessions may be 
necessary [7, 8].

In the last few decades, innovative endouro-
logical procedures have been introduced progres-
sively in children affected by urolithiasis, 
borrowed from the experience of adult urology. 
Retrograde endoscopic procedures, as ULT or 
RIRS, have good results for ureteral or limited 
burden pyelo-calyceal stones (<20  mm), but it 
presents high costs and poor durability of the 
small flexible instrumentation, and could be dif-
ficult to perform if the ureter caliber is very small, 
requiring pre-stenting [5, 17].

Percutaneous procedures to reach renal stones 
for lithotripsy have been demonstrated as highly 
effective, especially to treat large or staghorn 
pyelo-caliceal stones, with stone-free rate up to 
90–95%, but the risk of major complication, 
namely bleeding, is reported to be 6–8% [8, 13, 
17]. Recently, less invasive percutaneous tech-
niques have been extended in pediatric age, due 
to the advent of miniaturized endourological 
instrumentation, such as mini-perc, UMP, and 
micro-perc.

For renal pyelic calculi, mini-perc has been 
demonstrated to have significantly higher stone 
clearance rate than PCNL (p < 0.001) with minor 
complication rate (5.1%) in a group of 129 chil-
dren compared with 115 pediatric patients who 
received standard PCNL [17]. In our experience, 
mini-perc has evolved as the main technique 
adopted for pyelo-caliceal stones, with high 
stone-free rate and minor complication rate if 
compared with standard PCNL and retrograde 
procedures as RIRS. The ClearPetra System is a 
special 14  °F or 16  °F single-use sheath that 
improves the efficacy of the mini-perc in our 
recent experience. It allows continuous irriga-
tion, performed through the 12 °F nephroscope, 
and negative aspiration pressure, manually con-
trolled through a lateral channel of the device 
with multiple orifices (Fig. 27.5). The stones and 
fragments are attracted at the ClearPetra sheath 
opening, reducing the risk of retropulsion and 
allowing easier lithotripsy. Fragments are aspi-
rated between sheath and nephroscope, if smaller, 
or into the sheath in case of bigger burden stone 

residual. The continuous negative aspiration 
through the side port on the ClearPetra System 
presents several advantages, also in our recent 
experience: it reduces the intraluminal pressure 
in the urinary tract, improves the visual field from 
bleeding and stones powder, prevents stone retro-
pulsion during lithotripsy, reduces the operative 
time, and increases efficacy and safety.

A further miniaturization, the UMP, has been 
described by Desay et al. [18] utilizing a 11 °F 
instrument through a 13 °F Amplatz sheath, with 
a reported stone-free rate of 86.6% and few com-
plications, including conversion to mini-perc in 
two cases on 62 patients included in the study. 
The real advantage of UMP compared to mini- 
perc is still not demonstrated in our opinion. 
Ureteroscopic lithotripsy has been established as 
the standard treatment for small ureteric calculi 
and for residual stone fragments inside pelvis or 
intra-calyceal [19]. No more indications should 
be given for open surgical or laparoscopic 
approaches to stone disease in pediatrics, except 
in cases of severe skeletal abnormalities, associ-
ated urinary tract obstruction, or failed endo-
scopic treatments [1, 7].

The micro-perc device is a recent novel instru-
ment proposed by Desay MR et al. in 2011 [20] 
that really carries to extreme the miniaturization 
of percutaneous procedures, adopting a single- 
step calyceal puncture using a 4.85  °F needle 
(Figs. 27.3 and 27.4). The laser-tripsy is carried 
out by a 272 micron fiber inserted in the central 
port of a three-way connector and passing inside 
the 4.85 °F lumen needle, with 10,000 pixel optic 
wire and low-pressure irrigation from the lateral 
ports of the connector. The micro-perc has been 
demonstrated really to be a minimally invasive 
procedure, allowing lithotripsy under direct 
vision with a scarless access to lower calyx and 
pelvis. The procedure requires short operative 
time and short hospitalization, with minimal 
analgesic support, and could be considered as a 
new frontier for treatment of selected renal cal-
culi in lower pole, but it presents several signifi-
cant in contra’s. It needs experienced hands, with 
very precise selection of indications: small diam-
eter stones in lower pole calyx or pelvis and lim-
ited number (1 or 2) of stones. The endoscopic 
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vision is reduced and needs no endoluminal 
bleeding. The percutaneous maneuver is delicate 
and it is performed as single short access by the 
almost large needle present in the set, having 
4.85 °F caliber, without safety guide wire. Thus, 
we consider the access to the selected calyx more 
challenging and the hemorrhagic risk higher than 
in the mini-perc procedure. For these reasons, 
recently, we prefer mini-perc with ClearPetra 
system as first choice percutaneous approach for 
renal stones treatment.

In conclusion, significant technical improve-
ments have been reached in recent years also in 
pediatric stone disease, modifying our approach 
towards mini-invasive video-surgical procedures 
and increasing safety and efficiency. Future 
advancements are on the horizon that offers the 
promise of further increasing the efficiency and 
safety of current procedures, minimizing compli-
cations and invasiveness [6].
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28Place of Laparoscopic and Robotic 
Surgery in the Management 
of Kidney Urolithiasis

H. Steyaert and S. Luycks

28.1  Introduction

Stone disease is uncommon in developed coun-
tries [1]. Since years, non-surgical options are 
used in the treatment of the majority of cases of 
kidney (and ureteral) stones disease in children.

Medical expulsion therapy (MET) is the first- 
line treatment for most stones <10 mm encoun-
tered in children. But alternative techniques are 
also described [2].

For renal stones <20 mm having failed MET, 
EAU/ESPU and AUA guidelines still recommend 
extracorporeal shock wave lithotripsy (ESWL) as 
first-line treatment [3]. ESWL is effective and 
harmless [4].

However, recent development of paediatric 
flexible ureteroscopes, PCNL in children, and 
laser lithotripsy allow to attain better stone-free 
rates with less procedures (Fig.  28.1). Finally, 
less than 5% of the cases still need a real surgical 
approach [5].

When surgery is scheduled, again a minimal 
invasive approach (laparoscopic or retroperito-
neoscopic, eventually robotically assisted) is the 
rule. Indications for open surgery are exceptional 

nowadays but still more frequent in paediatric 
surgery [6, 7].

28.2  Indications

The contemporary indications for laparoscopic 
kidney stone management are well-defined [8]. 
They may be divided into five categories:

 1. anatomical abnormalities of the kidney, for 
example, pelvic or horseshoe kidney but also 
some cases of malrotated kidney,
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 2. the presence of a congenital anomaly such as 
a PUJ obstruction that could be treated in the 
same time,

 3. symptomatic stones present in calicle diver-
ticula not easily amenable to an endourologi-
cal approach,

 4. large impacted renal calculi (with eventual 
kidney loss),

 5. renal pelvic stones >1 cm diameter or smaller 
refractive for ESWL or recurrent after first 
ESWL approach.

Even in those cases (e.g., malrotated or horse-
shoe kidney), the combination of a surgical 
approach and the use of PCNL that is guided 
under laparoscopic control may be an option [9].

Eventually, the choice of the best approach 
will depend on the available material and the 
experience of the surgical team. For those two 
reasons, urological management of stones in chil-
dren should be concentrated in high-volume cen-
tres where expertise with updated material is at 
disposal.

When a surgical approach is decided, we 
know that a minimal invasive approach decreases 
the morbidity of an open one but at the price of a 
mostly challenging renal reconstruction, in par-
ticular, in anatomically abnormal kidneys. For 
that reason, more and more teams advocate the 
use of robotic assistance [10].

More reports, at least in adults, show that the 
use of a robot may increase stone clearance with 
fewer auxiliary procedures in most difficult cases 
[11].

28.3  Pre-Operative Preparation

A pre-operative evaluation should first include 
ultrasonography and isotope scanning. The high 
rate of metabolic abnormalities in children with 
urinary stones suggests that all should undergo 
nephron- metabolic evaluation. Such evaluation 
can be performed before or after stone manage-
ment. Magnetic resonance (MR) urogram or a 
contrast- enhanced CT are mandatory in order to 
know exactly how the anatomy of the urinary 
tract is delineated, but also to be aware of the 

anatomy of the blood vessels in those cases were 
the kidney is abnormally positioned.

This may help in the decision to choose 
between a retro or trans-peritoneal approach even 
in cases of horseshoe and malrotated kidneys for 
which the transperitoneal way seems best adapted.

Pre-operative antibiotic prophylaxis should be 
administered either with a broad-spectrum medi-
cation or according to the child’s specific urine 
testing.

All parents and patients (depending on their 
age) have to sign an informed consent before the 
procedure.

Patients receive a general anaesthesia with 
oro-tracheal intubation and myorelaxation.

Before positioning the patient in the laparo-
scopic suite, a cystoscopy with placement of a JJ 
stent is undertaken. This JJ stent can also be 
pushed percutaneously through the kidney pel-
vis, once opened and stones extracted, depending 
on surgeon’s preference and anatomy of the 
patient’s urinary tract. After positioning the 
patient, room has to be made for fluoroscopic 
material. For that reason, the use of an “inte-
grated operating room” where the screens are 
fixed on arms coming from above facilitates the 
management.

28.4  Positioning

28.4.1  Non-robotic Minimal Invasive 
Surgery

28.4.1.1  Transperitoneal
The patient is placed with a 60° lateral tilt (oper-
ated kidney up). All the pressure points are con-
sciously padded.

The surgeon and the assistant stand on the 
contralateral side of the operated kidney in front 
of the patient. The idea is always the same: hav-
ing everything in line: the surgeon, the target, and 
the screen (in the back of the patient).

Care must be taken with the arms. Mostly, the 
ipsilateral one is placed near the head to avoid 
elongation of the brachial plexus. Patient will be 
secured to the bed with two bands across the 
chest and legs.
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In children, an open approach is essential for 
the first trocar that is inserted through the umbili-
cus. A 5 mm optical system is mostly used but a 
10 mm gives a better view and may be a good 
option in case large stones are to be removed.

All optical systems are 30° ones because they 
give the opportunity to look over the colon and 
may help to minimize colon dissection or need 
for positioning of the optical trocar outside the 
umbilicus in older children.

Working trocars are placed around the optical 
one; generally one in the epigastrium and one in 
the ipsilateral fossa iliaca some cm from the iliac 
crest. In case of horseshoe kidney, the position of 
the working trocars will be adapted under direct 
view depending on the position of the kidney that 
is mostly closer to the pelvis and to the midline. 
Two working trocars are mostly enough. Size of 
those trocars (3 mm or 5 mm) will depend on the 
surgeon’s experience, the age of the child, and 
the eventually planned auxiliary percutaneous 
procedures. In case exposure is not optimal, an 
accessory trocar in the epigastric area could be 
useful in particular in order to retract the liver on 
the right side.

28.4.1.2  Retroperitoneal
Patient will be positioned in a strict lateral posi-
tion with a bag under the limb in order to allow 
maximal opening of the space between the tip of 
the 11th rib and the iliac crest. In an older child, 
flexion of the operating table can be used in order 
to increase that effect.

Then again care must be taken with the arms. 
Mostly the ipsilateral one is placed near the head. 
Patient will be secured to the bed with two bands 
across the chest and legs.

Surgeon and assistant stand in the back of the 
patient. Nurse may stand in the front if she has 
her own screen.

28.4.2  Robotic Minimal Invasive 
Surgery

Since the authors only have the experience of a 
transperitoneal approach with the robot, they will 
only describe this approach.

Placement of the trocars can differ depending 
on the used robotic system. Since authors do not 
use the last generation of the Da Vinci robot 
(Intuitive*), the position of the trocars is quite the 
same for a laparoscopic approach. With the last 
generation robot, all the trocars are to be placed 
in line with the optical trocar positioned in the 
umbilicus. Use of single port system is also pos-
sible but authors are yet to gain experience in 
this. Authors fix all their trocars to the skin, even 
for robotic surgery. The muscular wall is indeed 
thin in children.

The main concern is to be sure that the trocars 
are separated at least for 5–8 cm, what is some-
times difficult to obtain in little children. That’s 
why there is mostly a limitation in patients 
weighing less than 20 kg. In case the surgeon is 
willing to use such robotic assistance for little 
children, it’s mandatory to elevate the child from 
the table with a thick mattress in order to gain 
few cm of movements for the robotic arms out-
side the area of the mattress.

Another concern in robotic surgery is the need 
for an accessory trocar. This trocar has to be 
placed in such a manner that the assistant can use 
the instruments in good fashion in line with a 
screen but also outside the area of robotic arms 
movements.

This trocar will mostly be placed in the oppo-
site lateral fossa iliaca. Long instruments are 
needed if the child is over 10 years of age.

If fluoroscopy is needed, dedocking of the 
robot is advised using the trocars laparoscopi-
cally, in order to help the percutaneous 
manoeuvres.

Docking and dedocking takes few seconds in 
experienced hands.

28.5  Instrumentation

Cystoscopes and JJ stents from different sizes 
(depending on the age of the patient) are needed. 
All materials have to be checked before the 
beginning of the procedure.

Regarding the laparoscopic procedure, a 5 or 
eventually a 10 mm 30° optic is used. Two atrau-
matic fenestrated grasping forceps are used in 

28 Place of Laparoscopic and Robotic Surgery in the Management of Kidney Urolithiasis



218

order to manage tissues and other things. A fine 
curved dissector is used in order to obtain fine 
dissection (around vessels, ureter, etc.). Authors 
prefer to use bipolar cautery systems even if a 
monopolar hook can do the job. A hook is always 
good to have, for example, for faster dissection. 
Alternatively, other electrocautery systems may 
be used such as harmonic scalpel (for dissection 
of colon attachments) or Ligasure* depending on 
the availability and surgeon’s habits.

Other needed instruments are a suction- 
irrigation system, a pair of scissors, 1 or 2 curved 
needle holders, endobags, and sometimes clip 
appliers.

Depending on the age of the child, 3 mm or 
5 mm sets will be used with a preference for the 
5 mm ones in particular when accessory manoeu-
vres are scheduled.

Intraoperative US devices are also a +.
Even if most papers report the use of 8 mm 

instruments when robotic surgery is used, authors 
are using the 5 mm Da Vinci (Intuitive*) set. This 
set has three main disadvantages:

 1. Not a complete 360° movement.
 2. A longer working part of the instruments 

necessitating more space inside the 
abdomen.

 3. A much less number of instruments at 
disposal.

If these limitations are really obvious in little 
children, they are not so in older ones.

Not to forget: due to the fact that a lot of 
instruments will be introduced through the acces-
sory trocar, for example, aspiration-irrigation, 
endobag, clips, the accurate positioning of this 
trocar is of main concern.

Depending on the pre-operatively decided 
strategy, a flexible cystoscope with a variety of 
flat-wire baskets could be useful. Small calibre 
dye or holmium: YAG laser may be necessary 
for fragmentation or vaporization of large 
stones.

In case of concomitant cystoscopy, use of two 
cameras is the best option.

28.6  Technique (Transperitoneal)

28.6.1  Pelvic and Calyceal Stones

First step is to reflect the colon along the white 
line of Told. Harmonic scalpel makes this part 
easier. Once the pelvis of the kidney is freed, its 
ureter (by the indwelling stent) and main vessels 
recognized, the stone is identified by the bulge, 
by touching it with a forceps or, if needed, using 
intraoperative US.

Once the stone is found, an inverted V-shaped 
incision is made on the pelvis paying attention 
not to incise too close to the PUJ, avoiding the 
use of electrocautery in this area, after intro-
duction of the dissector in order to get around 
the stone. The stone is extracted using a large 
forceps and put in an endobag. It is important to 
avoid fragmentation of the stone if possible 
(Fig. 28.2). A finger tip of a glove (latex-free) 
can also be used and is perhaps easier to manip-
ulate. Once the stone is delivered, the pyeloli-
thotomy is closed using either a 4 or 5-0 
absorbable suture. Knots are to be made outside 
the lumen.

Fig. 28.2 Large pelvic stone (PUJ obstruction) ideally 
extracted in one piece
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Fig. 28.3 Renal papilla stone: good indication for a com-
bined procedure

In case stones are located in a distant calyx, a 
flexible instrument is useful (Fig.  28.3). This 
instrument will be pushed through the trocar 
most in line with the calyx to be treated. Authors 
suggest not to hesitate to put an accessory trocar 
if the working ones are not correctly in line for an 
easy removal.

28.6.2  Pelvic Stone and UPJ 
Obstruction

In case of concomitant stone and PUJ obstruc-
tion, the operation begins exactly in the same 
manner as above but the V-shaped incision is 
made closer to the PUJ.  Once the surgeon has 
dealt with the stones, a transcutaneous thread will 
secure the pelvis to the anterior abdominal wall 
before beginning with the ureteral incision and 
spatulation. Further step depends on surgeon’s 
preference. Best option is mostly not to separate 
completely the ureter from the pelvis before 
beginning the first running suture. Some teams 
put a second transcutaneous thread on the ureter. 
This can be specifically useful in the beginning 
because things are better stabilized. Generally 

only two running sutures are required if the inci-
sion of the pelvis was not too far from the 
PUJ.  This will also depend on the size of the 
delivered stone. In case of larger pelvic resection, 
a third running suture is conducted in order to 
close the pelvis. Some authors use interrupted 
sutures for the anastomosis part.

It’s in this indication that robotic assistance is 
of great interest due to the enhanced movements 
permitted by the robotic arms.

28.6.3  Nephrectomy for Calculus 
Disease

In very exceptional cases, a nephrectomy is indi-
cated for xantogranulomatous pyelonephritis. 
Those nephrectomies are challenging due to 
adhesions and distorted anatomy.

The operation begins again by largely reflect-
ing the colon. Second step is to recognize both 
the ureter and the pelvis. An ureteral stent helps 
to do this. Third step is to recognize and dissect 
the vessels of the renal hilum. Hem-o-Lock clips 
are very useful in this part of the surgery because 
once fixed they will not slip away during the 
sometimes very difficult dissection of the rest of 
the kidney. Use of the harmonic scalpel may 
facilitate the dissection of the adhesions to sur-
rounding tissues. Care must be taken not to enter 
the infected kidney, reason why it is wise to dis-
sect outside the Gerota’s area in case of necessity. 
On the upper pole, a more subcapsular dissection 
is performed in order to avoid an unnecessary 
adrenalectomy. Finally, the ureter is double 
clipped and cut in between in order to avoid spill-
age of pus. An endobag is mandatory in order to 
extract the infected kidney.

28.7  Technique (Retroperitoneal)

28.7.1  Diverticula

Trocars are classically placed with the optical 
one under the tip of the 11th rib and the two oper-
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ating ones a little bit more caudally, above the 
iliac crest (one more anterior and the other one 
more posterior).

After open access to Gerota’s fascia through 
incision of the muscle layers, a working space is 
created with the help of the scope and insuffla-
tion. Then, under visual control, the two operat-
ing trocars are inserted. Landmarks are visualized: 
the psoas muscle, the ureter, and the kidney that 
is located in the upper part of the field.

Depending on the site of the diverticulum, part 
of the kidney is freed from the peritoneum. It is 
sometime interesting to put a sling around the 
vessels in order to help to control bleeding during 
opening of very large diverticula. An ultrasonic 
probe is useful to localize the stones. If not avail-
able, stones can be identified by direct puncture. 
The thinnest part of the cortex is incised and 
diverticulum partially removed (marsupializa-
tion) if necessary with the help of the harmonic 
scalpel in order to get access to the stones. Once 
the stone(s) have been removed, a stitch will 
close the communication with the calyces. The 
renal parenchyma is to be closed using gross 
stitches (ideally with patches) in case of bleeding 
that can’t be controlled by monopolar cautery. 
Haemostatic meshes are also useful.

A JJ stent will drain the urinary tract.

28.7.2  Nephrectomy

Nephrectomy for xantogranulomatous pyelone-
phritis can also be performed by 
retroperitoneoscopy.

Introduction of trocars is the same as described 
above.

After recognition of the three landmarks 
(psoas, ureter, pelvis), the hilum is dissected. 
Advantage here is that the vessels are just in front 
of the surgeon. After clipping and severing the 
renal vessels, dissection of the kidney can be 
started. Adhesions make it also not an easy task 
with the risk of opening the peritoneum with gas 
“leakage” and reduced space available.

Several options are to be considered in that 
case:

 1. Inserting a Veress needle through the umbili-
cus increases gas flow (deflates the abdomen 
and inflates the retroperitoneal space).

 2. Using a stitch in order to close the hole if not 
too big.

 3. Putting a more anterior accessory trocar in 
order to close the hole in between the two 
jaws of a forceps

 4. Widely opening the hole, transferring surgeon 
and the assistant to the front of the patient and 
continuing the procedure transperitoneally.

28.8  Post-Operative Care

At the end of the operation, all trocar sites are 
closed, even the 3 mm ones in little children, at 
the level of the fascia.

Patients start oral feeding once they are dis-
charged from the recovery room, beginning 
mostly with liquids. Pain medication is given 
according to hospital protocols. Most of the time, 
there is no need for level 2 or 3 analgesics after 
the first night.

Antibiotics are usually given for 48–72 h. The 
urine catheter is removed in the first or second 
postoperative day. Antibioprophylaxis during JJ 
stenting is not recommended. Patients are dis-
charged 2 or 3  days after operation. JJ stent is 
mostly removed between 2 weeks and 1 month 
postoperatively. Follow-up will depend on the 
type of surgery and the chemical analysis of the 
calculus.

28.9  Results

Series are scarce even in adults.
Case reports about stone removal in horseshoe 

kidneys using combined techniques (laparoscopy 
and endourology) are described [8, 9]. Most of 
the series don’t comprise more than 15 to 30 
cases [11].

Some papers show good results of concomitant 
treatment of urolithiasis and UPJ obstruction [12].

There are more and more reports about a 
robotic approach for stones [10, 11, 13–15].
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In children, series are very scarce [16, 17]. 
Results are globally good except in one paper 
describing staghorn stone management in adoles-
cents [18, 19].Robot-assisted surgery has a good 
stone-free rate after a single procedure [6]. 
Because stones in the paediatric population have 
a high recurrence rate, it is especially important 
to prevent stone recurrence by ensuring complete 
stone clearance.

28.10  Discussion

Indications for a laparoscopic or retroperitoneo-
scopic approach in the management of upper uri-
nary stones in children are decreasing with the 
development of modern and miniaturized endou-
rologic treatments [4].

In guidelines, ESWL remains the gold stan-
dard for first-line treatment even in staghorn cal-
culus. Relative contraindications are the stones 
from infective origin. They are bulky and have a 
soft matrix not really suitable for ESWL [16].

In case of large stone, repeated ESWL may 
be necessary raising the question of several gen-

eral anaesthesia where a surgical approach can 
solve the problem at once [18]. Percutaneous 
techniques are actually treating the vast major-
ity of the cases. In toddlers, the flexible uretero-
scopes will mostly do the job, and in little 
children, where there may raise a concern about 
damaging the urethra (especially in boys), per-
cutaneous nephrotomy techniques (PERC and 
micro PERC) are becoming gold standards. 
Nevertheless, those techniques are not without 
potential complications such as bleeding, sep-
sis, and radiation exposure [19]. Finally, recur-
rence of stone disease is frequent, making it 
necessary knowing all the armamentarium of 
techniques [20].

Furthermore, those endourologic techniques 
are difficult to use in anatomical abnormal kid-
neys and may raise the risk of spreading stone 
fragments. In such cases, minimal invasive sur-
gery eventually combined with endourologic 
techniques may be an option [21]. MIS can also 
be considered as a salvage procedure when the 
less invasive once failed [19]. In case of UPJ 
associated with stones, first MIS approach is an 
excellent option in order to treat the stones and 
the UPJ obstruction during the same operation 
[22]. Robot is a perfect tool in this situation [12].

When nephrectomy is indicated, MIS is also 
the ideal treatment in particular through a retro-
peritoneal approach [23]. But retroperitoneal 
approach will essentially be used for a stone in a 
diverticula (Nephrolithotomy) even if this is the 
most logical for general kidney access 
(Pyelolithotomy). Nevertheless, authors have to 
admit that the retroperitoneal way is certainly not 
the first choice for the majority of the surgical 
teams dealing with renal diseases.

In conclusion, even if some papers still 
describe high percentage of open approach (up to 
20%) for kidney stones in children in comparison 
with adult series, authors think there is, in fully 
equipped countries, no indication any more for 
an open approach [5]. Discussion between a fully 
endourologic, a laparoscopic endourologic, or a 
complete MIS surgical approach (trans or retro- 
peritoneal) will depend on several factors such as 
size, type, and position of the stones in the kidney, 

Tips and Tricks
• Well-defined pre-operative strategy is a 

key point for success in stone 
management.

• Having all needed material and posi-
tioning accurately the patient is of main 
concern before beginning MIS for stone 
disease.

• Having a good flushing system is impor-
tant (suction/irrigation).

• Blue dye may be useful to check for 
leakage after suturing.

• Ureteral stenting prior to surgery helps 
during dissection and in order to find the 
stone (opacification just before begin-
ning surgery).

• Don’t hesitate to put accessory trocars 
(eventually 3  mm ones) if exposure is 
not optimal.
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anatomy of the kidney, material at disposal, age 
of the patient, and experience of the team. 
Options are to be discussed with the parents and 
the child after thorough explanation and a colle-
gial decision taken by surgeon and parents. In 
case of MIS, the help of the robot will make this 
surgery much easier.
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Take-Home Messages
• Stone disease in children is rare, in par-

ticular in developed countries.
• More and more endourologic or percu-

taneous techniques exist.
• Need for expensive material and experi-

ence are in high demand for concentra-
tion in high volume centres.

• Minimal invasive surgical approach has 
the advantage to treat mostly stones and 
eventual associated congenital abnor-
malities in one time whereas other strat-
egies may need several general 
anaesthesia.

• Normally, there is no place anymore for 
open surgery in the management of kid-
ney stones in children.
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29MIS Management of Symptomatic 
Simple Renal Cysts

Maria Escolino, Fulvia Del Conte, 
Vincenzo Coppola, Mariapina Cerulo, 
and Ciro Esposito

29.1  Introduction

Simple renal cysts (SRC) are benign, unilateral, 
and solitary lesions arising outside the renal 
parenchyma with no communication with the 
collecting system [1]. SRC are rare in childhood 
and increase in frequency during adulthood [2]. 
Renal cysts can be classified as being either sim-
ple or complex [3]. The criteria to define renal 
cysts as “simple” include (a) absence of internal 
echoes; (b) posterior enhancement; (c) a round/
oval shape; (d) sharp/thin posterior walls [3, 4]. 
They are commonly asymptomatic and are inci-
dentally diagnosed. A small number of patients 
(5%) may become symptomatic and present with 
abdominal or flank pain and less frequently 
hypertension, hematuria, recurrent urinary tract 
infections, cyst rupture, and pelvicalyceal 
obstruction [1, 5].

To date, there is no consensus about the opti-
mal protocol for the surveillance, imaging, or 
treatment of renal cysts in children [6]. Surgical 
treatment is commonly indicated in patients with 
symptomatic or rapidly enlarged cysts (>6  cm) 
and complex renal cysts with malignancy risk 
[7]. Different treatment options for symptomatic 
cysts have been described and include aspiration 
with or without instillation of sclerosing agents, 
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and robot-assisted approach to simple 
renal cysts.

• To present long-term outcome of the 
technique.

• To report the available evidence in the 
current pediatric literature about MIS 
management of simple renal cysts.

• To show a video tape of robot-assisted 
treatment of simple renal cysts.

• To describe tips and tricks of the tech-
nique and all innovative technologies 
available to improve surgical treatment 
of simple renal cysts.

Supplementary Information The online version con-
tains supplementary material available at [https://doi.
org/10.1007/978- 3- 030- 99280- 4_29].

M. Escolino (*) · F. Del Conte · V. Coppola  
M. Cerulo · C. Esposito 
Pediatric Surgery Unit, Federico II University of Naples, 
Naples, Italy
e-mail: maria.escolino@unina.it;  
fulvia.delconte@unina.it;  
vincenzocoppola1992@gmail.com; 
mariapina.cerulo@unina.it; ciroespo@unina.it

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
C. Esposito et al. (eds.), Minimally Invasive Techniques in Pediatric Urology, 
https://doi.org/10.1007/978-3-030-99280-4_29

mailto:maria.escolino@unina.it
mailto:fulvia.delconte@unina.it
mailto:fulvia.delconte@unina.it
mailto:vincenzocoppola1992@gmail.com
mailto:vincenzocoppola1992@gmail.com
mailto:mariapina.cerulo@unina.it
mailto:mariapina.cerulo@unina.it
mailto:ciroespo@unina.it
https://doi.org/10.1007/978-3-030-99280-4_29


226

percutaneous resection, and open or laparoscopic 
decortication [7]. Percutaneous techniques are 
not easy to apply in children and have been asso-
ciated with high recurrence rate and need for 
repeat procedure [8, 9]. Laparoscopic manage-
ment has become a valid alternative because it is 
minimally invasive and has a high success rate in 
terms of cyst recurrence [7, 10]. More recently, 
robotic surgery has also been reported as a viable 
treatment option for SRC [11, 12]. However, 
there is very limited evidence in the current pedi-
atric literature about MIS management of SRC. In 
this chapter, we described the laparoscopic and 
robot-assisted approach for treatment of simple 
renal cysts in pediatric patients.

29.2  Pre-Operative Preparation

Pre-operative work-up includes renal ultraso-
nography, DMSA renal scintigraphy, and mag-
netic resonance imaging (MRI) or computed 

tomography (CT) (Fig. 29.1). SRC are classified 
into stages I-IV, according to the Bosniak clas-
sification upon CT or MRI findings [13]. Stages 
I–II represent 95% of SRC and are considered as 
simple or benign, whereas stages III–IV demon-
strate high vascularity and are considered as 
complex or potentially malignant. The recently 
revised Bosniak classification considers SRC 
bigger than 3 cm automatically as stage IIF (F 
for follow-up) and recommends serial follow-up 
studies to prove benignity [4]. An accurate pre- 
operative imaging study is crucial to exclude 
cyst communication with the collecting system 
and to plan the surgical strategy (Fig.  29.2). 
Urine analysis with culture and sensitivity is 
obtained in all patients. A bowel preparation 
with simethicone, enema, and liquid diet may be 
useful, especially in younger children. All 
patients should receive intra-operative antibiotic 
prophylaxis.

After the induction of general anesthesia with 
oro-tracheal intubation, a Foley bladder catheter 

Fig. 29.1 Pre-operative CT of a giant renal cyst: arrows indicate the thin renal parenchyma compressed by the cyst

M. Escolino et al.



227

Fig. 29.2 Pre-operative CT imaging showed size and location of the renal cyst and excluded any communication 
between the cyst and the collecting system

Fig. 29.3 Patient, ports, 
and surgical team 
positioning in 
laparoscopic approach to 
renal cysts

is positioned using sterile precautions and a naso-
gastric tube is placed, in order to keep the stom-
ach empty during the procedure.

29.3  Positioning

Regarding patient’s position, the patients are 
placed in the standard lateral kidney position 
rotating the operative side up by 30°–45° axially 
using silicone pads underneath the patient in both 
laparoscopic and robot-assisted approach.

Regarding trocars’ positioning, three ports are 
placed in the laparoscopic technique: a 10-mm 
Hasson trocar is inserted transumbilically using 

the open technique for 30° 10-mm optic. After 
induction of pneumoperitoneum, two 5-mm 
operating trocars are introduced under vision 
along the midclavicular line in the upper and 
lower abdomen (in some cases, especially on the 
right side, a fourth trocar may be necessary to 
retract the liver) (Fig. 29.3).

Four ports are positioned in the robot-assisted 
technique: the first 8-mm robotic camera port is 
placed infra-umbilically using open Hasson tech-
nique for 30° 8-mm robotic optic. After induction 
of pneumoperitoneum, the two operative 8-mm 
robotic ports are placed under vision on the emi-
clavear line, one 2 cm under the subcostal arch, 
and the other 3 cm above the inguinal ligament. 
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Fig. 29.4 Patient, ports, 
and surgical team 
positioning in robot- 
assisted approach to 
renal cysts

Finally, the fourth 5-mm assistant port is posi-
tioned on the pararectal line, mean 6 cm caudal to 
the robotic camera port (Fig.  29.4) and the da 
Vinci Xi robot is docked, using a three-arms 
configuration.

29.4  Instrumentation

Laparoscopic Technique:
 – 5-mm laparoscopic atraumatic fenestrated 

grasping forceps
 – 5-mm laparoscopic curved dissector
 – 5-mm laparoscopic monopolar hook
 – 5-mm laparoscopic peanut (optional)
 – 5-mm Ligasure (optional)
 – 5-mm laparoscopic needle
 – 5-mm laparoscopic scissors
 – 5-mm laparoscopic irrigation/suction 

device.

Robot-assisted Technique:
 – 5-mm laparoscopic instruments (scissors, 

grasper, irrigation/suction device, glue 
 applicator) to be used through the 5-mm 
assistant port

 – 8-mm robotic monopolar curved scissors
 – 8-mm robotic Cadiere grasper
 – 8-mm robotic Maryland bipolar forceps.

29.5  Technique

29.5.1  Laparoscopic Technique

This approach can be accomplished via 
 transperitoneal or retroperitoneal route.

29.5.1.1  Laparoscopic 
Transperitoneal Approach

After Toldt’s line incision, the kidney is exposed 
and the cyst localized and freed from adhesions. 
The cyst dome is then opened and the wall excised 
using scissors and a monopolar hook. To better 
handle the edges of the cyst, a small amount of 
fluid (sent for cytological examination) can be 
aspirated using a transparietal or laparoscopic nee-
dle, in order to reduce the tension and to obtain a 
better grip. The wall of the cyst is excised circum-
ferentially at its junction with the renal paren-
chyma using a monopolar hook and/or Ligasure, 
and the removed portion of the cyst wall is sent for 
histopathological exam. The portion of the cyst 
lying directly on the kidney surface is sealed using 
a monopolar hook to prevent fluid from being pro-
duced by the cyst lining. The cyst edges are sealed 
and the perirenal fat is placed on the bottom of the 
cyst (wadding technique). A drain is placed around 
the surgical site and trocars’ orifices are closed 
using resorbable sutures.
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Fig. 29.5 ICG-enhanced fluorescence is very helpful to distinguish the “non-fluorescent” avascular cyst dome from the 
“fluorescent green” renal parenchyma

Fig. 29.6 The cyst roof is resected using robotic 
scissors

29.5.1.2  Laparoscopic 
Retroperitoneal Approach

A skin incision (2 cm) is made in the posterior 
axillary line midway between the iliac crest and 
the last rib. The incision is extended through the 
muscles and lumbar fascia. The index finger is 
then introduced to create sufficient space to 
accommodate the balloon trocar. Three ports are 
used routinely. A fourth port is added in some 
patients, usually those with anterior upper-pole 
cysts. Once identified, the cyst that can appear as 
a blue dome is dissected and its edge is delivered. 
The cyst contents are aspirated by a percutaneous 
or laparoscopic needle, and the aspirate is sent 
for cytological analysis. The roof of the cyst is 
then excised and the cyst edge is sealed by elec-
trocautery, and the perirenal fat is finally placed 
over the base of the cyst. Finally, a tube drain is 
left and the wounds are closed using resorbable 
sutures.

29.5.2  Robot-Assisted Technique

After lowering of the colon, the Gerota fascia is 
opened to access the kidney. Pathological adhe-
sions of epiploon to the parietal abdominal wall 
on the same side of the SRC are divided. Once 
the cyst is identified and exposed, it is punctured 
with a transparietal needle, the liquid content is 
evacuated and sent for cytological examination. 
For a better intra-operative identification of the 

cyst dome, the fluorescence imaging technology 
using indocyanine green (ICG) can be adopted 
intra-operatively. The ICG solution (2.5 mg/mL) 
is injected intravenously (dosage 0.3 mg/mL/kg), 
just after the division of the Gerota’s fascia. In a 
matter of about 60 s following the injection, ICG- 
enhanced fluorescence allows to clearly distin-
guish the “non-fluorescent” area corresponding 
to the avascular cyst dome from the “fluorescent 
green” area corresponding to the normal perfused 
renal parenchyma (Fig.  29.5). The cyst roof is 
then resected using monopolar robotic scissors 
and sent for histological assessment (Fig. 29.6). 
The cyst edge is sprayed with a layer of chemical 
glue to dry the surgical site, and the cyst concav-
ity is wadded using a pedicled flap of perirenal fat 
tissue (Fig.  29.7). A further layer of chemical 
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Fig. 29.7 The cyst concavity is sprayed with chemical glue and wadded with perirenal fat tissue flap (arrow)

Tips and Tricks
• An intra-operative challenge can be 

represented by the difficulty to cor-
rectly identify the cyst dome that has 
sometimes the same color as the renal 
parenchyma. ICG-enhanced fluores-
cence may be very helpful to distin-
guish the abnormal cyst dome that 
typically appears hypofluorescent rela-
tive to the remainder of the perfused 
renal parenchyma that appears fluores-
cent green. This tool is extremely easy 
to adopt; the fluorescence mode can be 
directly activated by the operating sur-
geon by pushing a foot-pedal in lapa-
roscopy or a button on the console 
joystick in robotics and fluorescent 
vision appears almost instantaneously 
[14]. Using ICG-guided fluorescence, 

glue is sprayed in order to secure the flap to the 
cyst cavity borders. A drain is left in the renal 
loggia and ports’ orifices are closed using resorb-
able sutures.

29.6  Post-Operative Care

The bladder catheter is left in place for 24 h post-
operatively and the drain is removed within 
24–48 h postoperatively, provided that no urine 
leak is detected. Full oral feeding is resumed on 
the same day of surgery as tolerated. Pain control 
is obtained with oral analgesic medication 
(paracetamol 15 mg/kg/8 h).

Clinical and ultrasonographic follow-up is 
carried out at 1, 6, and 12 months postoperatively, 
and thereafter annually.

29.7  Results

As reported in our recently published experience 
[12], the median operative time was 50  min 
(range 35–90) for laparoscopic transperitoneal 
and retroperitoneal deroofing. The median opera-
tive time for robotic deroofing was 85 min (range 
65–120) including surgical and docking time. 
There were no intra-operative complications. The 
median hospital stay was 2 days (range 1–4). All 
the patients remained asymptomatic during fol-
low- up (2–42 months). At beginning of our expe-
rience, a small amount of liquid in the bottom of 

the cyst was detected on the postoperative US 
examination. Those cases were managed conser-
vatively due to the absence of symptoms and size 
stability during follow-up. In the last patients 
treated with the fat tissue wadding technique, no 
liquid was detected postoperatively. The histo-
logical analysis consistently showed a cyst wall 
lining of a transitional epithelial type without evi-
dence of malignity, compatible with the diagno-
sis of SRC.
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29.8  Discussion

Treatment of symptomatic renal cysts is still con-
troversial, and the pediatric literature is very poor 
in regard to this subject [6]. For asymptomatic 
cysts without complications, the “wait and see” 
strategy seems to be the better solution, espe-

cially in children [7]. A sudden increase in the 
size of the cyst, worsening of the pain, hematuria 
and recurrent colicky pain, or the onset of hyper-
tension warrant a more invasive treatment [7]. A 
range of treatment options is now available: strict 
US surveillance, aspiration/alcoholization, or 
surgery. Percutaneous techniques with aspiration 
or injection of sclerosant agents have been asso-
ciated with high recurrence rates ranging from 
43% to 90% within 2 years [8, 9]. Furthermore, 
serious adverse effects secondary to the use of 
sclerosant agents, such as systemic absorption, 
calcification, or pain, have been described [12].

Laparoscopic management has become a valid 
alternative because it is minimally invasive and 
has a high success rate in terms of cyst recurrence 
[7, 15]. In a recent case series of laparoscopic 
management of renal cysts, the authors reported 
very good results in terms of efficacy, high suc-
cess rate, minimal morbidity, operating time, and 
hospital stay [7, 15]. The cosmetic outcome in 
terms of patient satisfaction was also very encour-
aging. Pediatric cases of SRC deroofing have 
already been reported through either transperito-
neal or retroperitoneal approach with good out-
comes [7, 16–18]. More recently, robotic surgery 
has also been reported as a viable treatment 
option for SRC [11, 12]. However, there is very 
limited evidence in the current pediatric literature 
about MIS management of SRC, with only five 
cases of robotic treatment of SRC in pediatric 
patients published until now [11, 12]. Our group 
reported the largest experience with robot- 
assisted treatment and described two novel modi-
fications to the traditional technique: the 
ICG-enhanced fluorescence to guide the proce-
dure and the fat tissue wadding of the cyst to 
reduce the cyst recurrence after deroofing [12].

Concerning the surgical approach, the use of 
laparoscopy or robotics relied on SRC location, 
surgeon’s experience, and availability of robot 
[12].

Laparoscopic transperitoneal SRC deroofing 
is probably the easiest surgical strategy [7, 15, 
17]. However, posterior SRC may have a better 
access through retroperitoneoscopy [16, 18]. For 
those who have access to a surgical robot, robot-
ics enables precise and careful tissue dissection 

the cyst evacuation and deroofing can 
be safely performed.

• In case of middle-renal cysts, ipsilateral 
ureteral stenting with the bladder filled 
with methylene blue may be adopted 
intra-operatively in order to check the 
integrity of the collecting system after 
renal cyst’s decortication.

• Use of sealing devices such as Ligasure 
or other in laparoscopy and retroperito-
neoscopy and monopolar scissors or 
bipolar Maryland forceps in robotics 
may be very helpful to shorten the dis-
section time and reduce the risk of 
bleeding.

• The most frequent complication 
reported after renal cyst decortication is 
cyst recurrence [12]. It has been recom-
mended to seal the portion of the cyst 
lying directly on the kidney surface 
using a monopolar hook to prevent fluid 
from being produced by the cyst lining 
[7, 15]. A useful trick that we adopt in 
our practice is to apply a little amount of 
chemical glue on the cyst edge in order 
to isolate this epithelial layer and pre-
vent fluid leakage [12].

• A technical expedient to prevent cyst 
recurrence is to wad the cyst concavity 
with a flap of perirenal fat or omental tis-
sue [7, 16, 17]. A useful trick that we 
adopt in our practice is to fix the flap to 
the cavity borders using a further layer of 
chemical glue in order to prevent its dis-
lodgement [12]. We avoid use of sutures 
to fix the flap in order to prevent injuries 
to the underlying renal parenchyma.
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and manipulation, comparable outcomes with 
laparoscopic approach, and superior ergonomics 
[11, 12]. Additionally, robot platform is already 
integrated with the ICG software Firefly® that 
can be instantaneously activated to improve intra- 
operative visualization of anatomic structures. A 
simple intravenous injection of ICG solution is 
required and real-time fluorescent images are 
obtained at any point during surgery [14]. In such 
indication, the ICG fluorescence was proved to 
be very helpful to distinguish the “non- 
fluorescent” avascular cyst dome from the “fluo-
rescent” perfused renal parenchyma [12]. 
Consequently, SRC evacuation and deroofing are 
safely performed without major bleeding or 
injury to the renal parenchyma. This specific 
application of the ICG fluorescence is even more 
useful in giant SRC in which the renal architec-
ture may be distorted [12].

Several authors have reported the fulguration 
of the cyst edge after deroofing as a means to pre-
vent cyst recurrence [7, 15]. We believe that this 
maneuver must be performed using extreme cau-
tion considering the non-negligible risk of fistuli-
zation with the major renal vessels or collecting 
system [19]. In our experience, we prefer to apply 
a thin layer of chemical glue on the cyst base in 
order to isolate the secreting epithelial lining and 
also to fix the fat tissue flap that is adopted to wad 
the cyst cavity. Based upon our experience, we 
believe that both the chemical glue spraying and 
the fat wadding of the SRC may play a role in 
preventing cyst recurrence [12].

Analyzing the operating time, robotic is faster 
than laparoscopic approach, but patient installa-
tion, robot docking, and undocking times are still 
longer than standard laparoscopic preparation. 
Fast improvement of learning curve in robotics 
will shorten this gap [12].

Based upon the available evidence, we can 
outline the following considerations. Given the 
low risk of malignancy (<1%) and complications 
(<5%), conservative management should be the 
first choice for asymptomatic SRC [7]. The US 
modified Bosniak classification is a reliable tool 
to differentiate between stages III–IV and stages 
I–II SRC [20]. We suggest the follow-up of stages 
I–II SRC with serial US, in the absence of any 

change in the cyst morphology or patient symp-
toms [12]. All stages III–IV or symptomatic 
stages I–II SRC require surgical treatment [12]. 
Minimally invasive cyst deroofing and fat tissue 
wadding technique using both laparoscopic and 
robot-assisted approaches can be considered the 
gold standard treatment in case of symptomatic 
stages I–II SRC, reporting high success rate, low 
morbidity rate, and fast postoperative course [7, 
12]. In case of stages III–IV SRC, complete exci-
sion of the lesion is mandatory to rule out histo-
logical malignancy [12].

References

1. Bisceglia M, Galliani CA, Senger C, Stallone C, Sessa 
A. Renal cystic diseases: a review. Adv Anat Pathol. 
2006;13(1):26–56.

2. Hanash KA, Al-Othman K, Mokhtar A, Al-Ghamdi A, 
Aslam M. Laparoscopic ablation of giant renal cyst. J 
Endourol. 2003;17:781–4.

3. Bosniak MA.  The current radiological approach to 
renal cysts. Radiology. 1986;158:1–10.

4. Bosniak MA.  The Bosniak renal cyst classification: 
25 years later. Radiology. 2012;262:781–5.

Take-Home Points
• Accurate pre-operative imaging study is 

crucial to exclude cyst communication 
with the collecting system and to plan 
the surgical strategy.

• Laparoscopic or robot-assisted cyst 
deroofing is the first-line treatment for 
symptomatic Bosniak stages I–II renal 
cysts.

• Intra-operative ICG-enhanced fluores-
cence may be helpful to guide the evac-
uative puncture and the cyst deroofing, 
especially in giant cysts with distorted 
renal architecture.

• Perirenal fat tissue wadding technique is 
useful to reduce the cyst recurrence after 
deroofing.

• Chemical glue spraying may be useful to 
isolate the secreting epithelial lining in 
the cyst edge and to fix the fat tissue flap 
in order to prevent its dislodgement.

M. Escolino et al.



233

5. Eroglu FK, Kargın Çakıcı E, Can G, Güngör T, 
Yazılıtaş F, Kurt-Sukur ED, Celikkaya E, Üner Ç, 
Çakmakçı E, Bülbül M.  Retrospective analysis of 
simple and stage II renal cysts: pediatric nephrology 
point of view. Pediatr Int. 2018;60:1068–72.

6. Wang ZTP, Chan EP, Moreno NV, Filler G, McAleer 
I, Wehbi E, Chuang KW, Khoury A. What to do with 
renal cysts in children? Urology. 2020;140:138–42. 
https://doi.org/10.1016/j.urology.2020.03.001.

7. Marte A, Pintozzi L. Laparoscopic treatment of symp-
tomatic simple renal cysts in children: single-center 
experience. Pediatr Med Chir. 2018;40(1) https://doi.
org/10.4081/pmc.2018.168.

8. Cho YJ, Shin JH. Comparison of acetic acid and 
ethanol sclerotherapy for simple renal cysts: clin-
ical experience with 86 patients. Springerplus. 
2016;5:299.

9. Okeke AA, Mitchelmore AE, Keeley FX, Timoney 
AG.  A comparison of aspiration and sclerother-
apy with laparoscopic de-roofing in the manage-
ment of symptomatic simple renal cysts. BJU Int. 
2003;92:610–3.

10. Koutlidis N, Joyeux L, Méjean N, Sapin 
E.  Management of simple renal cyst in children: 
French multicenter experience of 36 cases and review 
of the literature. J Pediatr Urol. 2015;11:113–7.

11. Wang YC, Xia JD, Zhang QJ, Chen C, Xue JX, Yang 
J, Qin C, Song NH, Wang ZJ.  Robotic renal cyst 
decortication with calyceal diverticulectomy in a tod-
dler—technical practicalities: a case report. J Med 
Case Rep. 2018;12:284.

12. Esposito C, Soria-Gondek A, Castagnetti M, Cerulo 
M, Del Conte F, Esposito G, Pecoraro C, Cicala 
D, Farina A, Escolino M.  Laparoscopic or robotic 
deroofing guided by indocyanine green fluorescence 
and perirenal fat tissue wadding technique of pedi-

atric simple renal cysts. J Laparoendosc Adv Surg 
Tech A. 2020;30:471–6. https://doi.org/10.1089/
lap.2019.0650.

13. Israel GM, Hindman N, Bosniak MA.  Evaluation 
of cystic renal masses: comparison of CT and MR 
imaging by using the Bosniak classification system. 
Radiology. 2004;231:365–71.

14. Esposito C, Del Conte F, Cerulo M, Gargiulo F, Izzo 
S, Esposito G, Spagnuolo MI, Escolino M.  Clinical 
application and technical standardization of indo-
cyanine green (ICG) fluorescence imaging in pedi-
atric minimally invasive surgery. Pediatr Surg Int. 
2019;35(10):1043–50.

15. Tuncel A, Aydin O, Balci M, Aslan Y, Atan 
A.  Laparoscopic decortication of symptomatic sim-
ple renal cyst using conventional monopolar device. 
Kaohsiung J Med Sci. 2011;27(2):64–7.

16. Porpiglia F, Fiori C, Billia M, Renard J, Di Stasio A, 
Vaccino D, Bertolo R, Scarpa RM.  Retroperitoneal 
decortication of simple renal cysts vs decortication 
with wadding using perirenal fat tissue: results of a pro-
spective randomized trial. BJU Int. 2009;103:1532–6.

17. El-Shazly M, Allam A, Hathout B.  Laparoscopic 
decortication of simple renal cyst with omental 
wadding technique: single-center experience. J 
Laparoendosc Adv Surg Tech A. 2012;22(9):886–8.

18. Tefekli A, Altunrende F, Baykal M, Sarilar O, Kabay 
S, Muslumanoglu AY.  Retroperitoneal laparoscopic 
decortication of simple renal cysts using the bipolar 
PlasmaKinetic scissors. Int J Urol. 2006;13:331–6.

19. Hemal AK. Laparoscopic management of renal cystic 
disease. Urol Clin North Am. 2001;28(1):115–26.

20. Karmazyn B, Tawadros A, Delaney LR, Marine 
MB, Cain MP, Rink RC, Jennings SG, Kaefer 
M. Ultrasound classification of solitary renal cysts in 
children. J Pediatr Urol. 2015;11:149.e1–6.

29 MIS Management of Symptomatic Simple Renal Cysts

https://doi.org/10.1016/j.urology.2020.03.001
https://doi.org/10.4081/pmc.2018.168
https://doi.org/10.4081/pmc.2018.168
https://doi.org/10.1089/lap.2019.0650
https://doi.org/10.1089/lap.2019.0650


235

30Laparoscopic Radical 
Nephrectomy for Wilms’ Tumors

Aurélien Scalabre, François Varlet, Aurore Bouty, 
Thomas Blanc, and Yves Heloury

30.1  Introduction

According to International Society of Pediatric 
Oncology (SIOP) protocol, Wilms’ tumors (WT) 
must be treated by neoadjuvant chemotherapy and 
open radical nephrectomy as a first step. The over-
all survival rate remains high since several decades, 
around 90%, and protocols tried to decrease the 
burden of chemotherapy and radiotherapy [1]. The 
same thinking was conducted by a few surgeons to 
decrease the burden of surgery with laparoscopic 
radical nephrectomy (LRN), especially about 
adhesion-related complication as postoperative 
small bowel obstruction and scars altering quality 
of life of long-term survivors [2–7]. Therefore, 
new SIOP-Umbrella protocols included indica-
tions to laparoscopic resection of WT: (1) surgery 
must adhere to oncological principles with trans-
peritoneal radical nephrectomy including lymph 
nodes sampling, (2) only for small, central tumors 
with rim of “normal” renal tissue, (3) with extrac-
tion of the specimen in a bag without morcellation 
involving an adequate abdominal wall incision, (4) 
and open surgery is required if a nephron- sparing 
surgery is feasible. There are also laparoscopic 
contraindications in the protocol: (1) tumor infil-
trating extrarenal structures are extended beyond 
the ipsilateral border of spinal column, (2) throm-
bus in renal vein or veina cava, (3) peripheral loca-
tion of nephron-sparing  surgery is not deemed 
feasible, (4) tumor without any response to che-
motherapy due to the risk of tumor rupture, (5) and 

Learning Objectives
• To describe step by step the technique of 

laparoscopic radical nephrectomy 
(LRN).

• To describe the robot-assisted LRN.
• To report the latest results of the review 

of literature.
• To show a video with the technique of 

LRN.
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little or no experience in laparoscopic nephrec-
tomy (consider transfer to another unit or obtain 
more experienced help) [8]. These SIOP-Umbrella 
criteria for LRN are conservative and safe but indi-
cations can be extended for teams experienced in 
surgical oncology and minimally invasive surgery 
[9]. However, it should be kept in mind to avoid 
any tumor rupture or uncontrolled spreading dur-
ing laparoscopy, whatever radiotherapy will be 
required increasing burden of surgery [4, 10].

30.2  Preoperative Preparation

Thus, a good CT scan or MRI analysis with the 
radiologist before surgery and after chemother-
apy is mandatory to assess if laparoscopy seems 
feasible. If a nephron-sparing surgery is feasible, 

it should be performed. Thrombus in renal vein 
or veina cava remains an undebatable contraindi-
cation. Obvious tumor-infiltrating extrarenal 
structures are also undebatable which needs open 
surgery, but the most often tumor infiltration is 
very difficult to assert definitely on CT scan or 
MRI before procedure. In this case, LRN can be 
started and quickly converted if there are criteria 
of contraindication. A WT with large lymph 
nodes is not indicated for laparoscopy (Fig. 30.1). 
When there is a tumor rupture at diagnosis, lapa-
roscopy is debatable because the spillage is 
already done in abdominal cavity, and LRN was 
nevertheless done in one case with favorable out-
come [11].

The risk of laparoscopy, tumor rupture, great 
vessels injury, interest of lymph nodes sampling, 
and conversion are explained to the parents 
before to obtain consent.

30.3  Positioning

Before positioning, you have to draw the supra-
pubic incision for specimen extraction and the 
possible open approach in case of conversion. 
The patient was positioned at 45–60° lateral 
decubitus with the interest to have a good expo-
sure of retroperitoneal area after colon releasing 
because of falling down (Fig. 30.2).

The video column is placed in the back of the 
patient and the surgeon stands at the front with his Fig. 30.1 Huge lymph nodes surrounding the great ves-

sels after chemotherapy

3mma b

3–5mm

BlockSuprapubic
incision

3mm
5mm

Open
approach

Head
Back

Wilms

Fig. 30.2 (a) Trocars and incisions. (b) 45–60° lateral decubitus installation
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assistant. Trocars placement is similar to every 
nephrectomy: one by trans-umbilical approach 
according to Hasson’s technique, one in subcostal 
area, often replaced by a 5 mm one to introduce 
sealing devices, one in lower quadrant, and a fourth 
one just below xiphoid process to help maintaining 
liver or spleen or sometimes tumor retraction.

30.4  Instrumentation

A 30° lens is mandatory to ensure a good vision 
during the procedure. If using a 0° lens, the 
umbilical trocar must be changed by an upper 
location between umbilicus and flank. According 
to the child, a 5  mm or 10  mm telescope is 
required and 3 mm or 5 mm instruments can be 
used. The required instruments are scissors, 
atraumatic forceps, dissector, monopolar hook, 
bipolar forceps, sealing devices as Ultracision™ 
(Ethicon Endo-surgery, Cincinnati, Ohio, USA) 
or LigaSure™ (Valleylab, Boulder, Colorado, 
USA), atraumatic retractor, Hem-o-lock® 
(Teleflex, Morrisville, NC, USA), suction.

30.5  Technique

The aim is to do LRN with monobloc nephrouret-
rectomy outside the Gerota’s fascia with lymph 
nodes sampling, needing a wide dissection of 

vena cava on the right side and aorta on the left 
side for lymph nodes picking above the level of 
renal pedicle. In small tumors, guidelines imply 
to do first the ligation of renal pedicle and it is 
better performing artery ligation before renal 
vein to avoid swelling of the tumor, but some-
times the renal vein keeps the artery hidden and 
has to be dissected and ligated first. In bigger 
tumors, the best way is to begin dissection lower 
at the level of iliac vessels and when the ureter is 
identified, the dissection follow-up vena cava on 
the right and aorta on the left to reach the renal 
pedicle. If thin adhesions between tumor and dia-
phragm occur, the dissection may go through the 
diaphragm to remove a tumor extension. A con-
version is required if adhesions are thick and 
infiltrate widely the muscle. A macroscopic com-
plete resection (R0) is mandatory.

For a right WT, the steps are as following:

 – Releasing of the colon from cecum to right 
flexure to obtain a good exposure of renal ped-
icle, good dissection of vena cava, and good 
access to pelvic ureter.

 – Retracting the liver.
 – Opening of retroperitoneum at the level of 

renal pedicle to free vein and artery before 
ligating artery first by Hem-o-lock® (Teleflex, 
Morrisville, NC, USA), two beside the aorta 
and one beside the kidney; the same ligation is 
done to the renal vein (Fig. 30.3).

a b

Fig. 30.3 Left Wilms’ tumor. (a) Renal and genital veins. (b) Renal artery
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 – If the tumor is bigger and stops the retroperi-
toneal approach, the iliac vein is coming up 
before reaching vena cava and proceeding dis-
section cranially along it until above renal 
pedicle to have a good exposure of suprarenal 
vena cava. Right gonadal vessels may be 
spared, but they are ligated if necessary.

 – Mobilization of duodenum and pancreas to 
see the left side of vena cava and the right side 
of aorta because guidelines impose to ligate 
renal artery close to the aorta and to sample 
lymph nodes between the great vessels above 
the level of renal pedicle.

 – After renal pedicle ligation, releasing of kid-
ney is performed along suprarenal vena cava, 
sparing or not the adrenal gland according to 
the decision of multidisciplinary meeting, 
most often removed when upper pole tumor, 
then around the Gerota’s fascia close to psoas 
muscle. This latter step is much facilitated by 
new sealing devices, safely to avoiding 
bleeding.

 – Dissecting down the ureter and ligating as low 
as possible.

 – Performing the suprapubic incision and doing 
a small peritoneal hole to introduce the 
15 mm-trocar for bag; thus, the pneumoperito-
neum can be maintained and specimen placed 
in the bag with lymph nodes. Once this step is 
performed, the peritoneal hole is enlarged and 
the specimen is extracted by a mandatory ade-
quate incision to avoid any tumor rupture.

For a left WT, the LRN is similar with few 
differences:

 – The releasing of left colonic flexure and lat-
eral edge of spleen must be done to have a 
good exposure on the kidney and adrenal 
gland because of falling down of the spleen 
and pancreatic tail during installation.

 – In case of big tumor, the first approach of iliac 
vessels is done before dissecting aorta and fol-
lowing it above renal pedicle.

 – Sampling of lymph nodes between aorta and 
vena cava with a good mobilization of spleen 
and pancreas, following splenic and renal 
veins.

Drainage is not mandatory but commonly left 
to show any postoperative bleeding or lymphatic 
suffusion.

Despite the lack of haptic feedback consid-
ered as a potential limitation, robot-assisted lapa-
roscopy (RAL) has many advantages with 3D 
vision, seven degrees of freedom, and precise 
camera control. RAL can probably expand the 
possibilities of performing difficult operations, 
especially in case of deep and narrow field such 
as pediatric oncology surgery. For RAL total 
nephrectomy, patients were positioned in supine 
position and four robotic ports were inserted 
along the midline with one assistant port on the 
planned Pfannenstiel incision for subsequent 
specimen retrieval. Then, the same procedure 
described above is performed.

30.6  Post-Operative Care

At the end of procedure, bladder catheter and 
nasogastric tube can be removed. In case of peri-
dural or morphinic analgesia, it is better to leave 
bladder catheter to avoid retention. Oral intake 
can be restarted 8–12  h after surgery. Level 1 
analgesic is usually sufficient after 1 or 2 days. 
Drainage is removed after a few days, except in 
case of bleeding or effusion. The hospital stay is 
usually short, after assessing correct bowel move-
ments and pain control. Most patients are dis-
charged after 2 to 3 days.

30.7  Complications

Bleeding or lymphatic effusion can occur in the 
immediate postoperative course. Bleeding can 
require a redo in emergency. Drainage must be 
left during 1 or 2  weeks waiting for lymphatic 
effusion drying up. Pneumonia and bowel perfo-
ration have been reported justifying antibiotics or 
redo surgery.

Histological results are expected to confirm 
local disease stage I or II. Sometimes an unex-
pected small thrombus can be showed in the renal 
vein section or lymph nodes can be metastatic 
increasing WT in a stage III case and requiring 
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radiotherapy. A tumor rupture leads to a similar 
treatment.

30.8  Results

A recent paper reported our results from 50 WT 
children between 2006 and 2018 [12]. With a 
median age of 38 months (6–181), children were 
treated according to SIOP 2001 or UMBRELLA 
SIOP-RTSG 2016 protocols receiving neoadju-
vant chemotherapy and performing transperito-
neal LRN.  Sixteen tumors crossed the lateral 
border of spine of whom three crossed the mid-
line (32%) and 6/16 required a conversion to 
open surgery. None of these WT was amenable to 
nephron-sparing surgery. No tumor rupture 
occurred and no tumor was upstaged even when 
conversion was required. After a median follow-
 up of 34  months (2–138), 47 patients were in 
complete remission. A local recurrence occurred 
in two patients at 7 and 9 months after LRN, both 
stage I and intermediate risk, requiring new che-
motherapy and one presented with lung metasta-
ses 4 months after surgery, stage III and high risk; 
but there is no death among the 50 patients. About 
RAL, the results were reported in a few papers 
with good follow-up, but the number of patients 
is small and the follow-up is still short to analyze 
[4, 13–15].

30.9  Discussion

Open radical nephrectomy through a transverse 
transperitoneal incision and regional lymph node 
sampling is considered as the standard of treat-
ment for most malignant renal tumors in children 
according to consecutive SIOP protocols. From 
2003, nephron-sparing surgery in unilateral WT 
has been proposed for selected small tumors after 
chemotherapy and SIOP included this conserva-
tive surgery in its new protocols [16, 17]. The 
first reports of laparoscopic radical nephrecto-
mies were published between 2004 and 2011 [2, 
3, 11, 18] and laparoscopy was more and more 
done with good outcomes. Finally, laparoscopy 
was included in UMBRELLA SIOP-RTSG 2016 
protocol with criteria for indications and contra-
indications. The series of 50 cases of LRN for 
unilateral WT, represented 19% of WT in the 
same time, demonstrated no death, a 3-year 
event-free survival of 94%, a rate of local relapse 
of 4% and a rate of conversion in open surgery of 
12% without upstaging of the tumor [12]. 
Contraindications have to be discussed:

 – About tumor infiltrating extrarenal structures, 
this contraindication is undebatable and needs 
open surgery, but the most often tumor infil-
tration is very difficult to assert definitely on 
CT scan or MRI before procedure. In this 
case, LRN can be started and quickly con-
verted if laparoscopy is unable to remove 
safely the tumor with a macroscopic complete 
resection (R0).

 – About extension of the tumor beyond the ipsi-
lateral border of spinal column, we proposed 
in a first step to perform LRN only when WT 
did not cross lateral border of the spine for a 
safe procedure [4]. However, with training, we 
demonstrated in the series that the technique 
was feasible even in tumors crossing this line 
or sometimes the midline (16/50), with 6/16 
conversions in open surgery without rupture 
[12]. But it is certainly better to begin LRN by 
small tumors.

 – Thrombus in renal vein or vena cava remains a 
contraindication, but preoperative CT scan 
can miss a small remnant, and Doppler color 

Tip and Tricks
• Drawing future incisions before installa-

tion (Pfannenstiel, possible laparotomy).
• Positioning in semi-lateral decubitus 

and four trocars to have a good 
exposure.

• Dissecting cranially from iliac vessels 
along vena cava or aorta in case of big 
tumor.

• Wide suprapubic incision for extraction 
of specimen to avoid any rupture in the 
bag, as otherwise a proper staging is 
impossible to proof by histologist and 
surgeon if rupture occurred during lapa-
roscopy or extraction.
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ultrasound seems to be more efficient [19]. An 
open conversion is required if a thrombus is 
discovered during LRN.

 – Peripheral location of tumor, without rim of 
“normal” renal tissue, would be a contraindi-
cation, but the vast majority of WT has no rim 
of normal parenchyma around them, as in 
most series, without bad oncologic outcomes 
[2, 4, 11, 12, 18].

 – Tumor without any response to chemother-
apy due to the risk of tumor rupture is also 
debatable because we must never do any rup-
ture by minimal invasive surgery as in open 
surgery. Several adenocarcinoma, renal cell 
carcinoma, and clear cell sarcoma were 
removed by laparoscopy without any rupture 
[4, 15].

 – The last contraindication is undebatable, only 
trained oncologic and laparoscopic surgeons 
can perform LRN.

The place of nephron-sparing surgery in uni-
lateral WT has no consensus but if partial 
nephrectomy seems feasible, it should be pre-
ferred. After neoadjuvant chemotherapy, WT can 
reduce dramatically and make nephron-sparing 
surgery feasible. Today, the best indication for 
nephron-sparing surgery seems to be a tumor 
lower than 4 cm, distant from the renal hilum and 
respecting at least 50% of the renal parenchyma. 
In a review of 294 nephron-sparing surgeries in 
literature, positive margins were higher with 
nephron-sparing surgery than radical nephrec-
tomy (8.5% vs. 0.5% in radical nephrectomy). 
However, overall survival and event-free survival 
were similar, and the rate of mild to moderate 
renal function was higher after radical nephrec-
tomy (42% vs. 10% after nephron-sparing sur-
gery) [20]. A few laparoscopic nephron-sparing 
surgeries were reported and seemed to be feasible 
[15, 21]. New imaging such as 3D reconstruction 
with view of intrarenal vessels is expected and 
probably will allow selecting the best parameters 
for this surgery.

The local relapse occurred in 4% in the LRN 
series and similar results were reported in open 
surgery by SIOP 93/01 protocol (2.8%) [22] 

and National Wilms’ Tumor Study 4 (4%) [23], 
and below than United Kingdom experience, 
with 7.9% but this series reported more stage 
III [24].

No small bowel obstruction was reported after 
LRN and rates of 2.5% and 5.4% were reported 
by SIOP and National Wilms’ Tumor Study in 
open surgery [22, 25], but the follow-up is too 
short to conclude. The patients and their parents 
were very happy about cosmetic results with 
small visible scars on the abdominal wall and 
invisible suprapubic scar.

The RAL may overcome the difficulties of 
dissection of the renal pedicle in tumors crossing 
the midline rather than laparoscopy with main-
taining of clear vision of the tumor limits, allow-
ing easy and secure dissection of the involved 
organs and diaphragmatic repair, and sometimes 
performing caudal pancreatectomy, splenectomy, 
lymphadenectomy, and partial diaphragmatic 
resection to ensure R0 resection [15]. In adult 
renal cancer, tumor infiltration of extrarenal 
structures is not considered as contraindication to 
RAL nephrectomy [26].

Take-Home Points
• Preoperative CT scan or MRI has to be 

discussed with your radiologist to select 
children amenable to nephron-sparing 
nephrectomy, LRN, or RAL and open 
surgery.

• The aim of LRN is obtaining macro-
scopic complete resection (R0), the 
same as in open surgery.

• Direct access to renal pedicle is feasible 
in small WT. In bigger tumors, the dis-
section must start at level of iliac vessels 
and move up along vena cava on the 
right and aorta on the left.

• Lymph nodes sampling above renal ped-
icle and between vena cava and aorta is 
mandatory.

• Tight adhesions with liver, spleen or 
diaphragm, and venous thrombus lead 
to conversion in open surgery.
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30.10  Conclusion

In selected patients, LRN is feasible and safe by 
trained laparoscopic surgeon with same overall 
survival and event-free survival than in open sur-
gery. The rate of local recurrence is around 4% 
and today no small bowel obstruction was 
reported after LRN.
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31Robotic Approach for Kidney 
Tumors in Pediatric Patients

Thomas Blanc, Luca Pio, Enrico Brönnimann, 
Yves Heloury, and Sabine Sarnacki

31.1  Introduction

The application of minimally invasive surgery 
(MIS) in pediatric surgical oncology has encoun-
tered several concerns including limited tumor 

manipulation, challenges of vascular involve-
ment, and risk of spillage.

The first series of Wilms’ tumors (WT) treated 
by an MIS approach was reported in 2004 by 
Duarte et  al. in children receiving neoadjuvant 
chemotherapy [1] and in 2009 by Barber et al. in 
children without preoperative treatment [2]. In 
2014, the Renal Tumor Strategy Group of the 
International Society of Paediatric Oncology 
(SIOP) published the largest cohort of WT treated 
with MIS [3], and in the same year, SIOP released 
the Umbrella protocol with criteria for laparo-
scopic nephrectomy [4, 5]. In 2018, Bouty et al. 
analyzed 88 articles totaling more than 100 lapa-
roscopic nephrectomies for WT in the world and 
showed that in highly selected cases, this 
approach did not worsen prognosis [6]. Recently, 
the same group has published an international 
multicenter review of MIS total nephrectomies 
for WT between 2006 and 2018 [7].

Robotic-assisted laparoscopy (RAL), with its 
3D vision, seven degrees of freedom, tremor fil-
tration, and precise camera control, has expanded 
the possibilities of performing and reproducing 
difficult operations, especially when there is a 
deep and narrow field and when fine dissection is 
required for delicate tissue manipulation, as is the 
case in pediatric oncology surgery. The lack of 
haptic feedback may be considered as a potential 
limitation, especially in tumors that cannot be 
fragmented, such as WT.

Learning Objectives
• To describe step by step the technique of 

robotic approach for kidney tumors in 
pediatric patients.

• To describe tips and tricks of our 
technique.

• To report our latest results compared to 
the international papers.

• To show a video with the technique of 
robotic approach for kidney tumors.
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The first applications of RAL for pediatric 
renal tumors were reported by Cost et al., who 
described in 2012 transperitoneal partial 
nephrectomy [8] and in 2014 a nephrectomy in 
an adolescent with WT [9]. To date, fewer than 
10 cases of robotic management of renal tumors 
in children have been reported in the literature 
[10, 11].

Recently, we published our preliminary 
experience of RAL management of renal 
tumors [12].

This chapter is focused on the operative tech-
nique of robotic approach for kidney tumors 
(nephroureterectomy and partial nephrectomy) in 
pediatric patients.

31.2  Pre-Operative Preparation

All the patients are operated under general anes-
thesia with orotracheal intubation, and they 
received a nasogastric tube and a bladder catheter 
before surgery.

31.3  Nephroureterectomy 
(Transperitoneal Approach)

31.3.1  Positioning

The procedure starts with a crucial element for 
success: proper positioning of the patient.

The patient is positioned supine on the 
TruSystem™ 7000dV—Trumpf Medical. The 
Integrated Table Motion enables the da Vinci® 
Xi™ Surgical System to connect to Trumpf 
Medical’s TruSystem™ 7000dV OR Table so 
that the child can be dynamically positioned 
while the surgeon operates. The ability to reposi-
tion the operating table allows for the intra- 
abdominal contents to move away from the 
surgical site for optimal exposure and access to 
the target anatomy. No jelly roll, egg crates, pil-
lows, or an infant-sized bean bag is used. For left 
kidney, a rectal tube is inserted to deflate the 
sigmoid.

The patient is secured to the table with wide 
tape across the nipple line of the chest and knees 

(Fig. 31.1). With the help of the anesthesiologist, 
proper positioning, and adequate access to the 
patient’s airway and IV lines are confirmed 
before the start of the procedure.

31.3.2  Initial Access, Insufflation, 
and Trocar Placement

The access is performed with the open Hassan 
technique. A 8 mm optical trocar is placed under 
direct vision in the umbilical position allowing 
easy and safe access. The port position for 
robotic assisted laparoscopic will be in straight 
line (Fig.  31.2). The 8  mm robotic trocars are 
placed under direct vision. “Burping” of all ports 
gives additional intra-abdominal space needed in 
order to successfully perform the procedure on 
smaller children. The assistant port, 8-mm 
AirSeal® iFS System, is inserted in the iliac 
fossa, on the opposite side of the tumor. This 
system is advantageous in providing a stable 

Fig. 31.1 Patient set-up for transperitoneal RAL 
nephrectomy
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Camera port

Robotic port

Assistant port (Air Seal)

Fig. 31.2 Trocar positioning for right transperitoneal 
RAL nephrectomy

pneumoperitoneum, constant smoke evacuation, 
and valve-free access.

31.3.3  Docking with Xi System

Xi robotic system comes from the tumor side and 
is docked at the level of the umbilical port (cam-
era site). The arms of the robot are rotated to 
adjust to the surgical site without moving the 
operating table.

Once the robot is docked, the table is tilted 
20°.

31.3.4  Instrumentation

Robotic instruments used during the procedure 
include:

 – Monopolar Curved Scissors/Hot Shears™.
 – Fenestrated and Maryland Bipolar Forceps.
 – Tip-Up Fenestrated Grasper.
 – Vessel Sealer Extend.

31.3.5  Surgical Technique

For right kidney tumor, as shown in the video, 
the ascending colon and hepatic flexure are 
mobilized medially using monopolar curved 
scissors. A Kocher maneuver is performed to 
mobilize the duodenum until the vena cava is 
visualized. The ureter, located just lateral and 
deep to the gonadal vein, is ligated using a ves-
sel sealer. The gonadal vein is ligated with a 
vessel sealer. The dissection of the right renal 
vein is then performed. The renal artery is iden-
tified and dissected free. A vessel loop is 
advanced to generate gentle traction on the renal 
artery to facilitate clip placement. The renal 
artery is clamped with Hemolocks and sec-
tioned. Same technique is used for the vein. The 
renal hilar dissection is achieved with some 
minimal blood loss. Attachments between 
Gerota’s fascia and the underlying musculature 
are divided with blunt dissection. The adrenal is 
left in situ if possible. The kidney and the peri-
renal fat are dissected en bloc. Following com-
pletion of the nephrectomy and peri-hilar and 
peri-aortic lymph node sampling, the specimen 
is placed in a plastic bag. The tumor is extracted 
inside the plastic bag and without morcellation 
through a Pfannenstiel incision. No drain is 
placed.

31.4  Partial Nephrectomy 
(Retroperitoneal Lateral 
Approach)

31.4.1  Positioning

The procedure starts with a crucial element for 
success: proper positioning of the patient.

The child is placed in the lateral position close 
to the edge of the table, with minimum flexion, 
using lumbar padding to stretch the costo-iliac 
distance without flexing the operating table. Non- 
stretch adhesive banding secures this position 
and prevents displacement either forward or 
backward. The upper leg is stretched while the 
lower leg is flexed, with no contact between them 
to avoid compression.
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31.4.2  Initial Access, Insufflation, 
and Trocar Placement

Three 8-mm robotic ports and one 12-mm 
AirSeal® iFS System assistant port are placed in 
an imaginary line drawn from the iliovertebral 
angle to the iliac fossa (Fig. 31.3).

• A first 15 mm incision is made in the mid axil-
lary line, at a point between 1/3 and 2/3 
extending from the iliac crest to the 12th rib 
and retroperitoneal access is achieved with a 
muscle splitting blunt dissection. The first tro-
car is fixed with a 0 PDS purse-string suture 
that is applied around the muscles to ensure an 
airtight seal and to allow traction with the 
Hasson cone in order to increase the working 
space. The retroperitoneal space is created 
with the camera (8-mm; 0°) by blunt dissec-
tion and gas insufflation dissection, with no 
need for finger or balloon dissection.

• The second port is inserted under direct vision 
at the angle of the iliac crest and the lateral 
border of the paraspinal muscles.

• To avoid transperitoneal insertion of the third 
8-mm robotic port in the iliac fossa, on the 
edge of the rectus abdominis muscle, the ret-
roperitoneal working space is fully developed 
by identifying the deep surface of the anterior 
wall muscles and pushing the peritoneum 
medially with a laparoscopic bipolar forceps.

• The 12-mm AirSeal AirSeal® iFS System 
(ConMed Corporation) assistant port is then 
inserted in between the camera port and the 
iliac fossa port. Insufflation pressure does not 
exceed 12  mmHg, and the CO2 flow rate is 
5 L/min.

The Hasson cone allows for stable and constant 
traction of the robotic camera port, which is a major 
advantage with a retroperitoneal limited working 
space and all the trocars are “burped” as much as 
possible upward and outward, to give an overall 
1–2 cm space needed for safe maneuvering and to 
reduce the risk of breaching the peritoneum.

31.4.3  Docking with Xi System

Xi robotic system comes in the front of the chil-
dren (Fig. 31.4). No table tilt is needed.

31.4.4  Instrumentation

Robotic instruments used during the procedure 
include:

 – Monopolar Curved Scissors/Hot Shears™.
 – Maryland Bipolar Forceps.
 – Large Needle Driver.
 – Scanlan clamp 3795-59.

31.4.5  Surgical Technique

After docking, when the instruments are inserted, 
the Gerota’s fascia is widely opened in a caudo- 
cranial manner close to the quadratus lumborum Fig. 31.3 Trocar positioning for left lateral retroperito-

neal RAL partial nephrectomy

T. Blanc et al.
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muscle with the monopolar curved scissors. 
Insufflation and gravity push the kidney medi-
ally, which correspondingly appears on the upper 
section of the screen.

Dissection began on the posterior surface of 
the kidney with exposition of the renal hilum, 
with no kidney mobilization. The renal artery is 
dissected free to allow for later clamping. Vessel 
loop is advanced to generate gentle traction on 
the renal artery to facilitate clamp placement. 
The peripheral mass is easily identified on the 
posterior aspect of the kidney. Once delimita-
tion of the tumor on the renal capsule is done, 
we place the bulldog clamp to maintain a blood-
less field to optimize complete tumor excision 
and renorrhaphy. Direct tumor manipulation is 
carefully avoided. The tumor is resected en bloc 
using monopolar scissors. The proper plane 
between the nodule and normal renal paren-
chyma is determined in order to preserve an 

adjacent rim of normal parenchyma to ensure 
negative surgical margins (Fig. 31.5). The slid-
ing-clip renorrhaphy technique is used with 4/0 
PDS running suture and Hem-o-Lock clips, 

Fig. 31.4 Room set-up for left lateral retroperitoneal RAL partial nephrectomy

Fig. 31.5 Cone-shape defect after partial nephrectomy

31 Robotic Approach for Kidney Tumors in Pediatric Patients
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incorporating a small piece of Surgicel Fibrillar, 
to close the cone- shaped defect and ensure 
hemostasis (Fig.  31.6). The arterial clamp is 
then released after complete repair of the renal 
parenchyma defect and hemostasis is confirmed. 
The tumor is retrieved with an EndoCatch bag 
without morcellation through the robotic port 
incision.

No drain is placed.

31.5  Results

From December 2016 to June 2020, 20 patients 
were treated by a RAL technique for renal tumors 
(Table  31.1). The median age was 5.5  years 
(7 months–14.1 years). During the same period, 
325 RAL procedures for urology, general sur-
gery, oncology, ENT surgery, thoracic surgery, 
and transoral robotic surgery were performed.

Fifteen total RAL nephrectomies were per-
formed, 14 for WT and one for an LMNA/NTRK 
metastatic renal sarcoma. Eight WT out of 14, 
scheduled for RAL nephroureterectomy, had 
tumor extension beyond the ipsilateral border of 
the spinal column.

The median console time for nonconverted 
RAL total nephrectomy was 270  min (180–
360 min). Median lymph nodes sampling was 8 
(1–22). Three children needed a partial diaphrag-
matic resection. Four conversions occurred: in 
case #1: renal vein injury with no need for blood 
transfusion; in case #9 (renal sarcoma): difficult 
renal hilum dissection; in case #14: renal vein 
bleeding with emergency undocking, and in case 
#18: acute respiratory failure secondary to pneu-
mothorax after partial diaphragmatic resection.

Fig. 31.6 Sliding-clip renorrhaphy technique with 4/0 
PDS running suture and Hem-o-Lock clips

Table 31.1 Patient characteristics

T. Blanc et al.
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Five RAL partial nephrectomies were per-
formed for three WT, one tubulopapillary carci-
noma and one nephrogenic rest. Tumor volume 
varied from 2 mL to 11.6 mL, console time from 
110 to 140  min with the warm ischemia time 
from 19 to 40 min.

We did not experience any robot malfunction, 
system failures, or complications.

Macroscopic complete resection (R0) was 
achieved in all patients.

The median length of hospital stay was 4 days 
(2–7 days). Postoperative course was uneventful.

31.6  Discussion

We have recently reported our initial results of 
RAL total and partial nephrectomy and demon-
strated its feasibility once oncological surgical 
ruled in carefully selected patients are adhered to 
[12]. Interestingly, transition from an open to a 
robotic assisted approach was carried out without 
the previous laparoscopic management of renal 
tumors in our institution. This cohort is, to our 
knowledge, the largest of RAL treatment of renal 
tumors in a pediatric population. This group rep-
resented 37% of the children that were operated 
for renal tumor during the same period in our 
department, a similar number to previous reports 
of laparoscopic nephrectomies for WT [3, 6]. All 
indications of the robotic approach were dis-
cussed at the tumor board. In eight cases, the 
tumor extended beyond the ipsilateral border of 
the spinal column, a criterion retained as a con-
traindication in the SIOP Umbrella protocol since 
the first publication of Varlet et  al. on laparo-
scopic nephrectomy for renal tumors [13]. This 
was also reported in the recent series of laparo-
scopic nephrectomies of Burnand et  al. who 

stressed the need of a high level of expertise in 
laparoscopic procedures to overcome this risk 
factor [4]. However, one of the authors (YH) 
underlined the superiority of RAL to overcome 
the difficulties of dissection of the renal pedicle 
in tumors crossing the midline. In case# 10, the 
benefit of the robotics when compared with lapa-
roscopy were apparent; clear vision of the tumor 
limits was maintained, allowing easy and secure 
dissection of the involved organs and diaphrag-
matic repair. This patient had presented with 
hemoperitoneum at diagnosis before any treat-
ment and therefore abdominal radiation therapy 
was planned regardless of intraoperative findings 
and histology. Enlarged nephrectomy including 
caudal pancreatectomy, splenectomy, lymphade-
nectomy, and partial diaphragmatic resection 
were performed to ensure R0 resection following 
neoadjuvant chemotherapy and it also indicated 
for open surgery. Finally, tumor infiltration of 
extrarenal structures is not considered a contrain-
dication to RAL nephrectomy in adult renal can-
cer [14].

There was no upstaging due to the robotic pro-
cedure. The misdiagnosed renal vein thrombus in 
patient #3 was a complication related to the insuf-
ficiency of MRI and not to the type of surgery as 
it could have occurred during an open approach 
with the same consequence in terms of upstaging. 
This underlines the usefulness to systematically 
perform a Doppler US just before surgery, espe-
cially in the case of laparoscopic or RAL nephrec-
tomy for WT. The conversion rate was 20% and 
was guided by safety in order to respect onco-
logic rules. The first case was due to a renal vein 
injury in the earlier days of our program in 
robotic surgery (14th case). With our current 
experience, this type of complication would now 
be managed while maintaining a robotic 
approach. Another conversion was due to a major 
bleeding on the renal vein and required an emer-
gency undocking, the only one since the begin-
ning of the multidisciplinary pediatric robotic 
program.

Lymph node sampling was facilitated by 
RAL, thereby minimizing the risk of understag-
ing [3]. In this series, lymph node sampling was 
similar to the more recent series of MIS [1, 6] and 

Tips and Tricks
• Gauze in the operating field in case of 

bleeding.
• Rectal tube to reduce the sigmoid 

distension.
• 20° tilt.
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compared favorably with open surgery [15]. 
Finally, we could reproduce the different steps of 
the open procedure and we were not hindered by 
the lack of haptic feedback, thanks to the 3D-HD 
vision.

NSS for unilateral WT has long been widely 
accepted in syndromic patients such as Denys–
Drash, WAGR, and other WT1-related diseases 
and [16, 17] more recently applied to any unilat-
eral WT that fulfilled the criteria of the Umbrella 
protocol [4]. In our experience, nephron-sparing 
surgery is usually performed by a transperitoneal 
open approach. With oncological input, a retro-
peritoneal approach was considered a better 
alternative in order to spare the peritoneal cavity 
(in case of new developing lesions) in these chil-
dren already heavily treated. When margins are 
positive, this approach allows postoperative 
radiotherapy to be limited to retroperitoneal 
space avoiding in toto irradiation of the 
abdomen.

RAL nephrectomy and retroperitoneal 
robotic-assisted partial nephrectomy for pediatric 
renal tumors are feasible procedures in carefully 
selected patients after neoadjuvant chemother-
apy. A high case selection was operated at our 
tumor board to identify patients eligible for 
RAL.  This rigorous selection contributes to 
favorable outcome and shorter length of hospital 
stay. In our recent study, we have shown that, in 
comparison with the group of patients treated by 
an open approach, the hospital stay was shorter 
(P = 0.01). This procedure should be performed 
only once a robotic program is established and 
only by surgeons with significant experience in 
advanced oncological and MIS procedures. RAL 
surgery allows the surgeon to perform complex 
tasks in a minimally invasive manner and can 
reproduce all the steps of an open nephrectomy 
for renal tumor while maintaining the same rules 
of staging and oncologic dissection, with the 
advantages of a short hospital stay. Patient suit-
ability is a major factor and requires an in-depth 
knowledge of pediatric cancer and ongoing mul-
tidisciplinary input particularly with medical 
oncologists and radiologists in order to avoid a 
widespread and uncontrolled application of the 
robotic approach.
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32MIS Management of Adrenal 
Tumors in Pediatric Patients

Luca Pio, Yves Heloury, Sabine Sarnacki, 
and Thomas Blanc

32.1  Introduction

Adrenal tumors in children are neuroblastoma in 
the majority of pediatric case, with an incidence 
of 52% in the largest international series pre-
sented by Fascetti Leon in 2017 [1].

Other non-neuroblastic tumors originated 
from cortex or adrenal medulla have been 
described with a low incidence, and they are rep-

resented by pheochromocytomas, adrenocortical 
carcinoma, adenomas, and alveolar sarcoma.

Some rare macronodular and micronodular 
masses have been observed in case of syndromic 
diseases as Carney complex (an autosomical 
disease characterized by myomas, spotty skin 
pigmentation, and endocrine over-activity) and 
McCune Albright syndrome (characterized by 
peripheral precocious puberty, café-au lait skin 
spots, and endocrinopathies as acromegaly, 
hyperthyroidism, and ACTH-independent 
Cushing syndrome) [2, 3].

Clinical presentation of adrenal masses can 
range from asymptomatic patients to children 
with sweating, visual problems, behavioral 
alteration, headache, and glucocorticoid excess- 
related symptoms (malignant hypertension, 
coagulopathy, hyperlipidemia, obesity osteopo-
rosis, impaired glucose tolerance, and 
diabetes).

Biochemical blood and urinary analysis play a 
crucial role in the differential diagnosis of adre-
nal masses, with the measurement of homovanil-
lic acid (VMA) and homovanillic acid (HVA) and 
metanephrines.

As of now, several MIS approaches have been 
described, starting with the transperitoneal tech-
nique (which represents the surgical access of 
choice in more than 90% of cases) to the intro-
duction of the retroperitoneal approach [4].

Learning Objectives
• To describe preoperative diagnostic set-

ting and surgical preparation to the 
procedure.

• To describe step by step the various MIS 
approaches for pediatric adrenalectomy.

• To describe long-term outcomes of 
pediatric adrenalectomy.
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32.2  Preoperative Preparation

Preoperative differential diagnosis of adrenal 
masses includes urine normetanephrine and nor-
epinephrine tests and plasma renin activity, corti-
sol, aldosterone, adrenocorticotropic hormone 
(ACTH), dehydroepiandrosterone sulfate 
(DHEAS) in case of secreting mass.

Localizing imaging studies such as computed 
tomography (CT) scan (Fig.  32.1) and/or mag-
netic resonance imaging (MRI) (Fig.  32.2) are 
needed to evaluate the tumor size and the pres-
ence of radiological risk factors such as vascular 
or organ infiltration/contact in case of neuroblas-
tic tumors [5].

In case of functional masses, a metaiodoben-
zylguanidine (MIBG) or a PET scan is needed to 
confirm a pheochromocytoma, adenoma, or neu-
roblastic secreting tumor.

In case of hypertension, a preoperative phar-
macological preparation is mandatory, with a 

single treatment with alpha-blockers or in asso-
ciation with beta-blockers if the single pharma-
cological treatment is not sufficient [1, 6].

An intestinal preparation is not necessary, and 
the pre-operative antibiotic prophylaxis with 
cephalosporine is sufficient to prevent postopera-
tive infections [7].

General anesthesia is administered and a blad-
der catheter is not necessary. A nasogastric tube 
is placed in order to have a sufficient working 
space during the procedure.

32.3  Positioning

32.3.1  Positioning Depends 
on Surgical Approach

In case of transperitoneal approach, the patient is 
positioned in a lateral decubitus, elevated on a 
soft roll, a 10–12  mm or 5  mm (depending by Fig. 32.1 Computed tomography scan with coronal 

plane: left adrenal mass

Fig. 32.2 Magnetic resonance imaging with coronal 
plane: left adrenal mass

L. Pio et al.
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child size) umbilical camera port was initially 
placed for a 30° camera, followed by 5-mm 
working ports placed in the epigastrium and in 
the right/left lower quadrant depending on tumor 
location to provide a good triangulation. 5-mm 
ports are preferred in order to provide the utiliza-
tion of vessel sealer device. An additional 3 mm 
or 5 mm port was often required to provide liver 
or spleen retraction. Carbon dioxide insufflation 
is provided with 12  mmHg and 2  L/min 
pression.

For retroperitoneal approach, a first 10-mm 
port was placed in a half position between the 
11th costal margin and the iliac crest via an open 
approach with a 2 cm incision until the Gerota’s 
fascia without balloon system. The first operative 
5 mm trocar is placed on the paravertebral side 
and the second one up to the iliac crest (Fig. 32.3).

Carbon dioxide insufflation was provided 
with 8 mmHg and 2 L/min pression.

Even if robotic surgery was previously 
described for pediatric abdominal tumors [8–10], 
this surgical approach was technically described 
only by Uwaydah [11]. The first optical 12 mm 
port was inserted in supraumbilical position, fol-
lowed by a 8 mm trocar in the midline below the 
xiphoid and a second 8 mm operative port toward 
the anterior iliac crest, a fourth assistant port was 
placed suprapubically on the midline. Carbon 
dioxide insufflation is provided with 12 mmHg 
and 2 L/min pression.

32.4  Instrumentation

A 5-mm or 10-mm 30° optic and 5-mm instru-
ments were used for conventional minimally 
invasive surgery (MIS). Instrumentation for 
conventional MIS (laparoscopy, retroperitone-
oscopy) consisted in fenestrated grasping for-
ceps, a curved dissector in case of vessel 
isolation, a monopolar hook 5 cautery to per-
form dissection, and a vessel sealer device 
(LigaSure™, Covidien, Boulder. CO, 80301–
3299 USA) which is sufficient for the adrenal 
vessels dissection, laparoscopic clips are rarely 
necessary. A 10 mm endobag is normally suffi-
cient to achieve tumor removal by umbilicus or 
suprapubic incision.

For robotic approach, monopolar curved scis-
sor can provide the vast majority of tumor dissec-
tion, the other operative instrument can be 
fenestrated using bipolar forceps. A robotic ves-
sel sealer device can provide an adequate vascu-
lar dissection.

32.5  Technique

In case of transperitonal approach, the phases of 
conventional MIS and robotic approach are the 
same.

The first step consisted of the access of the 
suprarenal space, which is possible opening the 
parietocolic peritoneum with a minimal displace-
ment of the right/left colonic angle according to 
the tumor location.

The second step consisted of the adrenal dis-
section under the identification of the main ves-
sels (vena cava for the right side and aorta for the 
left side). In case of right-sided adrenal masses, 
the duodenal identification is mandatory to avoid 
postoperative complications such as perforations 
during tumor dissection.

Adrenal vessels may originate from the renal 
vessels, aorta, vena cava, or from the dia-
phragm. Therefore, great care is taken in the 
dissection of the mass from these structures. 
Adrenal vessels are managed by a vessel sealer 
device.

Fig. 32.3 Patient installation with retroperitoneal port 
position
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When the tumor is freed, the mass can be 
placed in an endobag and extracted through the 
umbilical access or a suprapubic incision.

Retroperitoneal approach started opening the 
space between the Gerota’s fascia and the lateral 
peritoneum (avoiding its opening), then the dissec-
tion was performed medially to laterally, starting 
with the vessel dissection using a sealing device. 
The tumor is removed through the camera port 
with an endobag or a first-finger surgical glove.

An indwelling abdominal drain is not usually 
necessary.

Morcellation of the tumor to achieve extrac-
tion is not advisable because of adequate margin 
assessment and to avoid bag rupture. Lymph 
node excision is performed only if enlarged local 
lymph nodes are identified.

32.6  Postoperative Care

Postoperative analgesia not required in opioid 
treatment and oral feeding is started the same day 
of the procedure. Length of hospital stay ranged 
from 2 to 4 postoperative days.

In case of bilateral adrenalectomy, a biologi-
cal assessment with hormonal dosage is made 
daily at 1, 2, 3, 5, and at 7 days after surgery.

To avoid adrenal insufficiency, the intravenous 
cortisone supplementation was continued until 
feeding followed by progressive adaptation of 
oral treatment.

Postoperative control is planned together 
with oncologist, with a surgical control of 
1  month postoperatively. Imaging control (CT 
scan or MRI) is planned according to the tumor 
histology.

32.7  Results

A recent European multicentric study [1] reported 
one of the largest series of pediatric adrenalectomy.

MIS is showed to be safe and effective to chil-
dren with tumors up to 145 cc.

Presence of IDRFs such as renal pedicle con-
tact is not related to postoperative recurrence and 
complications.

In this multicentric study, no conversion was 
observed. In bilateral tumor location, adrenal 
sparing resection has an elevated risk of tumor 
relapse, with 50% in the reported series and up to 
38% in the previous reported studies [1, 12].

Transperitoneal surgery is the preferred 
approach, with a 92.8% incidence among the 
involved European pediatric surgeons.

Number of ports varied between 3 and 5 for 
unilateral location and 7–8 for bilateral tumors.

The multivariate analysis showed that number 
of ports is directly related to the increase in the 
length of hospital stay.

Clip-less approach was used in 58.4% of cases 
with a mean decrease of 35 min of operative time 
and a comparable bleeding control.

Univariate analyses showed a correlation 
between volume activity and length of hospital 
stay and operative time.

Robotic approach resulted to be feasible for 
reported series, but its indication is still debated 
and its superiority to conventional MIS has to be 
proved [8–11].

Tips and Tricks
• In case of secreting tumors, the preop-

erative pharmacological management is 
essential to ameliorate and to have a bet-
ter control of perioperative anesthesia.

• Patient positioning is a crucial part of 
the perioperative procedure as it is nec-
essary to achieve a good suprarenal 
area.

• The identification of vascular structures 
such as venal rein, vena cava, and aorta 
provide a safer tumor dissection 
(Fig. 32.4).

• Vessel sealer devices provide an ade-
quate and safe vascular dissection as 
feeding tumor and adrenal vessels 
exceptionally have a diameter higher 
than 5–7 mm.

• Abdominal drain is not required; its 
absence ameliorates patient postopera-
tive mobilization, reducing postopera-
tive pain.
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Fig. 32.4 Peri-operative robotic view: right adrenal 
tumor with IDRFs (contact with renal pedicle)

32.8  Discussion

MIS pediatric adrenalectomy became an accepted 
and established technique over the last decade [1, 
4, 6]. Indications were established for a large 
spectrum of benign and malignant adrenal 
masses, including functional tumors.

MIS provides well-known advantages as less 
postoperative pain, image magnification, and 
best cosmetic results when compared to open sur-
gery [13].

Several MIS approaches were described, 
based almost on the surgical center experience, 
with retroperitoneal approach preferred by pedi-
atric urologist and the transperitoneal approach 
by the general pediatric surgeons.

Current literature supports the need of central-
ization of this type of procedure as centers with 
higher volume of patients have better surgical 
outcomes [1, 14], in addition to a MIS experi-
ence, surgeons must have surgical oncology 
skills, as the same surgical oncology principles 
must be respected.

An adequate preoperative management is 
mandatory to avoid pre-operative and post- 
operative complications related to the tumor 
ACTH or catecholamine secretion.

In the past, several surgical risk factors such as 
tumor size (>5 cm of diameter) and IDRFs were 
described [15, 16], but a recent multicentric study 
did not relate these surgical risk factors with an 

increased conversion rate of postoperative com-
plications [1].

In case of bilateral location, the adrenal spar-
ing procedure must be considered, as the need of 
life-long hormonal replacement therapy can be 
reduced in 78–90% of cases [17].

Technology advances provided several MIS 
devices which allow a good vascular control.

In the last years, robotic surgery gained more 
and more visibility also in pediatric surgical 
oncology [8, 9], but its advantages in terms of 
increase of indication and tumor operability of 
pre/postoperative outcomes compared to conven-
tional MIS have to be defined.

In conclusion, MIS approaches are effective, 
providing good surgical and oncological out-
comes. Future robotic innovations can improve 
MIS approach in terms of surgical indications 
and outcomes.
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33Endoscopic Treatment of Primary 
Obstructive Megaureter

José María Angulo, Rubén Ortiz, Laura Burgos, 
Beatriz Fernández, Javier Ordoñez, 
and Alberto Parente

33.1  Introduction

Primary obstructive megaureter (POM) resolves 
spontaneously in most cases during early months 
of life, and only a minority of patients will need 
surgical treatment [1, 2].

However, the adequate treatment of POM 
remains controversial since it has been changing 
in the last two decades, especially regarding the 
outcomes of endoscopic approach compared to 
traditional techniques.

Ureteral reimplantation with or without ure-
teral tapering has been considered the gold stan-
dard procedure for these patients; but, 
reimplantation of a grossly dilated ureter in a 
small infant bladder entails difficulty and poten-
tial complications [3, 4].

In the last decade, endoscopic treatment with 
high-pressure balloon dilation of the vesicoure-
teral junction (VUJ) has been reported with good 
results and outcomes, closely to the standard sur-
gical procedure. Several authors have reported 
that these outcomes are maintained in long-term 
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with low and acceptable complication rate, which 
makes endoscopic balloon dilation a preferred 
treatment option for the surgical management of 
POM even in small infants [5–7].

This chapter is focused on the endoscopic 
high-pressure balloon dilation technique in POM 
cases with surgical criteria, reporting updated 
results, complications, outcomes, and controver-
sies of this procedure.

33.2  Pre-Operative Preparation

Preoperative examinations are focused on the 
diagnosis of POM ruling out other urological 
conditions. Primary obstructive megaureter is 
defined and managed according to the interna-
tional guidelines and consensus statement of 
this entity [8]. Ultrasound is used to measure the 
anteroposterior diameter of the renal pelvis, 
calyces, renal parenchyma, and ureter. 
Ureterohydronephrosis (UHN) grade is defined 
according to the guidelines of the Society of 
Fetal Urology Classification and Urinary Tract 
Dilatation Grading System [9].US scan is done 
at birth (in cases of prenatal diagnosis), at 
1 month of life, and then every 3 months under 
conservative surveillance with low-dose antibi-
otic prophylaxis. Vesicoureteral reflux is ruled 
out in all patients with voiding cystourethrogra-
phy. MAG-3 diuretic renal scan is done to reveal 
renal function and ureteral drainage, consider-
ing washout half time T1/2 > 20 min after furo-
semide injection as obstruction, with progressive 
cumulative radiotracer in ureteral area.

Surgery is indicated in those symptomatic POM 
cases with febrile UTI despite antibiotic prophylaxis, 
in those with loss of renal function or in cases of ure-
terohydronephrosis worsening with renal paren-
chyma thinning during expectative surveillance.

Parents have to sign a specifically formu-
lated informed consent before the procedure. 
Patients receive midazolam (0.3–0.5  mg/k) 
30 min before the intervention, and then  general 
anaesthesia with laryngeal mask. Preoperative 
antibiotic prophylaxis (amoxicillin-clavulanic 
acid 30 mg/k) is administered during anaesthe-
sia induction.

33.3  Positioning

The patient is placed in lithotomy position, with 
a foam roller (appropriate for infant’s size) under 
each leg in infants and children under 15  k or 
adequate leg loops for bigger children. A heating 
wrap or blanket is used to cover the patient’s 
body. The surgeon and the assistant stand at the 
edge of the surgical bench with access to the 
patient’s urethra. The fluoroscopy c-arm is dis-
posed on one side of the bench, the cystoscopy 
monitor on the other side, and the x-ray monitor 
in front of the surgeon (Fig. 33.1).

33.4  Instrumentation

Regarding the cystoscopy, we use a 9.5 f cysto-
scope with 5f working channel. In case we want 
to perform a retrograde pyelography prior to the 

Fig. 33.1 Patient position
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Fig. 33.2 Material 
needed: Cystoscope 
(9.5Fr), ureteral catheter 
(3Fr), guide-wire 
(0.014″–0.018″), 
endoscopic balloon 
catheter, pressure 
inflation pump, 
radiologic contrast 
agent, double J stent

EBD, a perforated 3f ureteral catheter and radio-
logical contrastagent are needed (we dilute it 
50% with saline).

Passing a guide through the affected vesicoure-
teral junction is mandatory prior to performing 
the dilation. Guide-wires should be hydrophilic 
and soft on the tip. We usually adopt 0.018″ 
(Radiofocus, Terumo®) or 0.014″ (Choice PT ™ 
J-tip, Boston Scientific). It is important to take 
care to use guide-wires by which the catheter bal-
loon can easily progress. The balloons we choose 
for the dilation procedure are semi- compliant 
3.1Fr high-pressure balloon catheters with nomi-
nal balloon diameter from 5 to 7 mm and 2 cm 
length (RX Muso™, Terumo). These low-profile 
balloons easily run through the cystoscope work-
ing channel and allow to do the dilation procedure 
under cystoscopic vision. Other catheter balloons 
with profile >5Fr are useful for the technique too, 
but they don’t run through the cystoscope and 
may complicate the procedure. A pressure infla-
tion pump is required to fill the balloons.

After EBD is done, a double-J stent catheter is 
placed. In infants under 1 year old, we are used to 
placing 3Fr, 8–12  cm long (Sof-Flex Multi- 
Length Ureteral Stents Cook Medical Europe™) 
and in children between 1 and 3 years old, 3Fr–

14  cm long stents and over 3  years 4.8Fr 
16–20 cm (Fig. 33.2).

33.5  Technique

We start doing the cystoscopy, checking the ure-
thra in males and the normal position of ureteral 
meatus. For some early cases of our series, a ret-
rograde pyelography was performed before dila-
tion, using contrast through a 3Fr ureteral catheter 
(Fig. 33.3).

A hydrophilic guide-wire (0.014″–0.018″) is 
introduced through the VUJ, followed by the dilat-
ing balloon. When the balloon is located at the VUJ, 
it is filled with radiologic contrast to its nominal 
pressure (14–16  atm) with a pressure inflation 
device, under direct and fluoroscopic control until 
the complete disappearance of the stenosis. 
Successful dilation is considered when the stenotic 
notch completely disappears, and the balloon is 
removed immediately after (see Figs. 33.3 and 33.4).

After dilation, the cystoscope is introduced 
through the distal ureter to assess the VUJ and a 
double J stent is placed. A bladder catheter is left 
after the procedure during 24  h to prevent 
complications.

33 Endoscopic Treatment of Primary Obstructive Megaureter
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a b

c d

Fig. 33.3 Retrograde pyelography and EBD under fluo-
roscopic guidance. (a) Radiological contrast is introduced 
through a ureteral catheter showing the megaureter. (b) 

Passing the wire to the renal pelvis. (c) The balloon is 
located at the VUJ and inflated under radioscopic guid-
ance. (d) Double J stent placement (renal pelvis bladder)

a b C

Fig. 33.4 Endoscopic and radiology sequence of dilation images: (a) Initial balloon inflation in the presence of stenotic 
notch; (b) Progressive dilation; (c) Complete expansion of the balloon and disappearance of the stenotic ring [10]

J. M. Angulo et al.
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33.6  Postoperative Care

Patients start oral feeding 1–2 h after the proce-
dure. Analgesic drugs required are metamizole 
(10–40  mg/k) or Paracetamol (10–15  mg/k) at 
8  h interval. Bladder catheter is usually with-
drawn at 24 h and patients are discharged from 
hospital after spontaneous micturition with oral 
analgesia and antibiotic prophylaxis.

Double-J stents are removed at 4–6 weeks in a 
second cystoscopy. At this time, the VUJ is cali-
brated by distal ureteroscopy.

Follow-up protocol consists of clinical reviews 
with US at 3, 6, 12, and 18 months after double-J 
stent removal, and then annually. MAG-3–furose-
mide renogram scan is performed at 6 and 
18  months. Antibiotic prophylaxis is stopped 
when US showed improvement in UHN or ade-
quate renal drainage at the postoperative diuretic 
renogram. In the last years, renogram at 
18- postoperative month was not done if UHN had 
significantly reduced. Cystography is only indi-
cated in symptomatic patients who present UTI 
during follow-up or persistent urinary tract dilata-
tion without obstruction at the MAG-3 renogram.

33.7  Results

We have recently reported the experience of our 
institution since year 2004  in 79 consecutive 
POM cases with a median follow-up of 5.6 years 
(1.5–13.5) [10].

Median age at surgery was 4 months (0.5–44), 
with median operating time of 20  min (10–60) 
and median hospital stay of 1  day (1–7). 
Intraoperative complications occurred in four 
cases (5.1%). EBD could not be performed 
because of failure of the guide-wire to pass 
through the VUJ in two children who underwent 
ureteral reimplantation thereafter, and trouble-
some dilation with false path occurred in other 

two, requiring temporary nephrostomy and then 
open ureteral reimplantation. Early complica-
tions were reported in six cases (7.8%), being 
UTI after the endoscopic procedure or after 
Doube J stent removal in five (Clavien–Dindo 1). 
The other patient presented postoperative ure-
teral double J stent migration and developed early 
severe re-stenosis with pyonephrosis, requiring 
nephrostomy (Clavien–Dindo 3) and subsequent 
open ureteral reimplantation weeks later.

Ureterohydronephrosis grade significantly 
improved after endoscopic balloon dilatation, 
showing progressive decrease in urinary tract 
dilation and renal parenchyma improvement in 
those with thinned renal parenchyma detected 
prior to the intervention. Significant preopera-
tive–postoperative differences were reported in 
hydronephrosis grade, ureteral diameter and 
renal parenchyma thinning that were maintained 
in the long-term (Table 33.1).

Statistical analysis revealed significant differ-
ences in renal drainage on the MAG-3 diuretic 
renogram before and after endoscopic treatment 
(T1/2 > 50 min vs. 9.8 ± 4.5 min, p < 0.001 T-test) 
and in the renal function (mean DRF 44.4% ± 6.3 
vs. 46.2 ± 5.9 p < 0.05) with no subsequent func-
tion deterioration in any case.

Postoperative secondary vesicoureteral reflux 
(VUR) was detected during long-term surveil-
lance in 17 cases (21.5%). Endoscopic treatment 
with sub-ureteral injection of Deflux™ was suc-
cessful in 13 patients (76.4%) and failed in 4 
(23.6%) on whom open surgery was indicated.

Long-term re-stenosis occurred in nine cases 
(12.2%). A new EBD procedure was successfully 
done in eight cases (88.9%) at a median postop-
erative period of 9.5  months (5–63). Only one 
patient developed re-stenosis recurrence and 
finally required ureteral reimplantation.

Endoscopic approach of POM had a long- 
term success rate in our series of 69/79 (87.3%). 
We considered failure of the technique in those 

Table 33.1 Renal US findings after successful EBD [10]

Pre-operatory Early p.o. US Long-term p.o. US p Value
Mean pelvis diameter (mm) (n = 74) 19.2 ± 4.9 10.3 ± 5.5 5.2 ± 3.5 <0.001 (T-test)
Mean ureteral diameter (mm) (n = 74) 14.9 ± 2.9 9.2 ± 4.2 6.6 ± 6.5 <0.001 (T-test)
Mean parenchyma thickness (mm) (n = 49) 4.1 ± 1.6 5.5 ± 2.2 8.3 ± 2.4 <0.001 (T-test)
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Table 33.2 Comparison between fluoroscopic guidance or not during the EBD procedure [10]

Initial 
failure

Early p.o. 
complication 2° VUR

Long-term 
re-stenosis

Long-term ureteral 
reimplantation

Final outcome 
(failure/success)

Fluoroscopic 
(n = 43)

2 3a 10 5 3 6/37

No fluoroscopic 
(n = 36)

2 3 7 4 2 4/32
4 6 17 9 5 10/69

aEarly postoperative complications were 5 UTI and 1 severe re-stenosis with JJ migration and pyonephrosis that required 
open ureteral reimplantation (fluoroscopic group)
Spearman’s correlation test p > 0.05.

Tips and Tricks
• Once the technique was consolidated 

after overcoming an important learning 
curve, we realized that the procedure 
could be performed only under cysto-
scopic vision, avoiding unnecessary 
radiation in the majority of patients. For 
this reason, since year 2011, we have 
been doing the balloon dilation without 
fluoroscopic control. Performing a ret-
rograde ureteropyelography through a 
narrow meatus may be challenging and 
produce mucosal inflammation, 
oedema, or bleeding that may compli-

cate the subsequent endoscopic proce-
dure. In the same way, overtaking the 
ureteral loops with the guide-wire may 
be technically demanding, time-con-
suming, and it implies unnecessary 
radiation exposure for the baby. 
Therefore, the guide-wire and the dou-
ble J stent are not meant to reach the 
renal pelvis, but they are left in the 
dilated ureter instead. We actually obvi-
ate the retrograde pyelography, the wire 
is directly introduced into the ureter and 
the EBD is done only under cystoscopic 
vision, with no radiological exposure 
during the procedure. After the com-
plete release of the stenosis, the cysto-
scope is progressed to the distal ureter, 
the balloon is removed and a double j 
stent is left “in situ” between the dilated 
ureter and bladder (Fig. 33.5).

• However, the success of the EBD tech-
nique lies in the use of adequate endo-
scopic material according to paediatric 
age. The selection of appropriate hydro-
philic guide-wires (0.014′′–0.018′′), bal-
loon catheters with low profile (3F), and 
double-J stents suitable for patient’s age 
and size are crucial both for the success 
of the technique and to avoid complica-
tions. It is a common error to think that 
any endourologic material can be useful 
for this approach, and often leads to 
technical difficulty, complications, and 
failure.

cases that required ureteral reimplantation 
(n  =  10). Five were early failures of the tech-
nique, and the other five were long-term reim-
plantation due to refractory secondary reflux 
(n  =  4) and re-stenosis recurrence (n  =  1). 
Nevertheless, if we focus on ureteral obstruction 
resolution, the long-term outcomes for normal-
ization of urinary drainage and preserving initial 
renal function were 92.4% (73 of 79).

We treated a total of 43/79 POM under the 
original EBD technique described with 
 fluoroscopic guidance until year 2011. Since 
then, 36/79 underwent dilation procedure of the 
VUJ without radioscopic control being double J 
catheters left on the dilated ureter instead. 
Statistical analysis did not reveal significant dif-
ferences comparing the use of fluoroscopic guid-
ance at the procedure in technical failure, 
postoperative complications, secondary VUR, re-
stenosis, long-term ureteral reimplantation, and 
final outcome (Table 33.2).

J. M. Angulo et al.
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a b c d

he f g

Fig. 33.5 Endoscopic balloon dilatation with no fluoro-
scopic guidance. (a) Inserting the guide-wire into the ure-
ter. (b) Progressing the balloon through the wire and 
locating it at VUJ. (c–f) Balloon dilatation procedure 

under cystoscopic vision. (g) Distal ureteroscopy and bal-
loon removal. (h) Double-J stent placement (ureter 
bladder)

33.8  Discussion

Less-invasive procedures such as endoscopic 
approaches have emerged aiming to avoid the 
challenge of reimplantation of a grossly dilated 
ureter in a small infantile bladder and its potential 
complications [3, 4], becoming so popular in the 
last decades.

Endoscopic balloon dilation was first 
described by Angulo et al. [11] in 1998 as initial 
treatment for children with complicated 
POM.  Since then several publications with few 
patients and short follow-up periods proved that 
EBD was a feasible, safe, and less-invasive pro-
cedure for the initial management of POM with 
surgical criteria even for very young patients. In 
2007, Angerri et  al. [12] reported their initial 
experience with six patients in whom urinary 
obstruction disappeared without associated com-
plications in a median follow-up of 31 months. 
Torino et  al. [13] presented five cases treated 
below 1  year of age, with resolution of the 
obstruction after a mean follow-up of 
23.8  months. Christman et  al. [14] reported in 
2012 their experience after the treatment of 17 
children with a follow-up of 3.2  years. These 
authors added a laser incision in cases of ureteral 
stenosis greater than 2 cm and placed two double 
J stent in the ureter simultaneously, reporting 

good long-term outcome with disappearance of 
hydroureteronephrosis in 71% of the series. 
García-Aparicio et al. [15] presented a series of 
13 patients with a medium-term success rate of 
84.6% (11/13), requiring ureteral reimplantation 
in three patients (2 persistence of UHN and 1 
refractory secondary VUR).

Recent publications have focused on estab-
lishing long-term effectiveness of EBD as defini-
tive treatment of POM, confirming good 
outcomes with minimal associated morbidity. 
Romero et al. [5] reported in 2014 the experience 
of our institution in 29 patients treated until 2010, 
with a median follow-up of 47  months. It was 
concluded that the patients who had a favourable 
evolution with disappearance of the UHN and 
adequate renal drainage confirmed by renogram 
remained asymptomatic and with stable situation 
during the subsequent follow-up. Bujons et al. [6] 
reported in 2015 excellent results in 19 patients, 
with a long-term success of 90% after the initial 
dilatation procedure and a follow-up of 6.9 years. 
One patient required a second dilatation due to 
re-stenosis, and another one endoscopic treat-
ment of 2° VUR, both with good outcome. Casal 
et  al. [7] reported in 2018 good outcomes in a 
short series of 13 patients, but with an important 
median follow-up of 10.3  years (4.7–12.2), 
asserting the value of balloon dilation as a defini-
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tive treatment for POM. A multicentric study car-
ried out by four referral French centres has been 
recently published by Kassite et al. [16], present-
ing their initial experience with 42 ureters treated 
by endoscopic HPBD between 2012 and 2017. 
They reported only four cases that required surgi-
cal treatment, so ureteral reimplantation was 
avoided in 90% cases with a median follow-up of 
24  months. They reported 50% complications 
rate mainly related to double J stents.

Technical variations to the initial EBD proce-
dure have been proposed with encouraging 
results. Capozza et al. [17] published the dilation 
of the VUJ with cutting-balloon™ in three 
patients with persistence of the stenotic ring dur-
ing the previous endoscopic high-pressure bal-
loon dilation, obtaining a complete resolution of 
the stenosis and good mid-term postoperative 
course.

Despite the advantages described of EBD, the 
endourological management of POM remains 
controversial. The aspects to be discussed focus 
on secondary VUR, the possibility of re-stenosis, 
and the use of radiation. Additionally, it is diffi-
cult to assess its value as a definitive treatment in 
POM attending to the short experience reported 
in the literature and the absence of prospective 
comparative studies.

Regarding secondary VUR, García-Aparicio 
[18] analysed it in his group of patients, reporting 
27% (6 cases of 22 POM treated). The author 
concluded that the coexistence of ipsilateral para-
ureteral diverticulum is a risk factor for develop-
ing secondary VUR; however, the number of 
cases was very low (2 of 4). In the series pub-
lished by Bujons et al. [6], only 1 case of 19 pre-
sented secondary VUR, and it was resolved 
endoscopically. We reported a 23% of secondary 
VUR, being successfully treated by endoscopic 
injection in 13 patients (76.4%). Three of these 
patients who developed secondary reflux had an 
ipsilateral para-meatal diverticulum, but only one 
required reimplantation. In our experience, the 
presence of para-meatal diverticulum was not a 
bad prognosis factor for the endoscopic manage-
ment of POM, since 10 of 12 cases of the series 
had good outcome [10]. Kassite et al. [16] have 
not reported any case of secondary reflux in their 

multicentric study, but a longer follow-up period 
is needed.

Romero RM has recently exposed the IDEAL 
framework model as tool for the systematic 
review of POM treated by endoscopic high- 
pressure balloon dilatation [19]. The IDEAL 
framework and recommendations allowed a sys-
tematic analysis of the evidence quality of the 
reported experience in endoscopic balloon dila-
tion of the VUJ in POM. The available evidence 
demonstrates that HPBD is an effective treatment 
in POM, with low morbidity and long-term suc-
cess rate of 87.7%.
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34Laparoscopic Management 
of the Primary Obstructive 
Megaureter

Manuel Lopez, Romy Gander, Gloria Royo, 
and Marino Asensio

34.1  Introduction

Primary obstructed megaureter (POM) consti-
tutes 10% of uropathies, with clinical signifi-
cance detected prenatally. The overall incidence 
is in the range of 1:1500–1:2000. Currently, the 

ureters with retrovesical diameter < 7 mm from 
30  weeks’ gestation onward are considered 
abnormal [1].

The guidelines propose that an initial differ-
ential renal function (DRF) below 40%, or a 
drop in DRF of 5% on serial scans, and an 
increasing dilatation on serial ultrasound scans 
are considered suggestive of obstruction [2]. 
The majority of cases of POM are managed with 
conservative treatment, making this approach 
the current option for initial medical care [2–4]. 
Historically, ureteral reimplantation and taper-
ing by extravesical or transvesical approach 
have been the surgical treatment of choice [5]. 
Distal ureteral tailoring is often necessary to 
achieve an adequate length-to-diameter ratio 
that is required for successful non-refluxing 
reimplantation.

Today, there are multiple possibilities for 
minimal invasive treatment, including endo-
scopic, laparoscopic, and robotic approaches. 
Laparoscopic repair for POM can be  
performed transvesically or extravesically. 
Kutikov et al. described the first report of lapa-
roscopic repair for POM in 2006. Subsequently, 
different reports have described, and the  
corresponding success rate proved to be  
similar to the open procedure, making these 
approaches promising for the treatment of POM 
[6–10].

This chapter is focused on the operative tech-
nique of Laparoscopic-Assisted Extracorporeal 
Ureteral Tapering Repair (EUTR) and 
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• To describe step by step the technique of 

LUER.
• To report long-term results of and com-

pare with existing literature.
• To present our evolution in technique.
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Laparoscopic Ureteral Extravesical 
Reimplantation (LUER), and also the evolution of 
our technique.

34.2  Preoperative Preparation

Preoperatively, all patients undergo a renal ultra-
sound, voiding cystourethrogram (VCUG), and 
diuretic renogram mercaptoacetyltriglycine 
(MAG3). In the current practice, indicators for 
surgical intervention are initial differential renal 
function <40% associated, worsening dilatation, 
degradation of renal function, and/or clinical 
symptoms, such as febrile urinary tract infection, 
pain, or stones.

Patients are admitted to the hospital on the 
same day of surgery. A preoperative enema is 
advisable but not essential and can be adminis-
tered at home. It is strongly recommended in 
patients with history of constipation, allowing 
better visualization and exposition of the distal 
ureter. Preoperative antibiotic prophylaxis should 
always be administered within 60  min before 
surgery.

34.3  Positioning

Under general anaesthesia, the patient is placed 
in supine position with legs apart; a urine catheter 
is inserted at the beginning of the surgery. It is 
connected to a 60 mL syringe in order to allow 
inflation and emptying of the bladder during the 
procedure.

The surgeon is positioned at the head of the 
patient, the assistant to the left or right depending 
on the side, and the nurse to the right or left. The 
monitor is place at the lower end of the table. The 
operating table is place in Trendelenburg position.

Three ports were used in all cases: 5  mm 
30° for the telescope, inserted through a trans- 
umbilical incision and two 3 mm trocars placed 
at the left and right lower abdomen. (Fig. 34.1).

34.4  Instrumentation

To perform the LUER, we used 3  mm instru-
ments including two atraumatic grasping forceps, 
a curve dissector, scissors with monopolar coagu-
lation, needle holder, and 3  mm vessel sealer 
(Bolder surgical).

surgeon

Monitor

Fig. 34.1 Trocars and surgeons position
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34.5  Sutures, Tape and Stent

Exposition of Vesical-Ureteral Junction (VUJ): 
two stay sutures are inserted through the abdomi-
nal wall and placed on each side of the posterior 
bladder to pull the anterior wall of the bladder up 
and to expose the VUJ. Long needles are recom-
mended to go through the abdominal wall 
depending on the age and thickness of the wall as 
19, 24, or 27 mm poliglactin suture.

Ureterovesical anastomosis: 5-0 or 6-0 
Polydioxanone suture.

Re-approximation of the Detrusor: 3-0 
polyester.

Umbilical tape: Placed around the ureter to 
avoid excessive handling during ureteral 
dissection.

Blue-Stent/pipi-salle stent (Urosoft-Bard) is 
inserted percutaneously through the bladder in 
intraoperative and under laparoscopy. The ure-
teric stent catheter directly drains the kidney 
through the ureter. The distal part of the stent is 
left outside. It usually exits to the abdomen 
through the bladder wall in the suprapubic region. 
The stent is removed at first week after surgery 
without anaesthesia.

34.6  Surgical Technique

Step 1. The retroperitoneum is incised starting 
below the iliac vessels toward the VUJ.  The 
distal ureter is identified and isolated; an 
umbilical tape is passed around it precociously 
for traction. It avoids excessive handling of 
the ureter during the dissection.

The ureter is mobilized to achieve sufficient free-
dom for a tension-free reimplantation. During 
ureteral dissection, preservation of generous 
periureteral adventitia and limited use of ther-
mal energy are crucial to avoid complications. 
When coagulation is necessary, the use of 
3  mm vessel sealer system, monopolar or 
bipolar forceps is advisable.

Step 2. In males, VAS deferent is identified and 
mobilized for avoiding injury. In females, 

opening of peritoneum in front of the round 
ligament is necessary to dissect distal ureter.

Step 3. Two stay sutures are inserted through the 
abdominal wall and placed on each side of the 
posterior bladder to pull the anterior wall of 
the bladder up and to expose the UVJ.

Once the stenotic part of the ureter is completely 
dissected, the bladder is filled with air. Using 
the monopolar scissors, the peritoneum is 
incised to expose the detrusor and to create an 
optimal tunnel with a length that is about four 
times the size of the ureter (Paquin law). At 
that moment, the bladder is filled with air, and 
then the detrusor muscle fibbers are cautiously 
divided vertically, with scissors, to create a 
submucosal tunnel until the mucosa is 
exposed. (Fig. 34.2).

Step 4. The distal ureter is transected at the level 
of the stenosis. The ureteral stump is then 
closed with a simple stitch only in case of pre- 
existing vesico ureteral reflux (VUR); other-
wise it can be left open.

Step 5. In cases of ureteral tapering, the tech-
nique used is the Hendren procedure, with 
exteriorization of the ureter through the ipsi-
lateral port, which had been enlarged to avoid 
tearing. Using continuous absorbable 6/0 
polydioxanone suture, ureteral tailoring is 
performed.

Step 6. Vesicoureteral anastomosis is carried out 
after opening the bladder mucosa, at the top of 
the new tunnel (Fig. 34.3). The anastomosis is 
done using two continuous 6/0 polydioxanone 
sutures. A double polyurethane pigtail soft 
stent (Urosoft-Bard) is inserted percutane-
ously through the bladder in intraoperative 
and under laparoscopy. The ureteric stent 
catheter directly drains the kidney through the 
ureter. The distal part of the stent is left out-
side; it usually exits to the abdomen through 
the bladder wall in the suprapubic region 
(Fig.  34.4). The ureter is placed in the new 
tunnel, and then the detrusor muscle is reap-
proximated with non-absorbable sutures 3-0 
polyester (Fig.  34.5). A non-peritoneal drain 
was used.

34 Laparoscopic Management of the Primary Obstructive Megaureter
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Fig. 34.3 Bladder mucosa is opened at the top of the tunnel

Fig. 34.4 A double polyurethane pigtail soft stent is 
inserted percutaneously through the bladder (b) in intraop-
erative and under laparoscopy. The ureteric stent catheter 

directly drains the kidney through the ureter (u). The distal 
part of the stent is left outside (arrow); it usually exits to the 
abdomen through the bladder wall in the suprapubic region

Fig. 34.2 Detrusor-myotomy is performed from the top to VUJ

M. Lopez et al.
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Fig. 34.5 The detrusor is reapproximated over the reimplanted ureter

Fig. 34.6 Modified Shanfield Procedure. 1–1.5 cm of the 
distal ureter is introduced into the bladder to create a 
valve-like mechanism which prevents reflux. The ureter is 
fixed to the bladder mucosa by four cardinals stitches

34.7  Evolution of the Technique

Different modifications were observed that are 
necessary to improve the technique.

The first is the need to change the insertion 
point of the ureter into the bladder. During the 
first description, one of the most challenging 
aspects of the technique was to perform the 
anastomosis in the lower part of the new tunnel 
because it is very laborious and time-consum-
ing. In order to reduce these technical difficul-
ties, the insertion point of the ureter into the 
bladder was moved to the top of the new 
tunnel.

The second important point is to avoid a 
second intervention to remove the stent. 
Currently, we are using a double polyurethane 
pigtail soft stent; it is inserted percutaneously 
through the bladder in intraoperative and under 
laparoscopy. It is removed at 1 week after sur-
gery, without anaesthesia, and during the first 
consultation.

More recently, a simplified technique has been 
introduced using the principle of Shanfield pro-
cedure. It allows to reduce the length of the detru-
sor myotomy; only 2 or 3 cm is enough to create 
the tunnel because the antireflux depends only on 
the valvular mechanism of the ureteral segment 
introduced into the bladder. Once the bladder 
mucosa is opened at the top of the tunnel, 
1–1.5 cm of the distal ureter is introduced into the 

bladder. Afterwards, the ureter is fixed to the 
bladder mucosa by four cardinal stitches of 
absorbable sutures, reducing and facilitating the 
time of suturing (Fig.  34.6). In case of ureteral 
tension, it can be fixed using a U-Stitch to the 
detrusor muscle facilitating the anastomosis. 
Finally, the detrusor is reapproximated with non- 
absorbable sutures using 3-0 polyester. Neither a 
peritoneal drain nor ureteral stent is used. Ureteral 
tailoring is not necessary in this technique.

34 Laparoscopic Management of the Primary Obstructive Megaureter
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34.7.1  Postoperative Care

Children are started on oral liquids feeds within 
3 h after surgery. Postoperative analgesia is per-
formed with metamizole and paracetamol. 
Usually bladder catheter is removed 48  h after 
surgery. In the first 14 cases, the double J stent 
was removed under general anaesthesia 1 month 
postoperatively, and in 12 cases “pipi salle” stent 
was removed at 7  days postoperatively without 
anaesthesia. In all patients, antibiotic prophylaxis 
by trimethoprim/sulfamethoxazole was adminis-
tered until the stent was removed.

Follow-up appointments are scheduled at 1, 3, 
and 6 months post-discharge. A renal ultrasound 
is done at 1 and 3 months, thereafter VCUG and 
diuretic renogram MAG-3 are performed to rule 
out VUR and obstruction. Success is defined as 
improved hydronephrosis and absence of VUR 
and obstruction postoperatively.

34.8  Results

Laparoscopic approach was done in 32 patients 
without conversion. The first 26 patients under-
went LUER with or without extracorporeal ure-
teral tapering, following Lich Gregoir technique. 
On seven of them vesicoureteral anastomosis was 
performed in a lower part of the new tunnel. In 
the remaining 19 cases, the anastomosis was 
done at the top of the new tunnel.

In 20 patients, laparoscopic-assisted EUTR 
was carried out. The mean operative time was 
141 (130–170) min. In six patients, ureteral 
tapering was not necessary because the diameter 
of the ureter was inferior to 2  cm. The mean 
operative time was 100 (75–120) min. A vertical 
detrusor myotomy was done in all cases. There 
were no intraoperative complications. The mean 
hospital stay was 2–4 days (1–4  days). The 
mean follow-up period was 40 (7–84) months. 
No urinary leakage occurred in the postopera-
tive period. None of the patients experienced 
postoperative voiding dysfunction. At 3 months 
postoperatively, one patient presented a febrile 
UTI, and VUR grade III was diagnosed by 

VCUG.  A redo laparoscopic surgery was per-
formed, showing partial disassembling of reim-
plantation; consequently, the tunnel was 
extended to increase the length of antireflux and 
LUER, following Lich Gregoir technique was 
performed with uneventful outcomes. At 
medium- term follow-up, all patients were 
asymptomatic without recurrence of POM or 
VUR.

The last six cases underwent LUER following 
modified Shanfield technique. The anastomosis 
was done at the top of the new tunnel. The mean 
operative time was 144 min (120–160). Ureteral 
tapering was not necessary in this technique. 
There were no intraoperative or postoperative 
complications. The mean follow-up was 
15.83  months; all patients were asymptomatic 
without recurrence of POM or VUR.

Tips and Tricks
• Traction by grasping directly the ureter 

should be strongly avoided. Unnoticed 
ureteral injuries that may cause serious 
postoperative complications can thereby 
be prevented.

• Use air to fill the bladder, it allows major 
mucosal resistance during VU 
anastomosis.

• While performing the detrusor myot-
omy, it is easier to start from the top to 
Vesico-Ureteral Junction.

• Open the bladder mucosal at the top of 
the tunnel, it allows performed an easier 
VU anastomosis.

• In cases of LUER following Lich 
Gregoir technique, ureteric stent cathe-
ter directly drains the kidney through 
the ureter. “Pipi salle” stent avoid a sec-
ond anaesthesia to remove it.

• In cases of LEUR following modified 
Shanfield technique, four cardinal 
stiches are enough. U-stich to the 
detrusor allows to perform the anasto-
mosis without tension. Ureteral taper-
ing is not necessary when you use this 
technique.

M. Lopez et al.
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34.9  Discussion

Conservative treatment in POM avoids surgical 
correction in more than 80% of patients reported 
in different series [2–4]. The decision which 
favoured surgical correction was based on abso-
lute renal function.

The gold standard for the treatment of POM 
includes open surgery, excision of the aperistaltic 
and/or narrow ureteral segment, reduction of cal-
ibre of the distal dilated ureter, and ureteral reim-
plantation into the bladder in an antireflux 
manner, with success rates around 90–96% in 
different reports.

Laparoscopic and robotic-assisted tech-
niques have been developed as an alternative to 
open surgery. Different techniques of ureteral 
reimplantation demonstrating feasibility have 
been reported to be beneficial in terms of 
results, decreased postoperative pain, allowing 
shorter hospital stay, and a quicker return to 
normalcy. Nevertheless, purely laparoscopic 
reconstructive surgery can be technically chal-
lenging, even for the most experienced laparo-
scopic surgeons [6–10]. In 2006, Kutikov et al. 
described the first five cases for POM by pneu-
movesicoscopy. Ureteral strictures at the neo-
ureterovesical anastomosis were observed in 
one patient after excisional tapering [6]. Same 
group suggests that intravesical laparoscopic 
reimplantation is challenging in small bladders, 
where the capacity is less than 130 cc, particu-
larly when ureteral tapering is required. 
Jayanthi et  al. used pneumovesicoscopy 
approach when tapering would not be neces-
sary. In children under 2 years old, it decreased 
working space and made the procedure techni-
cally less demanding [11].

In 2015, Kim et  al. reported laparoscopic 
intravesical detrusorrhaphy with ureteral plica-
tion in 11 patients with primary unilateral mega-
ureter. The mean follow-up was 12.6 months. In 
all patients, improvement was noticed in the dil-
atation of the pelvicalyceal system and the ure-
ters [12].

The transperitoneal approach provides a large 
operative space for reimplantation and does not 

limit the manipulation of the urinary bladder and 
ureter.

In 2006, Ansari et al. reported the first three 
cases of LUER following Lich Gregoir tech-
nique, with extracorporeal tailoring of the ureter, 
using the Hendren technique. After a 1-year fol-
low- up, no patients presented VUR, and the renal 
function was preserved in all cases [9]. In 2012, 
Abraham et  al. reported 13 cases of POM that 
had undergone LUER.  In all cases, there was a 
decrease in ureteral and upper tract dilatation, as 
well as improved drainage [13].

The largest series of LUER for POM has been 
reported in 2020 by Bondarenko, based on a 
multi-institutional study on 78 ureters in 76 
patients. Thirty-four of them were tailored, nei-
ther the type of reimplantation (tailored or non- 
tailored) nor age of patients influenced the 
success rate of LUER. 10.5% of patients pre-
sented postoperative complications, two ureteral 
obstruction, and 7 VUR [14].

Our previous experience in LUER for VUR 
was the basis for the development of LUER for 
the management of POM [15–17]. At the begin-
ning of our initial experience for POM, we per-
formed the ureteral anastomosis in the lower part 
of the new tunnel. Seven cases underwent LUER 
and EUTR following Lich Gregoir procedure, 
nevertheless it was very laborious and technically 
demanding [18]. To become technically less 
demanding, the insertion point of the ureter into 
the bladder was moved to the top of the new tun-
nel, reducing the operative time and probably 
improving the quality of the anastomosis.

Another important point during surgical cor-
rection is the use of the stent. From the begin-
ning, we used a standard double J stent placed 
intraoperatively by laparoscopy and removed at 
6 weeks postoperatively under general anaesthe-
sia. Currently, to avoid a second anaesthesia, we 
are using a double polyurethane pigtail soft stent 
(pipi salle stent); it is inserted percutaneously 
through the bladder and under laparoscopy drain-
ing the kidney. The distal part of the stent is left 
outside. It can be removed without anaesthesia at 
1 week during the first consultation after surgery. 
In our series, all 26 patients benefited from LUER 

34 Laparoscopic Management of the Primary Obstructive Megaureter



278

with or without EUTR, with a success rate of 
96%. One of the 26 patients (3.84%) presented a 
febrile UTI at 3  months postoperatively and a 
unilateral VUR grade III was diagnosed by 
VCUG.  In this case, a redo laparoscopic extra-
vesical ureteral reimplantation following Lich 
Gregoir technique was done with uneventful con-
sequences in a long-term follow-up [19].

The last evolution in our technique has been 
based on the principle of Shanfield technique. 1 
or 1.5 cm of the distal ureter is introduced into 
the bladder to create a valve-like mechanism 
which prevents reflux. This avoids not only the 
need for a complex vesicoureteral anastomosis 
but also the need for ureteral tailoring because 
the antireflux mechanism depends mainly on 
the valve mechanism of the ureteral tip intro-
duced into the bladder and not entirely on the 
length of the submucosal tunnel, only 2 or 3 cm 
of detrusor myotomy is sufficient. Six patients 
underwent this procedure, and resolution of 
hydronephrosis, obstruction, and VUR were 
achieved in all cases [20].

In our experience, all cases were unilateral 
POM; the procedure was completed laparoscopi-
cally without conversion. No patient presented 
urinary leakage or experienced voiding difficulty. 
We found that the patient’s age was not a limiting 
factor for performance. We operated on patients 
younger than 1-year old with similar results to 
those of older patients. After long-term follow-
 up, all patients were asymptomatic without recur-
rence of POM or VUR. In conclusion, we believe 
that LUER for POM treatment is an alternative to 
open procedure with a similar success rate. It 
seems to be a promising technique since it offers 
high success rate within a single intervention, 
and it can be practiced in all age groups with 
excellent outcomes. However, the limitation of 
this approach is that the surgeon needs training in 
laparoscopic reconstructive surgery. Nevertheless, 
further randomized clinical trials are needed to 
confirm these favourable outcomes.
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• You to start to perform laparoscopic for 
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LEUR for VUR.
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• Stay sutures allow good exposition of 
VU junction.
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perform this procedure.
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ate the efficacy.
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35Robot-Assisted Laparoscopic 
Tapered Ureteral Reimplantation 
(RAL-TUR)

Waleed Eassa and Ramnath Subramaniam

35.1  Introduction

Megaureter was first described by Caulk in 1923 
[1]. In children, It is defined as a retrovesical ure-
teric diameter more than 7 mm from 30 weeks’ 

gestation onward [2]. Initially classified by Smith 
into three categories, (1) obstructed, (2) reflux-
ing, and (3) non-refluxing/ non-obstructing, each 
category was sub-grouped into either primary or 
secondary [3]. A more practical revision for this 
classification was done by King adding a fourth 
refluxing/obstructing category [4]. A primary 
obstructed megaureter (POM) constitutes 23% of 
cases of antenatal hydronephrosis. Several expla-
nations have been suggested for the pathogene-
sis, which is described as a functional obstruction. 
Suggestions include excessive collagen deposi-
tion, segmental changes of muscle cells, a band 
of circumferential tissue, and dense nonadrener-
gic innervation in the ureteral smooth muscle col-
lar [5]. Others proposed that it is a delayed fetal 
ureteral maturation process that involves the dif-
ferentiation of smooth muscle cells and intersti-
tial cells of Cajal which starts mid ureter and 
extends cranially and caudally; this theory 
explains the spontaneous resolution in many 
cases [6].

Nowadays, hydroureteronephrosis is mostly 
diagnosed antenatally. An early postnatal US is 
usually requested followed by MCUG to 
excluded reflux and BOO. After that, MAG3 is 
done to diagnose the obstruction and evaluate the 
renal function [7].

Most of POM cases are managed conserva-
tively. Indications for surgical intervention are 
initial DRF <40% (especially when associated 
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with massive hydroureteronephrosis) or failure of 
conservative management (breakthrough febrile 
UTIs, pain, worsening dilatation or deteriorating 
DRF on serial scans) [7].

Although open ureteral reimplantation with or 
without tapering is the gold standard for surgical 
correction, in a survey of 123 pediatric urologists 
from 30 countries, one-third of them will offer 
minimally invasive surgical (MIS) techniques for 
their patients [8].

Conventional laparoscopic ureteral reim-
plantation has a steeper learning curve, causes 
considerable musculoskeletal strain on the sur-
geon (exacerbated in smaller children), and its 
outcomes were not compatible with the open 
surgery results. With the introduction of 
daVinci Surgical System® (Intuitive Surgical, 
Sunnyvale, CA), minimally invasive surgery 
has now allowed surgeons to perform increas-
ingly complex procedures with a faster learn-
ing curve and better outcomes, thanks to the 
three-dimensional visualization, the articulat-
ing instruments with 270° range of movement, 
the elimination of tremors, and ergonomically 
surgeon friendly. Thus, the outcomes of 
robotic-assisted laparoscopic ureteral reim-
plantation (RAL-UR) for correction of vesico-
ureteral reflux (VUR) became comparable to 
open surgery [9].

Tapering of dilated ureters for reimplantation 
was described as early as 1957 by Bischoff fol-
lowed by Hendren in 1969 [10]. Weiss and 
Biancani explained the mechanical rational 
behind tapering as the narrower lumen helps to 
generate higher intraluminal pressure to transport 
urine [11].

Robot-assisted Laparoscopic Tapered Ureteral 
Reimplantation (RAL-TUR) is technically 
demanding and is classified as a complex robot- 
assisted procedure [12].

Limited numbers of publications describe the 
technique of Robotic-Assisted Laparoscopic 
Tapered Ureteral Reimplantation (RAL-TUR) in 
children for correction of POM.  This chapter 
explains our operative technique of (RAL-TUR) 
step by step.

35.2  Preoperative Preparation

Usually US, MCUG, and MAG3 studies are suf-
ficient for complete diagnosis of POM.  MRU 
helps to accurately delineate the anatomy.

We are not particular about any special bowel 
preparation, enemas, or special diet preopera-
tively. We instruct for NPO starting 6  h—only 
clear fluids are allowed until 2 h—before surgery. 
Sensitivity test for the selected preoperative anti-
biotic prophylaxis is done early in the morning of 
surgery. We usually use third-generation cephalo-
sporin if there are no prior positive cultures for 
guidance. Oral midazolam (0.5 to 1  mg/kg) is 
given 1 h before taking the child to OT as it helps 
to decrease separation anxiety and facilitate 
induction of anesthesia.

Vascular access is established at OT, and the 
preoperative antibiotic prophylaxis is 
administrated.

Cystoscopy ± retrograde ureteropyelography 
may be needed if we still have doubts regarding 
the anatomy or if MRU was not done. A Foley 
catheter is fixed and kept sterile.

35.3  Positioning, Docking, 
and Port Placement

We place the child in complete supine position. 
We bring the distal end of the sterile Foley cath-
eter in our sterile field to be handy to control 
bladder filling during the procedure. We start port 
placement by the insertion of 12 mm camera port 
just below the xiphisternum, using Hasson open 
technique. Then the 30° camera is advanced 
through the port to inspect the peritoneal cavity 
and identify our anatomical landmarks. This is 
followed by under vision placement of two 8 mm 
arms’ bilaterally at the mid-clavicular lines just 
below the costal margins (Fig. 35.1). We do not 
use assistant ports. We use the Da Vinci Si Robot, 
the cart is brought to the left side of the patient 
and docked parallel to the table with the arms 
directed cranially and medially to be in align-
ment with the ports “side docked” (Fig. 35.1).
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Fig. 35.1 Patient position, port placement, and side docking of the robot

35.4  Instrumentation

Dissection: we usually use a grasping instrument (a 
Prograsp® forceps) in the left arm and a dissecting 
instrument (a Maryland bipolar forceps or 
EndoWrist® PK Dissecting Forceps) in the right arm.

Trimming of the ureter and incising the blad-
der mucosa: a monopolar scissor is used. 
Suturing: a Black diamond® micro forceps and 
large needle driver were used.

35.5  Step-by-Step Technique

35.5.1  Dissection

The bladder is hitched up to the abdominal wall 
and the posterior peritoneum is opened just distal 

to the left round ligament in girls and distal to the 
vas in boys. After identification of the ureter, it is 
dissected meticulously until the ureterovesical 
junction and the narrow distal segment were 
clearly identified together with the dilated seg-
ment proximal to the narrowing.

35.5.2  Detrusorotomy

Detrusorotomy of an adequate size to accommo-
date the ureter is performed from the vesico- ure-
teric junction vertically upwards allowing the 
bladder mucosa to bulge. We partially fill the 
bladder at this step. Detrusor muscle is dissected 
free on both sides of the detrusorotomy to ensure 
adequate width to wrap around the ureter for the 
extravesical reimplant.

35 Robot-Assisted Laparoscopic Tapered Ureteral Reimplantation (RAL-TUR)
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c

e

d

b

Fig. 35.2 Steps of robot-assisted laparoscopic tapered 
ureteral reimplantation (RAL-TUR) in children. (a) After 
dissection of the stenotic ureteral segment and detruso-
rotomy, the segment for trimming is identified, hitched, 

and the incision line is marked. (b) Trimmed megaureter. 
(c) Tailored megaureter, which will be stented percutane-
ously. (d) Fashioning of the neo-ureterovesicostomy. (e) 
Creation of detrusor wrap. Illustration by Syed Salahuddin

35.5.3  Trimming

The mega ureter is dissected proximally to iden-
tify the segment for tailoring which is then fixed 
to the anterior abdominal wall using two hitch 
stitches. Our line of incision is demarcated fol-
lowed by excisional tapering of the ureter 
(Fig. 35.2a, b). The trimmed portion is tailored 
using running 5/0 PDS II® suture (Fig.  35.2c). 

The stenotic distal ureter is divided at the level of 
the native ureterovesical junction.

35.5.4  Stenting

Using a wide bore cannula passed through the 
abdominal wall, a guide-wire is advanced into the 
trimmed ureter, then a DJ stent was threaded on 
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the wire through the abdominal wall after can-
nula removal.

35.5.5  Neo-Ureterovesicostomy

The distal end of the tailored ureter is hitched at 
6 o’clock to the distal (lower) end of the detruso-
rotomy at the site of the neo-ureterovesicostomy 
by a 5-0 Vicryl® or PDS II® stitch then the mucosa 
at this site is opened to create the neo- 
ureterovesicostomy (Fig. 35.2d). The lower coil 
of the DJ stent is passed into the bladder. After 
that, the anastomosis is carried out using 5-0 
Vicryl® or PDS II® sutures.

35.5.6  Detrusor Wrap

The detrusor muscle at the edges of detrusorot-
omy is wrapped around the tailored ureter using 
interrupted 5-0 Vicryl® or PDS II® sutures. The 
proximal stitch at the apex of the detrusorotomy 
is hitched to the ureter so as to ensure adequate 
tunnel for the reimplanted ureter. Then, closure 
of the detrusor is continued distally (from above 
downwards) using interrupted Vicryl® or PDS II® 
sutures until completely burying the tailored ure-
ter in a tunnel with a length: width ratio of at least 
of 3:1 (Fig. 35.2e).

35.6  Postoperative Care

The child resumes oral intake after the return to 
the ward as tolerated, starting with fluids. 
Analgesia is rarely needed; postoperative oral 
paracetamol of 15 mg/kg is usually prescribed 
every 8  h PRN.  Antibiotic is given orally for 
7 days, then a prophylactic dose is maintained 
as long as the DJ stent is in place. The child can 
return to activity as soon as he/she can; usually 
at the same evening or next morning. The Foley 
catheter is removed in the next morning and the 

child can be sent home. After 4 weeks, the child 
is readmitted for removal of the DJ stent, a KUB 
is usually done to make sure that the DJ stent 
did not migrate proximally. After removal of the 
stent, the child is discharged the same day. We 
continue the prophylactic antibiotic until the 
third month postoperatively, when we request a 
follow- up US.  If the hydroureteronephrosis is 
stable or improved, we stop the prophylactic 
antibiotic and plan to repeat the US every 
3  months in the first year then biannually and 
then annually until complete improvement (fre-
quency of follow- up can be planned according 
to each case and rate of resolution of 
hydroureteronephrosis).

35.7  Results

The video we present for our technique is that of 
an 8 years old female. She was presented to us 
with frequent left loin pain and was diagnosed 
with left POM. Left Split Renal Function (SRF) 
was 22%.

Console time was 126  min. There was no 
blood loss. She was fully mobile in the following 
morning. Foley catheter was removed after 1 day. 
LOH was 30 h. The Double J stent was removed 
after 8  weeks, Ultrasonography 3  months later 
showed receding hydroureteronephrosis and the 
MAG3 study showed resolution of obstruction 
and improvement of SRF 28%. Total follow-up 
period was 18 month (Fig. 35.3).

In total, we have experience of this technique 
of RAL-TUR in seven children, three for reflux-
ing megaureter and four for POM; four girls and 
three boys. The mean age was 4.2 years (1.5 to 
8  years), all were unilateral. Their presentation 
was recurrent UTIs and all with deteriorating 
renal functions. Mean console time was 113 min 
(93 to 148), blood loss was negligible in all cases. 
All the patients were discharged home next day 
following the procedure once feeds were estab-
lished and patient was mobilizing well.
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Fig. 35.3 Pre- and post-operative images of an 8 years old female child who underwent (LAP-TUR) for left POM

Tips and Tricks
• We prefer supine position; do not tilt the 

table or use lithotomy position. This 
obviates the need for any strappings. It 
is also the most preferable position by 
anesthesiologist.

• Side docking is better than conventional 
docking especially in children, as it 
allows the access for genital region for 
any retrograde manipulations—if 
needed— without undocking.

• We prefer using the 8 mm instruments 
as they offer better range of movement 

than the 5 mm ones; the cosmetic differ-
ence in port scars is negligible.

• Because of the small abdominal cavity 
of the children, any mild gas leakage 
will rapidly lead to loss of pressure and 
dislodgement of arms. This is why we 
apply a 2-0 subcutaneous cerclage stitch 
around the camera port, tied firmly to it, 
and the tie is extra secured by applying 
Steri-Strips™.

• To gain extra space after complete dock-
ing, the camera port is lifted gently to 
elevate the abdominal wall.

• It is important to keep bladder partially 
filled during detrusorotomy to avoid 
injuring the tenuous bulging bladder 
mucosa.

• Creation of good detrusor muscle 
troughs on both sides of the detrusorot-

We measured our surgical success by resolu-
tion of hydroureteronephrosis by US, improved 
renal function or drainage by MAG3. In our 
series, all cases showed one or more of our suc-
cess criteria and none needed any further surgery.
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35.8  Discussion

Most of publications regarding robotic-assisted 
ureteral reimplantation (RAL-UR) in children are 
about using the technique for correction of 
VUR.  It shares similar approach with (RAL- 
TUR) but much easier in terms that it lacks dis-
memberment and tapering, both of which are 
technically demanding steps. Few case reports 
described the technique of (RAL-TUR) for cor-
rection of POM.

The first reports of (RAL-TUR) for repair of 
POM were of adult cases. In 2009, Hemel et al., 
reported their experience including eight reim-
plants in seven patients (mean age was 28 years). 
They positioned their patients in low dorsal 
lithotomy position with steep Trendelenburg.

Trimming was done intracorporeally in six 
patients and extracorporeally after undocking in 
two patients. They used 12  mm camera port 
(umbilical) and other 4 ports (three robotic arms 
and one 5  mm assistant port). Mean console 
time was 127 min and mean LOH was 3.2 days. 
Their success rate was 100% with respect to 
drainage and preservation of renal function with 
a follow- up duration of 16  months. They con-
cluded that the technique is feasible, safe, and 
effective for treatment in POM highlighting the 
advantages of RAL over traditional laparoscopy 

as well as the advantages of intracorporeal trim-
ming over the extracorporeal one because of the 
nuisance of the undocking and re-docking of the 
robot [13].

Two years later, Goh et  al. described their 
(RAL-TUR) technique in a 51-year-old adult 
patient. They also used the same dorsal lithotomy 
position and same number of total 5 ports. 
Tapering was done intracorporeally. Total opera-
tive time was 262 min with blood loss of 150 mL 
and LOH was 4 days [14].

The first example of (RAL-TUR) in children 
was a case report published by Faasse et  al. in 
2014. But it was done for a correction of reflux-
ing megaureter (not obstructed) in a 9 year old 
child, so dismemberment was not done. In con-
trast to adults, the child was placed in supine 
position with slight Trendelenburg and the 
authors used only 3 ports (12 mm umbilical one 
for camera and other two 8  mm ports at 
 mid- calvicular lines) just below the level of 
umbilicus. To facilitate trimming, they inserted a 
ureteric stent preoperatively in the ureter and 
placed several stay sutures anteriorly in the ure-
teral segment designated for trimming.

They sequentially lifted the stay stitches from 
proximal to distal to stabilize the megaureter 
during trimming which was done using CO2 
laser [15].

In our series, we put the patient in complete 
supine position which is convenient for both the 
surgeons and nurses and also the anesthesia team. 
We also use only 3 ports, but we prefer to place 
the ports higher in the abdomen. We believe this 
is advantageous in giving us more room for the 
robotic arms especially in small children where 
the bladder is relatively closer to the umbilicus in 
also preventing clashing. We do not stent the ure-
ter preoperatively, which could be difficult in 
cases of POM if there is severe narrowing. 
Sometimes even the ureteral orifice cannot be 
detected. In our described technique, we stabilize 
the ureter to the abdominal wall by two hitch 
stitches, which is more easier and faster than 
applying several stay stitches, besides this frees 
one arm for use during trimming. We use robotic 
monopolar scissor for cutting which is more 
practical than using CO2 laser.

omy is important also to avoid narrow-
ing of the tunnel.

• For stenting, usage of a wide-bore can-
nula to pass the wire is a simple and fast 
trick. A snip with a scalpel tip in the skin 
at the site of cannula may be needed to 
allow threading large stents.

• The Paquin’s ration of at least 1:3 (ure-
teral width to tunnel length) should be 
respected to avoid reflux by creating a 
flap valve antireflux mechanism.

• Detrusor wrap is created from proximal 
to distal (above to downwards when the 
bladder is hitched as seen in the video). 
The first stitch is the most important as 
it holds the ureter in place.
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In 2015, Villanueva published another case 
report for a (RAL-TUR) in an 11 year old child, 
but this time it was done for obstructed megaure-
ter. He placed the child in lithotomy position and 
did the tapering extracorporeally. He applied hid-
den incision endoscopic surgery (HIDES) to 
achieve good cosmesis by making the incisions at 
the bikini line [16]. But still he has to undock and 
re-dock the machine, a time-consuming step that 
is spared in our technique.

Lastly a video published in 2017, demonstrat-
ing surgical technique of (RAL-TUR) in a series 
of 14 refluxing and obstructed ureters, it was very 
short reporting as there were no data regarding 
positioning, docking, or how many ureters were 
obstructed. They used the same technique 
reported by Faasse et al. which includes stenting 
the ureter preoperatively and placing a series of 
interrupted stay sutures along the anterior ure-
teral wall for manipulation [17].

Many surgeons create their detrusor wrap in 
RAL-UR surgeries starting distally at the site of 
the neo-ureterovesicostomy (down to top). We 
perform our detrusorrhaphy (top-down) with a 
suturing technique which is quick to perform and 
eliminates the need to manipulate the ureter at 
this step [18].

35.9  Conclusion

As far as we know, our series is the first to fully 
and systemically report a (RAL-TUR) for 
obstructed megaureter in children. Our described 
technique obviates a lot of complexities of previ-
ous reported cases as it doesn’t need special posi-
tioning of the patient or preoperative stenting. 
Side docking is fast and away from the perineum 
so retrograde manipulation is easy to perform at 
any time during surgery. Tapering is intracorpo-
real, fast with minimal ureteral manipulation. A 
complex procedure like (RAL-TUR) for 
obstructed megaureter in children is feasible and 
safe with outcomes comparable to the gold stan-
dard open procedure if step-wise standardized 
technique is followed.
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36Retrocaval Ureter in Pediatric 
Patients

María Santos, Carolina Acuña, 
and Pedro-José Lopez

36.1  Introduction

Retrocaval ureter (RU) is a rare congenital anom-
aly, where the ureter deviates medially, passes 
behind the inferior vena cava (IVC), and surrounds 
it coming back to the corresponding ipsilateral 
side by passing in afore (Fig. 36.1). It is found in 

approximately 1 of every 1000 patients, and the 
male to female ratio is 3:1 [1, 2]. Being infrequent 
in pediatric population, normally present in the 
third or fourth decades [1], it occurs more com-
monly on the right side and can be associated with 

Learning Objectives
• To describe step by step the transperito-

neal laparoscopic approach for retroca-
val ureter.

• To describe tips and tricks for the trans-
peritoneal laparoscopic approach.

• To describe generalities of retrocaval 
ureter in order to recognize this 
pathology.
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a b

c d

Fig. 36.2 Abdominal computed tomography showing right retrocaval ureter. (a) right hydronephrosis (b) right ureter 
next and behind inferior vena cava (c) right ureter on the left side of IVC (d) lithiasis in right ureter

other IVC or renal anomalies [1, 2]. Most cases are 
detected during routine radiologic imaging, being 
asymptomatic. When symptomatic, it can be pres-
ent with abdominal colic pain, urinary tract infec-
tion, or hematuria. On ultrasound, it can be 
detected by a dilated tortuous proximal ureter or 
hydronephrosis (HN) secondary to pseudo-ure-
teral obstruction [2]. The aetiology is assumed to 
be abnormal embryologic development of the IVC 
due to the abnormal persistence of the right poste-
rior subcardinal vein ventral to the ureter [3].

There are two types of retrocaval ureter: type I or 
“low loop” form, where the ureter curves back in 
the shape of a reverse “J” in front of the third of the 
fourth lumbar vertebra passing behind the IVC. This 
is the most common form and causes moderate to 
severe HN. Type II or “high loop” is rare and nor-
mally doesn’t cause HN. Here the ureter has as a 
sickle-shaped ureteral curve, as the renal pelvis and 
upper ureter pass behind the IVC at the level of, or 
just above, the ureteropelvic junction [4].

The management in symptomatic patients 
consists in transection and relocation of the ure-

ter anterior to the IVC.  The first cases were 
treated with the Anderson–Hynes dismembered 
pyeloplasty but now minimally invasive surgery 
is the method of choice [4, 5]. The laparoscopic 
approach is the gold standard, having transperito-
neal access easier than retroperitoneal. Robotic 
assisted surgery has shown good results and, if 
available, it is a very good option too.

This chapter is focused on the operative tech-
nique of laparoscopic transperitoneal resolution 
for retrocaval ureter in children.

36.2  Pre-Operative Preparation

Imaging studies are required to diagnose and 
classify RU.  Intravenous pyelogram and retro-
grade pyelography are the most common studies. 
A combination with cavography has also been 
used when the diagnosis cannot be established by 
intravenous pyelogram.

During the last few years, Uro-CT scan 
(Figs. 36.2 and 36.3) or Uro-MRI have replaced 
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Fig. 36.3 Abdominal computed tomography showing 
right retrocaval ureter

Fig. 36.4 Patient position

the use of invasive techniques, being less invasive 
these studies give more detailed anatomic infor-
mation. Diuretic renogram could be useful to 
evaluate the degree of functional obstruction [2].

36.3  Positioning

The transperitoneal laparoscopic approach with 
three trocars is preferred. In comparison to the 
retroperitoneal approach, it offers a larger work-
ing space in the peritoneal cavity improving visu-
alization and maneuverability. The ureter may be 
accessed in its entirety, dissected properly and it 
facilitates intracorporeal suturing and knotting 
[6]. The patient is placed in a lateral 75° decubi-
tus position with the affected kidney on top, fac-
ing the surgeon, at the edge of the operating table 
and is secured with adhesive tapes (Fig.  36.4). 
This facilitates free movements of the instru-
ments without hindrance from the table. The 
laparoscopic stack system with the screen should 
be placed opposite to the surgeon, at the back of 
the patient, making one line (surgeon–patient–
stack). The camera is inserted through the umbil-
ical port (5 mm) and two small ports (3 or 5 mm) 
will be introduced; one at the right iliac fossae (if 
approaching a right ureter) and the other on the 
costal margin on the mammary line with ergo-
nomic criteria.

36.4  Instrumentation

The instrumentation needed will depend on the age 
of the patient. For younger patients 5 mm 30° optic 
and two 3-mm ports will be used. In older children, 
10 mm 30° optic and two 5-mm ports could be used.

The complete laparoscopic instrument set 
needed contains:

• One 5- or 10-mm Hasson port.
• 2 ports for 3- or 5-mm instruments
• 1 bowel grasper
• 1 right angle dissector
• 1 Metzenbaum scissor
• 1 pyeloplasty scissor
• 1 diathermy hook
• 1 needle holder (3 mm).

1 suction/irrigation device.
5/0 resorbable suture for the ureterouretero 

anastomosis.
14G Branula.
3.7 to 5.2 Fr 8 cm to 20 cm multi length sili-

cone double J stent and guide-wire.
Foley catheter.

36 Retrocaval Ureter in Pediatric Patients
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36.5  Technique

General anesthesia is administered and a Foley 
catheter is inserted before starting surgery leav-
ing the bladder in free drainage. The first port is 
placed by an open technique (Hasson) in the 
region of the umbilicus and secured with a skin 
suture. This incision could be done longitudinal 
using all the umbilicus scars. The gas flow starts 
at 1  L/min until the peritoneal cavity is insuf-
flated and then it can be raised until 8 L/min. The 
abdominal pressure is set at 10–12 mmHg. Two 
working ports are inserted under direct vision: 
one under the costal margin and the other in the 
ipsilateral iliac fossa. The position of this latter 
port (# 3), which is used for the needle holder, is 
crucial, as it has to be in line with the anastomo-
sis to facilitate suturing.

The kidney is identified by reflecting the colon 
medially or through a transmesenteric window in 
the left side in suitable cases. Meticulous dissec-
tion with cutting rather than coagulation of the 
ureter is done, taking care of not damaging its 
vascularization and mobilizing the lower ureter 
sufficiently to achieve a tension-free ureteroure-
teral anastomosis. The anterior surface of the kid-
ney should be left intact to keep its adherence; 
dissecting the posterior surface of the mid and 
lower pole is sufficient to expose the upper ureter. 
The hardest part is the dissection between the 
ureter and the IVC, where a blind dissection 
could be finding the correct plane between these 
two structures. Then, a horseshoe technique is 

done letting the ureter move freely behind the 
IVC. When the ureter is released completely, sec-
tioning of the retrocaval segment is done. If the 
ureter is too close to the IVC and is not com-
pletely liberated, the ureter should be sectioned 
as close to the IVC as possible and then released. 
The retrocaval segment is mobilized and trans-
posed anterior to the IVC (Fig. 36.5). Proximal 
and distal ends should be spatulated in an oppo-
site way prior to the anastomosis. A “hitch stich” 
can be used to give stability and to facilitate the 
suturing, by passing a straight needle (3/0 or 4/0 
Prolene) or a regular 5/0 Prolene in small infants, 
passing directly through the abdominal wall, and/
or through a branula. Sometimes a fourth 3 mm 
trocar could be inserted for this maneuverer. If 
the ends of the ureters are wide, the anastomosis 
should be done in two running sutures, on the 
anterior side (the one facing the surgeon) and 
other on the posterior side of the ureter (the one 
distal from the surgeon). If there is some doubt 
regarding further stenosis, interrupted stiches are 
a good option too.

When the posterior side of the anastomosis is 
complete, a double J stent is inserted directly 
through the abdominal wall through a 14G bran-
ula. The guide-wire is passed down the ureter with 
Vaseline oil and into the bladder. Then the double 
J stent is advanced over the guide-wire and placed 
between the renal pelvis and the bladder. The dou-
ble J stent is inserted anterogradely, first to the 
bladder and then into the kidney. In our experi-
ence, it’s been easier this way with good results. 

Anastomosis

Fig. 36.5 Section and anastomosis of ureter

M. Santos et al.
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Fig. 36.6 Tips and tricks of insertion of JJ stent trough 
anastomosis (1). Anastomosis of posterior wall (2). 
Insertion of JJ stent and guidewire to the bladder (3). 

Insertion of guidewire through the dilated fenestration of 
JJ stent (4). Introduction of guidewire and JJ stent to the 
kidney (5). JJ stent in its correct position

An important trick to help with this technique is 
prior inserting of the double J stent through the 
branula; one of the fenestrations of the end that 
will be inserted in the kidney should be dilated 
(ideally the second or third distal fenestration). So, 
the double J stent is inserted with the guide-wire 
through the anastomosis into the bladder and then 

the guide-wire is removed. Then the guide-wire is 
inserted through the dilated fenestration and 
grabbed at the free end of the double J stent. 
Finally, the guide-wire is inserted with the double 
J stent through the proximal ureter to the kidney. 
When the double J stent is introduced completely, 
the guide-wire is carefully pulled out (Fig. 36.6). 

36 Retrocaval Ureter in Pediatric Patients
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To check that the double J stent is in the bladder, 
you can either have a full bladder and check that 
there is urine coming out from the stent or fill the 
bladder with methylene blue and corroborate that 
methylene blue comes out and up from the stent.

After the double J stent is in place, the anterior 
suture line of the anastomosis is completed. If the 
ends of the ureter are narrow, interrupted sutures 
can be done, and a knot pusher can be used to 
facilitate knotting. The anastomosis can be done 
with 5-0 or 6-0 poliglecaprone 25 (Monocryl) or 
6-0 PDS.

The “hitch stitch” is removed, and the anasto-
mosis is placed in the “new” normal anatomical 
position. The colon is replaced without a suture, 
and the mesenteric window could be closed if a 
trans-mesenteric approach was used.

Hemostasis is checked carefully. No addi-
tional perirenal drain is necessary. Ports are 
removed under direct vision, and the incisions 
are closed with 3/0 Vicryl to the fascia and 5/0 
Monocryl or Dermabond to the skin.

The Foley catheter is left in free drainage for 
2–3 days postoperatively.

36.6  Postoperative Care

Patients start oral feeding a few hours after sur-
gery. Analgesics are administered orally and 
intravenously only if needed. Oral paracetamol 
(15 mg/kg) is given for the first 3 days.

Patients are discharged on the next day, but if 
the surgery is done at first time in the morning, it 
could be a day case surgery.

Foley catheter is left for 2–3 days after sur-
gery and double J stent is taken out by cystos-
copy 6 to 8  weeks after surgery. There are 
institutions that leave the double J stent for 
10–14 days, with the pulling threads coming out 
of the urethra.

Prophylactic antibiotics are given until 24  h 
after the double J stent is been removed.

US controls should be done 1, 3, 6, and 
12  months postoperatively to evaluate relief of 
obstruction. MAG 3 should only be done if ultra-
sound shows signs of persistent dilatation.

36.7  Results

As retrocaval ureter is a rare anomaly and not 
much is described in the literature; we do not 
have enough patients to make a series of cases 
descriptive cohort. The results shown in the lit-
erature and the few cases that we have experi-
enced are very good. The most possible 
complication could be urine leak and ureteral 
obstruction. Peycelon et al. describe five patients 
in which a retroperitoneal approach was done and 
conclude that it is a safe and effective technique 
[7]. Escolino et al. compare open vs laparoscopic 
technique, and they observed better postoperative 
results with laparoscopic approach in terms of 
analgesic requirements, hospitalization, and cos-
metic results. All of the patients reported had 
complete resolution of obstruction and only one, 
in the laparoscopic group, presented a complica-
tion (stenosis at the ureteral anastomosis) which 
was resolved in a redo surgery [4]. Other case 
reports have been published and report no 
 complications added to resolution of the obstruc-
tion with transperitoneal approach [8, 9].

Our experience with the laparoscopic trans-
peritoneal approach has been successful, with no 
complications and resolution of obstruction.

Tip and Tricks
• Ureteroureteral laparoscopic anastomo-

sis is challenging but some tricks can 
help making it easier. Meticulous dis-
section with the hook in the cutting 
mode and not coagulation is our first tip 
to avoid ureteral damage and further ste-
nosis. The hitch stich to fix the ureter 
and avoid extra mobilization would help 
to do the anastomosis. Another trick that 
will help in small ureters in which the 
ends are too narrow is to make the anas-
tomosis with interrupted sutures instead 
of a continuous suture.

• Dilating one of the fenestrations of the 
proximal end (kidney end) of the double 
J stent will help to insert the guide-wire 
and introduce the stent into the kidney.

M. Santos et al.
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36.8  Discussion

Retrocaval ureter is a rare finding or cause of ure-
teral obstruction. Correction of this anomaly 
should be done only when symptomatic and/or 
with moderate to severe HN resulting from ure-
teral obstruction. Correction can be done by an 
open, laparoscopic or robotic approach. 
Minimally invasive surgery (MIS) could be retro-
peritoneal or transperitoneal. Independently of 
which way to approach the ureter, there are two 
main techniques that can be done, ureteroureter-
ostomy or ureteropelvic anastomosis. As we all 
know, advances in laparoscopic approach during 
the last years have grown, hence allowing surgi-
cal correction of retrocaval ureter by MIS.  The 
retroperitoneal technique is described in the lit-
erature and was used in nearly half of the pub-
lished cases. They describe no differences 
regarding results between the retroperitoneal and 
transperitoneal approach [7]. However, in our 
opinion, the transperitoneal laparoscopic tech-
nique provides a better exposure, allowing an 
adequate space for dissection of the ureter, taking 
care of its vascularization, which is one of the 
most critical steps of this surgery. If the dissec-
tion is not done carefully and the vascularization 
is damaged, ureteral stenosis may be observed in 
the follow-up. On the other hand, the transperito-
neal approach allows a smooth learning curve.
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• Finally using only three ports and intro-
ducing the double J stent through a 
branula helps as there is no need of 
using a fourth port, which could be very 
useful especially during learning curve.

Take-Home Points
• Surgery is indicated only when symp-

tomatic or when moderate to severe HN 
occurs.

• Nowadays, MIS is the way to perform 
this surgery, where transperitoneal lapa-

roscopic approach is an excellent tech-
nique that offers good exposure of the 
ureter and the IVC for both beginners 
and advanced surgeons.

• One of the critical steps of the procedure 
is to be watchful of ureteral vasculariza-
tion avoiding its damage and future ste-
nosis of the ureteral anastomosis.
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37Minimally Invasive Treatment 
of Ureteric Stones in Children

Lorenzo Masieri, Giulia Bortot, Simone Sforza, 
Chiara Cini, and Alberto Mantovani

37.1  Introduction

Nephrolithiasis among children has rapidly 
increased its prevalence in the last decades. 
Moreover, around 20% of children with nephroli-
thiasis will experience stone recurrence over a 
mean follow-up of 3 years [1]. Those data under-
line the importance to develop centres of exper-

tise where resources can be continuously 
allocated to form surgeons with a special interest 
in this field who can treat patients adequately and 
promptly and follow-up on them carefully. 
Ureteric stones can typically present as an emer-
gency, with pain, haematuria, and a new-onset 
upper-tract dilatation. Usually they can be first 
approached with Medical Expulsive Therapy 
(MET), especially when ureteric stones are 
<10  mm in size. Alpha-adrenergic blockers are 
mostly used (Doxasozin-Tamsulosin) associated 
or not with NSAIDs. In children, MET has shown 
to significantly increase the odds of spontaneous 
passage of ureteric stones [2]. Doxasozin is given 
at a dose of 0.03 mg/kg/die, Tamsulosin at a dose 
of 0.4 mg/die for patients >4 years-old and 0.1–
0.2 mg/die for younger children. Stone passage 
usually happens within few days from the begin-
ning of the treatment [3]. If spontaneous passage 
is not achieved in a reasonable time, or patient 
comorbidities are contraindications to MET, ure-
teroscopy (URS) is indicated (Table  37.1). 
Moreover, stones >10–12  mm usually do not 
respond to MET. Ureteroscopy can be performed 
in different ways depending on patients’ age and 
surgeon experience. In particular, the approach to 
ureteric stones can be with or without pre- stenting 
the ureter. The safest approach is to place a dou-
ble- J stent and plan URS on an elective basis 
within few weeks. The double-J stent will allow 
upper-tract drainage and temporary resolution of 
symptoms. Moreover, the ureter will improve its 
compliance which will help the definitive proce-

Learning Objectives
• To give an overview of the approach to 

the patient with ureteric stone.
• To explain rationale of Medical 

Expulsive Therapy and surgical 
treatment.

• To describe ureteroscopy and its steps, 
complications, and stone-free rate.

• To underline controversy in the current 
literature.
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Table 37.1 General criteria for MET and double-J stent/
URS

MET
Stones 
<10 mm

Double-J 
stent/URS

Stones ≥10 mm 
unlikely to pass 
spontaneously

Distal- 
ureteric 
stonesa

Failed MET (beyond 
at least 8 days)

Good pain 
control

Uncontrolled pain

No IVU IVU or suspect of 
infected stones

Unilateral 
condition

Single kidney 
patient

No upper 
tract 
dilatation

Upper tract 
dilatationb

a Mid-ureteric and proximal-ureteric stone can also be 
treated with MET, but with less chances of spontaneous 
resolution
b At the beginning of the pain episodes, the dilatation can 
be modest. However, one has to consider it as a new-onset 
dilatation representing obstruction

Fig. 37.1 Frog-leg position in an 18-months-old girl who 
underwent URS for a stuck distal ureteric stone

dure. The ureteric orifice will also undergo 
 passive dilatation. Ureteric stones less frequently 
affect small children as they are more common in 
late childhood or adolescence and beyond. At 
those ages, the ureter can be often approached 
with URS without pre-stenting, especially in case 
of distal ureteric stones. Of note, paediatric ure-
teric stones (especially if located in the proximal 
ureter) can also be treated with extracorporeal 
shock-wave lithotripsy (ESWL) under general 
anaesthesia, even if this approach is not routinely 
adopted by the authors.

37.2  Preoperative Preparation

For the elective procedure, the child is admitted 
on the day of the operation. A negative urine cul-
ture must be recorded at pre-assessment. No par-
ticular bowel preparation is usually required. At 
induction, the patient will receive adequate anti-
biotic prophylaxis. We suggest a broad-spectrum 
cephalosporin, such as Cefixime. Sometimes 
patients have a history of UTIs. In this scenario, 
previous antibiogram will guide the choice of the 
best antibiotic prophylaxis.

37.3  Positioning

The patient is placed in frog-leg or dorsal lithot-
omy position (Fig. 37.1). Some surgeons like to 
slightly lower and extend the leg of the side 
affected, in order to optimize the alignment of the 
ureter during the endoscopic procedure. Anti- 
Trendelenburg position helps the stone fragments 
not to migrate up to the renal pelvis during frag-
mentation. Before starting the operation, take 
care the C-arm reaches the kidney without inter-
fering with the table.

37.4  Instrumentation

Instrumentation is indicative and varies accord-
ing to surgeon experience and department 
availability.

 – Semi-rigid ureteroscope.

• Diameter: 7 Fr.
• Working length: 34–43 cm.
• Allowed instruments: 3–4 Fr.

 – Hydrophilic guide-wire: 0.035 in. (0.89 mm)–
150  cm length, with straight tip (ask for the 
angled tip only if required). Rarely small 
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guide-wire might be necessary: 
0.025–0.018 in.

 – Fixed core guide-wire: 0.035 in. (0.89 mm)–
145 cm, with straight or angled tip.

 – Open-end ureteral catheter: 4 Fr–70 cm.
 – Ureteric double-J (various size/types).
 – Urethral catheter (various size/types).
 – Laser fibres: 230  μm (1.5 Fr)  – most com-

monly used in children. There are also bigger 
fibres like 365 μm (2 Fr)/600 μm (3 Fr).

 – Tipless Nitinol Basket: diameter 1.9 Fr (wire), 
12 mm (basket) – length 120 cm.

 – Flexible ureteroscope: diameter 7.5 Fr, 67 cm 
length.

37.5  Technique

The ureteric orifice is identified at cystoscopy. 
First of all, a retrograde study is performed 
through a ureteric stent to confirm the position of 
the stone and to view the upper tract anatomy. A 
hydrophilic 0.035 guide-wire is passed through 
the ureteric orifice up to the pelvis. The position 
of the guide-wire is checked with fluoroscopy 
and, when correctly in place, the redundant 
guide-wire is fixed outside within the sterile field. 
At this point, one can proceed with the uretero-
scope. If the alignment of the ureter is insuffi-
cient, we suggest to place another 0.035 
guide-wire to better view the ureteric lumen. 
With two guide-wires in place and fixed, the ure-
teroscope can eventually safely advance along 
the ureter, between the two guide-wires, up to the 
level of the stone. During the procedure, it is bet-
ter to keep a urethral stent open in order to avoid 
bladder overdistension. Usually a small urethral 
catheter is enough and, unless very small babies, 
this can be placed aside the guide-wires and ure-
teroscope. If it is not possible to place a 5–10 Fr 
suprapubic catheter, leaving it open during the 
procedure is a choice.

Once the stone is viewed optimally, check that 
the flow for irrigation through the ureteroscope is 
enough to properly wash out the debris during 
fragmentation as usually the pressure at the exit 
of small instruments is poor. To improve the pres-
sure, one can use a pressure bag or, alternatively, 

a three-way connection along the washing chan-
nel, which can be handled by the assistant for 
high-pressure, controlled, intermittent washing 
only when requested. Another technique for irri-
gation is to use hand-held pump device without 
three-way connection, managed by the assistant 
(Fig. 37.2). The authors found the last to be the 
best way to maintain an optimal view during the 
procedure.

Stone fragmentation and retrieval is a combi-
nation of laser and basket techniques, respec-
tively. Holmium-YAG laser is currently the laser 
of choice. Dusting, fragmentation, and ‘pop- corn’ 
techniques can be combined to obtain the best 
effect. A 230-μm (1.5 Fr) fibre is usually enough 
to fragment ureteric stones in a timely manner in 
children. The more effect is achieved, the more 
the stone fragments will move off the laser field, 
at a point where shots will have to be given in the 
lumen of the ureter to achieve random final frag-
mentation (‘pop-corn’). To retrieve stone frag-
ments, the basket is usually the best option, and 
the stones collected can be left within the bladder 
until the end of the URS (Fig. 37.3a, b).

The aim of the procedure is to remove all sig-
nificant fragments, and subsequently resolve the 
obstruction. At the end of the operation, small 
stone dust usually remains within the ureter, but 
this will be eventually washed out spontaneously. 
Once URS is completed, it is useful cleaning the 
stone fragments left within the bladder and leave 
a new double-J stent. A useful method to estimate 
double-J length is 10+ patient’s age in centime-

Fig. 37.2 Hand-held pump device (orange arrow)
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a b

Fig. 37.3 (a and b) Ureteric stone before and after fragmentation in the same 18-months-old female patient. Basket 
was used to retrieve final fragments

tres. A urethral catheter is left as well at the end 
of the operation: if the child is old enough, an 
open-end catheter should provide better final 
washout during the post-op.

It is important to keep a flexible ureteroscope 
ready in case of stone migration or proximal 
stones not properly reached with semi-rigid ure-
teroscope. The detailed technique is described in 
the RIRS chapter (Refer to Video 37.1)

37.6  Post-Operative Care

The patient is allowed to eat and drink once well 
awake, generally a couple of hours after the end 
of the general anaesthesia. Antibiotic treatment 
should be continued for at least 3 days. During 
the recovery at 100% maintenance, I.V. fluid is 
given in order to improve kidney washout. 
Urethral catheter is removed once haematuria has 
resolved, usually after 2–3  days. The patient is 
then discharged on prophylaxis until double-J 
stent removal, which is planned in 3–4 weeks.

Renal-US is the imaging modality of choice 
during follow-up. Metabolic screening for paedi-
atric nephrolithiasis is undertaken, and the 
involvement of paediatric nephrologist in a mul-
tidisciplinary setting is guaranteed.

37.7  Results

Reported stone free-rate (SFR) after URS for 
ureteral stones in children varies widely, but 
generally it is as high as 80–98% [4–7]. In a 
recent multicentric retrospective review includ-
ing authors’ center, 149 pediatric patients with 
ureteric stones who underwent URS with dust-
ing technique (Holmium-YAG laser) reached 
an overall SFR of 97.3%. The median stone 
burden was 10.3  mm (range 5–17). Intra-
operative complications included five bleedings 
(3.3%) and seven stone migration (4.7%). Post-
operative complications included two cases of 
stent migration (1.3%) and four residual stone 
fragments (2.7%). Proximal location was asso-
ciated with the need of re-treatment [8]. Another 
recent retrospective, large volume, single cen-
ter review suggested a higher complication rate 
for proximal ureteric stones, while higher SFR 
was expected for distal ureteric stones, single 
stones, and children older than 36 months [9]. 
In a systematic review on URS in children pub-
lished by Ishii et al. in 2015, including 83% of 
ureteric stones, age ≤  6-years-old was associ-
ated with an overall complication rate of 24%, 
compared with the 7.1% reported for older chil-
dren [10].
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37.8  Discussion

MET should be the first approach whenever pos-
sible, especially for ureteric stones <10  mm. 
Mokhless et  al. reported an expulsion rate of 
87.8% in the group of patients treated with 
Tamsulosin compared with 64.2% in patient 
managed with analgesic only, with a mean stone 
burden of around 8 mm. Moreover, days to expul-
sion were significantly lower in the alpha-blocker 
group (8.2 vs. 14.5) [11]. MET is contraindicated 
in case of big ureteric stones unlikely to pass 
spontaneously, infected stones, single kidney, or 
immunocompromised patients. If ESWL is avail-
able, this can also represent a valid option for 
ureteric stones. Lu et al. reported SFR of 95% on 
115 children treated for ureteric stones (mean 
stone burden 7.4 mm, range 4–21) with ESWL, 
with 16% requiring re-treatment. No significant 
complications were reported and ESWL was 
adopted for stones located anywhere along the 
ureter [12]. The authors do not adopt ESWL for 
ureteric stones, and if MET fails, URS is the next 
step. When URS is indicated, there is still debate 
about what is the best strategy, with many centres 
in favour of pre-stenting the affected ureter before 
definitive surgery: this seems to lower the com-
plication rate and increase SFR [13, 14]. The 
choice largely depends on surgeon experience, 
stone size, and location. Generally, large-size and 
proximal stones are more safely treated after 
pre-stenting.

Operative time is an important factor in stones 
treatment. Even if evidence about a strong direct 
correlation between operative time and compli-
cations is lacking for URS in children, this has 
been better shown for kidney stones, especially 
for the ones treated with the percutaneous 
approach, where the longer the operative time, 
the higher the complication rate, especially 
febrile UTIs, as a consequence of prolonged 
exposure of the pelvis and calyx to high pressures 
during the procedure [15]. In the authors’ multi-
centric cohort, median operative URS time was 
29.8 min (20–95).

In the paediatric population, the general indi-
cation is to place a double-J stent at the end of 
ureteroscopy. However, in adult experience, this 

Tip and Tricks
• Remember to check the double-J stent 

position with X-ray or Ultrasound 
before stent removal, as sometimes it 
can be displaced. Moreover, the X-ray 
can identify small residual stones 
along the ureter, especially if the dou-
ble-J stent has remained in place lon-
ger than expected. If this is suspected, 
keep more theatre space for stent 
removal, alert fluoroscopy and ask the-
atre staff to keep URS instruments 
ready, as the double-J stent might be 
stuck and another ureteroscopy will be 
then necessary. Do not force pulling 
the stent if this does not come out eas-
ily as ureteric damage or avulsion are 
likely to occur.

• The authors find the 0.035 guide-wires 
very versatile. However, they tend to 
slide down if not well fixed and regu-
larly checked. If the ureter has a good 
compliance, a stiff (fixed core) guide- 
wire can be used instead which is poten-
tially more traumatic but maintains the 
position much better.

• The guide-wires usually bypass the 
stone easily, but long-lasting stones 
might be enclosed within the ureteric 
urothelium, not allowing the guide-
wire to pass beyond. This is an unusual 
scenario which requires very expert 
endourologist to look for the correct 
passage by attempting multiple times 
and often with different guide-wires, 
and eventually with direct fragmenta-
tion of the stone. It is important to fre-
quently check with fluoroscopy where 
the instruments are as they make a 
false passage underneath the mucosa is 
not a rare event. If an enclosed stone is 
found, the URS should be limited to 
the position of the double-J stent, and 
stone fragmentation postponed on an 
elective basis.
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has been questioned and it appears that uncom-
plicated ureteroscopy might not need a double-J 
stent at the end. In their systematic review, Tang 
et  al. showed that patients discharged without 
stent had less urinary symptoms and haematuria 
compared with the stented group, in the face of 
similar analgesia requirement, UTIs, ureteral 
strictures, and SFR [16]. In children, the sugges-
tion remains to stent the ureter at the end of URS, 
especially for toddlers. Conversely, pre-pubertal 
and pubertal patient may not need a double-J 
after an uncomplicated URS. The decision might 
also depend on degree of oedema and trauma at 
the ureteric orifice. If double-J is not placed, a 
short corticosteroid treatment can help to limit 
the oedema.
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Take-Home Points
• MET is an option for ureteric stone 

<10  mm, if not contraindicated for 
comorbidities. Alpha-blockers are used 
with or without associated NSAIDs.

• URS represents a widely accepted 
treatment for ureteric stones. Pre-
stenting the ureter is almost always a 
safe temporary solution but stone frag-
mentation can be also performed as 
first and definitive treatment in expert 
hands.

• Distal, small ureteric stones in older 
children seem to carry less risk of com-
plications and higher stone-free rate 
compared with proximal, big ureteric 
stones and stones in very young 
patients.

L. Masieri et al.



305

38Minimally Invasive Treatment 
of Rare Ureteral Pathologies 
in Pediatric Patients

S. Gerocarni Nappo and S. F. Chiarenza

38.1  Position of the Patient

For endoscopic procedures on the ureter, the 
patient is placed in full lithotomic position, 
supine with bent and spread legs laying on stir-
rups. The surgeon is placed between the patient 
legs, the assistant to the side of the surgeon, 
endoscopic monitor in front of the surgeon, 
X-Ray monitor lateral to the endoscopic monitor. 
Pediatric cystoscopes 5, 8, and 9.5 Fr with 
straight operative channel and if necessary pedi-
atric semirigid ureteroscopes size 4,5/6,5, 6,5/7, 
5, or 8/9,8 are required. Several laparoscopic pro-
cedures require first preoperative ureteric 
stenting.

For laparoscopic transperitoneal procedures 
directed to the upper and mid ureter, the patient is 
placed in a modified flank position, at 30°–45° 
degree with a pillow under the flank. Contralateral 
arm is extended on an arm board. The ipsilateral 
arm is parallel to the other arm on an elevated 
arm rest or on a pillow. The surgeon and assistant 
both face the patient, the monitor is behind the 
back of the patient (see position for transperito-
neal pyeloplasty). Port placement is as follows: 
camera at umbilicus, second trocar cephalad to 
the camera port in the epigastric area on the mid-
line, third trocar in the ipsilateral flank or midline 
below the umbilicus, fourth trocar if necessary in 
the ipsilateral hypocodrium. The camera port can 
be placed in either an open Hasson technique, 
which is favored by most pediatric laparoscopic 
surgeons, or with a Verres needle.

Learning Objectives
• To describe the mini-invasive approach 

to the upper, mid, and lower ureter.
• To describe the mini-invasive treatment 

of rare congenital ureteral pathologies 
such as fibroepitelial polyps, ureteral 
stenosis, and valves.

• To describe the mini-invasive treatment 
of rare acquired ureteral pathologies 
such as ureteric trauma, acquired ure-
teric stenosis.

• To describe laparoscopic ureteroureter-
ostomy in duplex system as alternative 
option to hemnephroureterectomy and 
show the technique.

• To describe how to retrieve a migrated 
double J stent and show the technique.
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For transperitoneal procedures to the lower 
ureter, the patient is supine in Trendelemburg 
position, surgeon and assistant are on both sides 
toward the head of the patient, monitor at the feet. 
Port placement is as follows: camera at umbili-
cus, second and third port in the right and left 
flanks (see position for laparoscopic ureteric 
reimplantation).

Quick access to the proximal left ureter can be 
obtained, if the anatomy of the patient is favor-
able, through a transmesocolic approach. Access 
to the mid and lower left ureter, or to the right 
ureter, is gained after incision of the white line of 
Toldt and medial reflection of the colic flexure 
and the descending or ascending colon, respec-
tively. Careful and delicate handling of the ureter 
is always mandatory.

For retroperitoneoscopic procedure, the 
patient is placed in full flank position, surgeon 
and assistant both at the back at the patient, moni-
tor in front of the patient. Port placement is as 
follows: camera at the apex of XII rib, second 
trocar at the costovertebral angle, third trocar at 
the iliac crest mid-axillary line (see position for 
retroperitoneoscopic pyeloplasty). As an alterna-
tive, trocar can be placed in line below the XII rib 
on the anterior, posterior, and mid axillary line.

For robotic-assisted procedures to the upper 
and mid ureter, the position is the same as for 
laparoscopic procedure. Alternatively, the patient 
can be placed supine and the table rotated to ele-
vate the pathologic side. Careful padding of all 
the pressure points is mandatory. The patient is 
always flattened for port placement. The camera 
port is placed first, usually at the umbilicus. Then 
other ports are placed under visual control. For 
Da Vinci Si, ports must be placed in triangula-
tion, with one working port cephalad to the cam-
era port and the other in the flank. Ideally, ports 
should be spaced about one hand from each other 
in order to avoid clushing. For Si, camera needs a 
12 mm trocar, second and third trocar be either 5 
or 8  mm according to instrument size. For da 
Vinci Xi, camera and working ports are all 8 mm 
and optimal port placement is in line. In small 
children, ports can be placed in the midline, thus 
maximizing the working space. An additional 
port is placed for the assistant [1].

38.2  Ureteric Stenting

Ureteric stenting can be required as the only pro-
cedure, or be performed at the beginning or at the 
end of an endoscopic or laparoscopic procedure. 
The ureter can be cannulated in a retrograde man-
ner, from the bladder during cystoscopy or in an 
antegrade fashion during a laparoscopic proce-
dure (both trans or retroperitoneal).

Double J stents used in children are of reduced 
size and length compared to adults. They are 
available in size 3, 3.7, 4, and 4.8 Fr, fixed length 
from 10 to 26 cm, or variable length from 8 to 
20 cm. Ten and 12 cm, 3 ch are used in newborns 
and infants. In older children, the correct length 
for the patient can be calculated according to 
Palmer and Palmer as catheter length in cm = age 
in years + 10 [2] or according to Forzini et al. as 
age in years + 12 [3].

In retrograde placement, a cystoscope 8 or 9.5 
ch with straight operative channel 5 ch is used. 
With the bladder half filled with saline, the ure-
teric orifice is negotiated with an open tip ureteric 
catheter 3–5 ch, and contrast medium is injected 
for retrograde pyelogram, in order to visualize 
the ureteric anatomy and presence of lesions. 
During retrograde, pyelogram care must be taken 
to avoid creating false routes while negotiating 
the UVJ and inducing high pressure in the upper 
tract. After the pyelogram, a guide-wire is 
inserted in the ureteric orifice. Guide-wires are 
available in different materials, hydrophilic, with 
hydrophilic tip or non-hydrophilic, and different 
size (0.025′ or 0.035′ generally used in children). 
If possible, the guide-wire can be inserted within 
the open-tip ureteric catheter already in place, in 
order to minimize the risk of traumatic lesions at 
the VUJ (0.025′ guide-wire fits in a 4 ch ureteric 
catheter, 0.035′ guide-wire in a 5 ch). Once the 
guide-wire is in place, the double J, properly 
lubricated, can be gently pushed over the guide- 
wire. Correct position of the proximal end of the 
double J is seen on X-ray of the distal end in the 
bladder by direct endoscopic view.

In the antegrade placement of a double J stent, 
the urinary tract (ureter or renal pelvis) is opened 
during the laparoscopic surgery. Under direct 
vision, a 14 gauge cannula is placed percutane-
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ously, the guide-wire is inserted through the can-
nula in the proximal ureter and pushed into the 
bladder with laparoscopic instruments. Then the 
double J is gently pushed over the guide-wire. 
The correct position of the distal end in the blad-
der can be assessed with the use of diluted meth-
ylene blue filling the bladder: once the stent is in 
proper place, blue drops will come from the 
proximal end.

38.3  Ureteric Trauma

The ureter is located deep in the abdomen, run-
ning along the psoas muscle, is thin and elastic. 
Lesions of the ureter following a trauma are 
therefore very unusual in children. Penetrating 
trauma are uncommon, but even rarer are blunt 
trauma, in which the mechanism of action is 
often deceleration (car accidents, fall from a 
height, etc.). Lesions occurring after blunt trauma 
can be favored by a pre-existing urinary tract 
malformation and are often accompanied by 
lesions of other intra-abdominal organs.

The vast majority of ureteric traumas are 
indeed iatrogenic in nature, occurring during 
open, endoscopic, or laparoscopic surgery. In 
case of iatrogenic lesion, especially if the ureteric 
lesion is incomplete, immediate cystoscopy and 
double J stent placement is recommended [4–6].

Lesions occurring after blunt or penetrating 
trauma are more subtle to uncover. Diagnosis is 
often reached because the patient complains of 
abdominal/lumbar pain, swelling, or fever a few 
days after the trauma. Abdominal US shows 
anechoic or mixed anechoic collection in the ret-
roperitoneum. CT scan with contrast medium is 
required in order to differentiate urinoma from 
hematoma and identify the ureteric lesion. In 
case of a longstanding but still incomplete ure-
teric lesion, attempt at double J stent placement 
and prolonged bladder drainage are recom-
mended. Retroperitoneal drainage can be associ-
ated [4, 6].

If the ureteric lesion is complete, temporary 
nephrostomy is required. Subsequent surgery 
will be: ureteric reimplantation with or without 
Boari flap or psoas hitch for lower ureteric 

lesions, ureterouretero direct anastomosis for 
mid-ureteric lesions or even ureteral substitution 
if required. This kind of reconstructive surgery is 
generally performed open. Recently laparo-
scopic/robotic ureteral substitution with appen-
dix has been described in few cases in children as 
rescue therapy, alternative to nephrectomy or kid-
ney autotransplantation (see Sect. 38.9).

38.4  Ureteric Polyp

Fibroepithelial polyps of the ureter are a rare 
cause of upper urinary tract obstruction. They are 
benign mesenchymal tumors made histologically 
by a core of fibrous stoma leaned by normal 
appearing urohelium. Etiology is unknown, but 
recurrent infections, trauma, lithiasis, and immu-
nologic disturbances have been proposed [7]. 
Fibroepithelial polyps occur mostly in school- 
age children, in males from 58% to 98% of cases 
and on the left side in 75% of cases [8]. Clinical 
presentation include intermittent flank pain, 
hematuria, and hydronephrosis, therefore UPJ 
obstruction can be misdiagnosed, with correct 
diagnosis often occurring at surgery. Adey et al. 
report the finding of fibroepithelial polyp in 0.5% 
of children operated for UPJ obstruction [8]. 
Urinary ultrasound is rarely diagnostic. In case of 
suspicion, the polyp can be easily visualized at 
CT or RMI or at preoperative retrograde pyelo-
gram. The majority of polyps are located at the 
UPJ or in the proximal ureter, but they can also 
be found in the mid ureter, or distal ureter, or 
have multiple locations as well. Correct preoper-
ative diagnosis is warranted for adequate 
treatment.

While earlier literature advocated open sur-
gery excision, antegrade and retrograde 
 endoscopic management of ureteral polyps with 
the use of Holmium laser and baskets has been 
described with high success rate [9]. However, 
the risk of subsequent ureteral stenosis or recur-
rence is not negligible and the endoscopic treat-
ment is not suitable for large or multifocal 
polyps.

More recently, cases of laparoscopic treatment 
of ureteric polyps in children, both transperitone-
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ally [10] and retroperitoneally [11], or robotic 
assisted have been published with good results 
[12]. Laparoscopic dismembered or flap pyelo-
plasty seems to be a good option for polyps of the 
upper ureter, while partial ureterectomy and 
direct ureteroureteroanstomosis have been advo-
cated for mid-ureteric lesions. Complete preop-
erative imaging is warranted in order to avoid 
unnecessary extensive ureteric resection. Double 
J stenting is also recommended in order to reduce 
the risk of postoperative ureteric stenosis [12].

38.5  Congenital Ureteric Valves 
and Stenosis

Congenital ureteric valves and stenosis are other 
rare causes of ureteric obstruction. They have 
similar diagnostic issues and mini-invasive treat-
ment and are therefore discussed together.

Valves were defined in 1952 by Wall and 
Watcher [13] as anatomically demonstrable 
transverse folds of ureteral mucosa containing 
bundles of smooth muscle fibers and causing 
obstructive changes in the urinary upper tract in 
the absence of other possible causes. Rabinowitz 
modified these standards stating that a true valve 
exist even when muscle fibers are found only at 
the base of the valves, as long as the urothelium 
is normal and the these criteria are met [14].

The embryogenesis of ureteral valves remains 
unclear [15]. Three theories exist: the persistence 
of Chwalla’s membrane which explains the 
valves of the distal ureter, the persistence of the 
physiologic fetal folds, and abnormal ureteral 
embryogenesis. This last theory is enforced by 
the high incidence, up to 57% [14] of associated 
urinary anomalies, including vesicoureteric 
reflux, duplex system or ectopic ureter.

The distribution of valves within the ureter in 
children is reported as 50% in the proximal ure-
ter, 17% in mid ureter, and 33% in the distal ure-
ter [14].

Congenital ureteric strictures are character-
ized at histology by the finding of increased, 
decreased, or disorganized arrangement of the 
ureteric musculature, with or without fibrosis, 
with true narrowing of the ureteric lumen in the 

absence of valves [16]. The hypothesis is that 
stenosis results from relative ischemia during 
development, possibly by malformation of 
medial branched artery when the stenosis is at 
the level of mid ureter or due to compression by 
the vas deferens at the level of pelvic ureter. 
Prenatal diagnosis of hydronephrosis and pro-
gressive worsening of dilatation in the postnatal 
period is a frequent clinical presentation [17]. As 
for fibroepithelial polyps, both ureteric valves 
and congenital ureteric stenosis can be misdiag-
nosed preoperatively for UPJ obstruction, when 
located in the proximal ureter, or UVJ obstruc-
tion, when located in the distal ureter, and cor-
rect diagnosis is often made at surgery. In case 
accurate US and MAG3 scan suspect ureteric 
valves or stenosis, correct diagnosis is better 
confirmed preoperatively at RMI, CT scan, or 
retrograde pyelogram (Fig. 38.1). Intraoperative 
retrograde pyelogram is always recommended 
by some authors in order to better assess the 
patency of the distal ureter [16].

Traditionally treated with open surgery, con-
genital ureteric valves and stenosis can be suc-
cessfully treated with mini-invasive surgery 
(Fig. 38.2). For stenosis of short segments, repair 
with Heinecke–Mikulicz procedure can be ade-
quate. For longer stenosis, cases of laparoscopic 
repair of ureteric stricture have been described 
both in adults and in children [17]. A few techni-
cal consideration are worth mentioning: correct 
triangulation of the port according to the site of 
the stenosis is essential for easy suturing. 
Stabilization of the proximal ureter with a trans-
abdominal stay suture, as in pyeloplasty, may 
help the suture. Manipulation of the distal, non- 
dilated ureter should be reduced to the minimum, 
caring for accurate preservation of ureteric vas-
cularization. After complete resection of the 
 stenotic segment, the distal ureter must be spatu-
lated avoiding any rotation or spiraling, and the 
spatulation made wide enough to match the 
diameter of the proximal ureter, avoiding at the 
same time any tension on the anastomosis. The 
anastomosis can be performed with 5/0 sutures 
over a double J of adequate size. Drain is not 
deemed necessary if the procedure is uneventful. 
As for pyeloplasty, a Foley transurethral catheter 
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Fig. 38.1 Proximal ureteric valve: view at retroperitoneoscopy

Fig. 38.2 Double J stent migrated in the distal ureter in 
an infant after pyeloplasty

is left in place for 48 h. Chandrasekhram reported 
seven patients <1 year of age with congenital mid 
ureteric stenosis treated with laparoscopic exci-
sion of the stenotic segment and direct uretero-
ureteroanastomosis: average operative time was 
87 min; at a median follow-up of 18 months; all 
patients showed improvement of hydronephrosis 
with an excellent cosmetic result.

38.6  Ureterocalicostomy 
for Recurrent UPJ 
Obstruction

Ureterocalicostomy is a potential option in 
patients with UPJ obstruction and significant dil-
atation of the lower calyx. First described in 1932 
by Neuwirt, it is generally reserved to patient 
after failed pyeloplasty, with significant scarring 
at the UPJ, an intrarenal pelvis, and a dilatation 
of the lower calyx.

Laparoscopic and robotic ureterocalicostomy 
techniques were described with small case series 
in adults with favorable results in the majority of 
cases [18, 19]. In children, Casale et  al. first 
reported robotic assisted ureterocalicostomy in 9 
children aged 3–15  years with recurrent UPJ 
obstruction. Mean operative time was 168 min, 
mean hospital stay was 21  h, and all patients 
showed resolution of obstruction at MAG3 scan 
performed at 6–12  months follow-up [20]. The 
laparoscopic technique resembles the open ones. 
Cystoscopy and ureteric stenting are recom-
mended as first step, in order to identify the ureter 
in the scarred tissue. Trocars are placed as for 
pyeloplasty. After incision of the white line of 
Toldt, wide mobilization of the colon and open-
ing of the Gerota, the ureter is isolated at the level 
of the iliac vessels and traced up to the stenotic 
segment. Care is taken to preserve ureteric vascu-
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lature. The stenotic UPJ is transected and sutured. 
The hilar vessels can be prepared (though clamp-
ing is almost never necessary). After clearing the 
lower pole of the kidney from the perinephric fat, 
the parenchyma at the lower pole is widely 
excised with cautery and the mucosa of the lower 
calyx is exposed. Bleeding may occur at this 
stage. The proximal ureter is widely spatulated 
on the lateral side (since vascularizaton is situ-
ated medially) and directly sutured to the everted 
mucosa of the lower calyx in interrupted sutures. 
Casale et al. described using running 5/0 polygly-
colic acid sutures for the posterior anastomosis 
and interrupted sutures for the anterior anastomo-
sis, after placing the double J in an antegrade 
fashion. Careful evertion of the calyceal mucosa 
in the suture is of utmost importance. Recurrent 
stenosis may however occur.

Recently in adults, the use of near-infrared 
fluorescent (NIRF) imaging and intravenous IGC 
has been suggested during robotic-assisted caly-
coureterostomy, in order to assess adequate vas-
cularity of the proximal ureter and prevent 
recurrent stenosis [21].

38.7  Ureteroureterostomy 
in Duplex System

Duplex renal system is found in 1% of the gen-
eral population. It can be associated with anoma-
lies of either the upper pole (ureterocele, ectopic 
ureter) or the lower pole (vesicoureteric reflux). 
Recurrent UTI, incontinence due to ureteric ecto-
pia or persistent significant urinary dilatation, 
may require surgical correction. In such instances, 
surgery may follow reconstructive or ablative 
principles and different technical procedures 
have been described, including ureteric reimplan-
tation, heminephrectomy, pyeloureterostomy, or 
ureteroureterostomy. The selection of the proce-
dure is generally based on the function of the 
involved moiety, the presence of vesicoureteric 
reflux on the other moiety, the width of the ureter, 
surgeon, and parental preference.

Ureteroureterostomy (low) or pyeloureteros-
tomy (high) are both valid alternatives to hemine-
phrectomy [22], with no significant complication 

reported after low anastomosis due to the feared 
“Yo-Yo effect” [22]. Both techniques have been 
described either as laparoscopic-assisted, laparo-
scopic, or robot-assisted procedures [23–27].

Liem et  al. described a single trocar 
retroperitoneoscopic- assisted ureterouretero-
anastomosis with a technique mutated from the 
single trocar laparoscopic-assisted pyeloplasty. 
After creation of retroperitoneum, with a single 
10 mm trocar and an operative camera, both ure-
ters are isolated distally for a short segment, 
placed on a loop and exteriorized through the 
port access. The anastomosis is then performed 
in an open fashion. The authors used the tech-
nique in nine children with a mean operative time 
of 78  min, mean postoperative hospital stay of 
2.6 days and functional and cosmetic good results 
in all patients [23].

As far as laparoscopic and robotic-assisted 
procedures, Lee et  al. compared 25 children 
undergoing robotic-assisted ureteroureterostomy 
with 19 open procedures and found no difference 
in terms of operative time and complication rate 
[24]. Tip and tricks of the procedure are as fol-
lows. The first step is cystoscopy and placement 
of a double J stent in the good moiety. Then the 
patient is turned for the laparoscopic procedure. 
For high pyeloureteroanastomosis, trocar place-
ment is like in pyeloplasty. For mid or low ure-
teroureterostomy, trocars are placed on the 
midline. Ureters are isolated as minimally as pos-
sible. The “recipient” ureter is longitudinally cut 
on the lateral aspect and a termino-ureteral anas-
tomosis is performed between the “donor” ureter 
and the “recipient” one in 5/0 or 6/0 polydioxa-
none running suture. The donor ureter can be 
tapered in case of width discrepancy with the 
recipient [27]. The double J stent previously 
placed during cystoscopy is mobilized across the 
anastomosis. The foley catheter is left indwelling 
for about 48 h. No drain is generally deemed nec-
essary [24–27].

The case series published in children show the 
technique to be easy and with a low complication 
rate. McLeod et  al. reported a retrospective 
review of 41 ureteroureterostomie, 12 laparo-
scopic, with two complications, one requiring 
heminephroureterectomy [27]. Furthermore, 

S. G. Nappo and S. F. Chiarenza



311

long-term follow-up of ureteroureterostomy per-
formed open in state in the past shows that no 
complication occurs at long-term follow-up 
related to the preservation of the dysplastic low- 
functioning upper pole, provided that arterial 
blood pressure is monitored [27]. Laparoscopic 
or robotic-assisted ureteroureteroanastomosis in 
duplex kidney can therefore be considered a valid 
alternative to laparoscopic heminephrectomy, 
irrespective of the function of the pole, the site 
high or low of the anastomosis and the size of the 
donor ureter. The rare complications described 
are mostly stenosis at the ureteroureteroanasto-
mosis requiring subsequent laparoscopic hemi-
nephroureterectomy [27].

38.8  Retrieval of Migrated Double 
J Stent in Infants

Double J stents are frequently left in place as 
temporary internal drainage after several urologi-
cal open or mini-invasive procedures. Migration 
of the tip of the double J stent from the bladder 
into the distal ureter is an infrequent but bore-
some complication. It is reported to occur in 
adults in 1–4% of cases [28], while its incidence 
in children is unknown. Risk factors are higher in 
short double J, misplacement at the time of initial 
positioning, a long-standing double J, location of 
the proximal curl in the upper calyx, and inade-
quate distal curl. The typical case is an infant 
who has undergone pyeloplasty, with a coexistent 
undetected UVJ obstruction: in such case, the 
double J is not found in the bladder at the time of 
the planned endoscopic retrieval, generally 
3–6 weeks after placement.

The migrated double J in adults is universally 
retrieved by ureteroscopy or by endoscopic tech-
nique under fluoroscopic control: the use of dif-
ferent grasping forceps, helical basket, or ureteral 
balloon dilator tip has been described. However, 
if these grasping instruments are used blindly, 
there is a definite potential of ureteral damage.

While in older children ureteroscopy is feasi-
ble, in infants and young children, which repre-
sents the vast majority of children undergoing 
reconstructive procedures in pediatric urology, 

the ureteric orifice can be impossible to negoti-
ate. In such instance, Koral et  al. suggested an 
antegrade technique through a nephroscopic 
approach in three infants [29], and Jakumar 
et  al., described in three patients the use of a 
goose neck snare under radiologic control [30]. 
Personal experience of one of the authors (SGN) 
is to dilate the UVJ with a high pressure balloon 
catheter, as for the endourologic treatment of 
primary obstructed megaureter, allowing the 
temporary insertion of a ureteroscope or small 
cystoscope in the distal ureter and retrieval of the 
migrated double J under direct vision. A single J 
is generally left indwelling for 24  h after the 
UVJ dilatation. The technique was used in eight 
cases <3 years of age, with success in all cases 
(personal unpublished data). A great advantage 
of the technique is that it leaves unchanged the 
cystoscopic approach planned with the parents 
of the child. The only concern is the potential 
development of vesico-ureteric after dilatation at 
the VUJ, but this occurrence has been reported 
only rarely after EHPBD in primary obstructed 
megaureter.

38.9  Ureteric Substitution

Ureteric defects are a rare and dramatic event 
occurring after failed surgery at the UPJ and/or 
UVJ or after ureteric trauma. Short and distal 
ureteric defects can be corrected with technique 
such as Boari flap psoas hitch, but the reconstruc-
tion of large ureteric defects is always a challenge 
for the pediatric urologist. In recent years, ure-
teric substitution has become a viable alternative 
treatment for adults and children with long 
 ureteric defects, using appendix or ileum accord-
ing to Yang-Monti technique.

The use of mini-invasive surgery for such pro-
cedures in children has been described anecdoti-
cally. Cao et al. [31] recently reported successful 
laparoscopic ureteric replacement with appendix 
in four patients with a mean age of 2 years. Mean 
ureteric stricture length was 4.5 cm, 2 right-sided, 
2 left-sided. Trocars were placed on the midline. 
After colic mobilization, the stenotic ureter and 
the pelvis were dissected. The appendix was 
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carefully mobilized, with special attention given 
to avoid twisting the mesoappendix. The distal 
end of the appendix was resected and the appen-
diceal lumen was irrigated with saline. The 
appendix was then sutured to the pelvis on one 
side and the lower ureter on the other side in 6/0 
sutures. A double J was inserted in an antegrade 
fashion. Mean operative time was 238 min, mean 
hospital stay was 7.3 days, two patients had UTI 
and patency of the anastomosis was assessed in 
all cases at 2 month follow-up.

In case of unavailable appendix (previous 
appendectomy, inadequate appendix mobiliza-
tion for left side ureteric defect), ileal ureteric 
replacement or Young-Monti ileal channel for 
ureteric replacement have both been described 
with robotic-assisted technique, with rapid recov-
ery and little trauma. Liu et  al. [32] reported 
robotic-assisted Young-Monti channel in six chil-
dren with a mean age of 8 years and a mean ure-
teric defects of 5.8  cm. The procedure was 
successfully accomplished robotically, with an 
average operative time of 314 min. However, data 
are only initial, follow-up is short, advantages of 
the robotic procedure are yet to be demonstrated. 
Furthermore, complications of ileal ureteric sub-
stitution are nor negligible (UTI, mucous produc-
tion) and the procedure should be reserved to 
carefully selected patients when no other option 
is available.

References

1. Bilgutay AN, Kirsch AJ.  Robotic ureteral recon-
struction in the pediatric population. Front Pedaitr. 
2019;7:85. https://doi.org/10.3389/fped.2019.00085.

2. Palmer JS, Palmer LS. Determining the proper stent length 
to use in children: age +10. J Urol. 2007;178:1566.9. 
https://doi.org/10.1016/j.juro.2007.03.191.

3. Forzini T, Demouron M, Uhl M, Mesureur S, Renard 
C, Klein C, Heraux E.  Computer tomography 
evaluation of ureteral length in children. J Pediatr 
Urol. 2019;15:555.e1–5. https://doi.org/10.1016/j.
jpurol.2019.06.011.

4. Mariotto A, Zampieri N, Cecchetto M, Camoglio 
FS.  Ureteral rupture after blunt trauma in a child 
with unknown horseshoe kidney. Pediatr Med Chir. 
2015;37:110.

5. Lee Van E, Zmora O, Cazzulino F, et al. Management 
of pediatric blunt renal trauma: a systematic review. J 
Trauma Acute Care Surg. 2016;80(3):519–28.

Take-Home Points
• Congenital ureteric pathologies, such as 

polyps, valves, or stenosis, and acquired 
disease, such as traumatic lesions or ste-
nosis, are rarely encountered in daily 
practice of pediatric urology. Diagnosis 
is not always easy and may require ret-
rograde pyelogram, CT, RMI, etc.

• Data from the literature show that it is 
feasible to treat these pathologies suc-
cessfully by mini-invasive surgery, but 
the small numbers of the case series 
make impossible to draw conclusion on 
the real advantages.
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sidered alternatives to heminephrectomy 
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obstruction.
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ing of pyeloplasty. Handling of the 
ureter should be particularly careful in 
order to minimize trauma and ischemic 
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These conditions should be always ful-
filled for a successful laparoscopic 
reconstructive surgery on the ureter.
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39Minimally Invasive Techniques 
in Pediatric Urology: 
Vesicoureteral Reflux Endoscopy

Hiroyuki Koga, Hiroshi Murakami, 
and Atsuyuki Yamataka

39.1  Introduction

Vesicoureteral reflux (VUR) is one of the most 
frequently detected urinary tract abnormalities, 
affecting approximately 1–2% of the pediatric 
population and 25–40% children presenting with 
a history of febrile urinary tract infection (UTI) 
[1, 2]. There is a range of severity of VUR and 

management regimes that incorporate a spectrum 
of philosophies and modalities ranging from 
observation with or without continuous antibiotic 
prophylaxis to active surgical intervention [3]. 
Essentially, the optimal treatment for VUR is yet 
to be established because not all cases require 
intervention. The indications for those who will 
benefit from intervention include the grade of 
VUR, history of recurrent UTI, and parental pref-
erence. However, whether intervention should be 
an open surgical procedure is currently controver-
sial because of the major change in treating VUR 
that followed Puri’s first clinical report about an 
endoscopic procedure they called STING, pub-
lished in 1984 [4]. Since then, STING has been 
modified to improve VUR cure rates, for example, 
by introducing the hydrodistention implantation 
technique (HIT) [5] and double HIT [6]. Several 
tissue augmenting substances have been used for 
subureteral injection, such as polytetrafluoroeth-
ylene, collagen, silicone, autologous chondro-
cytes, and Deflux® [7], followed by a succession 
of new substances; for example, in 2010, the pre-
liminary results of a prospective multicenter study 
of a new substance “polyacrylate polyalcohol 
copolymer (PPC/Vantris®)” was published [8]. 
While Deflux® is still the most widely used 
implant agent, recently, DT has been implicated 
as a potential cause of ureteral obstruction.

The goals of treating a child with VUR are: (1) 
to prevent febrile UTI; (2) to prevent renal 
 damage; and (3) to: “to maximize improvement 

Learning Objectives
• To master the technique for endoscopic 

Deflux® treatment (DT) using step-by- 
step instructions.

• To understand the effectiveness of DT 
by reviewing mid-term results.

• To have up-to-date knowledge of the lat-
est reports about DT in the literature.

• To reinforce understanding of DT by 
watching a video.
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with minimal physical/emotional stress” [3]. 
Here, we describe our technique for the endo-
scopic treatment of VUR and a simple noninva-
sive maneuver that we pioneered to identify 
post-DT ureteral obstruction and at-rsik patients 
for ureteral obstruction, especially late-onset ure-
teral obstruction.

39.2  Preprocedural Preparation

Preoperative ultrasonography is performed as the 
initial imaging study to determine the shape of 
the kidney and confirm the presence of scarring. 
If scarring is considerable, or renal parenchymal 
volume is reduced, or the kidney is hyperechoic, 
or cortico-medullary junctions are obscure, 
99mTc-dimercaptosuccinic acid (DMSA) renal 
scintigraphy is performed to further assess preop-
erative function and drainage. If function is poor 
(<10%), consideration should be given to remov-
ing the kidney and ureter rather than correcting 
VUR. Prior to any surgical intervention for VUR, 
cystography is mandatory using either classical 
cystography, which allows the morphology of the 
bladder and the ureters to be confirmed with 
detailed delineation of VUR for accurate classifi-
cation but associated with high radiation expo-
sure or cystoscintigraphy that has the advantage 
of less radiation exposure but less accurate repre-
sentation of morphology and potential for less 
accurate classification of VUR.

39.3  Materials

39.3.1  Implant Substances

Deflux®: A suspension of dextranomer micro-
spheres in sodium hyaluronate solution devel-
oped by Stenberg and Lackgren. Currently, it is 
the most widely used injectable implant sub-
stance. In most cases, a volume of 0.5 to 1.5 mL 
is effective for correcting VUR.

Cystoscopes and Needles.
We prefer to use an 8.0 or 9.5 Fr pediatric cys-

toscope (Karl Storz, Inc., Tuttlingen, Germany) 
with an offset lens for injecting Deflux® because 

the offset lens permits direct passage of a 3.7 Fr 
needle in line with the ureter, so there is no need 
to bend the Deflux® needle.

39.4  Patient Positioning

General anesthesia is induced conventionally and 
maintained by endotracheal intubation or a laryn-
geal mask airway with no special additional 
requirements. The patient is placed supine with 
the legs lowered slightly and spread wide enough 
apart for the treating surgeon to access a very lat-
eral ureteral orifice or stand between the patient’s 
legs if required. Special imaging equipment is 
not required (Fig. 39.1).

39.5  Technique

After cystoscopy, the bladder is drained to pro-
vide just enough distention to allow inspection of 
the trigone. When the bladder is less full, ureteral 
orifices and intramural tunnels are easier to iden-
tify. We insert a soft-tip epidural anesthesia cath-
eter (20 gauge, Perifix®) (B.  Braun, Melsungen 
AG, Germany) through a side channel of the cys-
toscope. Once the epidural catheter has been 
inserted into the ureter, the cystoscope is with-
drawn, leaving the epidural catheter in the ureter 
and the urethra (Fig. 39.2). The cystoscope is then 
carefully reinserted into the urethra with the epi-
dural catheter in situ, and a needle is inserted 
through the side channel of the cystoscope. The 
needle is then advanced enough to support the tri-
gone but not so far as to result in injection outside 
Waldeyer’s sheath into the detrusor or extravesi-
cal space. The needle must be just submucosal. 
After confirmation that the Deflux® needle is in 
the desired position, Deflux® is injected submuco-
sally according to the original technique reported 
by O’Donnell [4]. Initially, injection should be 
inserted very gently to assess where the injected 
material is going. Immediately following this, 
1~3  mL of 20% indigo carmine solution is 
injected through the epidural catheter, and pas-
sage of dye from the treated ureteral  orifice into 
the bladder within a reasonable time is confirmed 
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a

c d

b

Fig. 39.1 Standard operating room layout. (a) This fig-
ure shows a standard operating room layout for a left DT 
procedure. (b) The patient’s feet are positioned slightly 
lower than the torso to help use the cystoscope better. (c) 
The operating surgeon will stand on the right side of the 

patient for a left DT, and on the left side of the patient for 
a right DT, and between the patient’s legs for bilateral DT 
procedures. (d) The surgeon’s direction of view and the 
orientation of the cystoscope are the same (large red 
arrow)

before the epidural catheter is removed (Fig. 39.3). 
If there is no passage of dye after at least 15 min 
of observation, the epidural catheter is not 
removed and clamped because the patient is at 
risk for ureteral obstruction, and the patient is 
transferred back to the ward with the epidural 
catheter in situ overnight. If dye is observed in the 
urine the next day, the patient may be discharged, 

but if no dye is observed, ultrasonography is per-
formed to check for hydronephrosis which is a 
pathognomonic sign of ureteral obstruction. If 
there are no signs of ureteral obstruction on ultra-
sonography, the epidural catheter is removed in 
the ward the next day. If there are signs of ureteral 
obstruction on ultrasonography, a double J stent is 
inserted into the ureter. Renal and bladder ultraso-
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nography are organized for the first routine outpa-
tient clinic follow-up visit, 3 weeks after discharge 
from hospital.

39.6  Postprocedural Care

Patients are prescribed antibiotic prophylaxis for 
3 months, at which time voiding cystography is 
performed. If VUR has been cured, antibiotic 
prophylaxis is ceased, and the patient is advised 
to be wary of early signs of UTI. Voiding cystog-
raphy is not performed routinely unless required. 
Ultrasonography of the kidneys and bladder is 
performed annually to assess the position, size, 
and location of implants. It is essential that the 
patient and caregivers are aware that VUR may 
relapse if there is migration or breakdown of an 

a b

c

Fig. 39.3 Our epidural catheter maneuver being per-
formed. Our epidural catheter maneuver. An epidural 
catheter is inserted into the ureter (a), then a Deflux® nee-

dle is inserted at the 6 o’clock position and Deflux® is 
injected (b). There is flow of dye from the treated ureteral 
orifice into the bladder (c)

Deflux

Soft-tip epidural anesthesia catheter
(20 gauge, Perifix®) 

Fig. 39.2 Diagram of our epidural catheter maneuver. 
This maneuver involves inserting an epidural catheter into 
the ureter treated by Deflux® and injecting a solution of 
indigo carmine to observe for passage of dye
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implant. Caregivers are instructed to return for 
immediate assessment if there is any cause for 
concern or any evidence of UTI.

39.7  Results

We have treated 259 ureters with grades II to V 
VUR in 175 patients using the technique we 
described between 2011 and 2019. Of these, 109 
were male and 66 were female. VUR severity in 
our series of 259 ureters was grade II in 50 
(19.3%), grade III in 84 (32.4%), grade IV in 103 
(39.7%), and grade V in 22 (8.4%). Mean age at 
the first DT was 4.7 years (range: 0.7–29.8 years). 
Mean operative time was 29.4  min (range: 
9–45 min). Mean duration of postoperative fol-
low- up was 5.9 years (range: 0.2–9.3 years).

“Cure” was defined as complete disappearance 
of VUR or downgrading to grade I. Overall “cure” 
after one DT was 58.3%, 78.8% after two DT, and 
84.2% after three DT (Table 39.1). As per original 
grade of VUR, “cure” after one DT was 72.0% for 
grade II; 63.1% for grade III; 51.5% for grade IV; 
and 40.9% for grade V; two DT was 90.0% for 
grade II; 75.0% for grade III; 84.4% for grade IV; 
and 59.1% for grade V; and 92.0%; three DT was 
92.0% for grade II; 82.1% for grade III; 87.4% for 
grade IV; and 59.1% for grade V (Table 39.2). The 
mean number of DT required to “cure” grade II 
was 1.35 times; 1.39 times for grade III; 1.52 
times for grade IV; and 1.80 times for grade V.

Of the 259 ureters treated in this series, there 
was no passage of dye observed after 15 min in 

six cases (2.3%). Of these, two required surgical 
intervention. One case was a 10-year-old boy 
whose catheter was left in situ because there was 
no dye flow after 15 min of observation, however, 
when the catheter was clamped, he developed 
flank pain and significant hydronephrosis was 
identified on ultrasonography the next day, 
requiring insertion of a double J stent with com-
plete resolution of pain and hydronephrosis. The 
stent was removed after 1  month. He has been 
pain-free with stable follow-up since then. The 
other case was a 1-year-old boy whose epidural 
catheter was removed before confirming dye flow 
and required insertion of a double J stent because 
of gross hydronephrosis caused by Deflux® 
(Fig. 39.4). The stent currently remains in situ.

Table 39.1 Overall “cure” rates with respect to number 
of Deflux treatments (DT)

After one 
DT

After two 
DT

After three 
DT

Overall 
“cure”

151/259 
(58.3%)

204/259 
(78.8%)

218/259 
(84.2%)

Table 39.2 “Cure” rates with respect to grade of VUR and number of DT

VUR Grade After one DT After two DT After three DT Overall “cure” after three DT
II 36/50 (72.0%) 36 + 9/50 (90.0%) 45 + 1/50 (92.0%) 46/50 (92.0%)
III 53/84 (63.1%) 53 + 10/84 (75.0%) 63 + 6/84 (82.1%) 69/84 (82.1%)
IV 53/103 (51.5%) 53 + 34/103 (84.4%) 87 + 3/103 (87.4%) 90/103 (87.4%)
V 9/22 (40.9%) 9 + 4/22 (59.1%) 13 + 0/22 (59.1%) 13/22 (59.1%)

DT = Deflux treatments

Fig. 39.4 Magnetic resonance urography appearance of 
ureteral obstruction after Deflux®. MR urography appear-
ance of ureteral obstruction in a patient who had DT with-
out confirmation of dye passage
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39.8  Discussion

Although various options are available for the 
treatment of children with VUR, endoscopic DT 
is now a well-accepted technique for treating 
VUR. Although ureteral reimplantation has been 

the gold standard for the treatment of high grade 
VUR for many years, it is invasive, requiring 
extended hospitalization, and is associated with 
complications such as vesicoureteral obstruction. 
Endoscopic treatment of VUR is a minimally 
invasive procedure with low reported rates of 
complications requiring surgical intervention, of 
the order of less than 1% [10] and reported rates 
of postoperative ureteral obstruction of less than 
1% of treated cases, which appears be indepen-
dent of the injected bulking agent, volume, and 
technique. Of interest is that ureteral obstruction 
has also been reported to be caused by periopera-
tive edema alone. A recently published report 
about late-onset ureteral obstruction, defined as 
newly developed or progressive hydronephrosis 
8 weeks or more after Deflux® or Vantris® injec-
tion, found the rate of late ureteral obstruction 
after Deflux® or Vantris® injection was 1.9% and 
that the mean time taken for late ureteral obstruc-
tion to occur was 13.4 months [11]. To date, we 
have not had any development of late-onset ure-
teral obstructions even though our mean follow-
 up (5.9 years) is longer than the mean time for 
late-onset ureteral obstruction to develop, as 
reported recently (1.1 years) [11].

A randomized controlled trial conducted on 
203 children with grade III to IV VUR revealed 
that endoscopic Deflux® injection resulted in res-
olution or downgrading in most instances [12]. A 
meta-analysis conducted by Elder et al. showed 
success rates of 57% to 77% for a single injection 
of the four most widely used substances with an 
overall resolution rate of 72% [13, 14]. In other 
words, about 50% of children with high grades of 
VUR will not be cured without multiple injec-
tions. Friedmacher et al. emphasized that endo-
scopic injection with Deflux provides a 
high-resolution rate in grades IV and V 
VUR. Additional injection treatments can easily 
be repeated in cases of failure, with a high subse-
quent resolution rate. Elder’s meta-analysis 
reported a success rate of 85% with multiple 
treatments [13, 14]. Therefore, this minimally 
invasive procedure was included as an option in 
the 2010 AUA (American Urological Association) 
guidelines for the management of primary VUR 
in children [3].

Tips and Tricks
• The patient should be positioned with 

their legs spread as wide apart as is com-
fortable. The operating surgeon will 
stand on the patient’s right side for a left 
DT and on the patient’s left side for a 
right DT and between the patient’s legs 
for bilateral cases. The operating sur-
geon’s direction of view and the orienta-
tion of the cystoscope are the same.

• If the needle is removed too quickly 
after injection during DT, Deflux® will 
leak from the injection site. The needle 
should be maintained steadily at the 
injection site for at least 60 s after injec-
tion to prevent leakage of Deflux®. 
Nevertheless, a minute amount of leak-
age is unavoidable and will cease 
spontaneously.

• If there is no bulging during injection, 
the needle may be too deep and periure-
teral rather than submucosal. The injec-
tion should be abandoned, the needle 
removed, and the injection repeated in 
the correct place with a fresh dose of 
Deflux®.

• If bulging during injection is not in the 
correct place, do not remove the needle. 
Change the angle of the needle or rotate 
the needle and try injecting again very 
carefully, checking if the bulge is 
located more favorably.

• Practice makes perfect. Successful DT 
depends on the expertise and experience 
of the operating surgeon as Kirsch et al. 
reported; outcome of DT is a correlation 
between location of injected material 
and experience [9].
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As a result, the majority of parents clearly pre-
fer DT over invasive open surgery, even if the 
cure rate dose not equal that of open surgical 
intervention and additional anesthesia is required, 
while a growing number prefer it over prophylac-
tic antibiotic use [5]. Indeed, a survey of 100 
counseled caregivers of children with VUR found 
that 80% opted for endoscopic injection rather 
than surveillance with prophylactic antibiotics or 
open reimplantation surgery, when given the 
choice [15]. Thus, the demand for DT is likely to 
increase and the prevention of complications 
becomes a major issue.

We believe our epidural catheter maneuver 
effectively identifies patients at risk for ureteral 
obstruction, both acute and late-onset. If dye flow 
is delayed or absent, our protocol defines what 
should be done specifically so that early 
 diagnosis, early treatment, and appropriate fol-
low-up are all organized appropriately.

With continued acceptance, success, and min-
imal to no side effects from the use of injectable 
implant material, minimal invasive endoscopy 
will continue to maintain its prominent place as a 
first-line treatment for VUR.
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40Vesico-Ureteric Reflux (VUR): 
Laparoscopic Lich–Gregoir Repair

François Varlet, Aurélien Scalabre, 
and Sophie Vermersch

40.1  Introduction

Vesico-ureteral reflux (VUR) is defined as a per-
manent or intermittent intrusion of bladder urine 
into the upper urinary tract due to a defective 
uretero-vesical junction. The pathophysiology of 
VUR remains unclear, but there is a general con-
sensus that intrarenal reflux of infected urine can 
cause renal damage (reflux nephropathy). VUR 
can be the result of a morphological abnormality 
at the level of the vesico-ureteral junction (pri-
mary malformative VUR) or secondary to lower 
urinary tract dysfunction. Primary malformative 
VUR can be diagnosed prenatally when associ-
ated with urinary tract dilatation. It is more fre-
quent in boys and the regression rate is low. VUR 
secondary to lower urinary tract dysfunction is 
more common. It usually occurs in girls with 
poor bladder and bowel function. Its resolution 
rate is high with education regarding good mictu-
rition and medical treatment against constipation. 
There is currently no consensus regarding indica-

tions for surgery in children with VUR [1, 2]. 
However, repeated pyelonephritis despite bladder 
educational treatment or antibioprophylaxis and 
decreasing renal function on isotope studies are 
strong arguments for surgical treatment.

Different techniques are available for the sur-
gical treatment of VUR.  The Cohen technique 
described in 1969 is often considered the gold 
standard [3]. Minimally invasive surgery tech-
niques were recently developed in order to reduce 
postoperative pain, avoid postoperative haematu-
ria, and shorten hospitalization. They include 
endoscopic treatment, vesicoscopy, and laparo-
scopic vesico-ureteral reimplantation.

The Lich–Gregoir technique is an extravesical 
ureteral reimplantation described by Lich et al in 
1962 and Gregoir in 1964 [4, 5], more recently 
adapted for laparoscopic approach [6]. This tech-
nique is often used for unilateral reflux, but con-
cerns regarding the risk of postoperative urinary 
retention have limited its indications for bilateral 
cases [7]. Nevertheless, bilateral reimplantation 
is possible as laparoscopy allows an easy 
approach to the posterior bladder wall with a lim-
ited dissection sparing bladder innervation [8, 9].

40.2  Pre-Operative Preparation

Renal isotope study, ultrasonography, and void-
ing cystography are realized before treatment. 
Voiding cystourethrogram (VCUG) is the 
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 standard method to identify and grade VUR in 
children with recurrent febrile urinary tract infec-
tions. Indications for surgery are discussed upon 
the clinical history and results of renal ultraso-
nography and isotope studies, but there is cur-
rently no consensus when medical or surgical 
therapy should be used among paediatric urolo-
gists and nephrologists. The different techniques 
available for the treatment of VUR and their 
potential complications are explained to the 
patients and their parents before surgery. A bacte-
riologic urine exam is performed a few days 
before surgery to ensure that urine is sterile.

40.3  Anaesthesia

General endotracheal anaesthesia is comple-
mented by caudal anaesthesia. A broadspectrum 
antibiotic is routinely administered intravenously 
on induction of general anaesthesia.

40.4  Initial Cystoscopy

A cystoscopy may be performed initially if blad-
der control is required, especially in children 
with a duplex system, to assess the location of the 
ureteral orifices and to check the anatomy. In 
children with asymmetric bilateral VUR, endo-
scopic treatment of a contralateral low-grade 
reflux can be performed before the unilateral 
Lich–Gregoir procedure.

40.5  Positioning

The patient is placed in a supine position with the 
arms lying along the body. The surgeon stands at 
the head of the patient and the assistant and the 
nurse on one side, usually opposite to the reflux-
ing ureter. The video column is placed at the feet 
of the patient (Fig. 40.1). When the child is too 
tall, the surgeon must stand laterally, on the right 
side for the left ureter and on the left side for the 
right ureter.

40.6  Instrumentation

After preparation of the abdominal wall, a blad-
der catheter is placed. It must be accessible dur-
ing the procedure to fill or to empty the bladder 
according to the step of procedure. A 5-mm-30° 
lens and 3-mm instruments are used: blunt 
grasper, bipolar forceps, hook, needle holder, and 
scissors.

40.7  Technique

A transperitoneal approach is used. A 5-mm 
port is inserted through a lateral or trans-
umbilical incision under vision to avoid vis-

Fig. 40.1 Positioning of the patient, the surgeon, and 
video column
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Fig. 40.2 Opening of the peritoneum (1); detrusorotomy (2); detrusororrhaphy (3); finished reimplantation (4). With 
permission from: Esposito C. et al (2019) ESPES Manual of Pediatric Minimally Invasive Surgery, Springer

Fig. 40.3 The ureter is manipulated using a soft band 
wrapped around it

ceral damage. Two 3-mm trocars are inserted 
in the left and right flanks under direct vision. 
They are inserted at the umbilicus level in chil-
dren before 2 years old and lower in older chil-
dren. At the beginning of procedure, the 
bladder is emptying and a Trendelenburg posi-
tion is done to obtain a good exposure of the 
pelvic cavity.

40.7.1  Ureteral Dissection

The ureter is easily identified where it crosses 
the external iliac vessels. The peritoneum is 
opened down to the uretero-vesical junction 
(Fig. 40.2).

To avoid excessive handling of the ureter, a 
large surgical loop is wrapped around the ureter 
and used for manipulation (Fig.  40.3). In boys, 
the vas deferens is teased away from the ureter. In 
girls, the broad ligament is opened and the ureter 
is pulled up through this opening. The ureter is 
mobilized to achieve sufficient freedom for a 
tension-free reimplantation. We recommend a 
gentle and soft dissection of tissues around the 
lower ureteral part and no extensive coagulation 
for sparing bladder nerves, especially in bilateral 
procedure to avoid urinary retention reported by 
open surgery.

The bladder dome is suspended to the ante-
rior abdominal wall with a transparietal stay 
suture in order to expose the uretero-vesical 
junction.

40.7.2  Detrusorotomy and Exposure 
of the Bladder Mucosa

The bladder is filled with saline to get a good 
exposure of its posterior wall and the telescope is 
turned by 180°. The direction and length of the 
muscular trench is outlined with the unipolar 
coagulation following the Paquin’s rule: the 
length of the submucosal tunnel should be at least 
four or five times the ureteric diameter. The mus-
cular fibres are coagulated and divided with scis-
sors or monopolar hook to reach the bladder 
mucosa (Fig. 40.4).

The trench is ended at the level of the terminal 
part of the ureter. Lateral dissection of the blad-
der should be limited to avoid damage to pelvic 
nerves. In case of mucosal tear, we favour closure 
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Fig. 40.5 The ureter is placed in position along the mus-
cular trench

Fig. 40.6 Finished reimplantationFig. 40.4 Detrusorotomy

by an endoloop rather than direct suture (requir-
ing an empty bladder).

40.7.3  Detrusororrhaphy

The ureter is laid between the two edges of the 
muscular trench and kept in this position with a 
third transparietal stay suture through the soft 
band used for mobilization of the ureter (Fig.  
40.5).

In case of ureteral duplication, both ureters are 
dissected and laid into the trench together. The 
detrusor is then reapproximated over the ureter 
with three to four stitches of 3/0 or 4/0 sutures, 
either absorbable or not (Fig. 40.6). We usually 
start by the lower stitch. When all stitches are 
done, the transperitoneal suspensions are 

removed. The new ureteral entry in the bladder 
must be large enough to avoid ureteral obstruc-
tion. In case of excessive tension, the ureter is 
released proximally.

40.8  Closure

Drainage is not mandatory. The trocars are 
removed, their orifices stitched, and the bladder 
catheter removed. It is possible to leave 100–
150 mL of saline serum in the bladder to allow a 
quick postoperative micturition before discharge 
in an outpatient setting.

40.9  Bilateral Reimplantation

The same procedure can be done on both sides by 
laparoscopy with special attention to avoid any 
coagulation during dissection of the distal parts 
of the ureters (Fig. 40.7).

40.9.1  Postoperative Care

Unilateral reimplantation following this tech-
nique can be performed as day-case, the patient 
being discharged after complete micturition. Only 
standard painkillers are needed. For bilateral 
reimplantation, we prefer to keep the patient hos-
pitalized until the next day, to be sure there is no 
urinary retention. The child is kept off school for 
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Fig. 40.7 Finished bilateral reimplantation in a girl

Tips and Tricks
• The two ureteral perforations at the 

beginning of our experience made us 
slightly modify the surgical technique. 
We reviewed the surgery videos but did 
not find the traumatic cause for these 
perforations. We assume that possible 
causes were ischemia caused by exces-
sive handling of the ureter, a burn with 
the monopolar hook dissection or an 
excessive closing of the detrusor trench. 
To avoid this complication, we opted to 
wrap a soft band around the ureter for its 
manipulation and to limit the amount 

8 days with no sport for 1 month. An ultrasound 
scan is performed 1 month later. As for open sur-
gery, VCUG is not routinely performed [10].

40.10  Results

We operated on 145 children (203 renal units) 
over the past 13 years. We managed 58 bilateral 
and 87 unilateral VUR.  Bilateral VUR were 
treated by bilateral Lich–Gregoir procedure in 37 
patients, and by unilateral Lich–Gregoir proce-
dure and contralateral endoscopic sub-ureteral 
injection during the same procedure in 21 
patients. Then 182 ureters were treated by Lich–
Gregoir procedure in this period with only one 
tapering for a megaureter and one uretero- 
ureterostomy for a duplex system. Thirty-one 
patients had a duplex system with VUR in the 
lower pole including five bilateral VUR.  Eight 
patients had Hutch diverticulum treated by doing 
a precautionary suture in the lower part of the 
bladder channel. The mean operative time was 
around 90 minutes for unilateral and 2 hours for 
bilateral reimplantation. In six cases, a mucosal 
perforation occurred during the detrusorotomy, 
treated immediately by an endoloop repair.

The mean hospital stay was between 24 and 
30  hours, and 15 children could be recently 
treated in day-case surgery for unilateral proce-
dure with an uneventful postoperative course.

Three temporary urinary retentions occurred 
after bilateral reimplantation. A supra-pubic 
catheter was placed under general anaesthesia 
and removed 10 days later with uneventful recov-
ery. None had a long-term bladder paresis. At the 
beginning of our experience, two patients needed 
reintervention for a ureteral perforation, 7 and 
15 days after surgery. One was treated by Cohen 
procedure and one by double J stent and ureteral 
suturing.

A recent long-term review of our patients 
found eight failures of Lich–Gregoir procedure 
(5.5% of children), revealed by a new pyelone-
phritis and confirmed by VCUG.  Two failures 
with bilateral VUR occurred from one bilateral 
procedure and one unilateral procedure with con-
tralateral endoscopic injection. Six failures with 
unilateral VUR occurred from two bilateral and 
four unilateral Lich–Gregoir procedures. They 
were managed by endoscopic injection (3), Lich–
Gregoir redo (2), Cohen procedure (1), and 
watching (2).

The resolution rate, in terms of no further 
febrile urinary tract infection (UTI), accounted 
to 91.4% (131/145 patients). The UTI occurred 
in the eight surgical failures, but also in four 
children with bowel and urinary dysfunction 
despite a good medical management; two other 
patients had a transitory UTI a few months after 
surgery but none after 5 to 10  years of 
follow-up.
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40.11  Discussion

VUR management is controversial. There is no 
strong consensus about prophylactic antibiotic 
treatment, operative indications, and age of sur-
gery or follow-up management [1]. According to 
AUA recommendations, we decided to operate 
on children by Lich–Gregoir procedure with 
VUR grade III or more, with renal dysfunction 
(DMSA<40%) or renal scarring demonstrated on 
isotope renography, and children developing 
recurrent pyelonephritis despite optimal medical 
treatment.

The goal of any anti-reflux procedure is to 
restore anti-reflux mechanism of the uretero- 
vesical junction. Open uretero-vesical reimplan-
tation by the Cohen procedure is often considered 
to be the gold standard for ureteral reimplanta-
tion, with a success rate over 98% [11]. However, 
the Lich–Gregoir technique is also associated 
with a high success rate with some advantages 
including lower pain, shorter recovery and hospi-
tal stay, and excellent cosmetic results [2, 8, 9, 
12]. This technique avoids postoperative bladder 
spasms and adverse effects of bladder opening 
like haematuria. Furthermore, the ureteral meatus 
is still in its initial position, allowing easier 
endourology in the future if necessary.

The main issue with this approach is the 8 to 
15% reported incidence of urinary retention after 
bilateral extravesical reimplantation by open 
approach [7]. This might be a result of neurovas-
cular injury during wound handling and ureteral 
and bladder dissection. A nerve-sparing technique 
proposed by David in 2004 allows reducing this 
complication (2% of transitory bladder retention) 
[6]. In 2012, Bayne et  al. reported a cohort of 
patients undergoing extravesical ureteral reim-
plantation by laparoscopy with the Lich–Gregoir 
technique with a 6.5% incidence of urinary reten-
tion after bilateral reimplantation [13]. In our 
experience, only three patients presented with a 
transitory bladder emptying difficulty after a bilat-
eral reimplantation. Lateral dissection of the ureter 
and bladder should be limited to avoid damage to 
pelvic nerves [6], and we recommend a gentle and 
soft tissue dissection around the lower ureter with 
no extensive coagulation. In our opinion, no blad-
der catheter is needed during the post-operative 
period. In addition, faster recovery compared to 
open surgery allows discharge a few hours after 
surgery [8, 9, 14]. Today, the robot-assisted extra-
vesical reimplantation is an interesting alternative 
with the same good results [15, 16].

One of the most common operative complica-
tions in laparoscopic extravesical reimplantation 
is ureteral injury or obstruction (ischemia) owing 
to excessive handling of the ureter or excessive 
closure of the trench. Lakshmanan and Kasturi in 
2000 and 2012, respectively, reported 6.3% (3/47) 
and 0.6% (1/150) intra-abdominal urinary leak 

and duration of cautery. No more ure-
teral perforation occurred since we 
made these modifications (>120 cases).

• Suspension of the bladder by transpari-
etal stay suture is a good way to obtain 
correct exposure of the posterior wall 
and bladder trench without adding 
unnecessary trocars, and we regularly 
use this technique for other surgeries. 
Sometimes a second transparietal sus-
pension allows a better exposure of the 
posterior wall of the bladder.

• To prevent postoperative urinary reten-
tion, the surgeon must be really careful 
avoiding any extensive monopolar cau-
tery, especially on the lower part of the 
ureter, surrounded by bladder nerves.

• In case of mucosal perforation, the 
mucosa can be closed immediately by 
using an endoloop.

• It is also important to check that the 
final trench is not too obstructive after 
reimplantation. If the tunnel seems too 
tight, the proximal stitch must be 
removed.

• All our laparoscopic interventions are 
video-recorded, which help sharing our 
experience and techniques with stu-
dents, residents, and colleagues. We also 
review and criticize our procedures 
afterward to improve our technique 
when we confront complications.
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requiring drainage and bilateral pigtail stents for 
2 months [17, 18]. Bayne et al observed a 2.04% 
rate of ureteral leakage [13] and Esposito et  al 
showed a 1.33% of the same complication in open 
Cohen procedures [11]. We recommend a limited 
use of the monopolar coagulation and handling of 
the ureter by a soft band to avoid this complica-
tion. After more than 120 cases treated using this 
soft band, no more ureteral perforation occurred.

The open Lich–Gregoir technique for unilat-
eral VUR is also done with good results as an 
outpatient procedure [12, 14]. Advantages of 
laparoscopy over open surgery in this context are 
a better bladder wall exposition and less scaring.

The results of laparoscopic Lich–Gregoir 
reimplantation are comparable with pneumovesi-
coscopic reimplantation [19, 20]. However, it is 
technically challenging to obtain a correct pneu-
movesicum with bladder sealing at the start of the 
procedure. Moreover, pneumovesicoscopic reim-
plantation requires postoperative drainage. On 
the other hand, the pneumovesicoscopic approach 
allows treatment of ureteroceles and Hutch diver-
ticula, whereas only small diverticula can be 
treated by laparoscopy.

40.12  Conclusion

Laparoscopic extravesical ureteral reimplantation 
with the Lich–Gregoir technique is a safe and 
effective procedure for the treatment of VUR in 
children. Its results are comparable to open proce-
dures. The technique results in reduced hospital 
stay and recovery period. It can be applied to uni-
lateral VUR, bilateral VUR, and duplex system. 
With cautious dissection, the risk of urinary reten-
tion following bilateral reimplantation is low.
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41Technique of Pneumovesicoscopy

Jean Stephane Valla

41.1  Introduction

Bladder insufflation with carbon dioxide (CO2) 
for cystoscopic diagnostic purpose in adults was 
first described in 1966 [1]. In children, suprapu-
bic access of a liquid-filled bladder via a trocar 
and a scope was described in 1986 [2] for ante-
grade ablation of posterior valves and later for the 
injection of bulking agents. Such a suprapubic 
access was also used to perform ureteroscopy or 
ureteral catheterization in patients with altered 
ureteral position, for example, after cross- trigonal 
reimplantation or renal transplantation. In reality, 
pediatric urologists were the first to use pneu-

movesicum as a true operative technique: at the 
beginning of the 2000s, CK Yeung, PA Borzi, and 
JS Valla collaborated to develop this new 
approach [3, 4]. If the transperitoneal approach 
have been used at the beginning of a minimally 
invasive surgery for upper and lower urinary tract 
diseases, it was not the preferred route for classi-
cal open urologic surgery. Besides retroperitone-
oscopy, the pneumovesicoscopic approach is 
specifically urological: it allows introduction of a 
telescope and operating instruments into the 
bladder and the performance of all procedures 
that need a large bladder opening in classical sur-
gery. So mastery of retroperitoneoscopy and 
pneumovesicoscopy enables the management of 
all diseases of the urinary system from the adre-
nal gland to the bladder neck and without violat-
ing the peritoneal cavity and without disturbing 
the digestive tract. This idea seems logical, but 
putting it into practice turned out to be difficult; 
that explains why the adoption of this technique 
was only progressive.

The principle of pneumovesicoscopy 
(Fig. 41.1) is based on two facts:

 – Filling the bladder with a gas provides a clear 
intravesical vision, much better than the vision 
in a liquid-filled bladder.

 – Introduction of the telescope through the blad-
der dome provides “a familiar forward intra-
vesical view towards the trigone and the 

Learning Objectives
• To describe step-by-step how trocars 

should be introduced into the bladder.
• To describe how the orifices should be 

closed at the end of the procedure.
• To show a video illustrating all tips and 

tricks.
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Fig. 41.1 Principle of pneumovesicoscopy: bladder 
insufflated with CO2, one telescope, two operating instru-
ments introduced through the abdominal and bladder 
wall. Illustration by Valla

ureteric orifices that is similar to that obtained 
with an open bladder incision” [3].

 – So vision and ergonomic position are well 
related.

41.2  Limitations 
and Contraindications

 – Related to the Patient. The major limiting fac-
tor is the bladder capacity. The smaller the 
bladder, the more restricted the working space. 
Even though our youngest patients were 
4  months old, the decreased working space 
does make the procedure more technically 
demanding and may obviate the advantages of 
vesicoscopic repair. Hence, this method may 
be difficult to apply in patients under 1 year of 
age or in patients with bladder of less than 
100-mL volume. That explains why the use of 
the robot, even if it seems a theoretically good 
solution, is not in fact the way to solve the 
problem [5]

Another limiting factor is the bladder wall 
condition: in case of markedly thickened or 
inflamed bladder wall, the procedure could be 
quite difficult.

However, previous failed injection therapy 
or previous intra- or extravesical surgery 

should not be considered a contraindication. 
This technique is also workable in patients 
with an augmented bladder.

 – Related to the Surgeon. All vesicoscopic pro-
cedures are challenging. Expertise in intracor-
poreal suturing in a confined space with a fine 
5/0 or 6/0 thread is essential; there is a tremen-
dous learning curve: in short, these recon-
structive procedures are reserved for good 
laparoscopic pediatric surgeons.

41.3  Preoperative Preparation

Preoperative investigations include all the neces-
sary exams concerning the disease: ultrasound, 
cystogram, MRI, renal scintiscan, cystoscopy, 
urodynamics, etc.

Detailed information is given to the parents 
and, if possible, the patient regarding the tech-
nique used, the possible technical difficulties and 
complications, and the possibility of intraopera-
tive conversion to the open technique. An 
informed consent is obtained.

There is no specific preoperative preparation. 
As with open surgery, preoperative urine samples 
confirm that no urinary infection is present. In 
case of associated constipation, the rectum can be 
emptied with a fleet enema, usually given the 
evening before.

The patient is prepared for general anesthesia 
with endotracheal intubation; a caudal anesthesia 
could be performed according to the anesthesiol-
ogist’s preference; muscle relaxation is essential 
to ensure a good bladder insufflation. A broad- 
spectrum antibiotic is routinely given intrave-
nously on induction of anesthesia. A nasogastric 
tube is usually not necessary.

41.4  Positioning

 – The patient is placed in the modified lithot-
omy position with the thighs abducted. Small 
patients are placed transversally on the oper-
ating table (Fig.  41.2); taller patients are 
placed at the end of the operating table 
(Fig.  41.3). The abdomen and genitalia are 
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Fig. 41.2 Positioning a small child transversally on the 
operating table; the surgeon stands at the head in a perfect 
ergonomic position. Adapted by permission from 
Springer, Videochirurgia pediatrica, by C. Esposito et al 
(eds), 2010

Fig. 41.3 Positioning a tall child on the operating table; 
the surgeon stands on the lateral edge of the table. His 
position is not so ergonomic for his back and his shoulder. 
Adapted by permission from Springer, Videochirurgia 
pediatrica, by C. Esposito et al (eds), 2010

Fig. 41.4 Entrance point and direction of trocars in a 
child under 3 or 4 years of age. Adapted by permission 
from Springer, ESPES Manual of Pediatric Minimally 
Invasive Surgery, by C. Esposito et al. (eds.), 2019

prepared and wrapped. The pelvis is tilted 
with a padding just below the buttock. The 
patient is strapped on the table to prevent 
slipping during movements of the table 
(Trendelenburg position).

 – The position of the surgeon changes twice 
during the procedure: during the first step 

(cystoscopy), the surgeon stands between the 
patient’s legs with the video column on the 
left side of the patient (Fig. 41.4); during the 
second pneumovesicoscopic step, the posi-
tion of the surgeon varies according the 
child’s size—a more ergonomic position for 
the surgeon is to stand at the head of the child 
in the axis of the bladder trigone and the 
video column which is positioned between 
the patient’s legs, with the cables coming 
from the patient’ left side and fixed to the 
superior part of the operative field (Fig. 41.2). 
The camera holder is fixed on the right side of 
the table, but this position is possible only in 
the case of small children (under 5 years of 
age). In older children, the surgeon is posi-
tioned similar to when performing open blad-
der surgery: the surgeon (if right handed) 
positions on the left side of the patient, with 
the monitor next to the patient’s right leg 
(Fig. 41.3).
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41.5  Instrumentation

 – For cystoscopy, a rigid cystoscope is used 
according to the child’s urethra size. To sus-
pend the bladder wall, a special needle (suture 
passer 1GSPO1 Gore) is useful.

 – For pneumovesicum, a telescope 5  mm or 
3 mm in diameter, at 0° or 30°, 3-mm operat-
ing instruments, hook, grasper, dissector, nee-
dle holder, and suction device are used. 
Trocars, 5 mm for the telescope and 5 or 3 mm 
for the operative instruments, and special 
locking trocars with self-retaining devices 
such as a balloon or umbrella are very useful 
to avoid any slippage out of the bladder wall, 
but they are difficult to get in the 3-mm size; 
disposable self-expandable trocars are safe 
(blunt needle), quite easy to introduce but 
expensive; normal reusable trocars are cheap, 
but sharp, so it must be manipulated cau-
tiously. At any time during the procedure, a 
third 3-mm operating instrument or a catheter 
for suction or flushing can be passed through 
the urethra if needed. A camera holder, 
mechanical or pneumatic or robotic, is useful 
to ensure a stable vision, especially when 
suturing: as for all reconstructive surgery in a 
confined space, this point seems crucial.

41.6  Technique

 – How to Begin.
 1. Cystoscopy and introduction of the first 

median trocar.
After having emptied the bladder (trans-

urethral catheter + Credé maneuver), pneu-
movesicum is created by insufflating CO2 
through the irrigation channel of the rigid 
cystoscope at a maximal pressure of 8 to 
10 mm Hg. Once the bladder is distended, 
the dome is fixed to the abdominal wall 
under vision control. There are several pos-
sibilities: if the abdominal wall is thin, a 
percutaneous transfixing 2/0 or 0/0 suture 
with a curved needle is sufficient, quick, 
and effective; in case of a thick abdominal 
wall, more time and special instruments 

are needed. Yeung [2] has described the 
technique using two 18-gauge long needle, 
one to introduce a strong monofilament 
and the other to introduce a loop that 
allows to extract the hitch stitch; person-
ally I use a suture passer to introduce and 
extract the thread and an endoscopic 
grasper introduced through the operating 
channel of the cystoscope in order to 
manipulate the thread into the bladder. 
Another possibility, described by Abraham 
[6], is to use a curved urethral dilatator and 
to push inside the bladder wall against the 
abdominal wall; a T-bar could also be used 
[7, 8]. Once the bladder wall is firmly 
secured to the abdominal wall, the median 
5-mm port is introduced through the dome 
and secured to the skin with a thread. Then 
the cystoscope is removed and the team 
and the video column prepare for the sec-
ond pneumovesicoscopic step.

 2. Pneumovesicoscopy and introduction of 
the two lateral trocars.

The bladder is insufflated via the dome 
port (pressure 8–12  mmHg, volume 2 to 
3  L/min); there is no or few gas leak 
through the urethra even in girls, so there 
is no need to occlude it during the proce-
dure; on the contrary, a 3-mm operating 
instrument could be introduced through 
the urethra, in girls as well as in boys, to 
replace cystoscopic grasping forceps. The 
vision provided by the 5-mm telescope is 
much better than the cystoscopic vision; 
the surgeon stands in line with the trigone 
and the screen. The position selected for 
insertion of the lateral ports could vary 
according to the size of the patients and 
the size of the bladder: in small children 
less than 4 years old, the bladder is located 
in a more superior position, and the trocars 
are more close to the umbilicus, carrying 
the risk of peritoneal perforation 
(Fig. 41.5), so it can induce a pneumoperi-
toneum which must be exufflated by intro-
ducing a transumbilical Veress needle. In 
older children, the bladder is deeper and 
lower in the pelvis; the penetrating points 
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Fig. 41.5 Entrance point and direction of trocars in a 
child up to 5 years of age. Adapted by permission from 
Springer, ESPES Manual of Pediatric Minimally Invasive 
Surgery, by C. Esposito et al. (eds.), 2019

of lateral ports are close to the bikini line, 
carrying the risk of epigastric vessel 
injury. Concerning the lateral ports, the 
penetration point in the bladder must be 
chosen carefully, because if they are intro-
duced at a too low level, the tip of the can-
nulas will be too close to the ureteral 
orifice making dissection difficult. 
Introducing a fine needle before the lateral 
trocar enables visualization of the right 
direction and the right depth and puts the 
trocar in the right position at the first 
attempt, avoiding multiple mucosal perfo-
ration. The suspension of the lateral blad-
der wall to the lateral abdominal wall is 
done according the same technique as for 
the median port: direct percutaneous 
transfixing thread, manipulation of two 
needles, suture passer, or T-bar.

Again the lateral cannulas must be 
firmly fixed to the abdominal skin.

 – How to Finish.
Closing the trocar wounds is done in the 
reverse order to that of the introduction.

 – The lateral trocars are extracted first; it may 
seem possible to leave this port’s hole open, 
reckoning on spontaneous healing with time 
and bladder drainage. My position is not so 
optimistic and more qualified: concerning the 
3-mm lateral holes, especially if the trocar 
course through the bladder wall is oblique, 
that is to say that the mucosal hole is out of 
line with the detrusoral hole, I agree to leave it 
open; but all 5-mm mucosal wounds, what-
ever the patient’s age or the bladder wall 
thickness, must be closed to avoid any urine 
leakage during the postoperative period. Some 
surgeons [3] recommend placing the suspen-
sion suture around the trocar at the beginning 
of the procedure and just tying it at the end; 
personally I recommend using the suture 
passer under vision control by the telescope.

The third median trocar is then extracted. 
There is no need to reintroduce a cystoscope 
because this 5-mm hole could be closed under 
direct vision; continuous bladder insufflation 
through the urethral catheter facilitates spot-
ting the mucosal edges. After tying the knot, if 
no gas leak is audible, the maneuver is consid-
ered successful. In case of difficulty in closing 
this median hole, the safety maneuver is to 
leave a 10- or 12-Fr catheter as suprapubic 
drainage for few days. No perivesical drain is 
needed. The skin wounds are closed with 5/0 
subcuticular absorbable monofilament suture.

41.7  Postoperative Care

The duration of the bladder drainage varies from 
case to case, for 1–4  days, normally 2  days. 
Persistent mild hematuria is usual. As a result of 
caudal anesthesia, postoperative pain is usually 
mild and oral analgesics suffice. Postoperative 
antibiotic therapy is given according the preop-
erative urinalysis. Patients start feeding a few 
hours postoperatively and are discharged on the 
second or third day after the procedure. In the 
case of ureteric stenting with pigtail catheter, for 
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example, after a difficult bilateral ureteral reim-
plantation, the use of a ureteric-cutaneus stent 
avoids a second general anesthesia to remove it.

The distal follow-up is scheduled according to 
the severity of the initial disease and the possible 
postoperative complications; in any case, an 
ultrasound is performed at 1 and 6 months.

41.8  Discussion

In this chapter, the discussion is limited to the 
technique and its complications; the discussion 
about the possible indications will be discussed 
in a next chapter.
 – Why choose to fill the bladder with gas at the 

beginning of the procedure? Of course, filling 
the bladder with liquid is more classical and 
offers a stronger counterpressure when intro-
ducing a trocar; it could be an advantage 
because the bladder wall is particularly flexi-
ble in infants and can be distorted and pushed 
away by the trocar tip before being entered. 
However, we changed to CO2 insufflation for 
two reasons: first, blood oozing from the blad-
der hole can cloud the cystoscopic fluid, and 
second, liquid extravasation out of the bladder 
can occur and lead to collapse of the bladder 
resulting in poor visibility; gas leakage, on the 
other hand, will be absorbed in few minutes.

 – Introduction of the trocars is critical because 
some complications are directly related to this 
approach. The specific problem, when intro-
ducing the ports, is to go through two walls, 
first, the abdominal wall, only thin and apo-
neurotic in the midline but thick and muscular 
laterally (Fig. 41.1), and then the bladder wall 
and not to be stuck in the extravesical space. 
That is why suspending the bladder firmly to 
the abdominal wall is of utmost importance.

 – During the procedure, the main reason for 
conversion is port displacement; any inadver-
tent dislodgment out of the bladder is a source 
of difficulty: so again, the trocars must be 
firmly secured to the skin.

 – What is the risk of CO2 insufflation in the 
bladder? Contrary to the peritoneum, the uro-
thelial lining is relatively impermeable to car-

bon dioxide; there are minimal physiological 
disturbances due to CO2 absorption. The gas 
escape in the perivesical space is usually mini-
mal; it could explain some cases of moderate 
suprapubic or scrotal emphysema. The pneu-
movesicum, even in case of CO2 reflux in the 
upper urinary tract, does not appear to affect 
renal arteries or venous blood flow, nor does it 
introduce a risk of gas embolism [9].

 – What are the advantages of pneumovesicum?

 1. Excellent visibility.
 2. Reduction of abdominal wall trauma.
 3. Reduction of bladder wall trauma: no wide 

cystotomy, no mucosal irritation with gauze 
swabs, no intravesical retractors; that means 
less postoperative hematuria, less mucosal 
edema, and less bladder spasms than that in 
open surgery.

 4. No complications or physiological changes that 
may occur in transperitoneal laparoscopy.

 5. No neuromuscular injury of the detrusor, so 
no risk of voiding dysfunction or postopera-
tive urinary retention.

Take-Home Points
• It is imperative to start pneumovesicos-

copy only after an extensive experience 
in laparoscopy, especially if you intend 
to perform reconstructive surgery.

• Do not forget the limitations due to the 
bladder capacity in infants.

• Pneumovesicoscopy is only a new endo-
vesical therapeutic approach between 
pure endoscopic and classical open 
approaches. Do not change your 
indications.

• It is now proven that this approach is as 
safe and as efficient in expert hands than 
that of open surgery.

• Some progress remains to be made to 
simplify the technique and to achieve 
the “ideal” minimally invasive bladder 
surgery, that is to say, real day surgery 
without drainage.
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42Robot-Assisted Extravesical 
Ureteral Reimplantation (REVUR) 
for Vesico-Ureteral Reflux 
in Children

Ciro Esposito, Lorenzo Masieri, Fulvia Del Conte, 
Giuseppe Autorino, Vincenzo Coppola, 
Mariapina Cerulo, and Maria Escolino

42.1  Introduction

In the past 30 years, the therapeutic approach to 
children with vesicoureteral reflux (VUR) has 
undergone a dramatic evolution from a mainly 

surgical approach, as soon as VUR was detected, 
toward a conservative approach with antibiotics, 
to a minimally invasive approach using an endo-
scopic or laparoscopic approach or, in the last 
10 years, using laparoscopy and robotic-assisted 
surgery [1].

Robot-assisted extravesical ureteral reimplan-
tation (REVUR) was first described more than 
10 years ago, and since then, it has become the 
preferred approach for complex VUR cases 
instead of pure laparoscopic extravesical ureteral 
reimplantation (LEVUR), in particular for the 
technical challenges of laparoscopic intracorpo-
real suturing and knotting [2, 3].

Analyzing the results of the international lit-
erature, it seems that REVUR presents a success 
rate absolutely comparable to the results of open 
ureteral reimplantation [4, 5].

This chapter is focused on the technique of 
robot-assisted extravesical ureteral reimplanta-
tion according to the Lich-Gregoir procedure 
(REVUR).

42.2  Preoperative Preparation

The preoperative workup included ultrasonogra-
phy (US), voiding cystourethrogram (VCUG) or 
cysto-scintigraphy, and renal scan to analyze 
renal function in each patient [6].
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• To describe step-by-step the technique 
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• To present long-term outcomes of this 

technique.
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All patients and their parents have to sign a 
specifically formulated informed consent before 
the procedure. Patients receive general anesthesia 
with orotracheal intubation and myorelaxation. A 
Foley catheter is left in place during surgery to 
fill and empty the bladder using sterile precau-
tions during the procedure [6].

42.3  Positioning

The patient should be placed in a supine posi-
tion with the table at 15° Trendelenburg posi-
tion. The surgeon is positioned on the robotic 
console, the bedside surgeon and the nurse 
stand on both sides of the table, and the moni-
tor for the bedside surgeon and nurse is posi-
tioned at the feet of the patients (Fig. 42.1). We 
always adopt three 8-mm robotic trocars and a 
5-mm trocar for the bedside surgeon. The tro-
cars are positioned in triangulation with the 
optic in order to achieve better ergonomics 
(Fig. 42.2) [7, 8].

42.4  Instrumentation

Regarding the robotic procedure, we adopt an 
8-mm 30-degree optic, two other 8-mm robotic 
instruments (needle holder, scissors, curved 
Maryland, and fenestrated forceps). We also 
adopt a 5-mm trocar for the bedside surgeon to 

introduce and remove the needles, cut the suture, 
and expose or retract tissues [8]. We adopt a ves-
sel loop or an umbilical tape to manage the ureter 
to avoid grasping it. In general, for a standard 
REVUR it is not necessary to position a JJ stent. 
In case of paraureteral diverticulum or if you 
have to taper the ureter, we position a JJ stent in 
the ureter and in the bladder [7, 9].

42.5  Technique

All procedures were performed under general 
anesthesia with orotracheal intubation. The 
patient was placed in the Trendelenburg position 
and the da Vinci robot was docked over the 
patient’s feet [6, 10]. In all cases, two surgeons 
and a scrub assistant started the procedure, and 
then the main surgeon, after the trocars were 
positioned, moved to the robotic console and the 
bedside surgeon remained at the operative table 
to change instruments, insert needles, and cut 
sutures [10]. As for the surgical technique, an 
incision is made in the peritoneum just above the 
posterior bladder wall on the affected side and 
then the ureter is dissected. The ureter is mobi-
lized by careful dissection to avoid injuring the 
vas deferens or the uterine artery (Fig. 42.3). A 
polyglactin acid suture hitch stitch may be placed 
to draw the bladder to the opposite side and 
enhance visualization (Fig. 42.4). The bladder is 
filled with saline and a 2.5- to 3-cm detrusor inci-Fig. 42.1 The patient position

Fig. 42.2 Trocar position
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Fig. 42.3 Bladder suspension

Fig. 42.4 Standard REVUR ureteral isolation

Fig. 42.5 Standard REVUR ureteral reimplantation

Fig. 42.6 Ureteral remodeling

sion is made to the level of the mucosa. The 
detrusor muscle is then separated from the 
mucosa laterally, establishing the muscular flaps 
used to create the detrusor tunnel (Fig. 42.5). The 
detrusor flaps are then wrapped around the ureter 
and reapproximated using a 4–0 polyglactin 
 running suture (Fig.  42.6). In duplex systems, 
both the ureters are reimplanted in the same way 
in a common detrusor sheath. In case of bilateral 
VUR, the same procedure is performed on the 
contralateral side. In case of standard REVUR, 
only a Foley catheter is left in place [5, 7].

In case of a megaureter or in case of paraure-
teral diverticulum, the ureter must be detached 
from the bladder, to resect and to remove the 
diverticulum or to remodel the ureter with a run-
ning suture in case of a megaureter [9, 11]. Then 
the ureter is sutured to the bladder mucosa orifice 
and then it is reimplanted as previously described. 

If the ureter is detached from the bladder before 
reimplantation a JJ stent must be positioned in 
the ureter and bladder [9].

The working ports are removed and the trocar 
orifices are finally closed using interrupted 
stitches. A bladder catheter is left in place post-
operatively in all cases. No other drains are left 
after surgery [5, 8, 12].

42.6  Postoperative Care

Patients start oral feeding a few hours postop-
eratively. Analgesic therapy is rarely necessary; 
paracetamol (dosage 15 mg/kg at an 8-h inter-
val) is usually administered in the first 12–24 h 
postoperatively [13]. A Foley catheter is 
removed on the first postoperative day. Patients 
are discharged 24–72  h after surgery whether 
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they received ureteral tapering or not [6, 9]. 
Postoperative clinical controls are scheduled on 
the 7th and 30th POD and thereafter annually. 
Patients continue an antibiotic prophylaxis for 
about 1 month after surgery. An US exam is per-
formed 3 months after surgery and voiding cys-
tourethrogram (VCUG) 9–12  months after 
surgery [8].

42.7  Results

The average robot docking time was 
16.2  ±  3.4  min (range 5–30  min). The average 
total operative time, calculated once port inci-
sions were made, was 92.2  ±  8.6  min (range 
50–170 min) [12, 14, 15].

No conversion to laparoscopic or open sur-
gery, major bleeding, or other intraoperative 
complications were reported [12, 14, 16].

The average pain score, measured using the 
Visual Analogue Scale (VAS) during the first 
24 h after surgery, was 2.9 ± 1.2 (range 1–6) [13].

The postoperative VCUG showed that the 
reflux had been resolved in more than 96% of 
patients.

We finally analyzed the costs of surgery and 
recorded an average cost of 14,100 euro (€) for 
each robotic procedure [6, 12].

42.8  Discussion

Laparoscopic extravesical Lich-Gregoir reim-
plantation (LEVUR) has gained a widespread 
acceptance in the last 15 years, and several papers 
have reported resolution rates of 87–100% using 
this technique. However, this procedure requires 
very advanced laparoscopic skills, in particular 
for intracorporeal suturing and knot-tying; in 
addition, it is associated with very bad ergonom-
ics for the surgeon, especially for bilateral repairs. 
For this reason, LEVUR had a scanty diffusion 
among pediatric urologists [2, 14].

In the past 10 years, robot-assisted extravesi-
cal ureteral reimplantation according to the Lich 
Gregoir procedure (REVUR) has gained accep-
tance as a means of minimizing the morbidity 
associated with formal open intravesical reim-
plantation, including lower frequencies of post-
operative hematuria, bladder spasms, shorter 
hospital stay, and bladder catheterization time 
compared to intravesical procedures [4]. In addi-
tion, REVUR is technically easier to perform 
compared to LEVUR.

In general, extravesical ureteral reimplanta-
tion allows to retain a normal ureteral anatomy, 
which might prove useful later in life if the child 
needs to undergo ureteroscopic procedures for 
stone disease or other indications [7, 15].

REVUR has been utilized by an increasing 
number of pediatric surgeons since the first series 
published by Peters et al. in 2004.

The published series have reported a success 
rate ranging from 77 to 100% [10, 14].

On the basis of our personal experience, it 
seems that REVUR is a very easy, safe, and fast 

Tips and Tricks
• Regarding the patient’s position, a 15° 

Trendelenburg position is a crucial point 
for the success of the procedure; indeed, 
using this patient’s positioning, the 
loops slide down and you have an excel-
lent exposure of the bladder and ureters. 
It is important to fix the bladder to the 
abdominal wall to obtain a good expo-
sure of the bladder during the reimplan-
tation phase [5].

• It is also important to train the robotic 
team (surgeons and nurses) to reduce 
docking time [8].

• The role of the bedside surgeon is cru-
cial to introduce and remove needles, 
cut the suture, and help the surgeon dur-
ing the procedure.

• We always prepared a laparoscopic kit 
in case of conversion from robotics to 
laparoscopy.

C. Esposito et al.



345

procedure to perform with a reported shorter 
operative time compared to that of the laparo-
scopic Lich-Gregoir procedure [8, 10].

The second consideration is that you can also 
adopt this technique for duplex renal systems and 
you can perform reimplantation of both the ure-
ters with the same good results as for a standard 
single ureter.

As for the learning curve, after a mandatory 
period of training on a simulator, the learning 
period is short, thanks to the possibility of having 
two consoles in the operative theater; moreover, 
for beginners, REVUR is very easy to perform 
with the help of an expert proctor [8].

The postoperative period was absolutely pain-
less and quick as reported for the standard 
LEVUR. Patients after surgery had no hematuria 
and no bladder spasms and the length of hospital 
stay was very short (average of 2–3 days).

In our series, the success rate was excellent 
(96.3%) [3, 10, 14].

The main disadvantages of REVUR are the 
docking time, still takes too long for pediatric 
patients, and above all the diameter of robotic 
trocars; in fact, 8-mm trocars were adopted to 
perform REVUR, whereas 3-mm trocars were 
usually adopted to perform LEVUR [6, 17].

However, the worst criticism for robotics is 
the high cost of the procedure and the limited life 
of robotic instruments. In fact, in our experience, 
we noted that robotic instruments lost quality in 
their performances after the 6th–7th life, for 
example, robotic scissors began to cut very badly.

In addition, the robot is very big for a small 
baby; for this reason, the pediatric patient has to 
be well positioned and fixed on the operative 
table and the trocars have to be fixed to the skin 
using Steri-Strips or sutures in order to avoid dis-
lodgement [8, 14].

Above all, REVUR is indicated in complex 
cases such as a megaureter or paraureteral diver-
ticulum [9, 11]. This way, thanks to the 6 degrees 
of freedom of robotic instruments, it is easier 
when compared to that of laparoscopy to detach 
the ureter from the bladder to taper it and then to 
reimplant it into the bladder.

In the surgeons’ opinion, robotic surgery is an 
amazing experience to perform for all the surgi-

cal team and robotic surgery changes difficult 
and long-lasting procedures such as Lich-Gregoir 
reimplantation into very easy and fast 
operations.

In conclusion, REVUR is a safe, effective, and 
successful procedure to adopt in patients with 
primary unilateral VUR with a reported 96% suc-
cess rate in our series [8, 10, 18].

Using 3D robotic technology, the technique is 
easy and fast to perform thanks to the 6 degrees of 
freedom of robotic arms. The postoperative period 
is uneventful and painless as previously reported 
for endoscopic and laparoscopic procedures [13].

The learning curve is short, and it is useful to 
start the robotic experience with a surgeon expert 
in robotic surgery as a proctor on the second 
robotic console.

The high cost and the diameter of instruments 
remain the main challenges of robotic applica-
tions in pediatric urology.
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43Minimally Invasive Treatment 
of Ureterocele

Marco Castagnetti and Nicola Capozza

43.1  Introduction

The ureterocele is a cystic dilatation of the termi-
nal portion of the ureter. The condition is rare and 
most pediatric urology centers are expected to 
treat less than ten cases per year [1].

The etiology is unknown. The most accredited 
embryologic mechanism is a failure of the spontane-
ous reabsorption of the Chawalla membrane present 
at the ureteral orifice during fetal development.

The ureterocele can be associate with a single 
or a duplex system. In the latter, the ureterocele 
invariably involves the upper pole moiety. Based 
on its extension, a ureterocele can be classified as 
intravesical, if entirely confined within the blad-
der, or ectopic, if it encroaches on the bladder 
neck or posterior urethra. Duplex system uretero-
celes (DSUs) are the most common variant and 
are almost invariably ectopic. This variant is also 
called fetal ureterocele, as 80% are detected pre-
natally. Under these circumstances, the patient is 
asymptomatic by definition at birth. The initial 
management of this group of patients is the most 
challenging and controversial [2].

From a pathophysiologic point of view, the ure-
terocele determines an obstruction in the uretero-
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cele moiety which can cause variable degrees of 
renal function impairment of the affected renal unit 
ranging from a multicystic dysplasia to an almost 
normal function [2]. In DSU, the ureterocele moiety 
is generally dysplastic and function of the upper 
pole ureterocele moieties negligible [3]. At bladder 
level, the ureterocele determines a compression 
atrophy of the surrounding muscular wall and, 
therefore, behaves as a defect in the detrusor and 
trigon in the intravesical variants and also in the 
bladder neck and posterior urethra in the ectopic 
variants [2]. As such, the ureterocele can have vari-
able consequences on trigonal function, potentially 
being associated with variable degrees of obstruc-
tion or vesicoureteral reflux (VUR) in associated 
(ipsilateral and contralateral) moieties, and on blad-
der function, potentially being associated with vari-
able degrees of detrusor underactivity, bladder 
outlet obstruction (BOO), and/or bladder neck 
insufficiency. These functional abnormalities are 
risk factors for urinary tract infections (UTI) and 
incontinence, the two major clinical issues reported 
in ureterocele patients [2].

Different surgical strategies do exist for the 
treatment of ureterocele ranging from watchful 
waiting to total reconstruction [2]. The latter 
includes ureterocele excision, reconstruction of 
the bladder base/neck, and ipsilateral ureteral 
reimplantation with or without upper pole partial 
nephrectomy in case of a DSU [4, 5]. Minimally 
invasive treatment options, instead, include a 
range of upper urinary tract surgeries (such as 
upper pole partial nephrectomy, upper to lower 
pole ureteropyelostomy, clipping of the 
obstructed moiety, or upper-to-lower pole ureter-
oureterostomy) which can be performed using a 
laparoscopic, retroperitoneoscopic, or robotic- 

assisted technique, and endoscopic decompres-
sion of the ureterocele [6]. Criteria proposed to 
select management include patient characteris-
tics, e.g., patient age at diagnosis, presentation 
and degree of upper tract dilatation (both in ure-
terocele and associated moieties), surgeon prefer-
ence, and expected goals of treatment. 
Nevertheless, there is no definitive evidence one 
approach to be superior to the others [5].

Present chapter will mainly focus on the endo-
scopic management of the ureterocele, whereas 
the reader is referred to other chapters for upper 
tract surgeries.

43.2  Preoperative Preparation

In patients presenting with a febrile UTI, the 
medical treatment of the infection is the main-
stay. Urinary diversion is generally unnecessary. 
Ureterocele puncture to allow drainage of the 
infected urines entrapped in the upper tract 
(Fig.  43.1) can be considered if medical treat-
ment fails. Otherwise, elective surgical treatment 
is recommended whenever possible [7].

Initial conservative management is also rec-
ommended in the asymptomatic neonate with a 
ureterocele. We generally recommend to start 
these patients on antibiotic prophylaxis soon 
after birth [8].

This period allows for the accomplishment of a 
comprehensive evaluation. The latter typically 
includes an ultrasound (US) of the upper urinary 
tract and bladder to assess the degree of upper uri-
nary tract dilatation and confirm the presence of a 
ureterocele within the bladder (Fig. 43.1), a void-
ing cystourethrography (VCUG) including a low 

a b

Fig. 43.1 US of the bladder. (a) Ureterocele full of debris; (b) Ureterocele with stones inside
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a b

Fig. 43.2 VCUG (a) With full bladder; (b) At low bladder filling

a b

Fig. 43.3 Appearance of a right nonfunctioning, dilated upper pole on US (a) and renal nuclear scan (b)

filling phase to assess ureterocele extension and 
rule out the presence of VUR or BOO (Fig. 43.2), 
and a renal scintigraphy to assess ureterocele moi-
ety function (Fig.  43.3) [2]. In our practice we 
prefer a (99  m)Tc-mercaptoacetyltriglycine, 
MAG3, diuretic renography for this purpose.

The actual need for a preoperative VCUG 
could be questioned in neonates, if the presence 
of VUR is not considered a factor driving the 
decision-making. Indeed, the VUR status can 
greatly change after ureterocele decompression, 
and therefore, postponing this investigation after 
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surgery may be reasonable from a clinical point 
of view. Going further, the VCUG might also be 
limited only to patients developing UTI after 
endoscopic decompression. In the same way, also 
the renal scintigraphy could be avoided if the sur-
geon policy is to decompress any dilated uretero-
cele moiety irrespective of moiety function as the 
latter is often negligible and, as discussed below, 
preserving/improving ureterocele moiety func-
tion might not be a goal of ureterocele 
decompression.

43.3  Positioning

The procedure is performed with the patient in a 
lithotomy position or a frog-leg position in 
infants. As for any cystoscopy, the main goal of 
positioning is to have the legs spread enough to 
allow for unimpaired lateral movements of the 
cystoscope to assess the whole bladder.

The procedure can be performed using a cau-
dal anesthesia plus sedation. A single dose of 
intravenous antibiotics at induction is generally 
recommended.

Before starting the endoscopy, the perineum 
should be assessed in females to check whether 
the ureterocele protrudes via the urethral orifice.

43.4  Instrumentation

An 8 Fr to 9.5 Fr cystoscope is adequate for most 
of the patients, but in the exceptional case of an 
older male, due to the urethral length.

A variety of instruments have been used for 
endoscopic ureterocele decompression including 
the Bugbee electrode, ureteral catheter stylet 
wire, Collin knife, and laser [9]. In all cases, the 
ureterocele can either be punctured or incised. In 
our opinion, the main goal is to create the small-
est possible opening allowing for a satisfactory 
decompression [10–12]. Therefore, the ideal 
instrument should allow for the creation of a very 
precise and pin point hole in the ureterocele [12]. 
Tiny laser fibers are probably the most precise 
instrument for this purpose (Video 43.1). Fibers 

as small as 272 microns are available. To make 
such a small fiber stronger and easier to manipu-
late, passing it into a 4F open tip ureteral catheter 
can be helpful [12]. Using the holmium-YAG 
laser, power setting should include high fre-
quency, 10–20  Hz, and low energy, around 1 
Joule [13]. This allows for a net puncture with 
minimal energy dispersion around the incision 
spot. The real drawbacks of laser includes its lim-
ited availability and the high cost. For this reason, 
an alternative option, still widely used at one of 
the authors’ institution, is the use of the stylet 
wire of a 3 Fr ureteral catheter [11]. In order to 
reduce the risk of damage to surrounding tissues 
and improve precision, the wire is pushed 
4–5 mm out from the cut tip of the 3 Fr ureteral 
catheter (Fig. 43.4). Monopolar energy is applied 
connecting the proximal part of the stylet wire to 
the power cable. The recommended setting is 
high-voltage (such as 80 W) pure cutting energy. 
This instrument is widely available and almost 
inexpensive. Under this circumstance, however, 
the use of monopolar current makes the puncture 
less precise and causes more thermic damage 
around the puncture site (Fig.  43.5), possibly 
increasing the risk of hole closure.

1 cm

a

b

Fig. 43.4 Preparation of the stylet wire of a 3 Fr ureteral 
catheter for endoscopic decompression. (a) Full catheter 
with cut tip. (b) Close up of the wire coming out from the 
catheter tip
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a b

Fig. 43.5 Incision with the stylet wire of a 3 Fr ureteral catheter (a) and appearance of the hole after puncture (b)

Fig. 43.6 Endoscopic appearance of a ureterocele pro-
truding into the posterior urethra via the bladder neck

43.5  Technique

The procedure starts with an endoscopic assess-
ment of lower urinary tract anatomy. During this 
step, it is important to remind that the ureterocele 
tends to collapse while the bladder fills. This can 
be relevant for the assessment of ureterocele 
extension, which should be performed at low 
bladder volumes (Fig.  43.6). One should be 
aware that if a VCUG has been performed before 
the procedure, a discrepancy between the radio-
logical and cystoscopic assessment of ureterocele 
extension, namely, intravesical vs. ectopic, can 
occur in about 25% of cases [2]. The contralateral 
or lower pole ureteral orifices, instead, can be 
easier to visualize with a collapsed ureterocele in 
a full bladder.

Before starting the endoscopic decompres-
sion, it is recommended to empty the bladder to 
30–40% of maximum capacity to allow the ure-
terocele to re-expound.

The technique for endoscopic decompression 
of the ureterocele has substantially evolved over 
time. The first technique proposed was a wide 
uncapping of the ureterocele [2, 10]. This 
unavoidably causes a massive reflux in the ure-
terocele moiety with a high risk of UTI and need 

for secondary surgery. It has, therefore, become 
evident that a low opening of the ureterocele, as 
close as possible to the junction between the ure-
terocele wall and the bladder base allows to cre-
ate an anti-reflux mechanism when the ureterocele 
collapses [2, 10]. In case of ectopic ureteroceles, 
early on, it was proposed that the ureterocele por-
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Fig. 43.7 Ureterocele collapsing after puncture. Note the 
lower pole ureteral orifice (arrows) sitting on top of the 
decompressed ureterocele

tion encroaching on the bladder neck or posterior 
urethra should be widely opened to avoid any 
urethral obstruction. It has, instead, become evi-
dent that the risk of BOO is small after uretero-
cele decompression also if the ectopic portion of 
the ureterocele is not opened, whereas its wide 
opening can increase the risk to end up with de 
novo VUR in the ureterocele moiety. This could 
actually be one of the major reasons accounting 
for the worse outcomes reported in ectopic vs. 
intravesical ureteroceles [2]. Therefore, opening 
the ureterocele medially, in a dependent position 
in its intravesical portion seems nowadays the 
technique of choice for all ureteroceles irrespec-
tive of their extension [11, 14]. The opening can 
either be a puncture (single or multiple) or an 
incision. There is no strong evidence in favor of 
one of the two techniques. In our practice, we 
rather prefer multiple small punctures to a single 
wide incision.

After puncture, ureterocele collapse is gener-
ally visible (Fig. 43.7 and Video 43.1). Another 
possible sign of an effective decompression is an 
increase in urine flow through the puncture site 
when pressure in applied on the ipsilateral flank. 
Intraoperative US is generally not helpful to 

assess the effectiveness of the decompression as 
the upper tract dilatation takes time to improve. 
Sometime, the lower pole orifice sitting on the 
ureterocele becomes visible after ureterocele 
decompression (Fig. 43.7). This can explain why 
the VUR status can change after ureterocele 
decompression. Under these circumstances, the 
distended ureterocele offered a backing to the 
lower pole ureter before ureterocele decompres-
sion that is lost thereafter.

43.6  Postoperative Care

Unless the presence of preoperative UTI, the pro-
cedure can generally be performed as a day care. 
Most surgeons, however, prefer to leave a trans-
urethral catheter for bladder drainage for 24 to 
48 h postoperatively.

We generally recommend a course of full dose 
oral antibiotics for 5  days postoperatively and, 
after that, to restart the patient on antibiotic pro-
phylaxis until improvement in upper tract dilata-
tion is documented on follow-up US.

Follow-up of these patients at the authors’ 
centers typically involves clinical monitoring of 
UTI and serial US to assess upper urinary tract 
dilatation. As already mentioned, US findings 
should be interpreted cautiously. Improvement of 
upper tract dilatation can take time to occur, and 
the speedy is inversely correlated to the severity 
of the dilatation at the outset. In our practice, in 
an asymptomatic patient, we generally recom-
mend the first reevaluation after 2 follow-up US 
performed at 2 and 4  months after endoscopic 
decompression. If the patient is well and the dila-
tation improves, we discontinue the prophylaxis 
and increase follow-up intervals. Later follow- 
ups should also allow to check the urinary 
 continence status and the timely achievement of 
continence milestones.

Additional investigations such as VCUG, 
renal scintigraphy, or other imaging modalities 
are limited to selected patients with ongoing clin-
ical issues, mainly postoperative UTI or lack of 
improvement of upper tract dilatation.
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43.7  Results

The success of primary treatment of ureterocele 
strictly depends on the goals that surgery is 
expected to achieve. The general notion is that 
endoscopic treatment is more effective in single 
vs. duplex system ureteroceles and in intravesical 
vs. ectopic ureteroceles [7]. It should be noted, 
however, that the two things are often not 
 independent risk factors, as 80% of duplex sys-
tems ureteroceles are ectopic. Therefore, the defi-
nition of ureterocele extension might not increase 
the risk for secondary surgery in a patient with 
duplex system ureterocele [15], and the latter is 
much easier to detect. Anyway, the different 
results reported for intravesical vs. ectopic ure-
teroceles can be misleading and have two possi-
ble explanations. One is, as mentioned before, 
the fact that different incision techniques were 
used in intravesical vs. ectopic cases increasing 
the risk to end up with a de novo reflux in the 
ureterocele moiety in ectopic cases. The second 
is that ectopic ureteroceles, due to their greater 
extension, might affect trigonal function more 
significantly than intravesical ones and, there-
fore, be more often associated with abnormalities 
in associated moieties (ipsilateral and contralat-
eral), such as obstruction or VUR. The latter sel-
dom completely disappear after endoscopic 
ureterocele decompression [2]. If one looks at the 
indications for secondary treatment in the differ-
ent series, it is often clear that the secondary pro-
cedures most commonly performed were upper 
pole partial nephrectomies for nonfunctioning 
upper poles or ureteral reimplants for persistent/
de novo VUR after endoscopic decompression 
irrespective of the presence of symptoms [11]. It 
is nowadays quite accepted that most of the ure-
terocele moieties are poorly functioning to begin 
with and function seldom improves significantly 
after endoscopic decompression [11]. Likewise, 
many patients, particularly those with DSU, have 
associated VUR preoperatively and this rarely 
ceases completely after surgery [2, 4, 11]. 
Therefore, expecting a significant function 
improvement or a complete VUR resolution after 

endoscopic decompression is just unrealistic, and 
it is more so in ectopic ureteroceles and in duplex 
systems. On the other side, however, accumulat-
ing evidences have clearly showed that poorly 
functioning upper poles can be left in situ if prop-
erly decompressed and seldom cause symptoms 
[16]; likewise, VUR in associated moieties can 
improve over time or anyway remain asymptom-
atic [17].

As mentioned before, the other important out-
come is continence. Early series few years ago 
reported an increased risk for ureterocele patients 
to develop a large under-actieve bladder needing 
clean intermittent catheterization, or of bladder 
neck insufficiency potentially requiring subse-
quent surgery to improve bladder outlet resis-
tances [2]. In contrast, recent reports, including 
some from the authors’ institutions, suggest that 
continence problems are indeed quite exceptional 
in ureterocele patients [11, 18].

Tips and Tricks
• The authors have progressively moved 

from ureterocele incision to puncture in 
the attempt to make the smallest possi-
ble ureterocele opening allowing for sat-
isfactory decompression as this seems 
to be the technique carrying the lowest 
risk of de novo VUR in the decom-
pressed moiety [10, 11]. The counter-
part of this is that the smaller the incision 
the higher the risk of reclosure and 
recurrence of the obstruction [11]. In the 
authors’ opinion this untoward outcome 
is better prevented making multiple 
punctures than a single wider incision 
[11, 12]. Regarding the risk of failure of 
endoscopic decompression, it should be 
emphasized that one major feature dif-
ferentiating ureteroceles is the thickness 
of the ureterocele wall [14]. Some ure-
teroceles are very thin and immediately 
decompress with a single puncture; oth-
ers, instead, are thick-walled. Under 
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43.8  Discussion

In many centers, endoscopic decompression is 
the initial management in the vast majority of 
ureterocele patients with an upper tract dilatation 
on US, based on the assumption that decompress-
ing the upper tract reduces the risk of UTI.  In 
keeping with this logic, as mentioned before, the 
preoperative workup could be limited to US only 
avoiding any preoperative VCUG or renal nuclear 
scan.

Nevertheless, while the need for treatment in 
the symptomatic patient or in patients with a his-
tory of UTI is generally agreed upon [7], the ideal 
management and timing for initial treatment in 
the asymptomatic neonate is controversial [2].

Under these circumstance, endoscopic decom-
pression was considered at the beginning as an 
opportunity for a very early treatment before any 
UTI. Over time, however, it has become apparent 
that delaying treatment, at least by 3 to 6 months, 
does not increase significantly the risk of compli-
cations in these patients. Husmann et al. observed 
the same infection rates (8% vs. 9%) at 6 months 
of age in 32 DSU patients undergoing neonatal 
endoscopic decompression vs. 40 receiving only 
antibiotic prophylaxis [20]. Therefore, there is no 
need to rush into an early procedure in asymp-
tomatic neonates and delayed treatment could be 
advantageous for anesthesiologic reasons and in 
order not to interfere with neonatal mother-to- 
child bonding.

Conservative management could be prolonged 
in some cases avoiding any need for surgery. 
Criteria for conservative management are not 
widely sheared but include the presence of no/
poor function in the ureterocele moiety, the 
absence of high-grade VUR in any moiety, or evi-
dence of BOO [2]. Including this treatment 
option in its own management algorithm clearly 
requires a full workup before starting any treat-
ment. Reportedly, conservative management has 
been attempted also in ureterocele moieties with 
function but good upper tract drainage on diuretic 
renography. If conservative management is 
elected, antibiotic prophylaxis is generally rec-
ommended, but proposed protocols vary form the 
first year of life to until completion of toilet train-
ing or until the age of 5 years in cases of persis-
tent VUR.

As mentioned, some reports suggest the use of 
an upper tract approach. Depending on moiety 
function and surgeon preference, it involves 
upper pole partial nephrectomy, upper to lower 
pole ureteropyelostomy, low ureteroureteros-
tomy, or low ureteral clipping. Such approach has 
been proposed to be the most effective treatment 
modality particularly in patients with DSU and 
no associated VUR, where it is definitive treat-
ment in more than 80% of cases [4]. Nevertheless, 
the evidence on the superiority of a treatment 
modality remains inconclusive [5]. We question 
that any of the mentioned procedures, also if per-
formed using a minimally invasive approach, 

these circumstances, multiple punctures 
or an incision might be necessary to 
achieve an effective and durable decom-
pression. One possible trick in thick- 
walled ureteroceles could be to leave a 
stent in the puncture site for 48 h to keep 
open the hole while it heals. Others have 
also reported the use of a double J stent 
for a longer period for this purpose [19]. 
Admittedly, the assessment of uretero-
cele wall thickness remains somewhat 
subjective.

• Another important tip to consider dur-
ing endoscopic decompression of a ure-
terocele is whether to perform a 
preemptive endoscopic treatment of 
VUR in associated moieties [19]. First 
of all, it should be noted that if one 
wants to consider this option, a preop-
erative VCUG is necessary to assess 
VUR status. This option is not generally 
offered at the authors’ institutions if the 
treatment is performed in an asymptom-
atic infant as we tend to avoid any endo-
scopic treatment in the first 6–12 month 
of life in the absence of UTI. It might be 
reasonable, instead, in the older symp-
tomatic patient.
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could be compared to an endoscopic decompres-
sion in terms of invasiveness.

Another important aspect related the follow-
 up of these patients is that if UTI occur, in most 
of the cases they happen during the toilet training 
process [11]. Moreover, in case of UTI associated 
with persistent/de novo VUR, the latter can be 
treated endoscopically in an all-endo approach 
which, even though may require multiple proce-
dures, could be still considered less invasive than 
a single total reconstruction or even of a single 
upper pole partial nephrectomy performed using 
a minimally invasive approach [14, 17].
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44Minimally Invasive Treatment 
of Pediatric Bladder Tumors

Pascale Philippe Chomette, Alaa El-Ghoneimi, 
and Christine Grapin Dagorno

44.1  Introduction

Pediatric bladder tumors are relatively rare [1]. 
Tumors come from different anatomical parts 
and different histological parts of the bladder.

Neoplasms in the pediatric population are 
mainly rhabdomyosarcoma [2] in those under 
10 years old and papillary urothelial neoplasms 
[3] after 10  years old. Benign tumors include 
fibroblastic epithelial polyp, myofibroblastic 
tumor, and neurogenic tumor.

Minimally invasive treatment could be the 
only treatment for epithelial tumors or benign 
lesions of the bladder but could not be the treat-
ment of choice for aggressive lesions such as 
rhabdomyosarcoma or urachal sarcoma.

The poor prognosis of bladder rhabdomyosar-
coma needs acute treatment with a combination 
of surgery and brachytherapy [2], which is not 
the treatment of choice for urothelial tumors; we 
will not explain this treatment considering it is 
not a minimally invasive treatment.

Urachal sarcoma also needs a large resection 
and should not be resected through minimally 
invasive surgery [4].

Minimally invasive treatment will be the treat-
ment of choice for papillary urothelial neoplasm 
which is a borderline tumor with an excellent 
prognosis in children [5] or the treatment for 
benign tumors which are very rare, such as 
fibrotic polyp tumor.

Minimally invasive treatment is essentially 
cystoscopic resection for intravesical lesions and 
partial cystectomy by laparoscopy in case of ura-
chal remnant, myofibroblastic tumor, or neuro-
genic tumor [6].

Learning Objectives
• Description of the pediatric bladder 

tumors which can benefit from mini-
mally invasive treatment.

• Description of urothelial tumors.
• Review of papers on the treatment of 

bladder tumors in children and 
adolescents.

• Video of transurethral resection of fibro-
epithelial polyp and papillary urothelial 
tumor.

• Video of transperitoneal laparoscopy 
with atypical resection for urachal 
remnant.
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44.2  Types of Bladder Tumors 
in Children which Can 
Benefit from Minimally 
Invasive Treatment

44.2.1  Benign Lesions

44.2.1.1  Urothelial Papilloma Lesion
This lesion is rare and found accidentally after 
hematuria or pelvic pain [7]. Urothelial papillo-
mas are benign polypoid lesions. Histologically, 
there is a broad vascular core covered by a nor-
mal urothelium and no atypia is found [7]. This 
lesion is treated by transurethral resection, recur-
rence is observed, and US and cystoscopy are 
needed upon follow-up [8].

44.2.1.2  Fibroepithelial Polyp
This is also a rare lesion, discovered after dysuria 
and hematuria. This pathology is solitary and 
benign without a risk of recurrence. Transurethral 
resection is the treatment of choice [8].

44.2.1.3  Inflammatory 
Myofibroblastic Bladder 
Tumors

These tumors are rare, arising from the wall of 
the bladder, and are characterized by a reactive 
proliferation of myofibroblasts. The etiology is 
poorly understood and is attributed to infectious 
or traumatic causes, and the presence of the lym-
phoma kinase gene ALK should be considered. 
Complete surgical resection is the treatment and 
transperitoneal laparoscopic partial cystectomy is 
proposed [6].

Others lesions such as neurofibroma and 
neurogenic tumors could benefit from atypical 
bladder resection through transperitoneal 
laparoscopy.

44.2.2  Malignant Lesions

Papillary urothelial neoplasms of low malignant 
potential are described as exuberant and exo-
phytic tumors (Figs. 44.1, 44.2, 44.3, and 44.4).

This tumor is common in adolescents and 
children over 10 years old [9].

They are normally solitary and small. They 
occur at the posterior wall and ureteral orifices. 
These tumors are noninvasive and do not metasta-
size. Approximately 35% of papillary urothelial 
neoplasms can recur after complete resection. 
Therefore, follow-up is mandatory with US exam-
ination and regular cystoscopy within 5 years [10].

Urothelial carcinomas are rare in children, 
most of them have a low-grade morphology, but 
some occur in children with a predisposition for 
cancer such as Costello syndrome, hereditary 
nonpolyposis syndrome, or augmented bladder. 
They are frequently of high grade and have an 
aggressive and pejorative evolution [7].

44.2.2.1  Urachal Adenocarcinoma 
and Urachal Sarcoma

Urachal abnormalities are associated with a 
high risk of bladder carcinoma in adolescents or 
adults [4] (Fig. 44.5).

The poor prognosis of urachal cancer with the 
potential of a high risk of recurrence leads us to 
recommend prophylactic resection of incidental 
urachal remnants, and the urachal cyst can be 

Fig. 44.1 Macroscopic aspect of a papillary urothelial 
tumor of low malignant potential
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Fig. 44.2 Papillary 
urothelial neoplasm on 
ultrasound examination

Fig. 44.3 Aspect of small papillary urothelial neoplasm 
on MRI

Fig. 44.4 Aspect of large papillary urothelial neoplasm 
on MRI

treated through transperitoneal laparoscopic par-
tial cystectomy.

Benign or borderline tumors such as papil-
lary urothelial neoplasms can benefit from endo-
scopic resection. Even in most patients with 
urothelial carcinomas, transurethral resection is 
the treatment of choice. There is no recommen-
dation of adjuvant chemotherapy after resection, 
but partial cystectomy could be proposed for 
augmented bladder or other syndromic popula-
tion because of a high risk of perforation during 
the procedure [7].

Urachal remnants and myofibroblastic tumors 
could be resected through laparoscopy not only 
with resection of the cyst but with partial cystec-
tomy to have safe margins to avoid bladder carci-
noma in children [7].

44 Minimally Invasive Treatment of Pediatric Bladder Tumors
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Fig. 44.5 Aspect of urachal cyst on ultrasound 
examination

44.3  Symptoms

Gross hematuria, dysuria, and pelvic pain are the 
main symptoms [10]. Hematuria after excluding 
urinary infection needs endoscopic exploration. 
Pelvic pain and dysuria in children necessitate 
imaging to detect eventual tumor or to detect ura-
chal remnant.

44.4  Preoperative Imaging

 – Ultrasound examination is the most common 
initial examination: a full bladder during the 
exam is a useful recommendation to avoid 
missing small lesions. The lesion is found in 
90% of patients [11].

 – The lesion is usually unique, and multiple 
lesions are rare in children.

 – Computed tomography (CT) scan and mag-
netic resonance imaging (MRI) are performed 
for better characterization of the lesion and its 
extension to avoid transmural lesion. The exo-
phytic aspect is the main radiologic definition 
of low-grade papilloma [11, 12].

44.5  Treatment

Gross hematuria or lesions detected by imaging 
necessitate exploration by endoscopy.

Transurethral cystoscopy is performed and the 
lesions are described.

Patients receive general anesthesia with 
orotracheal intubation and myorelaxation.

44.5.1  First Step: Biopsy

We usually use a 9.5-Fr operative cystoscope 
with a endoscopic biopsy forceps.

The lesions could be unique as a solitary or mul-
tiple polyp. Essential recommendation is to per-
form biopsy in case of rhabdomyosarcoma [2].

Papillary urothelial lesions have specific 
aspects but should benefit from biopsy.

In case of solitary and unique polyp, biopsy 
and resection could be authorized.

After histological examination, if the diagno-
sis of epithelial lesion is confirmed, endoscopic 
treatment is mandatory [7].

44.6  Transurethral Cystoscopic 
Resection

In case of urothelial lesions, an endoscopic resec-
tion using a diathermic or bipolar handle for cau-
terization is recommended.

Ureteral orifices are described and lesions are 
resected with the diathermic handle, the muco-
sae and submucosae are removed at the site of 
the lesion.

In case of a unique polyp, resection could 
be done using cold biopsy grasping forceps. 
Transurethral endoscopy permits exploration 
of the entire bladder, to identify the lesion and 
cut the lesion at the foot of the polyp. Cold sec-
tion permits excellent histological examina-
tion of the margins of the polyp and eliminate 
rhabdomyosarcoma.

In case of positive margins in papillary urothe-
lial neoplasms, resection should be repeated [5]. 
Instillation chemotherapy after resection is not 
recommended in children at this time but mito-
mycin instillation could be performed without 
complications at the time of resection [7].

No adjuvant chemotherapy is used for papil-
lary urothelial tumors, but alternating endoscopy 
and ultrasound examination during follow-up is 
recommended.
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44.6.1  Postoperative Care

A Foley catheter is kept for 24 h in order to evac-
uate hematuria and avoid vesical retention.

44.7  Treatment of Urachal 
Remnant or Other 
Mesenchymal Benign Lesion

Patients receive a general anesthesia and orotra-
cheal intubation and myorelaxation.

A Foley catheter is positioned into the bladder 
before the surgery, and the access to the catheter 
must by allowed during the surgery.

44.7.1  Positioning

The child is placed in decubitus dorsal position, 
the screen is placed at the end of the table, and the 
surgeons are on both sides of the patient.

44.7.2  Procedure

We use a 10-mm trocar placed at the umbilical 
site and two other 5-mm trocars for instruments 
placed on the same line.

We use atraumatic fenestrated forceps and 
LigaSure™ Atlas to dissect the cyst or the ura-
chal remnant. We follow the urachal tract and dis-
sect from the wall, and at the end of the remnant 
or at the cyst, we precisely identify the limit of 
the bladder by filling it. We can clamp the Foley 
catheter or fill the bladder with serum at this step 
of the procedure. Then we can determine its limit 
and we use 5-mm Endo GIA automatic sutures 
for atypical resection of the bladder. We have to 
resect all the lesion to avoid urachal sarcoma or 
adenocarcinoma development.

The lesion is extracted in an Endo Bag and sent 
to the laboratory for histological examination.

The Foley catheter is kept in place for 48 h.

44.8  Discussion

The major initial presenting symptom of a blad-
der tumor is gross hematuria [7]. However, 
because of the rarity of bladder transitional cell 
carcinoma in children, rhabdomyosarcoma must 
be eliminated and cystoscopy and biopsy should 
be performed.

Ultrasound examination is reported as an 
excellent tool in detecting intravesical lesions 
[11]. MRI helps to determine the infiltration of 
the lesion. Most series report the excellent out-
come of bladder carcinoma in children compared 
with that of older patients [8]. The treatment of 
choice is transurethral resection, and in case of 
papillary urothelial neoplasm, mitomycin instil-
lation could be proposed at the time of resection; 
however, considering the indolent biologic 
behavior of these tumors in the pediatric popula-
tion, this treatment is not necessary. 
Immunotherapy is used in recurrent neoplasms in 
adults and should not be proposed in the pediatric 
population [7].

Myofibroblastic or cystic tumors arising from 
the bladder wall are managed through minimally 
invasive treatment such as the transperitoneal lap-
aroscopic approach with partial cystectomy [6].

44.9  Conclusion

Urothelial bladder tumors in children are essen-
tially managed through minimally invasive treat-
ment via transurethral endoscopic resection 
following the procedure in adults.

The risk of recurrence needs correct follow-up 
by alternating cystoscopy and ultrasound exami-
nation for a minimum of 3 years [1].

Transperitoneal laparoscopic resection is rec-
ommended for mesenchymal benign bladder 
tumors such as myofibroblastic tumors or urachal 
remnants, but urachal sarcoma or bladder adeno-
carcinoma needs radical procedures because of 
the risk of recurrence and the poor prognosis [4].

44 Minimally Invasive Treatment of Pediatric Bladder Tumors
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Take-Home Points
• Precisely define the histological type of 

bladder lesions through correct imaging 
and biopsy.

• Transurethral endoscopic resection 
could be repeated and urological endo-
scopic experience is required.

• Urachal remnants need to be removed 
and MIS is an excellent approach.

• MIS is not the technique for urachal sar-
coma and urachal adenocarcinoma.

• Follow-up is essential to avoid massive 
recurrence.
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45Minimally Invasive Techniques 
in Neurogenic Bladder

Emilio Merlini, Claudio Carlini, Ilaria Falconi, 
and Maria Grazia Faticato

45.1  Introduction

The bladder is a unique organ in the human body 
because it receives a triple innervation from both 
the autonomic and somatic nervous system. The 
autonomic nervous system is represented by 
sympathetic (the hypogastric nerves) and para-

sympathetic (the pelvic nerves) innervation. 
Somatic innervation is carried by the pudendal 
nerves. During bladder storage, the viscoelastic 
properties of the bladder wall and the absence of 
an excitatory output from the parasympathetic 
nerves allow the bladder to store increasing vol-
umes of urine, keeping the intravesical pressure 
low. In this phase the parasympathetic output is 
silenced, while the sympathetic nerves release 
neurotransmitters relaxing the detrusor muscle 
and increasing tension at the bladder neck and 
posterior urethral level. In late filling the somatic 
rhabdosphincter also increases its tone contribut-
ing to maintaining continence. Micturition starts 
with a relaxation of the bladder neck and sphinc-
ter muscle and at the same time inhibition of 
parasympathetic output stops, thus allowing a 
sustained contraction of the detrusor, while blad-
der neck and urethra are fully open. As a conse-
quence, micturition takes place at a relatively low 
pressure. The interplay of autonomic and somatic 
innervation depends on the regulatory activity of 
the pontine micturition centre, which in turn 
receives inhibitory or excitatory inputs mainly 
from the prefrontal cortex, the preoptic region of 
the hypothalamus and the anterior cingulate 
gyrus, plus several other neural connections. 
Their balanced activity causes normal storage of 
urine at low pressure and complete voiding with-
out undue resistance at the bladder neck and ure-
thral level. Any damage to this complex 
interaction system can seriously disturb the blad-

Learning Objectives
• To learn about the risks related to an 

untreated neurogenic bladder and the 
physiopathological basis of its 
treatment.

• To learn about the endoscopic treatment 
of vesicoureteral reflux in neurogenic 
bladders using the same procedures 
employed in normal bladders.

• To learn about the treatment of inconti-
nence aiming at reducing overactive blad-
der contractions and increasing bladder 
outlet resistance, either endoscopically or 
using laparoscopic or robotic-assisted 
laparoscopic procedures.
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Table 45.1 Practical classification of neurogenic bladder 
based on detrusor contractility and sphincter activity

Detrusor 
contractility External sphincter activity
Normal Normal (synergic or coordinated)
Overactive Overactive (dyssynergic or 

uncoordinated)
Inactive Inactive

der functions resulting in a neurogenic bladder. 
Causes of neurogenic bladder are, most fre-
quently, congenital, including myelomeningo-
cele and other spinal dysraphisms or cerebral 
palsy; less frequently, neurogenic bladder is 
acquired and secondary to a spinal or cerebral 
trauma or tumour. Neurogenic bladder can be 
simply classified according to two main factors, 
detrusor contractility and external sphincter 
activity (Table 45.1): Patients with incompetent 
bladder neck and external urethral sphincter are 
affected by complete urinary incontinence, irre-
spective of detrusor behaviour. Those patients 
with an overactive sphincter and hypoactive 
detrusor may show urinary retention which, in 
turn, causes overflow incontinence. The combi-
nation of an overactive detrusor and overactive 
sphincter includes approximately 55% of patients 
born with spina bifida, which is responsible for 
urinary incontinence and progressive detrusor 
deterioration; this combination is particularly 
dangerous for the upper urinary tract and the kid-
neys. Detrusor–sphincter dyssynergia generates 
bladder outlet obstruction leading to elevated 
intravesical pressures and incomplete emptying, 
with significant postvoiding residual urine, detru-
sor hypertrophy, reduction in bladder compli-
ance, high-pressure vesicoureteral reflux (VUR) 
and frequent urinary tract infections (UTIs) caus-
ing progressive renal damage.

45.1.1  Preoperative Investigations

All patients affected by neurogenic bladder must 
be fully investigated before planning any thera-
peutic intervention, in order to decide the most 
appropriate procedures. Neurologic assessment 
and neuroradiologic evaluation with NMRI of the 

spine and, often, the brain are a necessary prereq-
uisite to identify the neurologic condition. 
Videourodynamic is an essential tool to precisely 
diagnose patients affected by neurogenic bladder 
because similar symptoms may be caused by dif-
ferent pathophysiological situations. Urodynamic 
tests should be repeated every 2 or 3  years 
because functional features of the bladder change 
with time. The parameters and aspects investi-
gated during videourodynamics are both anatom-
ical and functional. Anatomical details of interest 
include the size and shape of the bladder, the 
opening of the bladder neck and, especially, the 
presence and grade of vesicoureteral reflux. 
Neurogenic bladder can be hypoactive, large and 
non-contractile, or, more frequently, overactive, 
showing inversion of diameters and assuming a 
“Christmas tree” appearance, with trabeculated 
walls and a non-relaxing external sphincter dur-
ing micturition. Functional parameters are 
obtained during repeated bladder fillings: bladder 
capacity, pressure, compliance (ΔV/ΔP), EMG 
behaviour of perineal muscles (synergic or dys-
synergic) during attempts at micturition and 
overactive bladder contractions. Registration of 
bladder pressure can also clarify if VUR occurs at 
low pressure or during a contraction; in the latter 
eventuality lowering bladder pressure is essential 
before attempting any correction of VUR. A reli-
able flowmetry coupled with perineal EMG is 
seldom obtainable because most children cannot 
void voluntarily, but in those children who are 
able to void, it is a useful and easily repeatable 
investigation. More sophisticated parameters are 
the leak point pressure (LPP) and the Valsalva 
leak point pressure (VLPP) that are an indirect 
measurement of bladder outlet resistance. 
Videourodynamic is essential to decide whether 
we need to lower the bladder pressure, inhibit 
contractions, augment the bladder and/or increase 
bladder neck resistance or bypass an obstructing 
sphincter.

45.1.2  Goals of Treatment

The main problems in children with neuropathic 
bladder are, most frequently, urinary inconti-
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nence and deteriorating renal function, which is 
less frequent, but of greater importance. The goal 
of treatment, therefore, is to have a child with 
normal renal function and continent; to accom-
plish these results, it is necessary to have a 
 bladder of almost normal capacity, filling and 
emptying at low pressure (<30 cmH2O) with no 
or minimal residual urine. Lastly, voiding or 
bladder emptying must be under voluntary con-
trol. A large number of patients can achieve these 
results by means of a conservative treatment only, 
but those who cannot achieve continence with a 
low- pressure bladder and stable upper tracts need 
a more aggressive approach. In recent years, the 
minimally invasive approach has gained a vast 
space also in the treatment of neurogenic 
bladder.

45.1.3  Conservative Treatment

The great majority of children affected by neuro-
genic bladder can be treated conservatively with 
a combination of intermittent clean self- 
catheterization (CIC) and dugs active on the 
bladder and/or urinary sphincter, most frequently 
anticholinergics. Not all patients affected by neu-
rogenic bladder can achieve the proposed goals 
of treatment by means of conservative treatment 
only. Those with an inactive sphincter will be 
incontinent, and in these patients CIC is useless, 
as their bladder is usually always empty; children 
with a small fibrotic bladder do not respond to 
anticholinergic therapy, and both groups need a 
more aggressive operative approach to attain con-
tinence. Lastly, in patients with severe vesicoure-
teral reflux that does not disappear, lowering the 
bladder pressure, an operative approach to treat 
the VUR is needed.

45.2  Vesicoureteral Reflux 
in Neuropathic Bladder

VUR occurs in approximately 3–5% of newborns 
with neuropathic bladder secondary to myelome-
ningocele, which is usually associated with low 
compliance and detrusor sphincter dyssynergia. 

If untreated, the incidence of reflux increases 
with time in up to 30–50% at 5 years of age [1]. 
Low-grade refluxes in children who void sponta-
neously or have complete denervation of the 
external sphincter can be treated with low-dose 
antibiotic prophylaxis only. Children with high- 
grade reflux and a non-emptying bladder, in par-
ticular if they have detrusor overactivity and 
detrusor–sphincter dyssynergia, need to be 
treated promptly with CIC and anticholinergics; 
with this therapy, approximately 30–55% of 
refluxes disappear and the upper urinary tract is 
protected [2]. Indications for anti-reflux proce-
dures are the same as for VUR in a normal blad-
der, namely, recurring pyelonephritis, appearance 
of new renal scars and persisting high-grade 
reflux despite maximal conservative manage-
ment of bladder dysfunction.

45.2.1  Endoscopic Treatment of VUR 
in Neurogenic Bladder

Endoscopic treatment of VUR was popularized 
by O’Donnell and Puri in 1986 [3]. The treatment 
consists in the subureteric or, more recently, 
intra-ureteral submucosal injection of a bulking 
agent; this procedure allows elongation of the 
intravesical portion of the ureter, reduces the 
diameter of the ureter and causes a more solid 
fixation of the ureter to the trigone. A necessary 
prerequisite to any treatment of VUR in neuro-
genic bladder is a compliant, stable bladder, reg-
ularly emptied by means of clean intermittent 
catheterization.

45.2.1.1  Positioning and Technique 
of Injection

Any type of cystoscope with a working 4-Fr 
working channel may be used, but most authors, 
including us, prefer to use an offset lens 8- or 
9-Fr cystoscope with a straight channel that 
allows the use of a metal needle. In our opinion, 
the semi-rigid metal needle is preferable to the 
flexible plastic one. Patient may be positioned in 
a lithotomy position or, as we prefer, can lie flat 
on the operating table, with both legs hanging 
outside the table border, suspended with straps. 
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This position avoids the rotation of the pelvis, 
keeping the trigone in the same plane as the pos-
terior urethra.

The cystoscope is inserted inside the bladder 
and the ureteral orifices are identified; in neuro-
genic trabeculated bladders, the ureteral orifices 
may not be immediately visible; in such cases the 
use of a ureteral catheter to find the orifices and 
facilitate the injection may be extremely useful. 
The bladder must be only moderately distended 
to avoid extra-vesical injection of the bulking 
agent.

The needle is inserted at a 6 o’clock position, 
3  mm distal to the ureteric orifice, and then 
advanced 5 mm in the subureteric space, as origi-
nally described by Puri and O’Donnell (STING 
procedure). If the orifice is wide and gaping, the 
hiatus can be hydrodistended using the irrigation 
system of the cystoscope and the injection is per-
formed more proximally inside the ureteric ori-
fice (HIT procedure) and the mound is created in 
the submucosal space. Cerwinka et  al. [4] have 
described a further modification of the injection 
technique, associating a HIT to a more distal 
injection (“the double HIT”) at the ureteric hia-
tus. They suggest a further more distal subure-
teric injection if, at the end of a double HIT, the 
ureteric orifice can still be hydrodistended.

45.2.1.2  Injectable Substances
Various substances are used as injectables; the 
polytetrafluoroethylene (Teflon ®) paste was the 
first one to be used, but it was later abandoned 
because of the risk of particle migration in various 
organs, including the lungs and brain. Teflon also 
elicits a vigorous inflammatory response with 
granuloma formation both in the local injection 
site and in other organs where particles migrate. 
Injectable collagen is a purified suspension of 
bovine collagen that is solubilized, subjected to 
enzymatic digestion to reduce its immunogenicity 
and to glutaraldehyde cross- linking to reduce 
reabsorption. Cross-linked collagen is still used as 
a bulking injectable agent, but it is not so popular 
as it used to be in the past, because concern has 
been raised on its possible immunogenicity and 
reabsorption after hydrolysis by collagenase, mak-
ing results only temporary. In recent years, two 

agents have become more popular in the treatment 
of VUR and urinary incontinence, namely, 
polydimethylsiloxane (Macroplastique®) and 
hyaluronic acid–dextranomer (Dx-Ha, commer-
cial names Deflux®, or Dexel®). Macroplastique® 
is a mixture of particulate silicone with povidone 
gel; the size of its particles is large enough to 
reduce the phenomenon of migration to other 
organs. Dx-Ha is a mixture of dextranomer and 
non-animal hyaluronic acid; it is currently the 
most frequently used substance for injection in 
children, mainly to correct VUR. Microspheres of 
Dx-Ha are non- immunogenic and do not migrate 
because of their size.

45.2.1.3  Results and Discussion
The results of endoscopic treatment of VUR in 
normal bladders depend on the grade of reflux – 
78.5% in non-dilated ureters to 50.9% in grade V 
reflux – and on the substance injected.

Resolution of VUR (all grades) was achieved 
in 50% of patients using collagen; in 66.9% and 
68.7% using PTFE (Teflon paste) and dextrano-
mer, respectively; and finally, 76.5% using 
polydimethylsiloxane [5].

Endoscopic treatment of reflux in neurogenic 
bladder has been largely reported in the litera-
ture, with variable results, again depending on 
the reflux grade and the type of substance 
injected; in general, the overall results have been 
reported to be less favourable than in a normal 
bladder, with a success rate ranging from 53% to 
86% [6]. Yokoyama et  al. [7] employed cross-
linked collagen with an initial success rate of 
64%, which increased to 100% after a second 
treatment. Less favourable results were obtained 
by Haferkamp et al. [8] using collagen; in their 
patients, after 16 months of follow-up, VUR had 
disappeared in only 15% of treated ureters. Better 
results have been reported using Teflon® paste: 
Quinn et  al. [9] obtained a satisfactory 90.2% 
success rate after two injections, and similar 
results (86%) have been reported by Puri et  al. 
[10] in 1986. In 1996, Misra et al. [11] reported 
an initial 82% success rate, using Teflon® paste 
injections, but in four out of 57 ureters, VUR 
recurred and one patient suffered from bilateral 
vesicoureteric junction obstruction. In recent 
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years, after stopping the use of Teflon paste, dex-
tranomer/hyaluronic acid became the most popu-
lar substance employed in the endoscopic 
treatment of VUR. In 2004, Perez-Brayfield et al. 
[12] reported their experience in the endoscopic 
treatment of complex cases of VUR, including 11 
ureters in patients with a neurogenic bladder. 
Their overall success rate was 68% after one 
implant, but in patients with a neurogenic blad-
der, positive results were obtained in 79% of 
cases. Granata et  al. [13] and Engel et  al. [14] 
have compared the resolution rate of VUR after 
endoscopic treatment using PTFE versus open 
surgical treatment. Granata has obtained a resolu-
tion rate of 72.5% endoscopically, versus 95.5% 
after transtrigonal ureteric reimplantation. Engel 
reported a 61% success rate after two injections 
as compared to 84.3% after ureteroneocystos-
tomy. In recent years, a very promising experi-
ence using a totally endoscopic management of 
VUR in neurogenic bladder associating injection 
of botulinum toxin A (BoNT-A) in the detrusor 
with the subureteric injection of dextranomer/
hyaluronic acid has been reported by Mosiello 
et al. [15] and Neel et al. [16] Mosiello et al. [15] 
reported an increase in maximum cystometric 
capacity and a decrease in maximum detrusor 
pressure in all seven patients. VUR disappeared 
in all 12 renal units, but relapsed in one patient 
(91.6% success rate). Neel [16] has obtained sim-
ilar results with respect to bladder capacity and 
maximum bladder pressure, and 15 out of 16 
refluxing ureters (93.75%) were cured.

Laparoscopic and robotic-assisted ureteroneo-
cystostomies, both extra-vesical and vesico-
scopic, have become more popular in recent 
years for the treatment of primary VUR, but 
despite their increasing popularity, to our knowl-
edge, no specific report of their use to treat VUR 
secondary to neurogenic bladder has been pub-
lished yet.

45.3  Urinary Incontinence

A child is defined continent if he/she has a dry 
interval equal or superior to 4 h and can attend to 
his/her activities without wearing diapers or other 

protections. Urinary incontinence in neurogenic 
bladders has different causes; it may depend on 
the inability of the bladder to store an adequate 
amount of urine at low pressure coupled with an 
overactive or inactive external sphincter or can be 
due to an inactive sphincter, irrespective of detru-
sor behaviour. Reduced bladder capacity and 
compliance may be due to an extensive fibrosis of 
the detrusor muscle, which loses its viscoelastic 
properties, or to an overactive detrusor.

45.3.1  Procedures on the Detrusor

When incontinence is secondary to a small or 
overactive bladder, the problem can be treated 
initially with drugs like anticholinergics; if these 
are ineffective, botulinum toxin A can be injected 
in the detrusor or, as a last resource, the bladder 
can be augmented with a loop of bowel.

45.3.1.1  Intravesical Botulinum Toxin 
Therapy

In a small number of patients, oral anticholiner-
gics are ineffective or are not tolerated due to rel-
evant side effects; in such cases, neurogenic 
detrusor overactivity (NDO) may be treated with 
intravesical injections of botulinum toxin type A 
(BoNT-A). BoNT-A has been approved for the 
treatment of NDO and OAB in adults, while its 
use in children is still off-label, despite the large 
number of studies showing positive results with 
minimal side effects in the paediatric population.

 Material and Technique of Injection
Botulinum toxin (BoNT) is a potent neurotoxin 
synthesized by the Gram-positive bacterium 
Clostridium botulinum. There are seven immu-
nologically distinct serotypes from type A to 
type G; the most commonly used type in intra-
vesical therapy is serotype A, which is manufac-
tured in two different commercial forms: 
 onabotulinumtoxin A (ona-BoNT-A) (Botox®; 
Allergan Ltd., Irvine, CA, USA) and abobotu-
linumtoxinA (aboBoNT- A) (Dysport®, Ipsen 
Ltd., Slough, UK). These products, despite shar-
ing similarities, are different drugs, with differ-
ent molecular characteristics and dosage, and 
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they must not be considered equivalents. Botox 
is injected using a cystoscope and a flexible nee-
dle; we prefer using an offset lens cystoscope 
with a straight working channel that makes 
insertion of the flexible plastic needle easier. 
Most authors, including us, use 10 units/Kg of 
body weight up to a maximum of 300 units of 
Botox, diluted in 30 mL of normal saline, which 
are injected all over the detrusor muscle, avoid-
ing the trigone, for a total of 20–30 injections of 
1 mL each.

 Results and Discussion
The results of Botox injections for OAD in 
approximately 700 children starting from 2002 
are reported in the literature, and most relevant 
data about the increase in maximum bladder 
capacity and compliance and reduction in maxi-
mum detrusor pressure are summarized in 
Table 45.2 (data and bibliography from a review 
by J.K. Badawi [17]). The effects of the injection 
last generally about 6  months and they can be 
repeated, but sometimes subsequent injections 
showed reduced efficacy and the interval between 
injections is shortened. There is a general agree-
ment that the efficacy of Botox injections is max-
imal in overactive bladders, while they are 
ineffective in fibrotic bladders and extremely low 
compliance bladders; therefore, in both catego-
ries repeated injections are useless. Continence 
between catheterizations has been achieved in a 
percentage of patients varying from 45% to 88%. 
Greer et  al. [18] have reported their experience 

with contemporary intradetrusorial and intra-
sphincteric injections of BTA with >90% reduc-
tion in urinary symptoms. Recently, Kajibafzadeh 
et al. [19] have proposed to deliver Botox to the 
bladder using electromotive drug administration 
(EMDA) with satisfactory results not only on 
detrusor overactivity, but also on bowel motility. 
EMDA is a combination of iontophoresis, elec-
trophoresis and electroporation, applying an 
electrical current created between two electrodes, 
where the drug is uniformly delivered to the blad-
der wall. Experimental studies have shown a 
more diffuse and uniform distribution of Botox 
throughout the layers of the bladder as compared 
to the more heterogeneous distribution of the 
drug after injections. Clinically, an average 116% 
increase in MBC and 48% decrease in MDP were 
obtained, while incontinence improved in 80% of 
patients. The main disadvantage of Botox injec-
tions is the limited life span of their action, from 
6 to 10  months on average, and, therefore, the 
need to repeat injections to lower bladder pres-
sure; furthermore, they are inactive in fibrotic 
bladders.

A permanent method to decrease detrusor 
pressure and overactivity is to augment the blad-
der using detubularized bowel.

45.3.1.2  Bladder Augmentation 
and Appendicovesicostomy

Bladder augmentation can be performed with 
either the ileum or caecum or colon and generally 
causes an increase in bladder volume with a 

Table 45.2 Review of the results of botulinum toxin A injection in the detrusor muscle to treat hyperactivity

Authors and year MBC MDP Compliance Duration of effect No. of treatments Continence
Schulte-Baukloh H et al. 2002 +27% +45%
Schulte-Baukloh et al. 2003 +35% −40% 6 months
Lusuardi et al. 2004 +118% −45% +183% 46%
Kajibafzadeh et al. 2006 +162% −40% 88%
Altaweel et al. 2006 +56% −48% +156% 8.1 months 4 65%
Schulte-Baukloh et al. 2005 +72% −39% +109% 6 months 3–5
Neel et al. 2008 +96% −32% 83%
Horst et al. 2011 +33% −17%
La Nuè et al. 2012 +38% −50% 3
Khan et al. 2016 +46% −43% +104% 4.6 months >2 45%

Data and bibliography modified from a review by J. K Badawi [17]
Abbreviations: MBC maximum bladder capacity, MDP maximum bladder pressure
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reduction of storage pressure and detrusor over-
activity. Its main disadvantage is the resulting 
voiding inefficiency that, in most patients, 
requires CIC to empty the bladder, but because 
most children with neurogenic bladder are 
already using CIC, bladder augmentation does 
not cause more assistance burden to both patients 
and caregivers.

 Ileocystoplasty and Continent 
Catheterizable Channel: Robotic-Assisted 
Technique (RALIMA)
In recent years, bladder augmentation and 
appendicovesicostomy using either laparoscopy 
or a robotic-assisted procedure have been 
reported. The first case of complete laparoscopic 
intracorporeal paediatric ileocystoplasty was 
described in 2007, but the procedure did not 
gain much popularity due to the intrinsic diffi-
culty of the technique. Robotic-assisted technol-
ogy for urinary paediatric malformations has 
increased its role in the last years. The advan-
tages over open surgery are improved cosmesis, 
limited blood loss, quicker recovery and less 
postoperative pain. When children with neuro-
genic bladders require bladder augmentation, 
robotic-assisted enterocystoplasty and appendi-
covesicostomy are, nowadays, a safe and feasi-
ble option. Despite the high cost, robotic-assisted 
laparoscopic procedures are well established in 
adult surgery and are becoming more and more 
popular in children, thanks to the 7 degrees of 
freedom of movement, three-dimensional 
vision, magnification and precision and, lastly, 
the availability of smaller instruments. In this 
section we report and describe the technique of 
robotic-assisted laparoscopic ileocystoplasty 
and Mitrofanoff appendicovesicostomy 
(RALIMA*) as it has been described and 
reported by Mohan Gundeti [20].

 Preoperative Preparation
There are no specific precise selection criteria, 
but this approach is recommended for children 
aged over 6  years, with no previous major sur-
gery and without severe kyphoscoliosis. In chil-
dren with a ventriculoperitoneal shunt, a 
preoperative neurosurgical evaluation and pro-

tection of the shunt during the procedure are nec-
essary. Bowel preparation is not mandatory. 
Antibiotic prophylaxis with cephalosporins and 
metronidazole and continuation of the therapy 
for at least 3 days are advisable. In older patients, 
prophylaxis of deep venous thrombosis is 
suggested.

 Positioning
The patient is placed in a supine and 30° degrees 
Trendelenburg position, with legs in a low lithot-
omy position. Great care is observed in protect-
ing all the pressure points with a silicone pillow.
The robot is docked by bringing the surgical cart 
in between the legs of the patient, three arms are 
used, and the fourth is kept ready for eventual 
use. A bladder Foley catheter is placed in the ster-
ile field, to be used for intraoperative inflation of 
the bladder and to test the ileocystoplasty at the 
end of the procedure. In addition, ureteric cathe-
ters may be used for easier identification of ure-
teric orifices.

 Instrumentation
An optical 12-mm port is placed with an open 
technique in the umbilicus if the pubo-umbilical 
distance is equal or superior to 12  cm; other-
wise, it is placed more cranially. Once the pneu-
moperitoneum (10–12 mmHg) is obtained, the 
other trocars are inserted: two 8-mm robotic tro-
cars are inserted in the line of the camera port, 6 
to 8  cm apart. A fourth 8-mm robotic port is 
placed in the left iliac fossa, on the anterior axil-
lary line. These ports are sufficient for appendi-
covesicostomy, if ileocystoplasty is planned, an 
additional 12-mm assistant trocar is located in 
the right iliac fossa in the midclavicular line. 
Robotic instruments used are Prograsp forceps, 
needle and scissor; laparoscopic instruments 
used are suction device, Johannes forceps and 
LigaSure.

 Surgical Technique
After exploration of the peritoneal cavity, the 
ileal loop that will be used to augment the 
bladder is identified; two stay sutures are 
inserted, 20  cm apart; the mesenteric length 
and mobility are tested; and the loop is isolated 
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on its mesenteric pedicle. Bowel continuity is 
restored with an end-to-end anastomosis and 
the mesenteric window is closed. Then the 
appendix is isolated and separated from the 
caecum, and the caecal wall is closed in layers. 
The appendiceal mesentery is carefully iso-
lated to obtain a sufficient length to reach the 
bladder wall without tension. The bladder is 
distended and detrusorotomy is performed 
along the right posterior wall to accommodate 
the appendix. The tip of the appendix is excised 
and spatulated, a small opening is created in 
the bladder mucosa, and an anastomosis 
between the appendix and the bladder is per-
formed over an 8-Fr feeding tube. The detrusor 
is then imbricated over the appendix to create 
an anti-reflux tunnel.

The bladder is amply bivalved in the coronal 
plane to adapt to the detubularized ileal loop. The 
ileal loop is opened along its anti-mesenteric 
margin and the proximal and distal ends are 
sutured to the lateral apices of the cystotomy. 
Then the two long edges of the ileal loop are 
sutured to the margins of the cystotomy. Last, the 
caecal end of the appendix is passed through the 
abdominal wall and a cutaneous stoma is created. 
The new bladder is drained with a urethral and 
suprapubic catheter and another catheter is placed 
in the appendicovesicostomy. The size of the 
catheters must be appropriate to drain the abun-
dant amount of mucus that is produced by the 
ileal loop, especially in the first postoperative 
period.

 Postoperative Care
Patients are usually kept on antibiotic therapy for 
3 days, and analgesia is performed using epidural 
catheter for 1–3 days; then paracetamol is used 
for 2–3 days after epidural catheter removal and 
feeding usually stars 2  days after surgery. The 
urethral catheter is removed after 5–7 days and 
patients can be discharged thereafter. The supra-
pubic catheter is used to cycle the bladder start-
ing from the third postoperative week, and if 
there are no leaks or complications, patients can 
start to catheterize through the appendicovesicos-
tomy after 4 weeks postoperatively.

 Results
A total of 17 paediatric patients undergoing 
robotic-assisted laparoscopic ileocystoplasty 
(RALI) were reported in 2015 [21]. Overall, 15 
underwent successful RALI, 11 also had appen-
dicovesicostomy, six had antegrade colonic 
enema channel, and four had concomitant blad-
der neck closure. This group was compared with 
a similar group of 13 patients undergoing open 
ileocystoplasty. The median operative time was 
significantly longer for RALI (623 vs. 287), but 
they had a shorter median hospital stay (6 vs. 8). 
All other parameters – increase in bladder capac-
ity, use of narcotic and complications  – were 
similar.

45.3.2  Procedures on the Urethral 
Sphincter and Bladder Neck

Urinary incontinence may be secondary to a defi-
ciency in the bladder outlet resistance alone or 
coupled with a low-compliance, overactive blad-
der. Sphincter insufficiency can be defined as a 
detrusor leak point pressure less than 25 cmH2O 
or urinary leakage in the absence of a detrusor 
contraction. Many different operations have been 
devised for treating bladder outlet insufficiency: 
injection of bulking agents in the bladder neck; 
closure of the bladder neck; bladder neck recon-
figuration such as the Young–Dees, Mitchell, 
Kropp or Pippi Salle procedures; and bladder 
neck and proximal urethra external compression 
using various types of slings or an artificial 
sphincter. The use of minimally invasive proce-
dures to perform some of these procedures has 
been described in recent years. The less invasive 
procedure is injection of bulking agents in the 
submucosal layer of the proximal urethra and 
bladder neck.

45.3.2.1  Endoscopic Injection 
of Bulking Agents 
in the Bladder Neck 
and Proximal Urethra

This procedure was reported in 1982 by Politano 
[22] who was the first to inject a Polytef paste 
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into the urethra to treat female incontinence, but 
as pointed out in the section on VUR, Teflon was 
later abandoned because of the risk of particle 
migration. The theory behind the use of bulking 
agents in the urethra depends on the concept that 
the urothelium lining the bladder neck and the 
urethra normally coapts and seals the lumen of 
the urethra contributing to maintain continence. 
When the walls of the bladder neck and proximal 
urethra are separated, this mechanism is ineffec-
tive; thus, injecting a bulking substance in the 
suburothelial space that elevates the urothelium 
and allows a better sealing of the urethral lumen 
may help re-establish contine.

 Instruments and Injection Technique
Three methods to deliver the bulking substance 
are available: transurethral, using a cystoscope; 
periurethral, used only in females; and antegrade 
through a suprapubic cystotomy. The most com-
monly employed method is the transurethral 
route that is used in both sexes, via a cystoscope 
with a working channel of adequate size, at least 
5 Fr, to accommodate the needle and a 0° or 6° 
lens; we prefer using a cystoscope with offset 
lens and a straight channel. In adult women, the 
bulking agent can be injected periurethrally with 
a needle inserted lateral to the urethral meatus 
and, under cystoscopic guidance, advanced to the 
proposed site for the injection.

In case of a very scarred bladder neck and a 
tortuous urethra, the substance can be delivered in 
an antegrade fashion via a suprapubic cystotomy. 
A second cystoscope placed in the urethra may 
help in choosing the appropriate place for delivery 
The injection must be performed very carefully, in 
the right position and in the right plane – submu-
cosa  – which may not be easy, especially in a 
reconfigured bladder neck, where scars and sub-
mucosal fibrosis may impede the creation of a 
coapting mound. Injections should be carried out 
at 4 and 8 o’clock positions at the level of the 
bladder neck, and the amount delivered should be 
sufficient to approximate the walls of the urethra. 
In males, it is essential to inject well above the 
veru montanum to prevent future epididymitis 
and retrograde ejaculations. In girls, we inject in 

the proximal third of the urethra including the 
bladder neck. In both sexes, it is advisable to 
avoid any instrumentation or catheterization of 
the urethra after injection, to avoid dislodgment or 
carving of the mound. In patients using CIC, it is 
wise to leave a suprapubic catheter for 2 or 
3 weeks before starting regular catheterization.

 Results
Reported results are variable in terms of success 
in treating incontinence; they are generally worse 
in neurogenic bladders than in the epispadias–
exstrophy complex and in males in comparison to 
females. The use of bulking agents to achieve 
continence is reported either as a primary proce-
dure or as a salvage procedure after a nonsuc-
cessful surgical intervention like a sling or 
bladder neck reconfiguration, and in both groups, 
results are similar. Wan et  al. [23] in 1992 
reported very promising results using cross-
linked collagen, after an average of 2.1 injections 
in eight children. After 13  months, 63% of 
patients were continent and 25% has shown 
improvement in their condition; after 4  years, 
continence persisted in 22% of cases. Worse 
results were reported by Kassouf [24] et  al. in 
2001, with only a 5% continence rate after an 
average of two injections. Using Macroplastique®, 
Guys et  al. [25] reported that 33% of patients 
were continent and an additional 14% showed 
improvement after 6  years of follow-up; initial 
results deteriorated in the first 18  months after 
injection, but remained stable thereafter. 
Halachmi et  al. [26] found Macroplastique® 
injections ineffective in the treatment of urethral 
incontinence. They had no complete success and 
only 42% improvement in continence. More 
favourable results have been reported by Lottman 
et  al. [27] using Dx-Ha injections in children 
whose incontinence was secondary to neurogenic 
bladder or bladder–exstrophy complex. One 
month after the procedure, 73% of 33 children 
were dry or improved; this percentage decreased 
to 43% at 3 years and thereafter remained stable. 
Results were comparable in the two groups of 
patients. No significant difference in using either 
Teflon or De/Ha as the injectable substance to 
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treat incontinence was found by Dyer et al. [28] 
After Teflon injection, 5% of cases were conti-
nent, and after De/Ha, the success rate was 14%, 
and an additional 14% showed improvement on 
their conditions. Similar results were reported by 
Godbole in 2002 [29], using collagen, 
Macroplastique or Teflon. Three out of 15 chil-
dren (20%) were dry at a median follow-up 
period of 28  months, two after PTFE and one 
after collagen. Eight patients had some improve-
ment, but later deteriorated to their original 
incontinence status.

We can conclude that endoscopic treatment of 
urinary incontinence has a very limited success; 
the great majority of patients deteriorating some 
months after treatment, because of various rea-
sons, including reabsorption or displacement of 
the bulking substance or changes in detrusor 
compliance and activity. Therefore, more depend-
able procedures to make children continent 
should be employed, like bladder neck sling, 
bladder neck reconfiguration and artificial 
sphincter. Bladder neck slings and artificial uri-
nary sphincter (AUS) increase urethral resistance 
exertion and external pressure, which is fixed in 
case of slings and variable in case of AUS. Despite 
an extensive experience with these procedures 
and their various combinations, there is not yet a 
general consensus on the best way to treat urinary 
incontinence secondary to sphincter insufficiency 
in children with neurogenic bladder. All these 
procedures have been carried out, recently, using 
minimally invasive techniques.

45.3.2.2  Artificial Urethral Sphincter 
(AUS)

An artificial urethral sphincter has the great 
advantage over slings and over most bladder neck 
reconfigurations by allowing spontaneous mictu-
rition in those patients who, preoperatively, were 
able to void without the aid of CIC.  In a meta- 
analysis on 585 paediatric patients, volitional 
voiding occurred in 32% of cases, but this per-
centage tends to reduce with time. AUS can pro-
vide continence in the paediatric population in 
about 73% of cases, but, unfortunately, with a 
high rate of mechanical complications (53%) and 

the need for surgical revision (24%) or removal 
(23%) of the device [30]. The first case of robotic- 
assisted implantation of AUS (RALS-AUS) was 
reported in 2017 by Moscardi et  al. [31] in a 
6-year-old girl affected by neurogenic bladder 
and sphincter insufficiency.

 Method and Surgical Technique
The procedure starts with port placement: first, 
an 8-mm camera port is placed a few millimetres 
above the umbilicus and the two additional 8-mm 
working ports are inserted 4 cm laterally at the 
umbilical level. Another assistant port is placed 
between the camera and the right port. The peri-
toneum is incised between the posterior bladder 
wall and the anterior vaginal wall, and dissection 
is carried out to reach the bladder neck. Next, the 
anterior aspect of the bladder is prepared as far as 
the anterior aspect of the bladder neck, the endo-
pelvic fascia is incised on both sides of the ure-
thra, the bladder neck is completely isolated, and 
after measurement of the length of the circumfer-
ence, the cuff is inserted. The pressure-regulating 
balloon is inserted lateral to the bladder, and after 
closure of the peritoneum, through a small ingui-
nal incision, the pump is positioned in the labia 
majora, or in the scrotum in males, and then 
deactivated for a 6- to 8-week period.

The RALS-AUS technique is similar to the 
open procedure, but offers the advantage of better 
visualization of the retrovesical space and a more 
accurate dissection and visualization of planes, 
especially in case of patients who had undergone 
multiple previous operations in the area.

45.3.2.3  Periurethral Slings
Bladder neck slings are a frequently used method, 
mainly in the treatment of female urinary incon-
tinence. The original procedure consists in pass-
ing an isolated strip of rectus fascia between the 
bladder neck and anterior vaginal wall and re- 
attaching it to the anterior abdominal wall, 
thereby compressing and suspending the bladder 
neck. This procedure has become very popular in 
the adult female population affected by stress 
incontinence and, with time, has undergone many 
variations regarding both the material and the 
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method of insertion. Slings have also been used 
in children, in particular in adolescent girls with 
neurogenic incontinence on intermittent catheter-
ization. In this population, the success rate has 
been reported to be as high as 78% to 90%, but a 
lower success rate has been recorded in males. 
Sling placement is often associated with other 
procedures on the bladder neck, appendicovesi-
costomy and bladder augmentation; thus, it is dif-
ficult to evaluate the success rate of isolated sling 
placement. Snodgrass [32] has reported a 45% 
success rate with slings alone, compared to 82% 
continence rate when the sling was associated 
with bladder neck reconfiguration. The most 
common complications of bladder neck slings 
are erosion of the sling, which is more frequent 
when exogenous material was used and in 
patients with progressive deterioration of the 
bladder compliance and difficult bladder cathe-
terization because of urethral angulation. In adult 
women, laparoscopic placement of periurethral 
slings has been reported very frequently, but this 
procedure has not become popular in children, 
probably because of the limited space in the 
abdomen and pelvis of children and adolescents 
affected by a myelomeningocele. Recently, few 
reports of robotically assisted placement of peri-
urethral slings have been published. Storm et al. 
in 2008 [33] described a successful robotic-
assisted laparoscopic approach for posterior 
bladder neck dissection and placement of a blad-
der neck sling in two paediatric patients.

45.3.2.4  Bladder Neck 
Reconfiguration

Bagrodia and Gargollo [34] reported about the 
first series of four paediatric patients affected by 
neurogenic incontinence who underwent robotic- 
assisted laparoscopic bladder neck reconfigura-
tion, appendicovesicostomy and bladder neck 
sling placement.

 Procedure and Surgical Technique
The procedure started with the development of 
the plane between the posterior bladder wall and 
anterior vaginal wall, and then the Retzius space 
was prepared. Further, a Leadbetter–Mitchell 
procedure was carried out, reconfiguring the ure-

thra and bladder neck around a 5-Fr catheter; the 
upper limit of reconfiguration was the inter- 
ureteric bar, and no ureteral reimplantation was 
necessary. Then the fascial sling was wrapped 
around the new bladder neck and suspended to 
the posterior pubic bone. Last, the appendix was 
harvested from the caecum and an appendicoves-
icostomy was created, placing the appendix in a 
trough created on the posterior wall of the blad-
der that was then closed around the appendix. 
The cutaneous stoma of the appendicovesicos-
tomy was created at the umbilical level. In this 
first series of four patients, one required conver-
sion and all patients achieved continence. In 
2015, the same authors reported on a larger series 
of 38 patients who underwent the same proce-
dures; conversion rate was 11% and continence 
was achieved in 82% of patients. Gundeti et al. 
[35] in 2016 published a multi-institutional series 
of 80 patients, of whom 31 underwent RALS- 
appendicovesicostomy only and 34 had addi-
tional bladder neck reconfiguration, with 15 also 
receiving bladder augmentation. The overall con-
tinence rate was 85.2% which raised up to 92% 
after additional surgery. The complication rate 
after RALS for neurogenic incontinence seems to 
be comparable with that reported after open 
surgery.

45.4  Conclusions

Minimally invasive procedures, both endoscopic 
and laparoscopic, have an increased role in the 
treatment of the most significant aspects of neu-
rogenic bladder in children. Endoscopic treat-
ment of VUR has given reliable and long-lasting 
results, while endoscopic treatment of inconti-
nence is less satisfactory. Laparoscopic and, 
more recently, robotic-assisted procedures for 
complex reconstructions are promising, but tech-
nically demanding, and their use is not so popular 
due to the high cost of robotic-assisted proce-
dures and their intrinsic difficulty. The advan-
tages of using robotic-assisted procedures in the 
treatment of neurogenic bladders are not yet so 
evident as they are for other procedures like 
pyeloplasty.
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46Robotic Mitrofanoff Procedure

Alexander M. Turner, Salahuddin Syed, 
and Ramnath Subramaniam

46.1  Introduction

Patients with neuropathic or non-neuropathic 
neuropathic bladders may, through bladder and/
or sphincter dysfunction, suffer from upper tract 
compromise and incontinence. One common 
pattern occurs as a result of high pressure and 
infection from a poorly compliant, low-capacity 
bladder, with the kidneys taking multiple ‘hits’, 
leading to progressive renal failure and the need 
for renal replacement therapy. Another pattern 
results from bladder failure, where the detrusor 
muscle no longer relaxes to fill and contracts to 

void, instead filling passively and without sensa-
tion, leading to overflow incontinence and infec-
tion from urinary stasis. Dysfunction of the 
bladder neck, along with other causes such as 
posterior urethral valves and prune belly syn-
drome, can lead to the same final common path-
ways described above. Elegant pathways exist to 
account for the myriad dilemmas resulting from 
complex bladder problems [1], but the principles 
stay the same. Keeping the bladder empty 
reduces the chance of infection and helps dys-
function, and protecting the upper tracts from 
injury is paramount. The incontinence produced 
by the poorly compliant bladder is inconvenient 
but aids the reduction of upper tract pressure, so 
this should never be the prime or only focus of 
treatment. Clean intermittent urethral catheteri-
sation (CIC) has revolutionised the management 
of neuropathic bladders, but if this is not possi-
ble due to anatomy, such as the ectatic urethra in 
prune belly syndrome, or technically, such as 
when a baby grows to be a strong-willed toddler, 
or pain in the growing male, an alternative must 
be sought. The open Mitrofanoff procedure, per-
formed via a Pfannenstiel incision, revolution-
ised the treatment of the neuropathic bladder [2]. 
The procedure is used widely, with or without 
bladder augmentation procedures, to aid drain-
age of the bladder with intermittent catheter 
access, reducing infection and mitigating the 
effects of both the high-pressure, poorly compli-
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ant bladders and those which do not empty due 
to detrusor failure. CIC alone may reduce the 
incontinence produced by dysfunctional blad-
ders, and methods to deal with the bladder neck 
for ongoing incontinence are outside the scope 
of this chapter, but if these are considered, ure-
thral CIC or via Mitrofanoff should be estab-
lished prior to any surgery, as the risk of 
increasing upper tract pressure is significant [1]. 
Important to mention is the concept of detruso-
rotomy, or autoaugmentation, which is per-
formed robotically at the same time as the 
Mitrofanoff by the author in selected cases. This 
describes the procedure where incision of the 
detrusor muscle allows the urothelium to bulge 
and offset intravesical pressure and, since its 
inception for the tuberculous bladder in 1953, 
has received mixed reviews and periods in and 
out of favour [3]. Post-operative stretching of the 
urothelium, either actively with balloons or pas-
sively with increasing duration of catheter 
clamping post-operatively, may encourage 
increase in bladder capacity and compliance, but 
fibrosis and shrinkage remain as risks. A mini-
detrusorotomy is of course required in the 
Mitrofanoff procedure to wrap the appendix in 
the bladder wall to prevent reflux. The external 
appearance of the Mitrofanoff stoma has also 
changed over time, with a skin-lined tunnel in 
the right iliac fossa replacing the visible mucosal 
lining often seen at the umbilicus, improving 
cosmesis.

46.2  Robotic Mitrofanoff

The first advantage of the robotic approach to 
the appendiculovesicostomy is the ability to 
assess whether the procedure is going to be 
feasible without causing significant morbid-
ity to the patient. Thereafter, the advantages 
are legion, with the dexterity, optics and tem-
poral efficiencies afforded by the device to 
achieve a swift, cosmetically pleasing result 
and, in our experience, a much-reduced hos-
pital stay.

46.3  Patient Positioning 
and Planning

The patient is placed on the operating table in a 
supine position. The Trendelenburg position may 
be adopted to reduce small bowel interference in 
the field of view. The operative field is prepared 
from the nipples to the thighs, including the 
perineum, and drapes are applied. Once the area 
is sterile, a Foley catheter is placed transure-
thrally into the bladder with a bladder syringe 
attached, to allow intraoperative filling. 
Intraoperative analgesia can be achieved with 
epidural, TAP or local anaesthetic means, depen-
dent upon local protocol.

46.4  Incision and Port Placement

In order to adequately visualise the pelvis and 
right iliac fossa, the camera port should be placed 
through an incision in a midline plane at a point 
between the umbilicus and xiphisternum 
(Fig. 46.1). Factors affecting this position include 
the patient’s size and body habitus, but in chil-
dren, our site of choice is in the epigastrium, as 
shown. The port is placed under direct vision, and 
insufflation is achieved with appropriate flow rate 
and pressure. The camera can then be inserted to 

Fig. 46.1 Port placement
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assess the anatomy. Should the procedure con-
tinue, the two working robotic ports should be 
placed as shown in the hypochondriac/lumbar 
regions to triangulate about the bladder/right iliac 
fossa.

A 5-mm accessory port is placed at the site of 
the mouth of the Mitrofanoff stoma, which is 
directly superficial to the base of the appendix 
and at the linea semilunaris. Through this port, 
disposable graspers can stabilise the caecum and 
appendix during the procedure.

Note: An absent, short or difficult appendix 
position, combined with very contracted bladder, 
may lead to abandonment of the MIS procedure, 
and this can be assessed by direct vision or with a 
grasper via an additional port (usually the acces-
sory port). Remember to allow for the distension 
of the insufflated abdomen when assessing 
appendix adequacy.

46.5  Robot Positioning

This procedure requires an extreme side-dock-
ing position (Fig.  46.2). In adult patients for 
pelvic procedures, the robot can be often 
placed between the legs in lithotomy position, 

but this is near universally impossible in chil-
dren. The cart should be advanced at a 5- to 
10-degree angle to the operating table to the 
right of the patient, so the arms point back-
wards towards the pelvis,  triangulating towards 
a position midway between the bladder and 
right iliac fossa.

46.6  Robotic Mitrofanoff 
Procedure Steps

46.6.1  Step 1: Prepare the Appendix

With the assistant stabilising the caecum, the 
appendix mesentery is approached and dissected 
in a plane close to the caecum. Some small ves-
sels here may need to be sacrificed, given ade-
quate branching onto the appendix, to allow for 
mobilisation. Dissection proximally towards the 
root of the mesentery and skeletonisation of the 
mesenteric vessels may be required to achieve 
additional mobilisation of the appendix towards 
the bladder.

A 3/0 PDS suture is delivered to the abdo-
men to transfix the base of the appendix, leav-
ing a good length of suture when cutting. The 
appendix base is then divided. A 2/0 PDS 
endoloop device is then passed through the 
accessory port, with the robotic forceps passing 
through the loop to pick up the long ends of the 
transfixion suture. The endoloop can then be 
snugged down onto the caecum at the appendix 
base, proximal to the transfixion, while the cae-
cum is lifted carefully (Fig.  46.3). All sutures 
can be trimmed to length once the defect in the 
caecum is secure.

The assistant then grasps the open end of the 
appendix with the locking ratchet engaged. As 
the appendix enters the port, the port should be 
slid over the grasper so that the appendix is 
delivered to the skin surface. This is one of the 
more challenging parts of the procedure and 
preparation with an experienced assistant is 
vital to ensure everyone knows what is to be 
done. Release of the pneumoperitoneum may Fig. 46.2 Extreme side dock robot position
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Meso appendix and appendicular blood supply
Preserved

Appendectomy and base secured with Endo loop

Fig. 46.3 Isolation of 
the appendix on its 
mesentery

Meso appendix with appendicular vessels

Foley catheter through
Lumen of Appendix

Detrusorotomy

Fig. 46.4 Preparation of the appendix and 
detrusorotomy

be required for this step. Once the appendix 
appears at the skin, the assistant passes a suture 
through it to stop it from passing back inside 
the abdomen. At this stage, the appendix can be 
flushed with saline to remove debris, so that the 
effluent is safely removed away from the 
wound.

46.6.2  Step 2: Prepare the Bladder

Using plasmakinetic forceps or bipolar scissors, 
the peritoneum overlying the superior third of the 
bladder is opened. Extracorporeal stay sutures 
(e.g., 3/0 Prolene) can be used to hitch the blad-
der forward to reveal the posterior surface of the 
bladder. To ease dissection, the bladder can be 
partially filled with saline. The dissection plane is 
scored onto the bladder to mark its direction. 
Bear in mind the position of the appendix and 
bladder without stay sutures and insufflation, to 
remove the possibility of a kink; the path from 
the skin to the bladder must lie in a direct line.

A detrusorotomy is performed so that the uro-
thelium bulges and the cut edges should be 
undermined to widen it. The detrusorotomy 
should be of an appropriate length to ensure a 
good detrusor tunnel and wide enough to easily 
wrap around the appendix, typically at least 2 cm 
long and 1 cm wide. Care must be taken not to 
breach the urothelium and any such injury should 
be repaired with 6/0 PDS suture.

46.6.3  Step 3: Creating 
the Appendiculovesicular 
Anastomosis

A Ch12 Foley catheter is passed through the 
appendix so it stretches the blind end and dia-
thermy scissors are used to open the end, allow-
ing the catheter to emerge. At this point, the 
catheter should be withdrawn to the mid- appendix 
position. The open end of the appendix is brought 
to the distal end of the detrusorotomy and the ori-
entation and lie of the appendix are assessed 
(Fig. 46.4).

A 5/0 PDS suture is passed through the full- 
thickness inferior leaflet of the appendix and 
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Foley catheter through Appendix

Appendico-vesical anastomosis

Fig. 46.5 Catheter placement in the bladder

Appendico-vesical anastomosis completed

Fig. 46.6 Appendiculovesicular anastomosis

Detrusor tunnel closed
To attain continent channel

Fig. 46.7 Detrusor wrap

anastomosed to the urothelium. Two to three 
more sutures are placed along the infero-lateral 
side to secure half the appendix.

The urothelium is opened with a small inci-
sion and the assistant immediately advances the 
catheter into the bladder, filling the balloon 
(Fig. 46.5).

The anastomosis to the superomedial appen-
dix is completed (Fig. 46.6). A 5/0 PDS is used to 
join the detrusor edges over the appendix, includ-
ing the wall of the appendix for two sutures, to 
prevent shearing. The wrap should comfortably 
accept the appendix with the catheter within. The 
urethral catheter can now be placed on free drain-
age (Fig. 46.7).

46.6.4  Step 4: Final Intra-Abdominal 
Steps

The peritoneum is closed around the appendix 
with 5/0 PDS and any fluid spillage in the pelvis 
can be aspirated via one of the working robotic 
ports. The undocking procedure can then take 
place and the three robotic port sites closed with 
sutures of choice.

46.6.5  Step 5: Creating the Skin- 
Lined Appendiculocutaneous 
Anastomosis

The loss of pneumoperitoneum allows for a 
tension- free anastomosis. At the site of the acces-
sory port, the skin is marked to perform a VQ 
plasty as previously described [4]. The skin ‘V’ 
flap is laid into a spatulation of the appendix and 
anastomosed with 5/0 PDS to prevent stricture. 
The Q flap is raised and inverted to reach over the 
mouth of the stoma and the superior free edge of 
the appendix is sutured to the inverted medial 
free edge of the flap. The skin is then fashioned to 
close the wound to cover the flap.

46.7  Post-Operative Actions

The patient can eat and drink when they feel well 
enough to do so. The urethral catheter can be 
removed on the first post-operative day, with the 
Mitrofanoff catheter remaining on free drainage 
for 6 weeks. If combined with an autoaugmenta-
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tion procedure, clamping of this catheter should 
take place to allow the bladder to stretch, accord-
ing to local protocols.

The patient is normally well enough to go 
home the day after surgery. After 6 weeks, CIC 
can commence down the Mitrofanoff channel.

46.8  Conclusion

The robotic Mitrofanoff procedure is relatively 
new and outcome data are minimal. Complications 
regarding stenosis at the stoma still exist but have 
improved and are less of a function of the robotic 
approach and more of the improved appendiculo-
cutaneous anastomosis. Functional complica-
tions are also similar in nature and frequency to 
the open techniques, but the benefit lies predomi-
nantly in the much reduced operative morbidity, 
faster recovery times and cosmesis, when per-
formed by experienced robotic surgeons [5].
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47Robotic Management of Bladder 
Stones in Children

Ciro Esposito, Maria Escolino, Fulvia Del Conte, 
Vincenzo Coppola, Mariapina Cerulo, 
Giuseppe Autorino, Felice Crocetto, 
and Alessandro Settimi

47.1  Introduction

Urolithiasis in childhood is rare in the developed 
world, and BS represent 1% to 5% of all urinary 
tract stones [1, 2]. In developed countries, the 
main component of BS is struvite or calcium oxa-
late dihydrate, while in the developing countries 
the main component is ammonium acid urate [1]. 
In the last few decades, transurethral lithotripsy 
has become an alternative method to open cysto-
lithotomy. However, this approach is restricted in 
children by the narrow caliber of the urethra in 
children. With increasing use of percutaneous 
techniques, an alternative solution to remove BS 
could be performing a percutaneous suprapubic 
bladder stone removal in children [3, 4]. 
Percutaneous cystolithotomy (PCCL) has been 
demonstrated to be adequate, safe, and rapid in 
managing vesical stones in children. In the recent 
years, in case of large BS, robotic surgery seems 
an excellent solution to safely remove BS [5, 6].

This chapter is focused on the operative tech-
nique of robotic-assisted bladder stone removal.

47.2  Preoperative Preparation

Preoperative examinations should focus on the 
anatomical malformations of the entire urinary 
tract and their functional implications. 
Investigations have to include ultrasonography and 
plain abdomen x-ray to measure the stone size. 
Rarely a computer tomography is indicated [3, 7].

Learning Objectives
• To describe the step-by-step techniques 

of robotic management of BS.
• To present long-term outcomes of the 

robotic management of BS.
• To report the latest results of the major 

international papers about BS.
• To show a video with robotics manage-

ment of BS.
• To describe tips and tricks in the man-

agement of BS and to show all the new 
technologies available in pediatric urol-
ogy that can be adopted to treat BS.
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Cystoscopy can be performed preoperatively. 
An intestinal preparation with simethicone, 
enema, and liquid diet is desirable especially in 
young children.

Preoperative antibiotic prophylaxis should be 
administered either with a broad-spectrum medi-
cation or according to the child’s specific urine 
testing [5, 8].

All patients and their parents have to sign a 
specifically formulated informed consent before 
the procedure. Patients receive general anesthesia 
with orotracheal intubation and myorelaxation. A 
Foley catheter is positioned into the bladder using 
sterile precautions just before surgery and a naso-
gastric tube is placed in order to keep the stomach 
empty during the procedure [8, 9].

47.3  Positioning

In case of robotic bladder stone removal, the 
patient should be placed in a supine decubitus 
position, with the table in a 15° Trendelenburg 
position. This approach uses the gravity for the 
retraction of the intestinal loops. Two surgeons 
and a nurse start the procedure at the operative 
table; then after trocars and robot docking, the 
console surgeon moves to the console and the 
bedside surgeon remains at the operative table 
with the nurse (Fig.  47.1). The monitor for the 

bedside surgeon and the nurse is positioned at 
patient’s feet. We always adopt three robotic tro-
cars of 8 mm and a 5 mm for the bedside surgeon. 
The trocars are positioned in triangulation with 
the optic in order to achieve a better ergonomics 
(Fig. 47.2) [10, 11].
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positioning

Fig. 47.2 Trocar positioning
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47.4  Instrumentation

Regarding the robotic procedure, we adopt an 
8-mm 30-degree optic, two other robotic 8-mm 
instruments (needle holder, scissors, curve 
Maryland and fenestrated forceps). We also adopt 
a 5-mm trocar for the bedside surgeon to intro-
duce and remove the needles, to cut the suture, 
and to expose or retract tissues. We adopt an 
endobag introduced into the abdomen through 
the umbilicus to remove the stones. In general, 
we leave an indwelling Foley catheter into the 
bladder for a couple of days. We also need a long 
straight needle at the beginning of the procedure 
to fix the bladder to the abdominal wall [12, 13].

47.5  Technique

All the procedures are performed under general 
anesthesia with orotracheal intubation.

The technique is divided in two phases: cystos-
copy and robotic surgery. Cystoscopy is performed 
as the first step of the procedure to check the blad-
der anatomy and the location of the stone [6, 8].

The patient is placed in the Trendelenburg 
position and the da Vinci robot is docked over the 
patient’s feet.

Using a big straight needle and a 2/0 absorb-
able suture, two sutures may be placed to lift up 
the bladder to the abdominal wall and to enhance 
visualization of the posterior bladder wall 
(Fig.  47.3) [5, 14]. The bladder is filled with 

saline solution and a 2.5–3 cm detrusor incision 
is made longitudinally to the level of the mucosa 
for about 2 cm. The detrusor muscle is then sepa-
rated from the mucosa laterally, the mucosa is 
opened longitudinally, and the bladder is opened 
(Fig. 47.4).

The endobag is introduced into the abdomen 
through the navel and opened and positioned near 
the bladder. The big stone is retrieved using 
robotic instruments (Fig.  47.5) and then posi-
tioned into the endobag (Fig. 47.6) [14].

The bladder is closed in two layers: firstly, the 
mucosa and thereafter the detrusor muscle, both 
with a running 2-3/0 absorbable suture. At the 
end, the bladder is filled to check the quality of Fig. 47.3 Bladder suspension

Fig. 47.4 Bladder opening

Fig. 47.5 Stone removal
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Fig. 47.6 Stone extraction through endobag

suture. The endobag containing the stone is 
finally removed thorough the navel.

The working ports are removed and the tro-
car’s orifices are closed using separates stitches.

A bladder catheter is left in place postopera-
tively in all cases. No other drains are left after 
surgery [10, 14].

47.6  Postoperative Care

Patients start oral feeding a few hours postopera-
tively. Analgesic therapy is rarely necessary;

Paracetamol (dosage 15 mg/kg at an 8-h inter-
val) is usually administered in the first 12–24 h 
postoperatively. A short-term antibiotic therapy 
is performed for 48–72 h postoperatively [5, 15]. 
Patients are discharged on 2ndor third postopera-
tive day (POD). Postoperative clinical controls 
are scheduled on 7th and 30th POD and thereaf-
ter annually [7, 8].

47.7  Results

The median duration of surgery in our experience 
is 60 min (range 40–85), including docking time. 
The indications for surgery include bladder 
stones larger than 15  mm, especially in boys 
whose narrow sized urethra restricts endoscopic 
removal of the stones [15, 16].

We had no complications in our series.

Stone-free rate was 100% in the postoperative 
period, and at 1 year all patients were observed to 
be stone-free on ultrasound and abdominal x-ray.

The composition of the removed stones was 
always analyzed after surgery, and the patients 
were referred for postoperative controls to the 
nephrologist for the long-term follow-up [8, 9].

47.8  Discussion

Bladder stones in pediatric population is a rare 
pathology.

In analyzing the international literature, there 
are several techniques to treat BS using open cys-
tolithotomy, endoscopic techniques, or, in the last 
few years, robotic surgery [13, 17].

Tips and Tricks
• Regarding the patient position, a 15° 

Trendelenburg position is a crucial point 
for the success of this procedure; in fact, 
using this patient’s positioning, the 
intestinal loops slide down and you have 
an excellent exposure of the bladder [5, 
14].

• It is important to fix the bladder to the 
abdominal wall using two big straight 
needles to have a good exposure of the 
bladder during the procedure.

• It is important to open the bladder longi-
tudinally, firstly the detrusor muscle and 
then the mucosa for about 2  cm. It is 
also important to open the endobag 
under the bladder before removing the 
stone to avoid losing the stone or part of 
it in the abdominal cavity [14].

• It is also important to train the robotic 
team (surgeons and nurses) to reduce 
docking time.

• The role of bedside surgeon is crucial to 
introduce and remove needles, to cut 
sutures, and to help the surgeon during 
the procedure.

• We always prepare a laparoscopic kit in 
case of conversion from robotics to 
laparoscopy.
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In the last few decades, transurethral litho-
tripsy has become an alternative method to open 
cystolithotomy [12, 18]. However, this approach 
is restricted in children by the narrow caliber of 
the urethra. In fact, after the fragmentation of the 
stone, it is difficult to remove the stone’s frag-
ment through the urethra above all in small 
children.

With increasing use of percutaneous tech-
niques, a plausible simple solution in children 
should be percutaneous suprapubic bladder stone 
removal [19].

PCCL has been demonstrated to be adequate 
and rapid in managing bladder stones in children 
[12, 20].

However, PCCL, in children, has a high com-
plication rate, for instance, leakage of urine, fis-
tula formations, or acute abdomen, during 
postoperative period, for an intraperitoneal blad-
der perforation. The problem with PCCL is that, 
using this technique, it is not easy to close the 
bladder through a 3–4 cm incision and sometimes 
there are leaks or fistula formation.

Moreover, there are complications linked to 
the technique itself, such as bladder perforation 
or bleeding [15].

In the last 5 years, due to the huge develop-
ment of robotic surgery, thanks to the 6° of free-
dom of robotic instruments and the 3D vision for 
the surgeon and the accuracy of suturing, robotic 
removal of bladder stones seems to be ideal in 
patients with a stone bigger than 15  mm or 
smaller but in patients with a narrow urethra or in 
patients with a neurogenic bladder [13, 14].

The main advantage of robotic BS removal is 
that you can perform a true minimally invasive 
procedure and you have no risk to damage the 
urethra, which happens when you remove the 
stone fragments through it as it happens via 
endoscopy [13].

In addition, thanks to the perfect suture of the 
bladder using robotics instruments, you have no 
bladder leaks or perforations, as it happens for 
PCCL, and we had no postoperative complica-
tions in our series.

However, before starting robotic procedure, it 
is important to perform cystoscopy to check blad-
der anatomy and stone location [14].

Key points of the procedure are fixing the 
bladder to the abdominal wall with two stitches, 
using an endobag to remove the stone and closing 
the bladder in two layers [10].

It is important to remember that urolithiasis is 
a complex pathology and it is important that these 
patients have to be followed in pre- and postop-
erative period by a multidisciplinary team of pedi-
atric nephrologists and pediatric urologists.

In conclusions, there are several techniques 
for the treatment of solitary bladder calculi in 
children: open cystolithotomy, transurethral 
endoscopic stone removal, and percutaneous cys-
tolithotomy, and all these techniques have a high 
rate of complications.

Robotic BS removal is an elegant and safe 
technique to adopt to remove large bladder stones 
in pediatric population [13].

This technique is easy to perform and with a 
low rate of complication compared to the other 
techniques, and the disadvantages of robotic pro-
cedure are the high costs and the need of a dedi-
cated team trained in robotic surgery.
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48Robotic Bladder Neck 
Construction for Voiding 
Continence

Alfredo Berrettini, Dario Guido Minoli, 
Michele Gnech, and Gianantonio Manzoni

48.1  Introduction

The application of minimally invasive techniques 
in pediatric urology has evolved rapidly over the 
last 15 years. Increasingly more complex recon-
structive procedures can be performed in the 
pediatric population either laparoscopically or 
with robotic assistance including Mitrofanoff 
appendicovesicostomy and enterocystoplasty.

Urinary incontinence secondary to an absent 
or incompetent bladder neck/sphincteric mecha-
nism is a challenging area. A philosophical deci-
sion is required whether to aim for voiding 
continence or simply secure dryness which will 
require lifelong intermittent catheterization. This 
chapter is concerned only with the former, i.e., 
constructing a functional bladder neck for void-
ing continence and not with the many alternatives 
such as slings, artificial urinary sphincters, and 
bladder neck closures and continent diversion 
which are dealt with elsewhere. This type of 
functional bladder neck reconstruction is largely 
confined to the exstrophy/epispadias complex 
and cloaca/urogenital sinus groups of abnormali-
ties. The patients selected for this approach 
should have the outflow weakness documented 
video-urodynamically and have a compliant 
bladder capacity of the order of 50% of the 
expected capacity for age (Fig. 48.1).

The excellent 3D robotic exposure of the blad-
der neck region has evolved through the vast 
experience gained by adult urologists performing 
radical cysto-prostatectomy. This new approach 
to pediatric bladder neck reconstructive urology 
opens new fascinating horizons and stimulating 
perspectives compared to the traditional frustrat-
ing and very demanding open surgery.

The aim of this chapter is to describe our pre-
liminary experience in robotic bladder neck con-
struction techniques for voiding continence in 
children.

Learning Objectives
• To describe step-by-step techniques of 

robotic-assisted bladder neck construc-
tion/plication to achieve voiding 
continence.

• To show a video with the techniques.
• To discuss appropriate patient selection 

for the techniques.
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a b c

Fig. 48.1 Video-Urodynamic study

48.2  Preoperative Preparation

A standard extensive intestinal preparation is not 
necessary but a simple enema should be given the 
evening before the surgery. Perioperative anti-
bacterial prophylaxis (usually with a cephalospo-
rin) should be administered.

Patients receive a general anesthesia with 
endotracheal intubation and muscle relaxation.

When the “keel” bladder neck construction 
(KBNC) procedure is planned, a preliminary cys-
toscopy is performed and JJ stent ureteral cathe-
ters are placed bilaterally to allow secure 
identification of the ureteral orifices during the 
procedure.

A Foley catheter is positioned into the bladder 
but is not draped into the operative sterile field. A 
nasogastric tube is placed in order to keep empty 
the stomach during the procedure.

48.3  Positioning

The patient is placed in a supine position with the 
legs wide open. The patient is secured to the bed 
with wide adhesive tape and strips. All pressure 
points, including the heels, must be carefully 
padded and protected to prevent pressure lesions. 
We generally use a depression mattress in order 
to move the patient into the desired position eas-
ily and for transfer onto the operating table.

The patient is then prepped and draped. 
During the robotic procedure for bladder neck 
plication (BNP), it is necessary to simultaneously 

access the urethra and bladder neck endoscopi-
cally to confirm and to monitor the progression of 
the reconstructive procedure.

The operating table is inclined in the 
Trendelenburg position moving the bowel crani-
ally by gravity and facilitating exposure of the 
bladder and the pelvic region.

48.4  Instrumentation

The DaVinci Si robot is positioned between the 
patient’s open legs, as commonly used for pelvic 
procedures such as vesicoureteric reimplant or 
prostatectomy.

A 12 mm trocar is placed for the camera in the 
midline, through an umbilical or supraumbilical 
incision. The trocar is positioned with an open 
access and direct view of the peritoneum to 
reduce the risk of bowel lesion.

After an initial overview of the abdominal 
cavity, the 8  mm robotic ports are positioned. 
Depending on the type of procedures, two or 
three trocars are positioned: one to two in the 
left and one in the right. A three-arm configura-
tion is used for KBNC, while two arms could be 
enough for BNP.  The 5  mm assistant port is 
finally placed in the right side. A distance of 
approximately 8  cm is respected between the 
robotic ports.

The robot can now be docked and the instru-
mentation placed: we use a 30° down camera in 
12  mm port, monopolar scissors, and needle 
holder on the right arm while a bipolar Maryland 
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KBNC — BNP

12 mm Camera

R: 8 mm

5 mm L1: 8 mm

L2: 8 mm

Port placement - DaVinci SI configuration

Fig. 48.2 KBNC—BNP ports placement

forceps is connected to the left. When the third 
robotic arm is active, a Maryland or a needle 
driver is used. The final configuration is showed 
in Fig. 48.2.

When using the DaVinci Xi device, the port 
siting changes due to its different peculiarities. 
An angled linear port configuration is used to 
align the ports from the right lower quadrant 
toward the left costal margin with the 5 mm assis-
tant port placed in the left lower quadrant and the 
robot is side docked on the patient’s right side.

48.5  Technique

In our institute we generally use two different 
surgical techniques for the construction of a void-
ing bladder neck: BNP and KBNC.

Once docking and instrument insertion into 
the abdomen are completed, the procedure is 
started with the opening of the pelvic peritoneum 
using a wide transverse incision. Movement of 
the catheter and visualization of the balloon or 
combined endoscopic-robotic maneuvers can 
help to identify the bladder neck region. 
Preliminary dissection is performed retropubi-

cally and laterally with special care in order to 
avoid venous bleeding in the male and vaginal 
injury in the female. Complete posterior urethral 
dissection, as for a sling placement, is not 
necessary.

In BNP, after isolation of the bladder neck, 
without bladder opening, a progressive plication 
of the proximal urethra is achieved with multiple 
interrupted braided polyester (polyethylene tere-
phthalate) 2/0 sutures. Simultaneous endoscopic 
control with direct vision of the lumen caliber 
reduction is very helpful (Video 48.1) [1].

In KBNC, the bladder neck is prepared and 
the anterior bladder wall is opened in the mid-
line. Two holding stitches may help to better 
expose and stabilize the bladder neck region. 
The Foley catheter is removed and the position 
of the new bladder neck is identified as the 
point halfway between the verumontanum and 
the ureteric orifices (male) or halfway from the 
external urethral meatus to the ureteric orifices 
(female). Starting from this point and extend-
ing caudally, two mucosal triangles are out-
lined and the mucosa excised leaving only a 
midline mucosal strip of adequate width/
depending on the age of the patient which will 
constitute the “new” posterior urethra and 
bladder neck. Only the mucosal layer is excised 
without damaging or incising the muscular 
component (Fig. 48.3a, b).

The intact midline mucosal strip is measured 
and folded over a Nelaton catheter of adequate 
size (usually 8 FG) tubularized with interrupted 
5/0 Maxon sutures. A second and a third layer, 
above the neoconstructed bladder neck, are 
obtained by detrusor approximation with inter-
rupted 4/0 or 3/0 Vicryl stitches. The anatomical 
reconstruction will provide a funnel with a “keel” 
reconfiguration (Fig. 48.4; Video 48.2) [2].

A percutaneous suprapubic cystostomy and a 
transurethral catheter are mandatory to assure 
postoperative optimal bladder drainage. All 
instruments and ports are removed and the fascia 
is closed with 2–0 Vicryl. Skin is closed with a 
subcuticular suture with 5–0 Monocryl. Skin 
adhesives are used to cover the incisions.

48 Robotic Bladder Neck Construction for Voiding Continence



392

a b

Fig. 48.3 KBNC. (a) Outline of mucosal triangles. (b) Post-excision

Fig. 48.4 KBNC final appearance

Tips and Tricks
• It is mandatory to perform a preliminary 

cystoscopy in order to have all the infor-
mation about the urethral length, ure-
teral orifices, and the position of the 
verumontanum. This is a crucial step to 
understand the anatomy in order to cor-
rectly position the newly constructed 
bladder neck and posterior urethra.

• -During cystoscopy, if KBNC is 
planned, bilateral ureteric stents should 
always be placed to have complete con-
trol of the ureteral orifices during the 
intravesical surgery.

• A transurethral Foley catheter with the 
balloon inflated is useful to identify the 
bladder neck.

• During BNP procedure, a simultaneous 
endoscopic view is very helpful and 
important to confirm the correct posi-
tion of the plication sutures.

48.6  Postoperative Care

Patients start oral feeding a few hours postopera-
tively. Analgesic therapy is based on Paracetamol 
(dosage 15 mg/kg at 8 h intervals) and ketorolac 
(dosage 0.3 mg/kg at 8 h intervals, if necessary) 
usually administered in the first 12–24 h postop-
eratively. Antibiotic therapy is maintained for 
72  h postoperatively. Patients are usually dis-
charged from hospital on the 4th/5th postopera-
tive day with both the transurethral and suprapubic 
catheters on constant free drainage (day and 
night). The first postoperative clinical control is 
scheduled after 1 week. After 4 weeks, the trans-
urethral catheter is removed and the first suprapu-
bic MCUG is performed: depending on the 
outcome, a safe suprapubic cystostomy removal 

can be performed. If the patient is not fully ready 
for regular spontaneous micturition, the suprapu-
bic cystostomy is maintained with a clamp, void, 
release training program. After removal of the 
suprapubic catheter, regular renal/bladder US is 
scheduled to check both the upper urinary tracts 
and postvoid residuals.
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48.7  Discussion

Robotic-assisted laparoscopic bladder surgery in 
children has gained widespread acceptance for 
complex reconstructive procedure over the last 
two decades. The use of the robot is particularly 
advantageous for procedures that necessitate 
suturing in an area with limited access such as 
bladder neck construction techniques for voiding 
continence.

Patient selection is crucial, and our main indi-
cations for voiding continence procedures have 
been quite rigid and limited only to the epispa-
dias or cloaca/urogenital sinus anomalies.

Even for this limited group of patients, many 
surgical techniques for bladder neck repair have 
been presented but there is no consensus on 
which is the best option and there are no stan-
dardized protocols [3, 4]. An adequate bladder 
capacity with normal compliance is mandatory 
prerequisites to consider a robotic procedure 
aiming at voiding continence.

As already confirmed in the literature, laparo-
scopic bladder neck plication is successful [5–7].
Therefore robotic-assisted BNP seems a very 

logical option to achieve voiding continence, and 
preliminary experience is very encouraging.

In addition to the benefit of working in a small 
space with excellent and 3D vision, other signifi-
cant advantages of the robotic versus an open 
reconstruction are:

• A minimally invasive approach with better 
cosmetic results

• Lower intraoperative blood loss with a more 
precise dissection

• Decreased postoperative narcotic use and hos-
pital stays
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Take-Home Points
• Robotic-assisted laparoscopic surgery 

represents a minimally invasive solution 
for some of the most severe reconstruc-
tive challenges in pediatric urology.

• Robotic-assisted laparoscopic surgery 
allows excellent vision within the pelvis 
and the retropubic region, facilitating 
any type of bladder neck repair.

• Preliminary experience with KBNC or 
BNP performed robotically is encourag-
ing and opening new horizons.

• During KBNC procedure, the use of a 
Nelaton catheter (8 FG) is preferable to 
a Foley catheter. If a Foley is used, the 
balloon should be deflated at the end in 
order to avoid any subsequent risk of 
bladder neck breakdown. It is important 
to suture the urethral strip close to its 
edges to ensure that the lumen remains 
uniform in caliber and to use interrupted 
sutures for security. The transurethral 
catheter is left in place and fixed both 
internally and externally.

• The use of a suprapubic diversion is 
mandatory to guarantee complete blad-
der drainage and to keep total control 
until regular and safe bladder emptying, 
with spontaneous voiding, is eventually 
achieved.
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49Management of Posterior Urethral 
Valves

V. Di Benedetto, C. Arena, R. Patti, 
and M. G. Scuderi

49.1  Introduction

Posterior urethral valves (PUVs) occur in 
1/5000–25,000 live births and constitute 10% 
of urinary obstruction diagnosed in utero [1–4]. 

PUVs are associated with high fetal and neona-
tal mortality (30%) and considerable lifelong 
morbidity. The morbidity is related to the con-
genital obstruction of the urinary tract at the 
critical time in organogenesis which may have 
a profound and lifelong effect on kidney, ureter, 
and bladder function [4]. In severe cases, the 
disorder can lead to anhydramnios and pulmo-
nary dysplasia during the canalicular phase of 
lung development. Mortality is related to ongo-
ing renal damage in children. The gold standard 
for postnatal diagnosis is voiding cystoure-
thrography (VCUG), while prenatal diagnosis 
is dependent on routine screening ultrasonogra-
phy. The diagnosis of PUV is sometimes diffi-
cult because of its wide spectrum in terms of 
severity and morphology. The most typical 
PUV is presented in neonates with history of 
prenatal bilateral hydronephrosis or in infants 
with acute pyelonephritis associated with mas-
sive vesicoureteral reflux (VUR). This group of 
PUV is easy to be diagnosed by typical findings 
in VCUG. More than half of the patients with 
PUV will have VUR at the time of diagnosis 
(Fig.  49.1) [2]. Secondary VUR may be diffi-
cult to detect in ordinary imaging studies 
because it does not present with conventional 
findings, such as dilatation of posterior urethra 
(Fig.  49.2). Dilatation of posterior urethra is 
often observed during the voiding phase of 

Learning Objectives
• To describe the technique of endoscopic 

resection of posterior urethral valves 
(PUV).

• To show a video with the technique.
• To describe tips and tricks of endoscopic 

resection.
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Fig. 49.1 Massive RVU 
in VCUG

VCUG but segmental narrowing of the bulbo-
membranous urethra could be a single abnor-
mality. Other abnormal urethral findings are 
transient urethral kink or angulation of the 
membranous urethra. It is crucial to take serial 
photographs during voiding to make an accu-
rate diagnosis. Until recently there has been no 
reference  standard based on findings in VCUG 
and endoscopy [5]. Although Young’s classifi-
cation of PUV is well known, Douglas Stephens 
added a more precise explication for each type 
of Young’s classification in 1996. Stephens’ 
detailed explanation is considered to be the 
most useful and easily understood with regard 
to structural characteristics based on embryol-
ogy. There are two main types of PUV: type 1 
and type 3. Type 2 was originally defined by 
Young in 1919 but was later considered an 
overclassification. Type 4 is rare [5].

49.2  Preoperative Preparation

In a full-term baby, the standard of care for PUV is 
cystoscopic valve incision. The current methods of 
incision include electrocautery incision, cold knife 
incision, and laser fulguration [3, 4]. In infants 
with extremely low birth weight, the urethra might 
be too small to admit cystoscopy equipment safely. 
Long-term catheter drainage is inadvisable 
because of the risk of candidemia. Rather than 
risking stricture with cystoscopic instrumentation, 
these babies should either undergo percutaneous 
cystostomy and rarely open vesicostomy or the use 
of Fogarty balloon valve ablation under fluoro-
scopic guidance [3]. Patients with severe disease 
often require multiple surgical intervention and 
may develop long- term complication, including 
urinary incontinence and important loss of renal 
function [4]. All parents have to sign a specifically 
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Fig. 49.2 Dilation of posterior urethra

Fig. 49.3 9.5 Fr pediatric cystoscope. 3 Fr ureteric cath-
eter with metal stylet passed through the cystoscope

informed consent before the procedure. Anesthesia 
is general but it is possible to do valve resection in 
spinal anesthesia. All patients receive antibiotic 
prophylaxis with i.v. ceftriaxone and gentamicin.

49.3  Positioning

The patient is placed in gynecological position. 
Surgeon’s position is at the feet of the patient and 
the monitor is on the left of the surgeon.

49.4  Instrumentation

We use a 9,5 Fr pediatric cystoscope (Storz). We 
performed valve resection using a point electro-
cautery via a 3 Fr ureteric catheter with metal sty-
let passed through the cystoscope (Fig. 49.3).

49.5  Technique

After filling the bladder with saline solution, we 
perform the urethrocystoscopy using a 9,5 Fr 
cystoscope. After identifying the valves, a 3 Fr 
ureteric catheter is passed through the channel of 
the cystoscope and electrofulguration is per-
formed. Fulguration is done mainly at 5, 7 and 
12 o’clock position. For type 1 PUV, a major 
incision is made on the membranous lesion at the 
12 o’clock position, and an additional incision 
was made if necessary on any valvular lesion in 
the 5 or 7 o’clock position (Figs. 49.4 and 49.5). 
For type 3, an incision is made on the membra-
nous lesion in the 12 o’clock position. For both 
types, the incision on the membranous lesion in 
the 12 o’clock position is long and deep enough 
for complete excision. The adequacy of the ful-
guration is confirmed intraoperatively by gentle 
pressure on the bladder with cystoscope posi-
tioned just distal to the verumontanum to look 
for absence of valvular obstruction. Another 
method to check for adequacy of fulguration 
may be to observe the urinary stream by Crede 
maneuver with patient under anesthesia. The 
urethral catheter is left in place after procedure 
for 14 days.
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49.6  Postoperative Care

The postoperative therapy included i.v. antibiot-
ics (ceftriaxone and gentamicin) and Paracetamol.

A small-size Foley urethral catheter is left in 
situ. Patients are discharged with an indwelling 
catheter the day after procedure, and they return 
14  days after discharge to have a VCUG and 
remove catheter.

49.7  Results

The timing of valve ablation varies according to 
age at presentation. Successful voiding and 
improvement of stream are considered as the cri-
teria of successful treatment. Follow-up includes 
ultrasonography (US) to look for resolution of 
hydroureteronephrosis (HUN) at 2  weeks and 
3 months after treatment, VCUG to look for the 
resolution of VUR and valve remnants at 1 and 
6 months after treatment, and DTPA renal scan 
to evaluate renal function at 12  months. 
Urodynamic study is performed in selected 
patients. Repeat cystourethroscopy is performed 
in patients who continue to have obstructive 
voiding at VCUG, persistence or deterioration of 
bilateral HUN, no decrease in posterior urethral 
dilatation, presence of valve remnants, nonreso-
lution of bilateral VUR, and no improvement in 
renal function or new onset renal insufficiency. 
Refulguration is performed in boys with valve 
remnants. Complications after valve ablation 
reported literature are in 5% to 25% of cases. 
Stricture formation occurs infrequently ranging 
from 0% to 25% and can be treated successfully 
with visual internal urethrotomy (VIU). Up 
to 60% of VUR will resolve after valve ablation 
[3, 6]. Downgrading or resolving VUR and/or 
improvement in upper tract dilatation may be 
considered as indirect signs of urinary tract 
decompression. However, despite successful 
valve ablation, VUR and HUN may persist. 
Hence, VUR is expected to resolve after the 

Fig. 49.4 A major incision is made on the membranous 
lesion at the 12 o’clock position, and an additional inci-
sion was made if necessary on any valvular lesion in the 5 
or 7 o’clock position.

Fig. 49.5 An additional incision is made if necessary on 
any valvular lesion in the 5 or 7 o’clock position
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release of urethral obstruction. Spontaneous res-
olution rates range between 27% and 79% at 
2  weeks to more than 1  year following valve 
ablation. Some reflux can take as long as 3 years 
[2]. Those children with persistent upper tract 
dilation may have bladder emptying problems 
related to valve bladder syndrome or have a large 
urine output as a result of renal tubular damage, 
residual infravesical obstruction, or, rarely, ure-
terovesical junction obstruction [2]. 
Notwithstanding surgical relief of urethral 
obstruction, ongoing bladder dysfunction is a 
cause of morbidity and a potential threat to upper 
tract function. The prevalence of bladder dys-
function has been estimated to be 75–80% in 
boys studied urodynamically after PUV ablation 
[7]. A small, contracted bladder in infancy that 
progresses to a large-capacity, poorly compliant 
bladder, often found in the presence of persistent 
upper tract dilatation and nephrogenic diabetes 
insipidus, has been termed valve bladder. This 
can create a self-injurious cycle, with persistent 
dilatation leading to a renal concentrating defect 
and blood increase in creatine. Regular urody-
namic monitoring is crucial in the management 
of these patients. Abnormal renal development 
persists into childhood and adolescence: 30–42% 
of patients develop end-stage renal failure, mak-
ing VUP the most common cause for pediatric 
renal transplantation [3].

49.8  Discussion

The major goals in treatment of PUV are resto-
ration of bladder voiding function, control of 
infections, preservation of renal function, main-
tenance of continence, and elimination of 
obstruction and VUR. Several opinions for sur-
gical management of infants with PUVs are 
available and the mainstay of treatment is pri-
mary valve ablation [8–10]. Currently, surgeons 
have better instruments to treat valves endo-
scopically using different modality under direct 
vision, with minimal incidence of complications 
[8, 11]. Various techniques of valve ablation 
were used: hot loop resectoscopy, cold knife 
urethrotome, hook diathermy electrode, Bugbee 
electrode, and Fogarty catheter. Prevention of 
urethral stricture after valve ablation depends on 
many factors. These include gentle surgical 
technique, avoidance of oversized instrumenta-
tion in a small caliber urethra, fulguration time 
minimization, excessive and deep fulguration 
avoidance, fulguration under direct vision, 
shorten the duration of preoperative catheteriza-
tion, and use of nonreactive small-sized cathe-
ters [8]. Bladder and renal functions are often 
unstable and usually change during life, requir-
ing lifelong monitoring. It was found that neo-
natal valve ablation would protect the bladder 
functions and allow normal bladder cycling and 
healing. This underscores the importance of 
routine prenatal screening and early interven-
tion for the valves. These findings suggest that 
the long-term prognosis of PUV might be 
improved by prenatal diagnosis [12, 13]. VUR 
and UTIs are not associated with worse renal 
outcomes, although these parameters remain 
vital in guiding treatment and may influence the 
number of surgeries in patient life. Further 
investigation and longer follow-up are needed to 
identify patients at risk for late progression to 
CKD or end-stage renal disease (ESRD) [4]. 
Large retrospective studies of people with pos-
terior urethral valves (PUVs) have reported 

Tips and Tricks
• Early endoscopic resection of the valves 

has advantage, regarding bladder func-
tion, over long-term diversion. Small 
instruments are used to avoid urethral 
damage. We try to minimize fulguration 
time and to avoid excessive deep fulgu-
ration for the risk of current injury to 
surrounding corpus spongiosum. We do 
not use loop resectoscope for risk of 
urethral strictures.
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chronic renal insufficiency (CRI) in up to one 
third of the participants and end-stage renal fail-
ure in up to one quarter of them. Nadir creati-
nine (lowest creatinine during the first year 
following diagnosis) is the recognized prognos-
tic indicator for renal outcome in PUV. Elevated 
nadir creatinine is the only independent risk fac-
tor for poor renal outcome as reported in litera-
ture [14]. The management of children with 
PUV is a continuous process that starts with the 
antenatal detection and early fulguration of the 
valves. The identification of the bladder dys-
function and its appropriate management will 
prevent the deleterious effects on the upper 
tracts and improves the long- term survival.
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Take-Home Points
• Importance of prenatal diagnosis for 

baby birth in pediatric urologic center.
• Early resection of urethral valves and 

evaluation of renal status.
• Very strict follow-up to minimize the 

poor renal outcome in older life.
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50Minimally Invasive Management 
of Urethral Stenosis and Stricture

Rafal Chrzan 

50.1  Introduction

Although the lack of a precise definition, the term 
stenosis refers to any kind of narrowing of a tubu-
lar organ, whereas stricture is commonly used for 
the acquired pathological scar tissue occluding 
the lumen. Obstruction is even a more general 
term describing any pathology that disturbs pas-
sage, and it could be external (e.g., compression) 
as well as internal from the origin (e.g., thicken-
ing of the wall, foreign bodies).

Stenosis and stricture can occur along the whole 
urethra which must be kept in mind during cysto-
urethroscopy (Table 50.1). Congenital stenosis can 
have a huge impact on function of the urinary tract 
leading to kidney function impairment early in life. 
Lower urinary tract symptoms (LUTSs) and recur-
rent urinary tract infections (UTIs) might be the 
first signs of the urethral anomalies in children and 
adults. Furthermore, any urethral instrumentation 
and/or surgical procedures involving urethra can 
also cause a iatrogenic stricture. For practical rea-
sons one term—urethral stenosis (US)—will be 
used in this chapter.

US is predominantly found in males. 
Congenital anomalies are probably quite com-
mon. The incidence of posterior urethral valves is 

Learning Objectives
• To list the causes of urethral stenosis 

and stricture.
• To get familiar with various treatment 

options and tools for endourological 
ablation.

• To learn the steps of urethroscopy.
• To be able to get the patient through the 

procedure.
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Table 50.1 Examples of urethral stenosis and stricture

Stenosis Stricture
Primary and 
secondary bladder 
neck hypertrophy

Iatrogenic after surgery, e.g., 
hypospadias repair, anorectal 
malformations (Fig. 50.2)

Posterior urethral 
valves (Video 50.1)

Posttraumatic—Straddle injury, 
pelvic fracture

Cobb’s collar/
Moormann’s ring 
(Video 50.2)

Iatrogenic after catheterization 
(false route)

Syringocoele 
(Fig. 50.1)

Postinfectious (Fig. 50.3)

Congenital distal 
urethral valve
External meatus 
stenosis
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Fig. 50.3 Postinfectious changes in the distal urethra

Fig. 50.2 Iatrogenic stenosis after hypospadias repair

Fig. 50.1 Syringocoele

Fig. 50.4 Posttraumatic stenosis—simultaneous retro-
grade urethrography and voiding urethrocystography

estimated at 1:5000–8000 of births. However, this 
refers only to the most severe cases diagnosed due 
to deterioration of the upper urinary tract. The 
mini-valves, Cobb’s collar, syringocoele, external 
meatus stenosis, etc. leading to LUTS can become 
symptomatic rather late and the real epidemiol-
ogy is not really known [1–7]. Hypospadias repair 
might be follwed by a US but the incidence can 
vary enormously depending on the method and 
the definition of failure [8]. The prevalence of bul-
bar urethra posttraumatic stricture in adult is 229–
627 per 100,000 in the United States but there is 

no reliable data for the pediatric population on 
that [9–11].

Diagnostic tools and pathways are out of the scope 
of this chapter. Anyhow, in every child suspected for a 
US, the standardized protocols must be followed. 
Thorough assessment of the lower urinary tract func-
tion must be done including bladder/bowel diary, 
ultrasound, and uroflowmetry. Invasive urodynamics 
(pressure-flow study) and imaging (urethrography, 
voiding- cystourethrography) must be scheduled in 
selected cases depending on the underlying pathology 
and medical history (Fig. 50.4) [10, 12].
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Cystourethroscopy is performed for making 
the final diagnosis. After direct visualization of 
the lumen of the urethra, minimally invasive 
treatment can be performed at the same time. 
Incision of the stenotic part should be considered 
depending on the intraoperative finding (location 
and length). Various tools have been explored for 
that through decades. Cold knife and laser 
depending on surgeon’s experience are used [11, 
13, 14]. Some others may prefer a monopolar 
cautery [15]. The goal is to widen the stenotic 
part and to reduce the risk of recurrence. Repeated 
dilation can be offered to some patients. However, 
in the young population, open surgical approach 
might be the best option [10, 16, 17].

50.2  Preoperative Preparation

The local protocols must be followed to schedule 
a patient for the cystoscopy and minimally inva-
sive intervention. Urinalysis must be done in all 
and urine culture in those with a risk for a urinary 
tract infection. Antibiotics should be given circa 
30 min before endoscopy. The patient and/or the 
caregivers must be counseled on the risks related 
to the procedure, including the need for a supra-
pubic diversion.

50.3  Positioning

The procedure is done in the lithotomy position 
with buttocks at the edge of the table. This to avoid 
collision between the handle of the cystoscope and 
the table when introducing the instrument into 
proximal part of the urethra. The monitor must be 
put at the right level for the proper ergonomic posi-
tion. C-arm should be available in selected cases 
(Figs. 50.5 and 50.6).

50.4  Instrumentation

The basic equipment consists of a monitor, a light 
source and cable, a camera, a telescope, and an 
irrigation system. The head of the camera should 

Fig. 50.5 Positioning of the patient

Fig. 50.6 Ergonomic 
position during 
endoscopy

50 Minimally Invasive Management of Urethral Stenosis and Stricture
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Fig. 50.7 Instrumentation

be as light as possible. For irrigation 0.9% NaCl 
is used for the diagnostic endoscopy and when a 
cold knife or a laser are used for incision. 
Monopolar cautery requires nonconductive 
(nonelectrolyte- containing) fluids [18].

The telescopes vary in size and length depend-
ing on the age of the patients. In neonates and 
older children, a telescope with a 30-degree opti-
cal angle is used for the primary assessment. For 
newborns, a very fine 5-degree compact telescopes 
with a 3 Fr working channel are available. For han-
dling (making incision), 0- or 5-degree telescopes 
are used depending on the age to enable a straight 
visualization and optimal approach (Fig. 50.7).

The size of the sheath must be reasonably cho-
sen. The bigger the instrument the better the visu-
alization and manipulation but also the higher the 
risk of iatrogenic injury. Rigid resectoscopes 
from 8.5 Fr through 11 Fr to 14.5 Fr are available 
for children. A compact 5-degree cystoscope in 
various size with a working channel can be used 
for introduction on a laser fiber.

A cold knife, a holmium/YAG laser as well as 
a monopolar cautery can be used for incising of 
the stenotic part. Every tool has its pros and cons 
that the operating urologist must be familiar with. 
A different sheath is dedicated for the cold knife 
and the monopolar cautery. The setting of the 
energy source must be carefully chosen to pro-
vide sufficient tissue penetration but to minimize 
side effects related to high temperature (Videos 
50.3 and 50.4 ).

Stents and guide wires must be used to ensure 
safety and limit the risk of complications in 
some cases. Depending on the intraoperative 
findings and the procedure, a bladder catheter 
should be left to stent the urethra. The safest 
way is to introduce an open-end catheter over a 
guide wire.

50.5  Technique (Videos 50.3 
and 50.4)

There is no gold standard technique and the local 
protocols must be followed. The patient is put in 
the lithotomy position and the field is being pre-
pared including the suprapubic region. Lubricant 
is used directly into the urethra which might limit 
visibility and also put on the sheath of the endo-
scope. The penis is straightened upward and a 
30-degree cystoscope is introduced into the distal 
urethra. During the whole procedure, the lumen 
of the urethra must be visible and followed. As 
soon as the stenosis is identified and depending 
on its location and the origin, it could be gently 
passed through but primary dilation should be 
avoided. If the stenotic part is to narrow, then a 
guide wire should be introduced. Then, the 30 
system is replaced by a 0- or 5-degree one with a 
tool that has be chosen for making the incision. In 
a case of bleeding that might limit visibility, the 
procedure should be aborted and a bladder cath-
eter is introduced over a guide wire.
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50.6  Postoperative Care

The local protocols must be followed. Antibiotics 
can be considered postoperatively in selected cases. 
The patient can be discharge on the same day. 
Depending on the invasiveness and the prognosis, a 
bladder catheter might be considered. However, 
there is no evidence that prolonged stenting can 
improve the outcome. In many cases, no catheter is 
needed for the bladder emptying but might be 
required to decompress the upper urinary tract.

50.7  Results

Success of the endoscopic treatment of the US can 
be assessed in many ways. The goal is to eliminate 
the narrowing. In patients with congenital anoma-
lies, a single incision is very effective. In some, the 
“second look” procedure might be required to 
remove the remaining infravesical obstruction 
(Video 50.5). However, when taking into consider-
ation LUTS and renal function, the long-term out-
come can be unsatisfactory due to progressive 
bladder dysfunction, e.g., up to 20% of the PUV 
patients end up with the end-stage renal disease [15, 
19, 20]. The literature on the results of the endo-
scopic treatment of the less common anomalies 
(Cobb’s  collar, syringocoele) as well as iatrogenic 
and posttraumatic strictures in children is sparse.

In the adult population, directly visualized 
urethrotomy (DVIU) is commonly used to treat 
US. According to the literature, the success rate 
varies enormously, between 8% and 80%. 
Location of the US and the length of the segment 
are important factors that influence the outcome. 
The prognosis is better for the newly diagnosed 
US. There is a tendency to the progressive recur-
rence over time [10, 16].

50.8  Discussion

DVIU has been proposed by Sachse in 1972. 
This technique has evolved over the decades as 
many different tools for making an incision 
have been introduced. Nowadays, holmium/
YAG laser and cold knife are commonly used 
for this purpose by the majority of urologists. 
Monopolar cautery can also be useful under 
strict conditions. In experienced hands, it is a 
safe and effective instrument. The most com-
mon concern is scaring tissue and local recur-
rence. When using any tool, the urologist must 
be familiar with its properties to minimize the 
risk for complications [9, 11, 15].

Urethra narrowing can occur at any level and 
in the pediatric population the congenital 
 anomalies are the most common. Those can be 
successfully solved by means of a 
DVIU.  Nevertheless, the long-term outcome in 
terms of maintaining renal function and resolving 
LUTS depends mainly on the bladder function/
dysfunction. The most common cause of an iatro-
genic stenosis in children is hypospadias surgery. 
Children with anorectal malformations (ARM) 
and fistula draining into the urinary tract can also 
require urological management. In case of US, 
endoscopic management can be considered fol-
lowing the same rules as for the posttraumatic 
narrowing. However, one must keep in mind that 
patients with ARM are at risk for developing neu-
rogenic lower urinary tract dysfunction that must 
be treated accordingly.

Simple dilation of UI is seldom effective and 
therefore should not be recommended in the 
pediatric population. It might be offered as an 

Tip and Tricks
• Positioning of the patient at the edge of 

the table.
• Double check all parameters (light 

source, laser, and cautery settings).
• Frequent emptying of the bladder dur-

ing the procedure improves the fluid 
flow and visualization.

• Lumen of the urethra must be visible or 
a guide wire must be used.

• Do not rush, use lubricants, and stay 
gentle.

• Stop on time in case of a lack of visibil-
ity, ensure the urine outflow, and 
reschedule.

• Ergonomic position might reduce 
tiredness.
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additional maneuver after DVIU. Local applica-
tions of steroids and mitomycin C have been 
proposed, but there is no evidence on their 
effectiveness.

Following the recommendations for the adult 
population, the incision can be done in those with 
a short-segment (< 1.5–2  cm) narrowing in the 
distal urethra. Prolonged stenting (> 72 h) prob-
ably does not improve the results. In case of a 
long-segment stenosis of the distal urethra and 
when proximal urethra is involved, an end-to-end 
anastomosis or urethra augmenting surgery 
should be done as the long-term outcome of 
DVIU is rather poor [10, 16]. Those rules can 
probably be also applied to the treatment of a 
failed hypospadias repair in children.
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51Prenatal Minimally Invasive 
Procedures for Fetal Lower Urinary 
Tract Obstruction

Rodrigo Ruano, Ayssa Teles Abrao Trad, 
and Jose L. Peiro

51.1  Introduction

Fetal lower urinary tract obstruction (LUTO) is a 
bladder outlet obstruction resultant from congen-
ital renal outflow tract anomalies. It represents a 
spectrum of pathologies characterized by dilated 
fetal bladder and bilateral hydronephrosis that 
can occur as an isolated defect (isolated LUTO) 
or be accompanied by other congenital abnor-
malities in approximately 20% of cases (complex 
LUTO) [1].

LUTO is associated with high degree of peri-
natal mortality and long-term morbidity. The 
severity of obstruction is highly variable and 
dependent on the underlying mechanism; poste-
rior urethral valve (PUV) is the most common 

cause of LUTO, representing up to 63% of cases 
in male fetuses. Other causes include urethral 
atresia, urethral stenosis, and prune belly syn-
drome [2].

Cloacal malformation and obstructive uretero-
cele impacted in the bladder neck are the most 
common causes of LUTO in females. In cloaca, 
due to the urine outlet obstruction and the reflux 
to the vaginal cavity, there will be a progressive 
vaginal enlargement (hydrocolpos) that is 
observed in 30% of the patients, which eventu-
ally compress the adjacent structures, such as the 
ureterovesical junction [3].

Mild forms of the disease in LUTO can have 
favorable outcomes but, when more severe, 
usually formed early in gestation, it leads to 
dysplastic kidney changes and eventually oli-
gohydramnios or anhydramnios that may result 
in secondary pulmonary hypoplasia and renal 
failure [4].
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51.2  Epidemiology

LUTO affects two to three infants per 10,000 live 
births. A higher incidence is expected when 
including elective termination and intrauterine 
fetal death. It is more common in male fetuses 
and no risk factors have been identified for non-
syndromic cases of LUTO. Mortality rates vary 
but can be as high as 80% to 90% [3]; LUTO is 
responsible for 15% to 20% of pediatric end- 
stage renal failure [5] as well as 10 to 60% of 
pediatric renal transplants [2].

51.3  Prenatal Diagnosis

LUTO is diagnosed antenatally with ultrasound 
(US) examination demonstrating consequences 
of outlet obstruction (Fig. 51.1) such as distended 
bladder with thickened wall, ureteral dilation, 
renal hyper-echogenicity, bilateral hydronephro-
sis, subcortical renal cysts, renal dysplasia, or 
severe oligohydramnios (amniotic fluid index 
<5 cm or maximum vertical pocket <2 cm). More 
severe forms of the disease can be perceived in 
the first trimester, but the majority is diagnosed at 
the time of routine anatomic survey in the second 

trimester. Fetal anatomic ultrasound screening 
has improved prenatal detection of the disease 
with a 29% increase in diagnosis demonstrated 
over the course of 14 years [5].

The sensitivity of US diagnosis of LUTO has 
been set by two large studies between 50% and 
59% [1, 5]. However, when looking at specific 
parameters, such as renal hyper-echogenicity, 
sensitivity has been shown to reach numbers as 
high as 95% [5]. According to a retrospective 
cohort study, dilated bladder and thickened 
bladder wall were the best indicators of LUTO, 
with sensitivities of 96.8% and 93.5%, respec-
tively [6].

Comprehensive fetal anatomic survey is war-
ranted to rule out complex LUTO; fetal echocar-
diography, genetic counseling, chorionic villous 
sampling, and amniocentesis are all components 
of the investigation depending on initial presenta-
tion and clinical suspicion. Recent studies sug-
gest diagnostic benefit from adding magnetic 
resonance imaging (MRI) to the workup of 
fetuses with LUTO (Fig.  51.2), reasoning that 
whereas US evaluation may be difficult with 
reduction in amniotic fluid, MRI is not affected 
and may confirm the diagnosis as well as provide 
additional information [7].

a b

Fig. 51.1 Prenatal ultrasounds (a) and fetal MRI (b) at 22 weeks’ gestation. Posterior urethral valves (PUV) showing 
distended bladder and posterior urethra (keyhole sign) with anhydramnios. (Images from Cincinnati Fetal Care Center)
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a b

Fig. 51.2 Fetal MRI coronal (a) and axial (b) sections. 
Urethral atresia showing distended bladder and posterior 
urethra (keyhole sign) with oligohydramnios. 

Amnioinfusion before US and MRI can improve imaging 
resolution and diagnosis. (Images from Cincinnati Fetal 
Care Center)

51.4  Prognosis

Several markers have been studied to possibly aid 
the practitioner in providing prognostic informa-
tion to the prospective parents. Sonographic find-
ings of megacystis greater than 12 mm that only 
resolve after the 23rd week of pregnancy have 
been associated with very poor prognosis [8]. 
Other sonographic indicators of poor prognosis 
include hyper-echogenicity of the kidneys, pres-
ence of cortical cysts, and absence of amniotic 
fluid during the critical canalicular phase of fetal 
lung development [9], between the 16th and 25th 
week of gestation.

Prognostic indicators for fetal renal function 
should be used in combination with sonographic 
findings. Favorable renal function is character-
ized by fetal urine with electrolyte biochemistry 
within the parameters of sodium <100  mEq/L, 
chloride <90 mEq/L, osmolality <200 mOsm/L, 
and Beta-2-microglobulin <6 mg/L [10]. In addi-
tion, it has been demonstrated that fetal bladder 
refilling of <27% in 48 h after vesicocentesis is 
correlated to high probability of progression to 
intrauterine renal failure and the need for dialysis 
shortly after birth [11].

51.5  Treatment

51.5.1  Rationale for Fetal Intervention

The correct selection of candidates for fetal inter-
vention is important to avoid unnecessary proce-
dures and related complications in those who are 
likely to survive without any intervention. The 
rationale for fetal intervention is based on the 
understanding of the natural course and detrimen-
tal outcomes of LUTO. By permitting restoration 
of the amniotic fluid volume, fetal therapy has the 
potential to ameliorate pulmonary hypoplasia and 
possibly prevent end-stage renal disease [2].

It is accepted that patients most likely to ben-
efit from invasive procedures have a normal 
karyotype, lack other developmental abnormali-
ties, and have oligohydramnios/anhydramnios as 
well as a favorable urinary biochemistry.

51.5.2  Treatment Based on Prenatal 
Classification

After a diagnosis of LUTO, physicians must 
determine who would benefit from fetal therapy. 
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In addition to the expected risks inherent to any 
fetal intervention, the outcomes presented in the 
literature are conflicted, likely because of lack of 
standardization in candidate selection, uncover-
ing the need for a staging tool.

In 2012, there was an attempt to standardize 
LUTO prenatal evaluation and develop a classifica-
tion system to better define subsets of patients that 
would benefit from fetal intervention. The pro-
posed classification, according to severity, defines 
three stages: I (mild LUTO), II (severe LUTO with 
prenatal findings suggestive of preserved fetal renal 
function), and III (severe LUTO with prenatal find-
ings suggestive of fetal abnormal renal function). It 
takes into consideration variables of amount of 
amniotic fluid, echogenicity of fetal kidneys, renal 
cortical cysts, renal dysplasia, and fetal urinary bio-
chemistry. According to this classification, fetal 
intervention is indicated in stage II patients to pre-
vent pulmonary hypoplasia and severe renal 
impairment. Stage III patients would require fur-
ther studies to determine the potential benefit [12] 
and as there is no fetal urine production to fill the 
amniotic cavity with any bladder drainage or diver-
sion. The only way to obtain a pulmonary survivor 
is to replace amniotic fluid from an external source 
by serial percutaneous ultrasound-guided amnioin-
fusions or amnioport placement.

In 2017, a staging system that stratifies dis-
ease severity by structural abnormalities identi-
fied with US and sequential fetal biochemistry 
measurements at 18–30 weeks was introduced by 
Ruano et  al. [13]. With the aim of determining 
appropriate interventions, the characteristic fea-
tures of the Ruano staging system are as follows: 
stage I LUTO is a mild form, with normal fetal 
renal anatomy (normal echogenicity, no cysts or 
dysplasia), normal amniotic fluid index, and 
favorable fetal urinary biochemistry at 
18–30 weeks; bladder dilation or hydronephrosis 
may be present. These patients have an overall 
good prognosis and can have a conservative man-
agement with weekly US monitoring.

Stage II LUTO is characterized by oligohy-
dramnios (or anhydramnios), fetal renal hyper- 
echogenicity but without cysts or dysplasia, 
and favorable fetal biochemistry after a maxi-

mum of three sequential samplings. The prog-
nosis of these patients is uncertain, but they are 
candidates for fetal intervention (vesicoamni-
otic shunting or fetal cystoscopy) to prevent 
secondary pulmonary hypoplasia due to 
oligohydramnios.

Fetuses with stage III LUTO have severe 
obstruction, fetal renal hyper-echogenicity with 
cysts or dysplasia, anhydramnios, and an unfa-
vorable urinary biochemistry. These patients are 
also candidates for fetal intervention (vesicoam-
niotic shunting with or without serial amnioinfu-
sion) but they have a poor prognosis, and there is 
still a need for additional evidence supporting the 
benefit of intervention.

Stage IV LUTO is a progression of stage III 
which occurs spontaneously or after fetal vesi-
coamniotic shunt placement. It is associated with 
end-stage renal disease even before birth. US 
findings show renal hyper-echogenicity with 
cysts and dysplasia, anhydramnios, and fetal 
anuria (bladder filling rate  ≤  27% after initial 
vesicocentesis). The prognosis of stage IV LUTO 
is extremely poor, and there are no viable prena-
tal treatment options for these patients. 
Management usually involves  palliative care; 
serial amnioinfusion from an external source 
may also be useful for intrauterine fetal renal fail-
ure but this warrants further study.

51.5.3  Therapeutic Options

There are five potential prenatal interventions 
for LUTO in addition to termination of preg-
nancy: fetal vesicoamniotic shunt (VAS) place-
ment and/or fetal cystoscopy, and less likely 
fetal vesicostomy, when fetal urine production is 
still present, and serial amnioinfusion or amnio-
port, when there is not fetal urine production to 
supply fluid for the amniotic cavity. Benefit in 
postnatal survival has been demonstrated with 
VAS and fetal cystoscopy [12] but preserved 
renal function in 2 years is a proven benefit of 
only the latter [14, 15].

Vesicoamniotic shunting aims for sustained 
bladder decompression with the help of a bladder 
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catheter that allows continuous bladder drainage. 
Due to the small caliber and long length of the 
catheter, complete decompression may not be 
seen in all cases. Complications related to blad-
der shunts occur in up to 45% of cases which 
include shunt blockage (25%) and shunt migra-
tion (20%) as well as urinary ascites, preterm 
labor, chorioamnionitis, and iatrogenic gastros-
chisis. The most serious maternal complication 
related to vesicoamniotic shunting is infection 
which increases the risk for fetal death. Shunt 
displacement from the bladder may cause urine 
ascites, massive fetal abdomen distention, dia-
phragmatic elevation, intra-abdominal and intra-
thoracic hemodynamic changes, and even fetal 
hydrops [4].

Open fetal surgery for vesicostomy requires 
the fetal abdomen to be opened below the umbili-
cal cord insertion. The bladder is opened and 
sutured to the fetal skin, allowing urine to out-
flow [16]. This procedure was offered by some 
fetal surgeons in highly selected cases to achieve 
a permanent and complete bladder decompres-
sion to restore the amniotic fluid and prevent pul-
monary hypoplasia at birth. The goal is to achieve 
bladder drainage without the inconvenient of 
clotting or dislodgement that happens with 
VAS.  Nowadays, it is considered experimental 
and should balance the risk/benefit ratio, as the 
hysterotomy required to perform the fetal vesi-
costomy carries the risks of open fetal surgery in 
general such as prematurity and dehiscence of 
the uterine scar.

Fetal cystoscopy involves direct visualization 
of the urinary outflow tract for etiological diag-
nosis and specific treatment. The longer proce-
dure duration and need for minimal maternal 
movement generates the need for regional anes-
thesia. Fetal cystoscopy provides visual diagno-
sis of the cause of obstruction, differentiating 
PUV from complete urethral atresia. When visu-
alization and angle is appropriate, laser ablation 
of the valves is probably the best choice, but if 
not, the placement of a double-J transurethral 
catheter remains a good alternative. To obtain a 
better visualization entering from the dome of the 
bladder, some surgeons prefer a maternal mini- 

laparotomy to mobilize the fetus and the uterus 
before insertion of the trocar. PUV ablation is a 
challenging procedure associated with technical 
limitations that can lead to complications such as 
urological fistulas (in approximately 10% of the 
cases) and prematurity with a mean gestational 
age at delivery of 34.6 ± 2.5 weeks [17]. Other 
possible origin of bladder neck obstruction is 
prolapsed ureterocele, which can be incised and 
decompressed by laser through fetal cystoscopy 
or fetoscopy [18].

Serial amnioinfusion has been indicated 
under experimental bases in cases of patients 
with LUTO with a poor prognostic profile such 
as stage IV, who are not candidates for the previ-
ously established fetal interventions. This proce-
dure involves repeated infusion of sterile warm 
saline or lactated Ringer’s solution to restore 
amniotic fluid for oligohydramnios until 
28–30  weeks with the intent to prevent severe 
pulmonary hypoplasia and perinatal demise. If 
pulmonary development is sufficient after birth, 
neonates will require renal replacement therapy 
with chronic dialysis and kidney transplant. 
Ethical and clinical questions persist on its bene-
fits and safety particularly because renal trans-
plantation cannot usually be offered to children 
under 2 years of age [19].

Amnioport is an innovative technique used 
experimentally since 2010 which allows instilla-
tion of crystalloid solutions, without repetitively 
puncturing the amniotic sac [20] by subcutane-
ous insertion of a port venous access system con-
nected to a permanent intrauterine silicone 
catheter. This procedure is still offered when 
vesicoamniotic shunt or fetoscopic ablation for 
suspected posterior urethral valves fails to restore 
amniotic fluid volume (AFV) but also offered pri-
marily in cases of renal dysplasia with no or inad-
equate fetal urine production, defined as fetal 
urine production unable to maintain a deepest 
vertical pocket >2  cm in the second trimester. 
The parents should be counseled that this is still 
considered an unproven therapeutic innovation 
performed specifically to help prevent lethal pul-
monary hypoplasia and not to treat the fetal uri-
nary system.
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51.6  Preoperative Preparation

After extensive counseling, the patient elects to 
proceed with fetal intervention in hope to release 
or bypass the obstruction to improve the outcome 
of the fetus. We always discuss all potential thera-
peutic options including transuterine fetal cystos-
copy, possible laser ablation or disruption of the 
posterior urethral valves, and transurethral cathe-
ter placement if possible, with a fall back plan of 
vesicoamniotic shunt placement. Informed con-
sent should be obtained and all of patient and her 
family’s questions answered.

Patients are screened at admission and placed 
in an NPO diet. Vitals including blood pressure, 
heart rate, temperature, as well as pain score and 
urine are checked at regular intervals. Preoperative 
prophylaxis includes intravenous antibiotics 
(e.g., cefazolin 2  g  +  metronidazole in NaCl 
500  mg) and tocolysis (magnesium sulfate 6  g 
bolus followed by 2 g/h or indomethacin 25 mg 
Q8 for 24 h or nifedipine 10 mg Q8 for 24 h).

51.7  Maternal and Fetal 
Positioning

The patient is taken to the operating room after 
informed consent is obtained. Maternal anesthe-
sia varies depending on the service from a combi-

nation of local skin anesthesia with maternal 
sedation to a combination of epidural analgesia 
and general anesthesia. The mother is placed in 
the supine position with a left uterine tilt.

Once the mother is anesthetized, patient is 
prepped in a sterile fashion and ultrasound probe is 
placed in a sterile sheath. Fetal position is carefully 
evaluated as well as the scope or shunt trocar entry 
in the uterus is meticulously planned, using color-
Doppler to verify the absence of vasculature.

51.8  Fetal Surgical Techniques 
and Instruments

51.8.1  Vesicoamniotic Shunting

There are basically two types of VAS catheters, 
the Rodeck and the Harrison, both based on a 
multi-perforated double pigtail tube. The shunts 
themselves are constructed differently in terms of 
material and size, and in addition their insertion 
techniques slightly differ (Fig.  51.3). Recently, 
appeared in the market a new auto-expandable 
shunt, which VAS apparently is associated with a 
lower rate of early dislocation and feasible for the 
first trimester [21].

For this procedure, fetal anesthesia using fen-
tanyl (15 μgL/kg) and pancuronium (0.5 to 2 mg/
kg) is administered either via intramuscular using 

a b c

Fig. 51.3 Different types of vesicoamniotic shunts. (a) Rodeck. (b) Harrison. (c) Somatex
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an ultrasound-guided 22-gauge needle or through 
an umbilical vein injection. An entry site for the 
shunt trocar (a double pig tailed catheter) is 
selected by using color-Doppler ultrasonography 
to check for vascularity, and the skin is then 
entered by stab incision with a #11 scalpel. Under 
continuous ultrasound guidance, the fetal shunt 
needle and trocar are introduced into the amni-
otic cavity and carefully advanced into the blad-
der of the fetus. The sharp needle is then removed, 
and the shunt is introduced down the shaft of the 
needle using the pusher; the distal loop of the 
shunt must be seen by ultrasound in the fetal 
bladder before withdrawing the trocar through 
the fetal abdominal wall until the distal coils of 
the shunt are deployed into the amniotic cavity. 
After double-checking the correct position of the 
shunt using ultrasounds, the needle is removed 
from the maternal abdomen.

Severe oligohydramnios and anhydramnios 
represent the main technical difficulty to place a 
catheter in those patients; therefore, amnioinfu-
sion immediately before placing the vesicoamni-
otic shunt is necessary. Please see the description 
of the procedure below (serial amnioinfusion). It 
is also important to place the shunt as low as pos-
sible in the bladder, in order to prevent catheter 
displacement after bladder decompression. The 
trocar needs to be carefully manipulated inside 
the amniotic cavity to avoid misplacing the shunt 
into the fetal abdomen or maternal uterine wall, 
and sometimes a gentle manipulation of the fetus 
away from the maternal uterine wall is required.

51.8.2  Fetal Cystoscopy

51.8.2.1  Percutaneous Ultrasound- 
Guided Fetal Cystoscopy

Fetal anesthesia should also be administered 
for this intervention. Under conventional two- 
dimensional ultrasound guidance, a curved 
trocar for the fetoscope is introduced percuta-
neously into the distended fetal bladder 
through the maternal abdomen, uterine wall, 
and amniotic cavity. Once inside the fetal 
bladder, the fetoscope with at least 70° field of 
view is inserted into the trocar sheath and 

directed toward the bladder neck with dilated 
proximal urethra [22, 23].

If fetal PUVs are identified, it can be treated 
using hydro-ablation, guide wire, or laser fulgu-
ration of occluding membranes by introducing a 
laser fiber into the upper channel and emitting 
shots of pulsed neodymium-doped yttrium alu-
minum garnet (Nd:YAG) or diode, laser using 
low power (maximum 30  W) setting, and 100 
Joules; the procedure is concluded when the 
bladder is found to be empty and Doppler ultra-
sound confirms passage of fluid through the pat-
ent urethra into the amniotic cavity. If a 
nonmembrane-like obstructive structure is found, 
then the diagnosis is likely urethral atresia and no 
attempt to perforate this structure should be 
undertaken. The procedure should then be con-
verted to VAS placement.

51.8.2.2  Maternal Mini-Laparotomy- 
Assisted Fetal Cystoscopy

A vertical infra-umbilical midline incision is per-
formed before dissecting down to the fascia level 
using electrocautery. The fascia is split at the 
midline to expose the uterus. At this point, anes-
thesia team should titrate to relax the uterine tone 
with inhalation anesthetic agents. Ultrasound is 
then used to confirm the position of the fetus, the 
location of the posterior urethra, and the dis-
tended bladder. It is also recommended to mark 
out the external edges of the placenta if it lays 
anterior to avoid entering in proximity. 
Amniocentesis needle is then kindly introduced 
in the amniotic cavity with US guidance, fol-
lowed by amnioinfusion before the fetus can be 
positioned for the best fetal rigid cystoscopic 
approach.

We use the insertion of two transuterine 
T-fasteners (about 1 cm apart) into the fetal blad-
der dome (Fig. 51.4) under ultrasound guidance 
before inserting a 10-French Cook Check-Flo 
cannula, originally designed for vascular access, 
by Seldinger technique, or using a sharp trocar, 
also under ultrasound guidance (Fig. 51.5). The 
fetal intravesical T-fasteners allow the bladder 
wall to be on traction and in contact with the fetal 
abdominal wall to prevent ascites and orientate 
better the rigid cystoscope from the dome to the 
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ca b

Fig. 51.5 Ultrasound guidance during fetal rigid cystos-
copy at 22  weeks’ gestation for PUV. (a) Intravesical 
needle, after T-fasteners placed. (b) Wire introduction for 

Seldinger insertion of 10-Fr cannula. (c) Intravesical rigid 
cystoscope facing posterior urethra. (Images from 
Cincinnati Fetal Care Center)

Fig. 51.4 T-fasteners to prepare the fetal bladder for access with rigid cystoscopy. Anchorage of the layers: (a) Maternal 
abdominal wall, (b) uterine wall, (c) fetal abdominal wall, and (d) fetal vesical wall

bladder neck and the distended posterior urethra. 
At this point, we can advance the 2.7 mm sheath 
fetoscope that contains the 2 mm telescope into 
the distended bladder and posterior urethra. A 
visual diagnosis of the obstructed fetal urethra is 
performed, identifying either posterior urethral 
valves or a blind end corresponding to a urethral 
atresia (Fig.  51.6). By inserting a wire through 
the fetoscope and attempt to pass it beyond the 

posterior urethra, we can assess the nature of the 
obstruction. In case of atresia, we can place a 
vesicoamniotic shunt through the same passage 
of the fetoscope (Fig. 51.7). Usually, we insert a 
Rocket shunt through the Cook cannula into the 
fetal bladder without problems under ultrasound 
guidance. The shunt can be completely deployed 
using the fetoscope with the second end of the 
shunt positioned well in the amniotic space.

R. Ruano et al.



421

a b c

d e f

Fig. 51.6 Fetal cystoscopy for urethral atresia. (a) Fetal 
bladder with ureteral orifices. (b) Bladder neck. (c) A 
closer view of bladder neck. (d) Looking for possible 
PUV. (e) Identification of obstruction with thick tissue. (f) 
Insertion of a wire through the fetoscope in an attempt to 
pass it beyond the posterior urethra but unable to. These 

findings suggested urethral atresia as the cause of the 
BOO. We decided to place a vesicoamniotic Rocket shunt 
through the same passage of the fetoscope through the 
Cook introducer into the fetal bladder without problem 
under ultrasound guidance. (Images from Cincinnati Fetal 
Care Center)

ba c

d e f

Fig. 51.7 Fetal cystoscopy for urethral atresia and VAS. 
(a) Fetal bladder with probe glide wire. (b) Identification 
of obstruction with thick tissue of urethral atresia. (c and 
d) Insertion of a Harrison-type vesicoamniotic shunt 
through a different passage of the fetoscope under ultra-

sound guidance and direct visualization. (e) Cystoscopic 
view of the intravesical end of the shunt. (e) Fetoscopic 
intra-amniotic view of the abdominal wall end of the 
shunt. (f) Fetoscopic view of the male genitalia. (Images 
courtesy from Dr. Marcio L. Miranda)
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Fig. 51.8 Fetal cystoscopy for PUV. (a) Fetal bladder 
neck. (b) Insertion of a wire through the fetoscope in an 
attempt to pass obstruction on the posterior urethra. These 
findings suggested the presence of PUV as the cause of 
the BOO. (c) Laser fiber at the level of PUV. (d) Laser 
energy with bubbling for valves ablation. (e) Already per-
forated the thickened tissue using 10 watts of laser power. 

(f) Detailed view of perforation and patent urethra. (g) 
Glided wire probing urethral patency through the penis. 
(h) Then, placed a double-J catheter over the transurethral 
glide wire. (i) One end of it remains in the amniotic space 
while the other end is left inside of the fetal bladder. 
(Images from Cincinnati Fetal Care Center)

In case we clearly identify posterior urethral 
valves, we need to pass a glide wire through the 
fetoscope into the fetal bladder to probe the pos-
terior urethra before PUV ablation (Fig. 51.8). 
Then, the diode 600-micron laser fiber replaces 
the wire to ablate and perforate the valve tissue 
using 10–20 watts of laser power. When rein-

serted the glide wire, we should be able to 
advance it through the urethra into the amniotic 
cavity. At this point, optionally, or in the case 
laser was not used for unsafe angulation or visu-
alization of the valves, a double J trans-urethral 
catheter can be placed (Fig.  51.9). To accom-
plish that, advance a double-J catheter over the 
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Fig. 51.9 Cystoscopic fetal transurethral catheterization 
for PUV. (a) Fetal bladder neck with enlarged posterior 
urethra. (b) Insertion of a wire through the fetoscope to 
pass obstruction on the posterior urethra when valves are 

not well visualized. (c) Inserted double-J catheter over the 
transurethral glide wire. (d) Transurethral catheter with 
view of the end inside the fetal bladder. (Images from 
Cincinnati Fetal Care Center)

transurethral glide wire until one end of it is in 
the amniotic space while the other end was left 
inside of the fetal bladder. Before the double-J 
catheter is completely deployed, the fetoscope 
can be inserted in parallel without its outer sheath 
through the Check-Flo cannula alongside the 
glide wire to visualize and control the catheter. 
Rechecking with the complete fetoscope is 

always possible to confirm the proper position of 
the catheter and eventually to pull a few centime-
ters of the catheter back into the bladder under 
direct fetoscopic vision using 1-mm graspers. We 
can check the other end of the catheter in the 
amniotic cavity through the penis exiting the ure-
thral meatus in good position by ultrasound 
imaging or direct visualization with the feto-
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scope. We usually instill antibiotics into the fetal 
bladder and the amniotic cavity. Then, carefully, 
the fetoscope and the introducer should be 
removed completely. A simple or figure-of-eight 
stitch is placed around the Cook cannula before 
the trocar and the fetoscope are removed. The 
previously placed figure-of-eight suture is then 
tied down to form watertight closure of the feto-
scopic insertion site. Next, the uterus is reposi-
tioned and the peritoneal cavity irrigated. Once 
hemostasis is reassured, the fascia can be closed 
using running continuous #1 looped PDS suture. 
The subcutaneous tissues are closed in layers 
using interrupted absorbable sutures. The skin 
incision is then closed using a suture in running 
subcuticular fashion. Mother and fetus usually 
tolerate the procedure well, and we need to check 
periodically that the fetal cardiac rhythm, rate, 
and function are normal throughout the entire 
procedure.

51.8.3  Serial Amnioinfusion

51.8.3.1  Percutaneous Ultrasound- 
Guided Amnioinfusion

This procedure involves repeated infusion of ster-
ile warm saline or lactated Ringer’s solution to 
restore amniotic fluid for oligohydramnios 
between 20 and 36  weeks’ gestation with the 
intention of preventing severe pulmonary hypopla-
sia and perinatal demise and promoting a bridge to 
renal dialysis and transplant. An entry site for the 
needle is selected by using color- Doppler ultraso-
nography to check for vascularity. Then, under 
ultrasound guidance, a 20- or 22-gauge needle is 
introduced in the amniotic cavity to infuse sterile 
warm lactate ringer until a normal amount of 
amniotic fluid is observed (main vertical pocket of 
5 or amniotic fluid index of 8 cm). This procedure 
is repeated subsequently whenever severe oligohy-
dramnios is observed again [19].

51.8.3.2  Serial Amnioinfusion 
through Amnioport

A maternal small laparotomy is required to par-
tially expose the gravid uterus. Under ultrasound 
guidance, a 20-gauge EchoTip needle is inserted 

into the amniotic sac to infuse warm saline to 
restore a minimum intra-amniotic fluid volume to 
achieve a normal pocket of amniotic fluid >2 cm 
and < 8 cm. This can be done during the opera-
tion or percutaneously the day before. The intro-
ducer needle can then be placed into the created 
pocket to allow placement of the sheath and 
introducer via Seldinger. A 6.6-Fr catheter is then 
placed using the Seldinger technique under ultra-
sound guidance using the peel-away sheath and 
introducer inserted into the amniotic space; intra- 
amniotic antibiotics are instilled at this point. 
Significant catheter length (more than 30 cm) is 
threaded through the introducer into the amniotic 
space under ultrasound guidance. The portion 
exterior to the uterus is secured by an absorbable 
purse-string suture at the insertion site and cov-
ered by imbricating the uterine serosa over the 
catheter for 5 cm using a Witzel tunnel technique 
in order to prevent catheter dislodgement. The 
catheter is cut to enough length, after passing 
through the fascia at one side of the laparotomy 
and then tunneled subcutaneously to a pocket 
created by another incision usually over the 
maternal lower costal margin. The reservoir or 
port venous access system (Cook Medical, 
Vandergrift, Pa., USA) is secured to the fascia at 
three points with 3-0 Prolene sutures, leaving the 
silicon membrane facing up to allow easy percu-
taneous access using a 20- to 22-gauge needle 
designed for the port system (Fig.  51.10). The 
laparotomy and small incisions are closed rou-
tinely. Postoperative infusions of normal saline 
can be done serially, as many times we need, 
under ultrasound guidance, to maintain the AFV 
in a normal range. At delivery, the small chest 
wall incision is reopened to remove the reservoir 
directly. Then, with gentle traction on the cathe-
ter, this can be removed entirely through the chest 
incision (refer to Video 51.1).

51.9  Postoperative Care

Postoperative care may vary according to the 
chosen intervention. Commonly, patients are 
kept in prophylactic antibiotics and prophylactic 
tocolysis for a maximum 24 h after surgery and 
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a b

c

Fig. 51.10 Amnioport placement. (a) Intrauterine cathe-
ter. (b) Costal subcutaneous port system. (c) Accessed 
implanted port with connected subcutaneous and intra-

uterine catheter ready for amnioinfusion. (Images from 
Cincinnati Fetal Care Center)

Take-Home Points
• Fetal lower urinary tract obstruction 

(LUTO) is a bladder outlet obstruction 
in the fetuses caused by different con-
genital anomalies.

• Prenatal diagnosis is mainly based on 
ultrasound examination.

then discharged home within 24 h if no complica-
tions arise. A follow-up ultrasound is performed 
on the first postoperative day before verifying 
fetal status, bladder condition, and amount of 
amniotic fluid. Weekly ultrasound follow-up 
evaluations may be indicated to evaluate fetal 
shunt dislodgements or re-obstruction of the fetal 
urethra. A multidisciplinary evaluation and fol-
low- up are necessary for delivery plan and post-
natal management.

51.10  Future Directions

Studies with standardized patient populations 
and long-term follow-up are needed for better 
establishing the benefits of fetal interventions 
and to compare both surgical methods based on 
better classification of the severity of the disease 
prenatally. Ideally, a randomized controlled trial  
should be performed with an appropriate urinary 

obstruction cohort to compare VAS and cystos-
copy, with case stratification based on US, fetal 
urine biochemistry, and the etiology of 
obstruction.

Amnioinfusion is still an experimental proce-
dure that must be further investigated as a possi-
ble treatment for stage IV disease, and a new 
innovation for neonatal/pediatric technology and 
treatment to allow for fetal transition to trans-
plantation will contribute.
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52Robot-Assisted Laparoscopy 
in Differences of Sexual 
Development: Resection 
of Embryological Remnants

Céline Sinatti, Piet Hoebeke, 
and Anne-Françoise Spinoit

52.1  Introduction

Differences of sexual development (DSD) are 
congenital conditions based on chromosomal 
and/or gonadal differences leading to a variety of 
atypical internal and external anatomical sex 
development. DSD affects approximately 1  in 

1000 individuals [1]. Diagnosis, treatment, and 
follow-up of patients with DSD are performed by 
a multidisciplinary team of pediatric endocrinol-
ogists, pediatric gynecologists, gynecologists, 
and pediatric urologists, together with psycholo-
gists, pathologists, and geneticists. When surgi-
cal treatment is needed, it may include 
reconstruction of the external genitalia and open 
or laparoscopic investigation of the internal geni-
talia, the gonads, and the presence of embryo-
logical remnants.

Multiple techniques for genital reconstruc-
tions are described while surgery of the internal 
gonadal structures is limited to diagnosis, biopsy, 
and if applicable removal. The surgery of the 
internal gonadal structures or Müllerian/Wolffian 
remnants might benefit from a minimally inva-
sive approach like robot-assisted laparoscopy.

The initial embryo is multipotent, and during 
evolution, some structures are meant to evolve, 
while others are meant to disappear in the normal 
differentiation into male or female embryo.

Table 52.1 provides an overview of the uro-
genital structures and their normal evolution.

The embryological remnants in men result 
from incomplete regression of the Müllerian 
duct, which develops to form the uterine tubes, 
uterus, and upper part of the vagina in the female. 
This duct normally regresses at the tenth week of 
fetal life in in the male under the influence of 
anti-Müllerian hormone [2] (Fig. 52.1).

In some rare conditions, some ducts do not 
completely disappear.

Learning Objectives
• To describe the different steps of robot- 

assisted laparoscopic resection of 
embryological remnants associated with 
differences of sexual development 
conditions.

• To present the outcomes of robot- 
assisted resection of embryological 
remnants.

• To show a video with the technique of 
robot-assisted resection of embryologi-
cal remnants.
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Table 52.1 Overview of urogenital structures and their normal evolution

Paramesonephric ducts Mesonephric ducts
Also known as Müllerian ducts Also known as Wolffian ducts
Paired ducts of embryo
Run down sides of urogenital ridge and terminate in sinus tubercle in primitive urogenital sinus
In ♀: Fallopian tubes, uterus, cervix, and vagina In ♀: Urinary system
In ♂: Disappear In ♂: Urinary system + ductus deferens
Mesodermal origin

Fig. 52.1 Provides an overview or the primary urogenital system and its evolution. Note the persistence of the 
Müllerian ducts in female and the persistence of Wolffian ducts in males. (© Illustration by Bram Nevejans)
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Various Remnants from Müllerian ducts in 
boys:

 – Hemi-uterus.
 – Utricle cyst.

Ectopic kidney in females with aberrant ure-
teric insertion:

 – In uterus.
 – In cervix.
 – In urethra.

52.1.1  Actual Trends in DSD Surgery

Surgery for DSD was performed early in life and 
with a sex binary approach striving at maximal 
feminization in female-assigned individuals and 
maximal virilization in male-assigned individu-
als. Recent evolution is that the surgery is often 
delayed till later age and genital reconstruction is 
done with more caution.

An important concept related to this evolution 
is that surgery tends to be as minimalistic as pos-
sible and delayed where possible. This minimal-
istic approach follows the general evolution in 
technology, allowing mini-invasive surgery when 
possible.

52.1.2  Background of Minimally 
Invasive Surgery in Children: 
The Robotic Platform

Over the last few years, robotic-assisted laparos-
copy in pediatric urology has been increasingly 
embraced, with the pyeloplasty considered as the 
first and most frequent indication. Two large mul-
ticentric comparisons of open pyeloplasty, con-
ventional laparoscopic pyeloplasty, and 
robot-assisted laparoscopic pyeloplasty showed a 
high success rate and a significant shorter hospi-
tal stay for the robotic approach [3, 4]. Besides 
pyeloplasty, other reconstructive pediatric uro-
logic cases are described in literature, such as 
ureteral reimplantation, ureteroureterostomy, 
Mitrofanoff, and other reconstructive bladder and 

bladder neck surgery. In our center, robot-assisted 
laparoscopy is also performed for resection of 
pelvic embryological remnants in DSD patients 
when indicated. In Ghent University Hospital, 
the experience started in 2013 with the Si plat-
form before we merged in 2018 to having two 
available platforms with dual console, one X and 
one Xi. All platforms are used in children. The da 
Vinci Xi® (Intuitive Surgical, Sunnyvale, CA, 
USA) platform was released in 2014 with several 
advantages compared to its previous version 
released in 2006, the da Vinci Si®. These advan-
tages include easier docking, a wider range of 
motion, an ability to attach the endoscope to any 
arm, and a better anatomical access in multiquad-
rant surgeries. Moreover, the camera fits on all 8 
millimeters ports, which confers an advantage 
compared to the 12  mm camera port of the Si 
system.

52.2  Indications for Minimally 
Invasive Surgery

Symptomatic embryological remnants and undif-
ferentiated gonads represent the bulk of the surgi-
cal indications. In many cases, an initial 
laparoscopic assessment of the internal gonadal 
and reproductive structures can be necessary at a 
young age as part of the diagnostic workup. It is 
usually a classical diagnostic laparoscopy, for 
which the robotic platform is not mandatory, 
even if biopsies need to be harvested.

Resection of a dysgenetic gonad is necessary 
when it has a high risk for malignancy, even at a 
young age [5]. Recently there is much more 
understanding in which conditions dysgenetic 
gonads are at risk for malignant development [6]. 
It can be challenging in some cases if those 
gonads are not in a typical location, and the 
robotic platform might be a good help.

The robotic platforms offer, with no doubt, a 
huge advantage for patient and surgeon in case of 
resection of symptomatic remnants which are 
often located in deep pelvic positions between 
other structures.

This chapter is focused on the operative tech-
nique of robot-assisted laparoscopic surgery in 
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DSD with Müllerian remnants in boys and ecto-
pic kidneys with an aberrant ureter in girls.

52.2.1  The Utricle Cyst

The utricle cyst is an embryological remnant of 
the distal portion of the Müllerian duct system 
and is a bag-like structure situated between the 
bladder and the rectum, with an orifice at the 
prostatic urethra in the seminal colliculus. Utricle 
cysts are most commonly found in males under 
20  years of age and they reportedly occur in 
1–5% of the general population [7]. They are 
often associated with hypospadias; 14% of 
patients with hypospadias have a concomitant 
utricle cyst [8]. The utricle cyst is only symptom-
atic in 5% of the cases causing obstructive and 
irritative urinary tract symptoms, post-void drip-
ping, and hematuria [7]. As the diagnosis is not 
always obvious, some patients undergo multiple 
diagnostic procedures for recurrent urinary tract 
infections before a utricle cyst is suspected.

A utricle cyst is initially suspected on cys-
toscopy, where a sacculation with a dorsal 
opening at the level of the seminal colliculus is 
seen. A cystography will enforce the presump-
tion by showing an important contrast collec-
tion at the proximal urethra. A MRI helps 
ideally to be performed to allow a detailed ana-
tomical assessment and plan the correct surgi-

cal strategy. Figure 52.2 shows a preoperative 
uroflow is performed to evaluate the urinary 
flow curve before and after surgery. Typically, 
an obstructive plateau-shaped curve is seen 
before surgery due to compression of the ure-
thra through a urine-filled utricle during void-
ing. In these cases, after surgery a normal 
clock-shaped curve is observed.

52.2.2  Hemi-Uterus

Persistence of the proximal portion of the 
Müllerian duct results in the development of 
the uterus, fallopian tubes, and/or broad liga-
ment at the side of a dysgenetic gonad, as seen 
in patients with mixed gonadal dysgenesis 
(MGD). MGD is defined in individuals who 
typically have a differentiated gonad on one 
side and a streak gonad (usually intra-abdomi-
nal) on the other side [2]. It is also possible that 
both gonads are dysgenetic and need to be 
removed. It is a rare clinical entity with a world-
wide incidence of 1.5:10000 live births [9]. Sex 
chromosome mosaicism (45, X/ 46 XY) is the 
most common karyotype expressed in MGD 
and often associated with the presence of a 
(hemi-)uterus [10]. In male-assigned individu-
als, these female structures are not sex conform 
and can be removed.

utricle cyst 

a b

Fig. 52.2 (a) Preoperative cystography showing important contrast collecting starting at the proximal urethra. (b) 
Preoperative MRI confirming the diagnosis of a utricle cyst and allowing good anatomical definition of the structure

C. Sinatti et al.
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During clinical examination undescended tes-
tis and/or hypospadias may be found. Ultrasound 
can suggest a uterus-like structure with an intra- 
abdominal gonad, but visualization might be 
difficult.

52.2.3  Ectopic Kidney with Aberrant 
Ureter

Failure of kidney migration during embryonic 
life results in an ectopic kidney, which can pres-
ent in several forms: pelvic kidney, ectopic tho-
racic kidney, and cross-fused renal ectopia. The 
incidence of a pelvic kidney varies between 
1:500 and 1:1200 [11]. The pelvic kidney can be 
a rare cause of recurrent urinary tract infection 
(UTI), warranting nephrectomy in some cases, if 
the kidney is nonfunctional. Most cases of ecto-
pic kidney might remain asymptomatic through-
out life, and the clinical recognition is estimated 
to be only 1:500 to 1:1200 [11]. Pelvic kidneys 
draining into the vagina in girls cause vaginal dis-
charge and/or incontinence.

When a pelvic kidney with aberrant ureter is 
suspected, a cystography needs to be performed 
to exclude vesicoureteral reflux. An ultrasound 
will show a unique orthotopic kidney on one side 
and no kidney on the other side. In most cases, it 
is also possible to locate the ectopic kidney with 
ultrasound, but it can be really cumbersome. 

However, to know the precise location of the kid-
ney and the drainage of the ureter, a MRI needs to 
be conducted. Figure 52.3 shows a DMSA scan is 
performed to show if the ectopic kidney is func-
tional. In case of a nonfunctional kidney, a 
nephrectomy needs to be executed. In case of a 
functional kidney, the ureter needs to be 
reimplanted.

52.3  Preoperative Preparation

After obtaining consent from the parents and 
when possible from the child, patient undergoes a 
general anesthesia with orotracheal intubation, 
myorelaxation, and antibiotic prophylaxis 
according to the local hospital’s policies.

Patient is brought into a modified lithotomy 
position with legs in the stirrups. Disinfection 
and classical draping are realized. If cystoscopy 
is not planned during the same surgery session, a 
bladder catheter is placed.

52.4  Positioning

Depending on the system used, the position of 
the robot will defer. With the Si systems, a clas-
sical side-docking position will allow cystos-
copy during the procedure (Fig. 52.4). With the 
X system, a classical side-docking is also pre-

ectopic pelvic kidney

dilated ureter draining into
vaginal wall/cervix

Fig. 52.3 Preoperative 
MRI shows a dysplastic 
ectopic kidney located in 
the pelvis, with dilated 
ureter draining into the 
vaginal wall or in the 
cervix
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Fig. 52.4 The patient is positioned in a robot adapted lithotomy position with side-docking. (© Illustration by Bram 
Nevejans)

Fig. 52.5 We prefer to use three or four trocars: the optic 
trocar 8 or 12 mm depending on the system) in the umbi-
licus, two 8-mm working trocars at the midclavicular line, 
and eventually a 5-mm assistant trocar placed. (© 
Illustration by Bram Nevejans)

ferred, while with the Xi, the robot can be posi-
tioned anywhere as long it does not stand in the 
way for possible cystoscopy. Only three robotic 
arms are used, and in some cases one additional 
assistant port is used. The camera-trocar is 
placed in the umbilicus using the Hasson tech-
nique [12]. The robotic trocars are placed under 
sight on the midclavicular line at the level of the 
umbilicus. The assistant port, when used is 
placed left (Fig.  52.5). Correct position of the 
robot while side-docking is essential to allow 
movement of the instruments in the Si and X sys-
tems (Fig.  52.6). Techniques are illustrated in 
this chapter video (Video 52.1).

52.5  Instrumentation

In our center, the Da Vinci Xi® robotic surgical 
system is used for this procedure. As mentioned 
above, only three robotic arms and one assistant 
port are used. We adopt an 8-mm 0-degree cam-
era, two 8-mm instruments, and one 5-mm instru-
ment. We use nontraumatic EndoWrist™ 
Fenestrated Bipolar Forceps, EndoWrist™ 
Maryland Bipolar Forceps, EndoWrist™ Large 
Needle Driver, and EndoWrist™ Monopolar 
Curved Scissors.

During resection of the utricle cyst, cystos-
copy is performed with a 9.5 Fr operative 
cystoscope.

C. Sinatti et al.
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45°

90°

90°

Fig. 52.6 Side-docking of the robotic cart in case of use of the Si and X system. (© Illustration by Bram Nevejans)

52.6  Technique

52.6.1  Utricle Cyst

After opening of the peritoneum, the cyst is pro-
gressively dissected from the bladder wall anteri-
orly and the rectum posteriorly. The vas deferens 
are identified laterally and left aside. Cystoscopy 
during the dissection improves identification of 
the structure while preserving the vas deferens 
laterally. A traction suture is placed at the proxi-
mal end before complete resection is performed. 
After identification of the cyst neck at the level of 

the urethra, the cyst is transected leaving a small 
stump in order to preserve the vas opening into 
the colliculus. After resection the defect is closed 
with a barbed wire and the endopelvic fascia is 
closed. At last, the peritoneum is closed.

52.6.2  The Hemi-Uterus

After opening the peritoneum, diagnostic explo-
ration is performed to identify the uterus-like 
structure which is located at the side of the dys-
genetic gonad. In most cases, the dysgenetic 
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gonad can be found at the internal inguinal ring 
and is connected to the uterus-like structure by 
the round ligament. The (hemi-) uterus often 
ends blindly on the bladder. After identifying the 
structures, they are selectively resected with 
mono- and bipolar coagulation. The distal part of 
uterus-like structure ending on to the bladder is 
cauterized. The defect of the peritoneum is 
closed.

52.6.3  The Ectopic Kidney 
with Aberrant Ureter

After identifying the ectopic kidney, a stay suture 
is placed in order to retract the ipsilateral ovary 
from the surgical field. Opening of the perito-
neum is performed just over the ectopic kidney. 
The iliac vessels are identified. The dilated ureter 
is dissected from the surrounding tissues toward 
its drainage in the vaginal wall. After placing a 
stay suture to the distal part of the ureter, the ure-
ter is fully excised. The distal part is cauterized. 
At last, the defect of the vagina and the perito-
neum are closed. A drain is placed in the pelvis in 
case of large purulent evaluation.

52.7  Postoperative Care

When no postoperative complications occur, the 
patient can leave the hospital 1 day after surgery. 
In case of utricle cyst, a bladder catheter should 
be left in situ for 1  week, and a cystography 
should be performed at removal to evaluate if the 
cyst was completely resected. If after 1-year fol-
low- up no new problems occurred and the uri-
nary complaints are resolved, then the patient 
may be discharged of further follow-up.

52.8  Results

In our center, six patients were treated with a 
robot-assisted resection of pelvic embryological 
remnants between 2015 and 2019. Three of them, 
all male XY patients, had a symptomatic utricle 
cyst. The fourth patient, a 1-year-old male 45, 

X/46, XY DSD patient, had a uterus-like struc-
ture and an intra-abdominal gonad on ultrasound. 
Two young girls, 7- and 8-year-olds, had a dys-
plastic pelvic kidney with ureter draining in the 
vaginal wall.

52.8.1  Utricle Cyst

For the three patients undergoing a utricle cyst 
resection, console time was respectively 95, 80, 
and 85 min. Total surgery time was respectively 
135, 120, and 130  min. Estimated blood loss 
(EBL) was less than 5 mL in all three patients. 
No intra- or postoperative complications were 
recorded. The bladder catheter was left in situ for 
1 week, and postoperative cystography at removal 
of the catheter showed complete resection of the 
cyst. At 1-year follow-up, all three patients 
showed no further problems and reported com-
plete resolution of the urinary symptoms. 
Afterward, they were discharged from further 
follow-up.

52.8.2  Hemi-Uterus

For the patient with the hemi-uterus and the dys-
genetic gonad, console time was 35 min and total 
surgical time was 65  min. EBL was less than 
5 mL. No intraoperative complication occurred. 
The postoperative period was marked by a uri-
nary retention which was successfully treated by 
clean intermittent catheterization during 1 week. 
Pathology report showed tuba, corpus uteri, 
vagina, and streak gonad with some organization 
of Sertoli-like cells in primitive sex cords. The 
patient is doing well and underwent a successful 
two-staged hypospadias repair 2  years after 
surgery.

52.8.3  The Ectopic Kidney 
with Aberrant Ureter

For the two patients with the pelvic kidney and 
aberrant ureter, console time was 65 and 70 min 
and total surgical time was 90 and 100  min, 
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respectively. EBL was less than 5  mL in both 
patients. Pathological study showed atrophic 
nephrogenic structures and inflamed ureteric 
structures. No intraoperative or postoperative 
complications were registered. At 1-year follow-
 up, both patients were satisfied and symptom 
free. Afterward, they were discharged from fur-
ther follow-up.

52.9  Discussion

Until a few decades ago, decisions regarding sur-
gery were essentially made by the surgeon, sel-
dom in a multidisciplinary team, and usually 
without much discussion with the parents about 
treatment possibilities. Nowadays, more atten-
tion is given to the parents and the child, while a 
multidisciplinary approach is mandatory. When 
possible, a conservative approach is adopted until 
the patient is able to participate with his parents 
to the decision-making and eventual even in state 
of being in demand for surgery.

The removal of Müllerian remnants is aimed 
at relieving symptoms when present, preserving 
fertility, and preventing neoplastic degenera-
tion. In an open surgery, several ways of 
approach have been advocated to access the ret-
rovesical space and to remove the remnants, 
going from retrovesical to transvesical 
approaches causing a lot of damage to otherwise 
healthy tissues. These open procedures are often 
technically challenging and require prolonged 
hospitalization. Furthermore, they have the 
potential risk of infection and injury of the vas 
deferens, ureters, rectum, and bladder neck. For 
these reasons, endoscopic treatment was intro-
duced with encouraging results but with several 
limitations such as a high recurrence rate [13]. 
Laparoscopy has become the gold standard 
treatment in the last two decades since the first 
intervention described by McDouglas et  al. in 
1994. Laparoscopy obviates the abovemen-
tioned disadvantages by providing an optimal 
anatomical visualization and by permitting fine 
dissection of the embryological remnants with 
excellent exposure of the surrounding structures 
and without damaging healthy tissues. 
Furthermore, it is associated with a low inci-
dence of postoperative complications [13]. A 
few cases are described of Müllerian remnant 
resection with the robotic platform [13–15]. 
They confirm our findings that robot-assisted 
laparoscopy enhances the advantages of con-
ventional laparoscopy by improving anatomical 
visualization and surgical precision.

Laparoscopic nephrectomy has become the 
standard of care for removal of benign nonfunc-
tional kidneys [16]. Many studies have also dem-
onstrated its safety in children [11]. Removal of 
pelvic kidneys, draining into the vagina in girls or 
into the urethra in boys, might be a surgical chal-
lenge in conventional laparoscopy. Only a few 
cases of robot-assisted nephrectomy of a pelvic 
kidney with aberrant ureter have been described 
[11]. In our experience, the robotic platform 
offers a good dexterity and facilitates a complete 
resection of the structure which, avoiding to leave 
a ureteric stump into the vaginal or urethral wall, 
might be the case in conventional laparoscopy. 
Furthermore, the side-docking position permits 

Tips and Tricks
• As the most difficult part of the surgery 

is to gain space, care must be taken to 
maximize the available working space. 
Using the tensile strengths of the skin to 
gain more room by making a “tent” 
effect is a very useful trick.

• Placing the initial trocar into the umbili-
cus is a very good trick in children: as 
the umbilicus is a scar in itself, it maxi-
mizes the cosmetics but is also techni-
cally easier; in children, the peritoneum 
is sticky to the umbilical scar, making it 
way much easier to access the 
abdomen.

• The abdominal wall in children is very 
elastic. Placement of trocars is the most 
difficult part of the surgery and should 
always be done under vision. A punc-
ture of the peritoneum usually helps get-
ting easier into the pediatric abdominal 
wall.
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concurrent cystoscopic and vaginoscopic/hys-
teroscopic exploration if needed [11].

In conclusion, we believe that robot-assisted 
surgical management of DSD in a pediatric is 
safe and feasible in a specialized hospital with 
multidisciplinary team. However, large case 
series and randomized controlled trials should be 
performed to confirm this finding.

52.10  Future

Several series have showed that bladder neck 
reconstruction and closure with robot-assisted 
laparoscopy are feasible and safe in pediatric 
patients with incontinence [17, 18]. Over 65% of 
patients with the exstrophy-epispadias complex 
(EEC), a DSD consisting of an abdominal mid-
line malformation, need a bladder neck proce-
dure at one time during their childhood [19]. We 
think the minimally invasive technique, with the 
Da Vinci® robot system or any platform that 
hopefully come to be available, is the way to 
future improvements in outcomes for in EEC 
patients. However, fluent mobilization of the 
instruments may be inhibited due to scar tissue 
following primary bladder closure.
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53Laparoscopic Treatment 
of Prostatic Utricle in Children

Aurélien Scalabre, Matthieu Peycelon,  
Alaa El-Ghoneimi, and François Varlet

53.1  Introduction

Described by Morgagni in 1742 (De Sedibus 
XLIV 19), the prostatic utricle is a constant 
Müllerian duct remnant in man. But large and 
pathologic utricles are uncommon and Felderman 

found only 120 reported cases in 1987 [1]. A dual 
origin seems to be admitted from endodermal 
urogenital sinus and mesodermal Müllerian and 
Wolffian ducts. A prostatic utricle may result 
from incomplete regression of Müllerian duct or 
incomplete androgen-mediated closure of the 
urogenital sinus, explaining the common associa-
tion between prostatic utricle and disorders of 
sexual development (DSD), hypospadias, and 
cryptorchidism [2–5]. In patients with normal 
genitalia, a huge prostatic utricle may be encoun-
tered, sometimes with renal agenesis (Fig. 53.1).

Many prostatic utricles are asymptomatic, 
especially when associated with hypospadias. 
Lower urinary tract symptoms, post-void drib-
bling, or urethral discharge may reveal the lesion. 
Dribbling incontinence, epididymitis, and uri-
nary retention occur more commonly in patients 
with an enlarged prostatic utricle. Renal and 
bladder ultrasonography (RBUS), voiding cysto-
urethrogram (VCUG), and MRI allow the diag-
nosis. The most common sign is the midline 
position of a “cyst” behind the bladder like a 
Müllerian duct cyst. It is thus different from a 
seminal vesicle cyst which is located in a lateral 
position.

When prostatic utricles are symptomatic, vari-
ous techniques have been advocated for removal 
of enlarged utricles, including suprapubic, 
 transvesical, posterior, or even perineal 
approaches but resulting in incomplete excision 
in 58% [2]. The first pediatric laparoscopic exci-
sion of a prostatic utricle was described by Yeung 
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• To describe step-by-step techniques of 
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Fig. 53.1 Huge prostatic utricle shifting right the bladder 
and no right renal function

et al. in 2001 with the aim of removing the entire 
lesion and sparing the vas deferens, seminal ves-
icles, and bladder [6].

53.2  Preoperative Preparation

RBUS and MRI are appropriate imaging studies 
for the diagnosis in case of symptomatic patients. 
VCUG shows usually a communication between 
the urethra and prostatic utricle. This is particu-
larly interesting to know because a telescope may 
be inserted inside the utricle during the surgical 
procedure to guide the utricular dissection and 
excision. The different techniques available for 
the surgical treatment of prostatic utricle and 
their potential complications are explained to the 
patients and their parents before surgery. A urine 
culture is performed a few days before surgery to 
ensure that urine is sterile. A broad-spectrum 

antibiotic is routinely administered intravenously 
on induction of general anesthesia.

53.3  Positioning

The child is placed in a dorsolithotomy position. 
The abdomen and perineum are prepped. The 
first step is doing a cystourethroscopy in order to 
see the utricular orifice on the verumontanum 
before going inside the utricle. Once cannulated, 
the cystoscope will guide the surgeon during the 
laparoscopic procedure. If the opening is too nar-
row, a ureteral stent can be left in the utricle 
before filling it. A Fogarty* stent with inflated 
balloon can also be inserted. Rarely, any cannula-
tion can be done because of a very narrow duct, 
but in this case prostatic utricle is usually large 
and easy to see (Fig. 53.2).

Then the laparoscopy can begin, and the 
surgeon stands at the head when the child is 
younger than 10 years old. This best position 
is modified when the patient is more than 
10 years old and the surgeon must stand later-
ally. The assistant and the nurse stand on each 
side. The video column is placed at the feet of 
the patient.

53.4  Instrumentation

An urethrocystoscope is required to begin the 
procedure and its caliber depends on the child’s 
age and size. A 30° lens is mandatory to have a 
better view of the posterior wall of the bladder. 
The size and length of telescope and instruments 
depend on the child: 5 or 10 mm lens, 3 or 5 mm 
instruments according to the child’s size. No spe-
cific instrument is required: scissors, atraumatic 
forceps, dissector, monopolar hook, bipolar for-
ceps, needle holder, and suction.

53.5  Technique

A transumbilical incision is done to place the first 
trocar according to the Hasson technique. Two 
3-mm diameter ports are inserted under direct 
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a b

Fig. 53.2 Narrow duct between the urethra and prostatic utricle (PU) and shifted bladder (a). Huge prostatic utricle (b)

vision, one in each flank to act as operating 
instrument ports, more or less high according to 
the child. A Trendelenburg position is required 
for freeing the pelvic cavity. To have a good 
exposure of the posterior wall of the bladder, 1 or 
2 transparietal suprapubic stitches can be used 
before opening the peritoneum at the level of 
prostatic utricle, guided by the cystoscope light 
in the utricle. The vas deferens are often close to 
the utricle and must be released as the two ure-
ters. Then the top of the utricle is grasped and 
dissected very close until the lower part of the 
utricle, with monopolar hook or scissors, bipolar 
forceps, or a sealing device.

The plan between the bladder and the utricle is 
usually thin. We have to keep in mind to be close 
to the utricle to avoid opening the bladder. If it is 
too adhesive to the bladder, you must open the 
utricle and dissect safely with a good vision. 
During the lower dissection, we recommend 
using blunt dissection from the utricle base with 
minimal traction on the nearby neurovascular 
bundles to preserve normal erectile and ejacula-
tory function after surgery. Moreover special 
attention should also be given to protect the blood 
supply around the ureter. When you arrive to the 
low and narrow part of the utricle, you cut it 

transversally, leaving a small piece of distal utri-
cle, and you burn the mucosa of this remaining 
part with a monopolar hook before closing it by 2 
or 3 stitches.

Sometimes, one or both vas can enter into the 
utricle. In order to spare them, the way is to leave 
a strip of utricular wall attached to the vas, some-
times with a strip of bladder, and to dissect all the 
way down to its confluence with the utricle. The 
utricle is finally resected around this point of con-
fluence and any resulting defect occurs 
afterward.

At the end of procedure, the peritoneum can 
be closed by a running absorbable suture. The 
specimen is pulled out through the umbilicus. A 
bladder catheter is left at the end of procedure for 
a few days, especially in case of bladder opening 
and suture.

53.6  Postoperative Care

Antibiotic treatment is administered during the 
procedure and may be continued with regard to 
intraoperative findings. Oral feeding may be 
allowed the same day. Analgesics are required 
during 1 or 2 days. According to the quality of the 
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utricular opening suture, the Foley* catheter will 
be removed after a few days. The patient may be 
discharged with a catheter and will come back in 
clinics for its removal.

53.7  Results

Since 2001, in case of patients younger than 
18  years old, 33 laparoscopic treatments of 
prostatic utricle have been collected in the liter-
ature [8–15] of which five are by robot-assisted 
laparoscopy. Robotics certainly allow a best 3D 
view for excising the utricle and sparing the sur-
rounding structures [16–18]. One conversion 
was mentioned for bleeding [13]. Sparing the 
vas deferens was possible in 67.8% by laparos-
copy and robot- assisted laparoscopy (19/28 
cases). No difference for number of ligated vas 
between laparoscopy and open surgery was 
noted. Laparoscopy allows shorter operative 
time, lower estimated blood loss, and shorter 
hospital stay [6, 11, 15]. Only one epididymitis 
occurred 3  months after the surgery. A small 
utricular stump was identified without compli-
cation in one case.

53.8  Complications

An unknown bladder perforation can occur lead-
ing to abdominal pain, vomiting, low diuresis, 
tenderness, and effusion on RBUS. A new blad-
der catheter must be placed. If no improvement is 
noted, a redo laparoscopy must be done to suture 
the bladder. A huge urinoma will require drain-
age. Urinary tract infection can occur and must 
be treated with antibiotics. In the long-term fol-
low- up, complications are uncommon, but there 
is a risk of infertility, especially if vas deferens 
were ligated or injured. Tumor risk should be 
considered because of a current evidence of 3% 
of malignancy in the Müllerian duct remnants 
with a peak of incidence around the fourth decade 
of life [2].

53.9  Discussion

The incidence of prostatic utricle is between 11 
and 14% in the literature, in association with 
hypospadias or disorders of sexual development 
and up to 50% in case of perineal hypospadias 
[7]. From a wide but non exhaustive literature 
review, 33 pediatric patients were identified and 
underwent a laparoscopic excision of prostatic 
utricle from 2001. About 24/33 (72.7%) had a 
penoscrotal or perineal hypospadias and only two 
had a distal hypospadias [6, 8–18]. Among other 
associated malformations, renal agenesis was 
noted in 2/7 children without hypospadias, but in 
each operated case a dysplastic kidney was found. 
Then it is better to avoid the term “renal agene-
sis” and to use “dysplastic kidney” when it is not 
seen by RBUS or MRI.

Prenatal diagnosis is sometimes possible. Two 
cases of prostatic utricle associated with hypo-
spadias [19, 20] and two cases with dysplastic 
kidney without hypospadias [5, 20] were 
reported.

Most of prostatic utricles are asymptomatic, 
especially when small. If large, symptoms typi-
cally consist of urinary tract infections, epididy-

Tips and Tricks
• Transparietal suspension of the bladder 

is very useful to have a good exposure, 
to allow a good stabilization, and to 
avoid inserting another trocar. It is then 
easier to find the plan between the blad-
der and the prostatic utricle.

• Nevertheless, the plan between the blad-
der and the cyst can be difficult to iden-
tify, and sometimes the cyst must be 
opened to complete the dissection safely 
and to avoid any bladder, vas, or nerve 
injury.

• But the most important trick is to use 
indwelling cystoscope inside the utricle 
during laparoscopy.

A. Scalabre et al.
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mitis, urinary retention, post-void dribbling, and 
sometimes pain or abdominal mass. Imaging 
allows doing diagnosis with RBUS, VCUG, and 
MRI, the latter being helpful to evaluate cystic 
pelvic masses since it can provide improved soft 
tissue contrast to study the different organs 
behind and below the bladder. The differential 
diagnosis for such pelvic masses in males 
includes considerations of other “cysts” than 
prostatic utricle, such as urachal cyst and bladder 
diverticulum, but especially as Müllerian duct 
cyst (MDC) or seminal vesicle dilatation. 
Prostatic utricle and MDC are located midline 
and seminal vesicle dilation is located lateral to 
midline and usually unilateral. MDC has normal 
external genitalia and no communication with the 
urethra.

In symptomatic patients, complete excision is 
recommended to prevent recurrence of symp-
toms or future neoplastic changes, and many dif-
ferent surgical approaches have been proposed. 
The suprapubic extravesical approach allows an 
easy exploration of other pelvic organs but offers 
a poor exposure, particularly when dissecting the 
lower part of the prostatic utricle. The transvesi-
cal transtrigonal approach was described in chil-
dren with good exposure and uneventful 
postoperative course, but vesicoureteral reflux 
was reported in 25% of the patients in the long- 
term follow-up [3]. This author speculated that 
splitting the posterior bladder wall might tran-
siently interfere with the function of the trigonal 
musculature. The perineal approach was also 
used with a low risk of injury of the rectum, 
external sphincter, and pudendal nerves, but the 
success rate of the procedure was low [2, 3]. 
Posterior trans- or pararectal approaches were 
described with a risk of rectal fistula and injury of 
pelvic nerves. To avoid these complications, 
endoscopic treatment was proposed by using 
electrofulguration of the utricular wall, causing 
obliteration by scarification. The success rate of 
66% after a single treatment and 83% after 
repeated treatments leads to stop this kind of pro-
cedure [21]. Finally in 1977 Schurke et  al. 

showed that suprapubic, retrovesical, and trans-
vesical approach for excising of the prostatic 
utricle resulted in incomplete excision in 58% of 
the cases; the perineal approach was successful in 
only 43%; transperineal or transrectal cyst aspi-
ration and endoscopic procedure resulted in a 
35% recurrence rate [2].

According to these complications and results, 
McDougall described the first laparoscopic exci-
sion of Müllerian duct remnant in 1994  in a 
48-year-old patient with good result for conti-
nence and erectile function [22]. In children, 
Yeung et  al. reported the first laparoscopic 
approach for excising the prostatic utricles in 
2001. They described four cases with the use of 
cystoscope to help the dissection, leaving the 
telescope in situ inside the utricle during the lapa-
roscopic procedure to facilitate its subsequent 
identification and mobilization [6]. Sometimes 
the duct between urethra and prostatic utricle was 
too narrow to be cannulated and only a ureteral or 
Fogarty* stent could be introduced. This is better 
than nothing because in a few cases no stent can 
be placed through the duct as shown in Fig. 53.2.

Since 2001 in patients younger than 18 years 
old, 33 laparoscopic treatments of prostatic utri-
cle were reported in the literature [8–15] of which 
five were by robot-assisted laparoscopy [16–18]. 
Beside the great advantage of transillumination 
from the indwelling cystoscope, other tricks were 
described, especially transparietal bladder dome 
suspension to get a good exposure of the poste-
rior bladder wall or to leave a small part of utricu-
lar wall to spare a vas entering into the prostatic 
utricle [6, 15]. Robot-assisted laparoscopy cer-
tainly allows the best 3D view for excising the 
utricle and sparing the surrounding structures.

When compared to open surgery, laparoscopic 
approach offers a minimally invasive access to 
retrovesical space, provides a clean view of the 
deep pelvic structures, and reduces the incidence 
of injury to the bladder, the rectum, the ureters, 
the vessels, and the nerves. In laparoscopic cases, 
the excision was complete without significant 
difference for age and utricular size or complica-
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tions. About sparing of the vas deferens, when 
noted in publication, the number was 19/28 cases 
(67.8%) by laparoscopy and robot-assisted 
 laparoscopy, the same rate than in open surgery. 
There was also no difference for number of 
ligated vas between laparoscopy and open sur-
gery. Probably, each surgeon decided according 
to his/her philosophy, independently of the type 
of approach. The best way seems to be conserva-
tive, but leaving a small strip of utricular wall 
might lead to a tumor risk.

It is difficult to miss the report of a rare com-
plication in which the bladder was accidentally 
removed instead of prostatic utricle during lapa-
roscopic excision in a 24-year-old man [23].

Laparoscopy allows shorter operative time, 
lower estimated blood loss, and shorter hospital 
stay [6, 11, 15]. In the follow-up, UTIs occurred 
after open surgery and minimal residual utricular 
stump can remain [15]. From the 33 selected lap-
aroscopic cases in the literature, one conversion 
was reported for bleeding and one epididymitis 
occurred 3 months after surgery.

While enlarged prostatic utricles are most 
commonly benign, Schuhrke et al. reported a 3% 
incidence of malignancy in a case series of 88 
patients with this condition [2]. From the 33 
reviewed pediatric patients, Gualco et al. reported 
a 16-year-old boy who presented with a primary 
clear cell adenocarcinoma of the prostatic utricle 
after a 6-month history of intermittent hematuria 
and an associated right renal agenesis [24]. Other 
reported malignancies in the prostatic utricle 
include urothelial carcinoma, endometrial carci-
noma, and squamous cell carcinoma [25]. Thus, 
it seems to be very important to do a total exci-
sion of prostatic utricle, and today laparoscopic 
approach provides the best way to avoid this risk 
of malignancy. A longer follow-up is however 
required.

53.10  Conclusion

Prostatic utricles are not common but should be 
considered in boys with proximal hypospadias. 
Sometimes an enlarged prostatic utricle can 
occur in childhood leading to urinary retention, 

abdominal mass, or epididymitis. Nowadays the 
laparoscopic approach or the robot-assisted lapa-
roscopy seem to be the best approach to remove 
prostatic utricles and to allow preservation of sur-
rounding structures, especially vas deferens, ure-
ters, and neurovascular bundles.
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Take-Home Points
• The diagnosis is not always easy and 

you have to discuss with your radiolo-
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ses are possible among ureterocele, 
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54Laparoscopic Treatment 
of Seminal Vesicle Cyst

François Varlet, Aurélien Scalabre, S. Vermersch, 
and N. Diraduryan

54.1  Introduction

Seminal vesicle cysts are very rare with a preva-
lence of 0.004% or 1 case in 24,000 males [1]. 
The mesonephric duct induces both reproductive 
and renal systems between the 4th and 12th 
weeks of gestation, explaining common associa-
tions of renal and genital malformations. Seminal 
vesicle cysts can be associated with dysplastic 

kidney, especially in a congenital syndrome first 
described by Zinner in 1914, characterized by the 
coexistence of ejaculatory duct stenosis, renal 
agenesis or dysplasia, and ectopic ureter orifice 
in the seminal vesicle [2]. Seminal vesicle cysts 
are sometimes isolated. Stenosis of the ejacula-
tory duct may occur rather during the second 
through third decades of life, resulting in a semi-
nal vesicle dilatation rather than a real cyst.

The seminal vesicle cysts can remain asymp-
tomatic and can be diagnosed incidentally by 
ultrasonography (US). Otherwise patients experi-
ence symptoms as dysuria, urinary frequency or 
dribbling, hematuria, perineal, scrotal, suprapu-
bic, rectal or abdominal pain, ejaculatory pain, or 
epididymitis. The initial imaging method is cur-
rently US showing a lateralized retrovesical cyst 
and potential ipsilateral renal malformations. 
MRI helps to assess the relationship between the 
cyst and the surrounding organs, especially with 
the bladder and the ureters (Fig. 54.1). It can also 
help to identify a small or ectopic kidney, some-
times more difficult to see with US [3].

Conservative follow-up is the usual manage-
ment for asymptomatic or minimally symptom-
atic seminal vesicle cysts. Surgical treatment is 
considered in case of recurrent pain, dysuria, or 
hematuria. Cysts larger than 5 cm are indications 
for surgery for a few authors [4, 5]. Transrectal, 
transabdominal or transperineal aspiration and 
transurethral unroofing were reported to give 
temporary results, recurrence, and infection, and 
thus they were abandoned. Several open surgery 
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Fig. 54.1 MRI of seminal vesicle cyst

techniques were described, mostly with a trans-
vesical approach because of the location of the 
seminal vesicles, deep in the pelvic cavity. There 
are now multiple reports supporting the safety 
and effectiveness of laparoscopic excision of 
seminal vesicle cysts because of an easier 
approach of the posterior wall of the bladder and 
seminal vesicles than in open procedures, even in 
infants or child [6, 7].

54.2  Preoperative Preparation

US and MRI imaging are usually sufficient in 
symptomatic cases. Renal isotope study, although 
not mandatory, can be used to assess the relative 
renal function in case of renal agenesis or paren-
chymal anomalies. The different techniques 
available for the surgical treatment of seminal 
vesicle cysts and their potential complications are 
explained to the patients and their parents before 
surgery. After puberty, a sperm analysis seems to 
be very important before surgery to assess the 
future results of cyst excision [8]. A bacteriologic 
urine exam is performed a few days before sur-
gery to ensure that urine is sterile. Cystoscopy is 
always interesting to study the urethra, the veru-
montanum, and the bladder and can help to elimi-
nate differential diagnosis. A broad-spectrum 

antibiotic is routinely administered intravenously 
on induction of general anesthesia.

54.3  Positioning

The child is placed in a supine position. When 
he is younger than 10  years old, the surgeon 
stands at the head and the video column is at the 
child’s feet. This best position is modified for 
children older than 10  years old, and the sur-
geon has to stand on the patient’s side. The 
assistant and nurse stand on one side, usually 
opposite to the seminal vesicle cyst. A transure-
thral catheter is inserted to empty the bladder in 
order to have a good view of the posterior wall 
and the cyst.

54.4  Instrumentation

A 30° lens is mandatory to ensure a good vision 
of the posterior wall of the bladder. A 10 mm lens 
telescope and 5  mm instruments can be used, 
although a 5 mm lens and 3 mm instruments are 
better suited for younger patients. No specific 
instrument is required: scissors, atraumatic for-
ceps, dissector, monopolar hook, bipolar forceps, 
needle holder, and suction.

F. Varlet et al.
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54.5  Technique

A transumbilical incision is done to place the first 
trocar according to the Hasson technique. Two tro-
cars are inserted in the iliac fossae or flanks, 
according to the child’s size. A Trendelenburg 
position is required to free the pelvic cavity. To 
have a good exposure of the posterior wall of the 
bladder, one or two transparietal suprapubic 
stitches can be done before opening the perito-
neum at the level of the seminal vesicle cyst. The 
vas deferens is often close to the cyst and must be 
dissected and reclined in order to spare it. Then the 
cyst is grasped and dissected with monopolar 
hook, scissors, or bipolar forceps toward the lower 
part of the seminal vesicle. In case of Zinner syn-
drome, the lower ureter is dissected first until its 
connection with the vesicle is localized. The plane 
between the bladder and the cyst is usually very 
thin, therefore, the dissection must stay close to 
the cyst to avoid bladder opening. The cyst can be 
opened to complete dissection if necessary. We 
recommend using blunt dissection around the cyst 
base with minimal traction on the nearby neuro-
vascular bundles for the sake of preserving normal 
erectile and ejaculatory function after surgery. 
Moreover special attention should be given to pro-
tect the blood supply around the ureter [4]. Once 
dissection of the seminal vesicle is complete, it is 
transected transversally. The mucosa inside the 
remaining part of the vesicle is burned using 
monopolar hook, and the vesicle is closed by two 
or three stitches. In Zinner syndrome, the proce-
dure is completed by a nephrectomy of the dys-
plastic kidney, usually very adhesive to the 
surrounding tissues. The peritoneum can be closed 
afterward by a running suture. The specimen is 
pulled out through the umbilicus incision. The 
bladder catheter is removed at the end of the pro-
cedure, except in case of bladder injury and suture.

54.6  Postoperative Care

The hospital stay is usually short, after assessing 
correct voiding and pain control. Most patients 
are discharged after 24 to 48 h.

54.7  Complications

An unnoticed bladder perforation can lead to 
abdominal pain, vomiting, oliguria, tender-
ness, and effusion on US.  A bladder catheter 
must be inserted and a redo laparoscopy has to 
be considered to suture the bladder and stop 
the urine leakage. Urinary tract infections are 
another potential complication, treated by anti-
biotics. Infertility is a long-term concern, 
although surgery can result in semen quality 
improvement as reported by Benyó [8]. For 
this author, laparoscopy offers real advantages 
over other treatment options probably because 
of sparing of the surrounding vessels, nerves, 
and vas deferens.

54.8  Results

Only 13 children were operated on by laparos-
copy with our three personal cases [6, 7, 9, 10, 
12, 13] of whom four children by robot-assisted 
laparoscopy [14, 15]. The postoperative course 
was uneventful, except one with pelvic hema-
toma requiring a redo laparoscopy at day 1. 
Every symptoms disappeared after surgery with 
good results at 34, 5 months of follow-up.

Tips and Tricks
• Transparietal suspension of bladder is 

very useful to have a good exposure 
allowing good stabilization and avoid-
ing placing another trocar.

• In case of Zinner syndrome, the first dis-
section of ureter facilitates the seminal 
vesicle identification. After that it is 
easier to find the plan between bladder 
and vesicle. Nevertheless the plan 
between the bladder and the cyst can be 
difficult to identify. If it is too adhesive, 
the cyst can be opened to complete dis-
section safely, avoiding bladder, vas, or 
nerve injury.
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54.9  Discussion

Seminal vesicle cyst can be acquired and isolated 
(without renal malformation) or congenital and 
commonly associated with ipsilateral renal agen-
esis or dysplastic kidney due to maldevelopment 
of the mesonephric duct in embryo. Schukfeh 
et al. demonstrated that dysplastic or multicystic 
kidneys are anomalies commonly associated with 
seminal vesicle cyst. Because these dysplastic 
kidneys become very small and cannot be seen 
by imaging, even by CT scan or MRI [9], they are 
often mistaken for renal agenesia. Merrot et  al. 
reported ten seminal vesicle cysts among 52 boys 
with dysplastic kidney (19.2%) suggesting that 
follow-up of these children should be performed 
even after puberty to detect genitourinary malfor-
mations [10].

Prenatal diagnosis was reported only by Valla 
et al. in 2003 with left renal agenesis and pelvic 
cystic mass, 12 mm in diameter and retrovesical, 
at 22 weeks of gestation [6].

Seminal vesicle cysts are often asymptomatic. 
With our three personal cases, we identified 64 
patients younger than 18 years old reported in the 
literature and 32 (50%) presented no symptoms. 
Dysuria, urgency, urinary retention, urinary tract 
infections, epididymitis, hematuria, and pain were 
the common symptoms in 32 (50%) children [3, 
5–7, 9, 11–31], of which one 2-month- old boy 

presented a seminal vesicle abscess [31]. US, CT 
scan, and MRI easily showed the seminal vesicle 
cyst [3, 22], and renal malformations were dem-
onstrated in 59 children (92.2%). Differential 
diagnosis has to be discussed because other geni-
tal malformations can produce a pelvic cystic 
mass, especially prostatic utricle and Müllerian 
duct cyst, but these lesions are always located in 
the midline [32]. The seminal vesicle cyst can 
bulge into the bladder and look like an ureterocele 
as in this child we treated for a duplex system, but 
we found only one ureter during nephroureterec-
tomy and finally the cyst depended from an ipsi-
lateral seminal vesicle cyst. The bilobar 
appearance should draw attention (Fig. 54.2). A 
cyst of the ejaculatory duct is a rarer anomaly than 
seminal vesicle cyst but also have the aspect of a 
lateralized retrovesical cyst on US [33, 34].

In case of asymptomatic seminal vesicle cyst, 
conservative management is indicated. Among 
the 64 reviewed patients, the chosen treatment 
was reported in 55 and 31 had a conservative 
management (56.3%). The parents and the ado-
lescents should be informed of potential future 
symptoms that should lead to consultation with a 
pediatric surgeon or an urologist, in order to 
assess the new situation and discuss a surgical 
treatment.

When the seminal vesicle cyst is or becomes 
symptomatic, a surgical excision is needed, 

a b

Fig. 54.2 Seminal vesicle cyst mimicking an ureterocele (a) but the bilobar appearance should draw attention (b)
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because puncture of the cyst or transurethral 
unroofing is usually ineffective [35]. In open sur-
gery, suprapubic transvesical and perineal 
approaches were reported with good outcomes. 
However, potential morbidity includes rectal and 
bladder laceration, erectile neurovascular bundle 
injury, and pelvic urinoma because of the deep 
location of the cyst in the pelvic cavity and poor 
visualization [4]. Transperitoneal laparoscopic 
approach provides an excellent access and view 
on the posterior wall of the bladder and seminal 
vesicle cyst. The dissection can be close to the 
cyst to avoid injury of the vas deferens, ureter, 
ejaculatory duct, and lateral vascular pedicles of 
the prostate (Fig.  54.3). Robot-assisted laparo-
scopic excision now affords a natural extension 
of conventional laparoscopy to achieve less trau-
matic dissection with 3D vision and easy manip-
ulation of instruments.

From the 64 pediatric cases reported in litera-
ture, 24 underwent a seminal vesicle cyst exci-
sion, 11 by open surgery, and 13 by laparoscopy 
[6, 7, 17, 23, 26, 30] or robot-assisted laparos-
copy [25, 27].

Although symptoms disappear after cyst exci-
sion in the majority of patients, they should be 
followed in the long term to assess their fertility 
potential. Benyó et  al. reported that the sperm 
analysis is not often studied before and after sur-
gery in postpubertal patients. Only 4 out of 40 
adult patients treated for seminal vesicle cyst had 
available data regarding sperm quality. 
Preoperative and postoperative sperm analysis 
seems to be very important to do in adolescents 
to assess the outcomes of surgery and to give 
prognosis factors for future fertility. Quality of 
erections should also be evaluated before and 
after surgery [8].

54.10  Conclusion

Seminal vesicle cysts are often associated with 
ipsilateral dysplastic kidney. A small kidney is 
always found and resected during surgery and 
should not be mistaken with renal agenesia. 
When the seminal vesicle cyst is symptomatic, 
surgical excision is required. Nowadays, endo-

54 Laparoscopic Treatment of Seminal Vesicle Cyst



454

surgery provides a good approach by laparoscopy 
or robot-assisted laparoscopy.
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55Laparoscopic Lymphatic Sparing 
Palomo Varicocelectomy 
in Children Using Indocyanine 
Green (ICG) Fluorescence 
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55.1  Introduction

Laparoscopic Palomo varicocelectomy is one the 
most common approaches adopted to treat pedi-
atric varicocele. Palomo technique, according to 
the reports of the literature [1, 2], gives excellent 
results in children, with success rates of >95% 
but with a 20–30% incidence of postoperative 
hydrocele, requiring redo surgery in most cases. 
For this reason, in recent years, lymphatic spar-
ing procedures have been applied for varicocele 
repair to decrease the incidence of secondary 
hydrocele and ensure a better andrological out-
come for children [3–5].

Indocyanine green (ICG) has traditionally 
been used to assess liver function. In recent years, 
ICG fluorescence has been adopted in adults to 
perform angiography in case of tumors and to 
check the anomalies of biliary tract during lapa-
roscopic cholecystectomy.

More recently, a novel method to measure 
human lymphatic pumping using a solution of 
ICG with fluorescence video control has been 
described [13, 14].

This chapter is focused on the operative tech-
nique of laparoscopic Palomo varicocele repair 
using ICG fluorescence technology to spare lym-
phatic vessels.

Learning Objectives
• To describe the step-by-step techniques 

of laparoscopic Palomo varicocele repair.
• To present long-term outcomes of lapa-

roscopic lymphatic sparing Palomo 
varicocelectomy.

• To report the latest results of the major 
international papers about varicocele 
repair using MIS.

• To show a video with the technique of 
laparoscopic lymphatic sparing Palomo 
varicocelectomy.

• To describe tips and tricks of laparoscopic 
lymphatic sparing Palomo varicocelec-
tomy using ICG fluorescence technology.

Supplementary Information The online version con-
tains supplementary material available at [https://doi.
org/10.1007/978- 3- 030- 99280- 4_55].

C. Esposito (*) · M. Escolino · F. Del Conte · G. Autorino 
V. Coppola · M. Cerulo · R. Borgogni · A. Settimi 
Pediatric Surgery Unit, Federico II University of 
Naples, Naples, Italy
e-mail: ciroespo@unina.it; maria.escolino@unina.it; 
fulvia.delconte@unina.it; autorino.giuseppe@gmail.
com; vincenzocoppola1992@gmail.com; mariapina.
cerulo@unina.it; rachele.borgogni@gmail.com; 
settimi@unina.it

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
C. Esposito et al. (eds.), Minimally Invasive Techniques in Pediatric Urology, 
https://doi.org/10.1007/978-3-030-99280-4_55

mailto:ciroespo@unina.it
mailto:maria.escolino@unina.it
mailto:fulvia.delconte@unina.it
mailto:fulvia.delconte@unina.it
mailto:autorino.giuseppe@gmail.com
mailto:autorino.giuseppe@gmail.com
mailto:vincenzocoppola1992@gmail.com
mailto:mariapina.cerulo@unina.it
mailto:mariapina.cerulo@unina.it
mailto:rachele.borgogni@gmail.com
mailto:settimi@unina.it
mailto:settimi@unina.it
https://doi.org/10.1007/978-3-030-99280-4_55


458

S
C
R
E
E
N

OPERATING
SURGEON

ASSISTANT
SURGEON

Fig. 55.1 The patient is 
positioned in supine 
decubitus on the 
operative table with the 
screen at his feet, the 
surgeon on his side 
contralateral to the 
pathology, and the 
assistant in front of him

55.2  Preoperative Preparation

Preoperative clinical examinations should focus 
to grade the varicocele according to Dublin 
Amelar scale. Investigations have to include tes-
tis ultrasonography with echo-color Doppler 
study to measure testis volume in comparison 
with the other side and to grade the varicocele 
using the echo color Doppler study [1].

In patient older than 16  years, we prefer to 
perform also a sperm analysis.

All patients and their parents have to sign a spe-
cifically formulated informed consent before the 
procedure. Patients receive a general anesthesia 
with orotracheal intubation and myorelaxation. A 
Nelaton catheter is adopted to empty the bladder 
using sterile precautions just before surgery.

55.3  Positioning

The patient should be placed in a supine position 
with the table with 15° of Trendelenburg posi-
tion. The surgeon is positioned on the patient side 
contralateral to the pathology and the assistant 
stand on the contralateral side, and the monitor is 

positioned at the feet of the patient (Fig. 55.1). 
We always adopt a 5- or a 10-mm 0-degree optic 
and two other trocars of 5  mm for operative 
instruments. In general, we prefer to adopt 5-mm 
working trocars so as to use intraoperatively a 
clip applier for vessel control. The trocars are 
positioned in triangulation with the optic in order 
to achieve a better ergonomics (Fig. 55.2) [6].

55.4  Instrumentation

Regarding the laparoscopic procedure, we adopt 
a 5-/10-mm 0-degree optic and all 5-mm instru-
ments. We use an atraumatic fenestrated grasping 
forceps to manage tissues, one curved dissector 
to isolate vessels, a hook cautery to perform dis-
section, and scissors to cut. The spermatic vessel 
control is usually performed using 5-mm tita-
nium clips or if you want you can ligate them 
with a suture [6]. In the last 4 years, we adopted 
ICG-enhanced fluorescence technology in order 
to easily identify the lymphatic vessels and to 
spare them during the procedure to avoid hydro-
cele formation postoperatively. To use ICG tech-
nology, you need a special equipment represented 
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Fig. 55.2 We prefer to use three trocars: one 5–10-mm 
optic trocar in the umbilicus and two 5-mm working for 
operative instruments

Fig. 55.3 The posterior perioneum is opened to identify 
the inner spermatic vessels (ISV)

Fig. 55.4 Using ICG-enhanced fluorescence, the ISV 
appear green colored

by a special camera system and a special laparo-
scope equipped with a specific filter for near- 
infrared (NIR) light detection and obviously a 
vial of ICG dye (5 mg/mL) to be injected intra-
testicularly perioperatively [6–8, 10].

55.5  Technique

All the procedures were performed under general 
anesthesia with orotracheal intubation.

The first 5- or 10-mm trocar for the 0° optic 
was placed at umbilical level using open tech-
nique, and thereafter other two 5-mm working 
trocars were placed under vision in triangulation 
with the optic port. After pneumoperitoneum 
induction, the posterior peritoneum covering the 
inner spermatic vessels (ISV) was opened per-
forming a 2-cm T-shaped incision with the mono-
polar hook, at a distance of about 3–4 cm from 
the internal inguinal ring [6] (Fig. 55.3).

After this step, a vial of ICG (5 mg/dL) was 
diluted with 10 mL of distilled water, and only 

2 mL of this solution was directly injected into 
the body of the left testicle using a 23G needle. 
Using the near-infrared mode, the lymphatic ves-
sels appeared fluorescent and were clearly identi-
fied and spared; then the entire spermatic bundle 
was clipped and divided according to Palomo’s 
principle (Figs.  55.4 and 55.5) [13, 14]. Also 
using the standard white light mode, the lymphat-
ics were clearly visible because they appeared 
green. The ICG is commonly metabolized by the 
liver; for this reason, the patients’ urine was nor-
mally colored after surgery and also the injection 
site on the scrotum presented no sign of the dye. 
The trocar orifices were closed using resorbable 
sutures, steri-strips, or glue.

55.6  Postoperative Care

Patients start oral feeding few hours postoper-
atively. Analgesic therapy is rarely necessary; 
Paracetamol (dosage 15 mg/kg at 8-h interval) 
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Fig. 55.5 The lymphatic vessels green colored are spared (a) and the spermatic bundle is clipped (b) and sectioned (c)

is usually administered in the first 12–24  h 
postoperatively. Patients are discharged from 
hospital the same evening in a day surgery set-
ting or the day after surgery. Postoperative 
clinical controls are scheduled on 7th and 30th 
POD and thereafter annually for the first 
2  years after surgery to search for a persis-
tence of varicocele or to check the hydrocele 
formation. No US exam is performed after sur-
gery. In children older than 16 years, a sperm 
analysis is performed 6–12  months after sur-
gery [4, 16].

55.7  Results

In our experience, all the procedures were com-
pleted in laparoscopy with no conversion to open 
surgery or intraoperative complications.

In about 10–15% of patients, a lysis of adhe-
sions of colon covering the ISV was performed as 
additional procedure during the same surgery. 
The average operative time was 18  min (range 
10–25 min).

About 20–60 s after the intratesticular injec-
tion of ICG, the fluorescence of the lymphatics 
was clearly detected in 100% of the patients 
[14]. The lymphatic vessels appeared fluores-
cent using the near-infrared mode and green 
using the standard white light mode. In some 
patients, after a time interval of about 2–5 min 
from lymphatic visualization, also gonadal 
veins were observed using ICG fluorescence, 
although somewhat dully. In all patients, about 
two to three lymphatic vessels were identified 
and spared during the procedure. All patients 
restarted full oral feeding mean 2 h postopera-
tively and the average analgesic requirement 
was 12 h (range 8–24 h). The average length of 
hospital stay was 24  h (range 12–48  h). No 
allergy or other adverse events induced by ICG 
were observed in our series. No patients in our 
series experienced any testicular pain secondary 
to the intratesticular injection, either early or 
late after surgery. At a maximum follow-up of 
72 months, no recurrence or persistence of vari-
cocele was recorded and no postoperative 
hydrocele was observed. Two patients presented 
postoperatively umbilical port-site infection, 
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treated with oral antibiotics and local therapy (II 
Clavien). All patients were highly satisfied with 
the postoperative cosmetic appearance of the 
umbilicus [15, 16].

55.8  Discussion

Varicocele is a frequent pathology in pediatric 
population, with an incidence of 15–20%, and it 
is associated with testicular damage and subse-
quent testicular hypotrophy [5, 9].

Several reports stated that varicocele is related 
to sperm DNA disorders and male infertility, 
which are improved by surgical repair.

Laparoscopic Palomo technique is the most 
common approach adopted in children.

According to the reports of the international 
literature, the laparoscopic Palomo procedure 
resulted in a significant decrease of the operative 
failure rate compared with the artery sparing pro-
cedures, with no increase in the incidence of tes-
ticular hypotrophy/atrophy [9].

The main disadvantage reported with Palomo 
procedure was the high rate of postoperative 
hydrocele (10–30%) since during this technique 
no attempt is made to preserve the lymphatic ves-
sels that are difficult to identify, because they are 
similar to small veins [1, 2].

Therefore, lymphatic sparing procedures have 
been applied for varicocele repair to decrease the 
incidence of postoperative hydrocele. Different 
vital dyes have been applied to perform lym-
phography during lymphatic sparing varicocelec-
tomy, including patent V or its isomer isosulfan 
blue [11, 12].

In a recent article, we reported the standard-
ization of lymphatic sparing Palomo technique 
using preoperative intradartoic/intratesticular 
injection of isosulfan blue. This procedure 
reported excellent results with a 0% rate of post-
operative hydrocele. No adverse event related to 
isosulfan blue injection such as orchitis, allergy, 
or anaphylactic shock was reported in our series 
[4].

In recent years, ICG-enhanced fluorescence 
has been introduced in laparoscopic surgery to 
improve visualization and provide detailed ana-
tomical information during surgery.

The ICG dye can be injected into the human 
blood stream with practically no adverse effects.

ICG becomes fluorescent once excited with 
light of a specific wavelength in the near-infrared 

Tips and Tricks
• Regarding the patient’s position, a 15° 

Trendelenburg position is a crucial point 
for the success of the procedure; in fact, 
using this patient’s positioning, the 
loops slide down and you have an excel-
lent exposure of the inner inguinal ring 
and of the ISV.  In case of intestinal 
adhesions on the ISV, it is fundamental 
to perform a lysis of adhesions to have a 
good view on the ISV [16].

• Regarding the management of ISV, we 
believe that it is safe to ligate hilar ves-
sels using endoscopic 5-mm clips. It is 
important to remember that 5-mm clips 
available on the market are medium size 
clips (8 mm of length). For this reason in 
children older than 15 years, sometimes 
5-mm clips are too small to close the 
entire spermatic bundle. For this reason 
you have two possibilities: to ligate the 
spermatic bundle with a suture or to use 
bigger clips of large size but in this case 
you have to change a 5-mm trocar with a 
10–12-mm trocar. It is also important to 
remember that if you use clips to close 
vessels, it is forbidden to use monopolar 
energy or sealing devices to seal the ves-
sels between clips, in order to avoid the 
risk of clips dislodgement, which may 
occur immediately or later in the postop-
erative period [1, 2, 4].

• As for the ICG injection, you have to 
perform it directly inside the testicle and 
you have in a 100% of cases a good 
view of the lymphatics in about 60  s 
after the injection [14–16].

• At the end of the procedure, it is not 
necessary to close the peritoneum onto 
the spermatic vessels.
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spectrum delivered by a Xenon light source. 
After intravenous injection, ICG is rapidly bound 
to plasma proteins, especially lipoproteins. ICG 
is rapidly extracted unaltered through the liver 
and almost completely excreted without conjuga-
tion in bile about 8 min after injection [14, 15]. 
Fluorescence can be detected using specific 
scopes and cameras and then transmitted to a 
video screen, thus enabling the observer to visu-
alize areas of anatomical interest where the dye 
has accumulated (biliary ducts, vessels, and 
lymph nodes) [10, 11].

To date, a few data about the use of ICG to 
perform lymphography in pediatric patients 
affected by varicocele have been reported.

We also standardized the technique of injec-
tion of ICG, as we already reported for isosulfan 
blue and we outlined the differences between the 
two vital dyes [6, 14].

The main difference is that isosulfan blue is 
metabolized by the kidney and consequently the 
urines appear blue for 1–2  days after surgery, 
whereas ICG is metabolized by the liver and the 
urines remain normal after surgery. Isosulfan 
blue injection leaves a blue slick on the scrotum 
for about 1–2 weeks postoperatively, whereas the 
scrotum appears normally colored after ICG 
injection [6, 7].

After ICG injection, there are two modalities 
of visualization of lymphatics: they appear fluo-
rescent using the near-infrared mode whereas 
they appear green at the standard white light 
mode.

Switching from standard white light mode to 
near-infrared mode is simply done through foot- 
pedal control. The onset of fluorescence of lym-
phatics is about 20–60 s after ICG injection, and 
the duration of fluorescence is about 15 min. In 
this way, it is sufficient a single injection to allow 
completion of the entire procedure with no loss 
of the fluorescence.

In addition, the modality of administration of 
ICG, which is directly injected into the testicular 
parenchyma, is technically easier compared with 
the intradartoic/intratesticular injection previ-
ously described for isosulfan blue.

As for disadvantages related to the use of ICG, 
special equipment, including a camera system 

that can be operated in dual mode for both white 
light and fluorescence imaging and an ICG lapa-
roscope equipped with a special filter for optimal 
reproduction during INC-enhanced fluorescence 
and standard white light imaging, are needed in 
the operative theater [14, 15].

In conclusion, lymphatic sparing laparoscopic 
Palomo varicocelectomy using ICG fluorescence 
lymphography is a feasible and versatile tech-
nique to adopt for treatment of children and ado-
lescents with varicocele. The intratesticular 
injection of ICG and use of fluorescence vision 
resulted in a safe and effective method, allowing 
identification of lymphatic vessels in 100% of 
cases in our series. In addition, no allergy to ICG 
or postoperative hydrocele was reported after a 
midterm follow-up [13, 15].
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56Management of Impalpable Testis

Thomas Middleton, Syed Salahuddin, 
and Ramnath Subramaniam

56.1  Introduction

56.1.1  Etiology

In normal embryological development, the testes 
develop in the retroperitoneum and descend to 
the deep inguinal ring and then through the ingui-
nal canal across the third trimester. The testes 
may still descend in the first couple of months 
after birth which is one of the reasons why it is 

not advocated to surgically intervene on unde-
scended testes in the first few months of life. 
Undescended testes (also referred to as cryptor-
chidism) occur in about 1% of boys [1] and the 
testicle can position itself anywhere along the 
path of its descent. A testicle may even be outside 
of the normal path of development altogether (an 
ectopic testicle) but this is rare and beyond the 
scope of this chapter. The reasons why the tes-
ticular descent arrests abnormally are multifacto-
rial and not fully understood.

56.1.2  Malignancy Risk

The risk of testicular malignancy is raised in boys 
with undescended testes estimated at around 
three times that of the general population [2]. 
Although the actual risk remains low [3, 4], there 
is some evidence that an early orchidopexy may 
reduce the rate [5]. Moreover, a testicle in the 
scrotum may be self-examined allowing testicu-
lar malignancies to be picked up earlier than if 
they remain in an undescended position.

56.1.3  Fertility

Fertility can be affected by cryptorchidism. In 
men with a unilateral undescended testicle, pater-
nity rates are essentially normal at around 90% 
but in men with bilateral undescended testes, 
paternity rates are much lower at around 50% [6]. 

Learning Objectives
• To explain the rationale behind manage-

ment of impalpable undescended testis.
• To understand the techniques to evaluate 

the presence and position of the impal-
pable testis by laparoscopy and proceed 
to definitive procedures.

• To lay out the decision-making process 
for what procedure a child with an unde-
scended testicle actually needs.
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It is hard to know exactly to what extent an orchi-
dopexy improves paternity rates but when unde-
scended testes are not corrected early, there is 
evidence showing the development of the testicle 
is impaired [7].

56.1.4  Other Adverse Sequelae 
of Cryptorchidism

Testes that are undescended and palpable in the 
groin and thus are external cannot swing if 
knocked and therefore may be more vulnerable to 
trauma; anecdotally it is not infrequent for boys 
with undescended testes to get discomfort from 
them (although note that these partly descended 
testes are the ones that would be approached by 
an open procedure). Furthermore, boys with 
undescended testes are more at risk of testicular 
torsion [8].

56.2  Preoperative Preparation

The diagnosis of undescended testes is made by 
clinical examination. It should not be underesti-
mated that it may be difficult particularly in boys 
who are uncooperative to examination or in chil-
dren with a lot of overlying fat. It is important to try 
to establish not only the absence of the testicle 
from the scrotum but whether the testicle is palpa-
ble at all as this will change the surgical approach.

Ultrasound is not a routine part of our practice in 
diagnosing undescended testes. An intra- abdominal 
testicle may not be visible on scan and essentially 
always require an evaluation by laparoscopy.

In keeping with UK guidance [9], we would 
aim to operate on undescended testes at around 
1 year of life although it is not infrequent for boys 
to present much later. In cases of bilateral impal-
pable testes, it would be advisable to not routinely 
operate on both at the same time, but we recognize 
this practice is variable between surgeons and cen-
ters [10]. Neonates with bilateral impalpable testes 
require special consideration as these children 
may in fact have an underlying abnormality of 
sexual differentiation and discussion with a pediat-
ric endocrinologist early is advisable [11].

56.3  Procedure

56.3.1  Examination under 
Anesthetics (EUAs)

If the testicle is impalpable, the procedure 
starts with an examination under anesthetics as 
it will sometimes be palpable with the child 
relaxed. The testes are examined in the anes-
thetic room with the child asleep. This may 
help the anesthetist to decide whether to intu-
bate the child (which they may be more 
inclined to do for laparoscopy if the testicle is 
impalpable) or whether a laryngeal mask air-
way is appropriate.

56.3.2  Palpable Testicle

If the testis is palpable on EUA, an open orchido-
pexy is performed with the child in a supine posi-
tion. For technical details which is beyond the 
scope of this chapter, please refer to BJUI 
Knowledge [12] series on UDT by the same 
authors.

56.3.3  Impalpable Testicle

If the testis remains impalpable, the next step 
would be to establish pneumoperitoneum and 
evaluate the position of the testis in the abdo-
men. It is worthwhile emphasizing at this point, 
in cases of bilateral impalpable testes, we 
would only advocate operating on one side at a 
time, as alluded to earlier. The operating sur-
geon stands at the cranial end of the bed on the 
opposite side of the testicle being operated on; 
the assistant stands opposite to the operating 
surgeon. The screen will need to be on the 
opposite side of the table toward the caudal end 
as shown in Fig. 56.1.

If the anesthetic machine is at the cranial end 
of the bed, the surgeons may be very close to the 
anesthetist and some anesthetists will prefer to 
have the bed turned so that the head is away from 
the anesthetic machine: it is worth discussing this 
preoperatively.
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Fig. 56.1 Theatre layout for laparoscopy in a case of impalpable testis

56.4  Instrumentation

The size of instruments vary according to the size 
of the child and the exact laparoscopic equipment 
used will depend on the center where you work. 
In vast majority, there is usually a camera port 
and two working instrument ports. The instru-
ments should triangulate toward the correspond-
ing groin as area of interest. In the smallest 
children it may be feasible to simply place the 
instruments through and incision in the abdomi-
nal wall without a port to minimize scar size. A 
grasping instrument and a dissecting instrument 
will be required. Options for the dissecting instru-
ments include diathermy hook, diathermy 
enabled scissors, and endoscopic clips.

To allow the mobilized testicle is brought into 
the scrotum, two options are available. You may 
choose to first reroute the mobilized testicle into 
the groin via a crease incision and then bring it 
down to the scrotum like open orchidopexy. The 
other option is to directly place the mobilized 
testicle into the scrotum and here a step port will 
be required either at the second stage of a tradi-
tional two-staged (Fowler-Stephen) FS proce-
dure or occasionally a single-stage laparoscopic 
procedure.

56.5  Technique

Decision-making algorithm is presented in 
Fig. 56.2.

56.5.1  Open Procedure

If a testicle is palpable, this would be the only 
operation they should need; if laparoscopy is per-
formed for an impalpable testicle and the cord 
structures are seen to enter the deep ring, then a 
groin exploration is the next step with a view to 
open orchidopexy.

56.5.2  Laparoscopy

An umbilical camera port is placed to evaluate the 
deep inguinal ring from inside to see if the testicle 
is present next to it or if cord structures pass 
through the ring. Two instrument ports are placed 
on either side of the abdomen triangulating toward 
the side being operated on. At this point, it is 
worthwhile to mention the evaluation should 
begin with the contralateral normal side in case of 
unilateral pathology to allow comparison.

56 Management of Impalpable Testis
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Fig. 56.2 Decision-making algorithm for management when a unilateral testicle was impalpable on the child in clinic
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The possible scenarios one may encounter are 
an intra-abdominal testis, blind ending vas and 

vessels, or vas and vessels entering the internal 
ring which are demonstrated in Fig. 56.3.

Vas and vessels passing through
closed internal ring on normal side

Vas and vessels passing through an open internal ring

Open internal ring

Gubernaculum

Vas deference

Intra abdominal testis

Short vessels

Closed internal ring

Bladder

Bladder

Blind ending vas deference

Normal vas and vessels passing through
closed internal ring

Normal vas and vessels passing through
closed internal ring

Hypoplastic streak vessels 

a

c

b

Fig. 56.3 Possible scenarios on laparoscopy in a case of impalpable testis
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56.5.3  Viable Intra-Abdominal 
Testicle

If there is a viable testicle in the abdomen, an 
assessment is made if it can be stretched across to 
the opposite internal ring and evaluate if it has 
adequate length on its vas and vessels for a 
single- stage procedure. While rates of testicular 
atrophy are higher for single-stage procedures, 
this risk is very small if only low-lying impalpa-
ble testes with good length are selected for single- 
stage orchidopexy [13].

If there is adequate cord length for a single- 
stage procedure, the testis is mobilized well by 
dissecting it free of attachments and then 
delivered into the hemiscrotum. Technique for 
delivering the mobilized testis is described 
later.

If there is not adequate length on the cord, a 
first-stage Fowler-Stephens procedure is under-
taken. The principle of this procedure is to ligate 
the main testicular vessels to gain adequate 
length of the cord but allow the collateral supply 
from the artery of the vas and the cremasteric 
artery to develop to their full potential before 
bringing the testicle down and putting them 
under pressure.

After assessing the length on the vessels and 
determining it is inadequate for a single-stage 
procedure, the vessels are either interrupted with 
a ligature or clips. Some divide the vessels after 
interrupting but that is not mandatory and can be 
left until second stage. That concludes the first 
stage of the procedure.

The second-stage procedure is performed in 
4–6  months’ time to give the collateral vessels 
opportunity to develop. Again, the child would 
have a central camera port placed in the umbili-
cus and the testicle assessed for viability. If the 
testicle was viable, two working ports would be 
placed through the previous incisions. The testi-
cle would then be mobilized further by releasing 
any peritoneal attachments with dissection as far 
lateral as possible to preserve the best possible 
collateral blood supply.

56.5.3.1  Technique for Delivering 
Mobilized Testis into 
Scrotum

This is achieved by inserting a step port either 
directly through an incision in the scrotum, be 
passed up through the inguinal canal and into the 
abdominal cavity, or some prefer to make a groin 
incision as for an open procedure and pass the 
port through the deep ring. A laparoscopic grasp-
ing instrument is then passed through the port to 
grasp the testicle and deliver it into the wound 
before proceeding as per an open orchidopexy for 
an inguinal testicle.

56.5.4  Nonviable Testicle

If at any stage a nonviable testicle was found, the 
remnant tissue is excised.

56.5.5  Alternative Techniques

One emerging alternative treatment proposed for 
impalpable testes is stretching the impalpable 
testicle across the peritoneal cavity and fixing it 
on the contralateral side under tension [14]. The 
theoretical advantage is the preservation of the 
vessels but with the possible risks of the fixed 
cord acting as a band for bowel volvulus as well 
as the testicle atrophying from the stretch.

Another considered idea is that of microvas-
cular anastomosis whereby the testicular vessels 
are divided and then undergo micro-anastomosis 
to the inferior epigastric vessels as an autotrans-
plantation [15]. This requires microscopic equip-
ment and may not be practical in most centers.

Finally in gubernacular sparing techniques, 
boys who have undergone first-stage Fowler- 
Stephens do not have their gubernaculum divided 
but instead the peritoneum is lifted a flap and 
mobilized with the testicle down through the 
inguinal canal (again with the hope of minimiz-
ing atrophy from further vessel loss). This is the 
subject on an ongoing clinical trial [16] (refer to 
Video 56.1).
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56.5.6  Postoperative Care

All the above procedures for cryptorchidism can 
be done as a day case if the child has no specific 
comorbidity affecting anesthesia and they can 
often return to full activity within a couple of 
days. We use steri-strips or glue as dressing and 
usually advise the parents to protect the area from 
getting wet for 2–3 days. We advocate the avoid-
ance of strenuous physical activity (such as 
sports) for 2 weeks post-op.

56.6  Outcomes

Orchidopexy is one of the most common pediat-
ric surgical procedures and about 20% of unde-
scended testes are impalpable for which the 
two-staged Fowler-Stephens procedure or occa-
sionally single-stage laparoscopic approach is the 
mainstay of treatment.

The majority of boys with cryptorchidism 
have good outcomes. In the short-term, post-op 
complications such as bleeding are rare. Rates 
of success are quoted as around 95% for pal-
pable testes and 85% for impalpable testes 
[17]. Follow-up for boys who undergo orchido-
pexy is recommended initially at 6  weeks to 
3 months post-op and then at 6 months so that 
any scarring and testicular ascent have time to 
occur.

Paternity in men who have had unilateral 
cryptorchidism is essentially normal even in 
cases where the testicle has either not developed 
at all or is excised. In cases of bilateral cryptor-
chidism, paternity rates after bilateral orchido-
pexies are about 50% [6] and are essential which 
is discussed pre- and postoperatively.

As mentioned above, testicular malignancy 
remains higher in men who have undergone 
orchidopexy than those that have not and while 
formal screening is not usually required, we 
would encourage all boys to self-examine once a 
month from the start of puberty.
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57Application of 3D Reconstruction 
in Pediatric Urology

Amane Allah Lachkar, Luc Soler, 
and François Becmeur

57.1  Introduction

Before going to the operative room with the 
patient, the surgeon needs to come forward with 
an appropriate indication: is it really necessary to 

operate the patient? Is there another way to treat 
this patient? The surgeon decides on the best 
advantage/disadvantage balance for the patient. It 
depends on the severity of the pathology. Some 
procedures are benign and can ensure recovery 
with a low morbidity rate but may be inadequate 
due to either social reasons or to the severity of 
the pathology. The surgical answer has to be 
gradually adapted to the seriousness of the 
illness.

In addition, many other questions remain for 
each patient: what may be dangerous in this spe-
cific anatomy and pathological condition? What 
is the probability to come across any adverse 
(unpredictable) event? In case of complication, 
how serious is it according to the Clavien-Dindo 
classification? And considering the illness, the 
tumor, the malformation, is it acceptable?

Until recent times at the beginning of this cen-
tury, we only knew about “surgery for everyone” 
with general principles for each procedure. 
Naturally, we could mentally prepare for our sur-
gical procedure. Images had become increasingly 
precise since the 1970s. However, even with a 
serious preoperative workup using various CT 
scans or MRIs, preparing different surgical 
approaches and strategies, we failed to obtain 
real knowledge and to be confident with the 
patient. We discovered a part of the patient only 
once surgery was being performed. Some techni-
cal difficulties arose and occurred unexpectedly. 
That could be the origin of mistakes, errors, and 
complications.

Learning Objectives
• To describe the use of 3D 

reconstruction.
• To emphasize the importance of using 

3D preoperative planning for better risk 
management.

• To prepare a surgical procedure for each 
new patient and learn this new process.

• To show a video presenting the many 
possibilities offered by one of these 
software programs.
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Until now, the best risk management in pediat-
ric surgery is probably the use of 3D preoperative 
planning. It allows the surgeon to be perfectly 
confident with the patient and with difficulties 
that may be encountered. Thanks to this new tool, 
surgeons became capable of doing and redoing 
the procedure many times in their own brain.

We will get the opportunity to add 3D printing 
more and more often. Preoperative simulation 
will be available to improve basic skills, and 
more particularly so with the improvement of 3D 
printing and the development of new materials.

And most importantly, during laparoscopic 
procedures or robot-assisted procedures, it 
became possible to add and overlay the 3D recon-
struction of the patient onto the same screen. As a 
result, the surgeon can be perfectly guided during 
the procedure and anticipate risks. What has been 
planned will be performed. The elements of sur-
prise will disappear. They are a source of inci-
dents and trouble, complications, morbidity, and 
mortality.

57.2  How Does it Work?

3D reconstruction, classically provided by radi-
ologist from CT scan or MRI, are based on direct 
volume rendering (Fig. 57.1). This tool, freely 

accessible in every workstation, is very useful 
and does not require any preprocessing. Every 
initial voxel gray level is replaced by an associ-
ated voxel color and transparency allowing a bet-
ter distinction between anatomical and 
pathological structures even when they are not 
delineated in reality. Hence, this technique offers 
a good visualization of anatomical and pathologi-
cal structures. Nevertheless, as organs are not 
delineated, accurate dimensions and volumes 
cannot be provided. Equally, providing a volume 
after resection, or cutting a section of these struc-
tures without cutting neighboring structure, is 
impossible.

Thus, to solve this issue, many teams have 
developed software using surface rendering 
based on organ segmentation. It can be performed 
with a standard medical imaging workstation 
(Syngo™ from Siemens Healthineers, AW™ 
from GE Healthcare, IntelliSpace™ from Philips, 
Vitrea™ from Canon Medical System), with a 
more specific workstation (Myrian™ from 
Intrasense, Synapse™ from Fuji), or with a dis-
tant online service that can be compared to a 
medical analysis laboratory (Visible Patient 
Solution™) (Table 57.1).

Those medical devices software provide a 
3D patient modeling. Three tools are then 
available:

a b

Fig. 57.1 (a) Direct volume rendering 3D reconstruction (b) Surface rendering 3D reconstruction
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 – An anatomical atlas directly derived from the 
CT scan images of the patient (Fig. 57.2b).

 – A 3D virtual model of the patient (Fig. 57.2c).
 – A clip applying system (video in supplements).

57.2.1  The Anatomical Atlas

The anatomical atlas is defined by CT scan or 
MRI slices after delineation and coloring. This is 
the first step of the process. The surgeon must 
recognize the pathology, identify which malfor-
mation or which tumor has to be treated, and 
what can be the best solution for this patient. This 
atlas allows an enhanced lecture of exams and 
offer to surgeons a playful map.

For instance, in case of a double kidney, we 
can offer a reinstatement of a damaged, yet still 
functioning, moiety or remove it. This is the 
essential and primary decision that surgeons have 
to make. For a tumor, we have two different 
options:

 – To remove the tumor and the kidney around, 
perform a partial nephrectomy, leave a suffi-
cient blood supply for the remaining part of 
the kidney that is left in place, and reorganize 
the emptying of this remaining kidney, recon-
structing a functional urinary tract. For this 
option, we need to know much more than the 

anatomy of the main vessels and we need a 
precise description of the anatomy of the uri-
nary tract.

 – To remove the entire kidney, performing a 
total nephrectomy.

57.2.2  3D Virtual Model 
of the Patient

It will help the surgeon to set up a strategy for the 
procedure and to define the different steps for it 
and their chronology through the virtual clone of 
the patient.

It has become possible to very precisely 
describe each vessel until their final destination. 
It is then easy to write the storyline for the surgi-
cal procedure in a stepwise fashion. The detailed 
map of the vessels allows to know which one has 
to be secure and where it has to be done (a clip 
applying system: only available on Synapse™ 
from Fuji and Visible patient solution™).

We take the example of a renal tumor with the 
aim of performing a partial nephrectomy using 
Visible Patient™. This surgery has to observe the 
laws of oncology and leave a part of the normal 
kidney with a functional urinary tract which can 
empty the urine.

Consequently, it is necessary to draw a line 
that will mark out the correct margin on the 3D 

DVR

-Free

-Available on every

workstation

-Topographic data

-Normal and

pathological anatomy

-No clip applying

system

-No volume

calculation

-No virtual resection

-Payment

-Segmentation

-Virtual Clone

-Accuracy

-Clip applying system

-Volume calculation

-Virtual resection

-Time consuming
-Radiologist or surgeon
-Available only on
  computer

-Less time consuming
-Imaging experts with
 double checking
-Available on computer,
 phone and tablet

SR

Online serviceWorkstation

Table 57.1 Comparison 
between different 3D 
reconstruction options
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a b c

Fig. 57.2 3D reconstruction and mapping. (a) Satellite view—original CT scan slice. (b) Playful map—anatomical 
atlas. (c) 3D map—3D reconstruction

model in order to ensure a sufficient resection. 
For this function, the normal kidney is seen in 
transparency.

Next, we use the clip applying system. When 
using a virtual clip on an artery of the 3D recon-
struction, the corresponding territory will appear in 
3D, perfectly defined. The software will immedi-
ately provide the volume of the target organ (the 
kidney), the volume of the simulated remaining part 
(absolute value and percentage), and the volume of 
the resected part (absolute value and percentage). 
Taking into account the margins for a safe resec-
tion, one can instantly know if the first simulated 
ligature of an artery will be sufficient or not. As a 
result, it is possible to predict the entire procedure 
in advance and to organize the reconstruction of the 
urinary tract which can be added to the model.

57.3  Prerequisite

The CT scan or MRI that is needed for a 3D 
reconstruction has to be of excellent quality, in 
high resolution, and with different series and 

notably one during injection of the contrast fluid 
for an arterial sequence and a second one during 
the opacification of the veins and a third sequence 
for the parenchyma.

57.4  Instrumentation

If you use a workstations solution, you need to 
buy workstation with dedicated software and 
you need a specific training to learn how to 
use it (usually 2 days of training). 3D recon-
struction is only available on the computer 
after your own process of organ and pathology 
delineation.

If you use an online service like Visible 
Patient Solution, software is free of charge and 
available on the computer (PC Windows and 
Mac OS), tablet, and phone (iOS only). The user 
pays per case, which means a cost per analysis 
like blood or biological analysis. You only need 
an Internet connection to send and receive your 
image from a secured web portal provided by 
Visible Patient.
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57.5  Technique

If you use a workstations solution, a radiologist 
or the surgeon has to do the delineation himself/
herself to obtain the reconstruction. CT scan 
and MRI images are imported from internal 
servers. It needs a learning curve to master the 
software and train the eye. An automatic lung or 
liver delineation can be expected in 15  min 
before manual correction. But the process can 
be much longer if you are looking for more 
details or if you want nonautomated segmenta-
tion, which means other structures. For instance, 
in pediatric surgery workstation, automation is 
too much limited to allow efficient 3D modeling 
of surrounding anatomical or pathological struc-
tures (e.g., no automation for pulmonary seques-
tration, neuroblastoma, diaphragm, etc.). 
Manual delineation will be then possible but can 
(and will) take several hours if you need lots of 
details and vessels. The main benefit of such a 
long process will be essentially educative, the 
user having a better understanding of the medi-
cal image if he spent this time. But due to the 
long processing and the lack of automation, 
such workstation solutions are not frequently 
used to perform 3D modeling in pediatric 
procedure.

If you use Visible Patient online service, 
reconstruction is made by the service after an 
anonymization and data securing from a web por-
tal stored on a certified medical data protection 
system. Such security is not always assumed by 
other online laboratory and will have to be 
checked before able to guarantee the patient data 
protection. In the 3D modeling being performed 
by online laboratories, you only spent time to 
order, upload the image, and download the result 
on your PC, Mac, or smartphone. The main ben-
efit is to have access to any organ and pathology 
3D modeling without limitation to spend time 
and to do it yourself. Visible Patient also adds a 
double check control of the result, the processing 
being performed by expert radiology technolo-
gists specifically educated for image postprocess-
ing analysis. In some other online laboratories, 
the processing is performed by a computer sci-
ence engineer.

57.6  Postoperative Period

Discrepancies may occur between the 
3D-reconstructed model and the initial analysis 
of CT scan images. In fact, a simple analysis of 
the CT scan and the comparison with the patient’s 
anatomy may reveal some differences that could 
be corrected by 3D reconstruction (e.g., vascular 
supply or details on the anatomy of the intrarenal 
urinary tract). These are the advantages of this 
technique of preoperative 3D modeling. One 
question may be the following: could it be possi-
ble to know how many arteries and veins have to 
be secured and in which order? What level of pre-
cision could be reached for the description prior 
to each step of the surgical procedure? Were the 
surgery proceedings consistent with the preoper-
ative workup, using the 3D reconstruction of the 
patient?

Discrepancies may rarely occur between the 
3D reconstructed model and the original patient, 
and when it arrived it is usually a lack of details. 
If you use a workstation solution, a manual 
upgrade of the 3D modeling can be performed by 
yourself, but if you use an online service, the 
improvement has to be requested to the online 
laboratory. The type of feedback is normal and 
essential in order to improve the results of new 
technologies.

57.7  Results

Virtual surgical planning with 3D reconstruction 
provides helpful information which has an impact 
on the diagnosis and subsequently optimizes the 
surgical treatment.

Regarding oncological cases, 3D reconstruc-
tion provides a high-definition anatomy precisely 
showing the tumor location, its relationship with 
adjacent organs, as well as vascularization and 
urinary tract anatomy. The prognostic interest is 
twofold, namely, oncological and functional. 
Indeed, oncological resection margins can be 
simulated and a precise estimation of the resec-
tion volume estimated.

For example, we report the case of a 21-month- 
old boy with a bilateral Wilms’ tumor.
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Fig. 57.3 Bilateral Wilms’ tumor in a 21-month-old boy

a c

db

Fig. 57.4 Right pyelic duplication in nonfunctional lower pole kidney. (a) CT scan. (b) 3D reconstruction view. (c) 
Intraoperative view. (d) 3D reconstruction view corresponding to intraoperative view

The vascularization and margin study mod-
eled online by Visible Patient allowed to simulate 
the resection and to predict the remaining healthy 
tissue volume in each kidney after resection. As a 
result, a safe organ-sparing procedure could be 
performed. Intraoperative observations corre-
sponded to the 3D reconstruction (Fig. 57.3).

In congenital malformation cases, 3D recon-
struction provided a better understanding of a 
complex anatomy.

As an example, we report the case of a 
13-year-old girl with chronic and incapacitat-

ing right lumbar pain and pyelonephritis. CT 
scan found a cystic dysplastic middle and infe-
rior pole right kidney with stones. However, 
due to cystic images, vascularization and uri-
nary tract analysis were challenging. 3D 
reconstruction performed online by Visible 
Patient revealed a pelvic duplication obstructed 
by stones leading to kidney destruction. It was 
unexplainable with the CT scan alone. We had 
a precise diagnosis which allowed us to sched-
ule the surgery in a stepwise manner 
(Fig. 57.4).
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57.8  Discussion

3D reconstruction allows us to have a personal-
ized approach and plan a stepwise tailored 
surgery.

In complex Wilms’ tumor cases, Schenk et al. 
demonstrated by using 3D MRI visualization in 
abdominal tumors that an enhanced anatomy is 

necessary to prevent injuries to major vessels or 
to other structures and to decrease the complica-
tion rate [1]. The same authors also combined 
functional information with anatomical data in 
the treatment of pediatric embryonal abdominal 
tumors, opening the way to organ-sparing 
surgery.

Fuchs et al. used 3D reconstruction based on 
CT scan with a volume rendering software to pre-
operatively define margins and simulate virtual 
resection [2].

The main challenge remains the preservation 
of the remnant kidney vascularization during a 
partial nephrectomy. In adult patients, in the 
group without 3D imaging, 80% of patients had 
global ischemia versus 24% in the 3D imaging 
group (p < 0.01) with comparable tumors (tumor 
size: 50.9 and 50.8 mm; p = 0.97) [3]. Wang et al. 
demonstrate a significant operative time differ-
ence (126.7–36.4 vs. 154.8–34.7, p = 0.018) and 
the occurrence of postoperative urinary leak (0 
vs. 4.0% vs. 22.2%, p  =  0.033) in favor of the 
virtual surgical planning group in complicated 
renal tumors [4].

Recently, Raman et  al. reported their virtual 
surgical planning experience in renal tumor on a 
horseshoe kidney. The preoperative vasculariza-
tion study revealed the selective clamping sites 
easily, thereby facilitating the surgery in this 
unconventional anatomy situation [5].

Some teams have demonstrated the interest of 
the 3D printing model in urology to plan the sur-
gery, especially in partial nephrectomy cases [6, 7].

Zhang et al. confirmed the process feasibility 
with CT scan-based images, the influence on the 
decision-making process during the surgical 
planning, and the impact on information for 
patients [8]. The same benefit was observed with 
MRI-based images [9]. Thanks to 3D printing, a 
simulation of the intervention can be performed 
and optimal port placement determined. Souzaki 
et al. reported three cases of laparoscopic adre-
nalectomy for neuroblastomas (2 stage IV and 1 
stage I) prepared with reconstructions and 3D 
printing. Two patients had image-defined risk 
factors (renal vessels). No complications, conver-
sion, or recurrence were reported [10].

Tips and Tricks
• The 3D model has to be used, mobi-

lized, and moved. It is recommended to 
turn the operative field around as if one 
were turning the kidney around with a 
camera, removing and adding different 
elements, other organs, and other ves-
sels. The first operative step will be the 
exposure. One has to define how to 
expose and to detect the difficulties 
which may be encountered.

• The use of a transparency device is 
essential to have a good view of the ves-
sels until their final destination and to 
know the details of the vascular supply 
for a tumor or a moiety.

• The clip applying system is then tried on 
vessels which seem to require clipping, 
coagulation, or ligation. When these 
maneuvers are experimented, one has to 
record the procedure step-by-step as if it 
was a GPS itinerary. A virtual endos-
copy of any lumen (e.g., vessels, urinary 
tract) can be performed to discover any 
invasive tissue or a thrombus. In case of 
a tumor, one has to create a virtual divid-
ing line which has to be defined with 
oncologists along with their correspond-
ing protocols to ensure a perfect resec-
tion in terms of oncology.

• Finally, it is possible to simulate port 
positioning and to add a virtual camera 
and virtual instruments to the 3D model 
in order to decide on the perfect place-
ment for each port site.
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Additionally, preoperative simulation is an 
appealing educational tool. Medical students and 
residents can have a better understanding of the 
anatomy and of the disease [11].

Finally, 3D imaging is the first step toward 
augmented reality surgery. High definition and 
high precision are required to make a real organ 
and disease mapping, which imparts the surgeon 
with an augmented eye.

Recently, Wake et al. reported their experience 
of a robot-assisted partial nephrectomy and the 
workflow of the procedure. A kidney model was 
created using augmented reality and then printed 
and visualized with specific glasses intraopera-
tively [12].

Registration type, organ tracking, and tissue 
deformation issues are ongoing challenges, which 
need to be solved in order to develop safer and 
more effective image-guided procedures [13].
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Take-Home Messages
• 3D reconstruction allows us to plan a 

stepwise surgical procedure in order to 
manage and prevent surgical risks.

• High-quality CT scan or MRI images 
are required to have a high-definition 
reconstruction.

• Cases should be discussed with the sur-
gical staff. Discrepancies can occur and 
have to be reported to the company 
which provides the 3D reconstruction 
software.

• 3D reconstruction can be printed in 
three dimensions for simulation, educa-
tion, and patient information purposes.
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58Evidence Based Medicine 
in Minimally Invasive Pediatric 
Urology

S. Garnier, L. Harper, and N. Kalfa

58.1  Introduction

The use of minimally invasive surgery (MIS), 
including endoscopic treatment (ET), laparos-
copy (LS), and robot-assisted laparoscopic sur-
gery (RALS), has become increasingly common 
in pediatric urology with the aim to improve 
recovery and cosmetics, decrease postoperative 
pain and opioid use, and reduce the risk of post-
operative adhesions. However, compared to the 
adult scientific literature, publications in pediat-
ric urology are still limited, and the level of evi-
dence remains relatively poor as most studies are 
being retrospective and based on heterogeneous 
groups of patients.

Evidence-based medicine (EBM) refers to the 
rational use of scientific data when making deci-
sions about the care of patients. When used 
appropriately, EBM is a necessary, powerful tool 
to guide urologists’ decision-making for the best 
care for patients [1].

We performed a critical review of the litera-
ture with regard to level of evidence for using 
MIS in pediatric urology.

58.2  Methods

We first performed a broad PubMed search using 
the following keywords: “minimally invasive sur-
gery” and pediatric or children or child and urol-
ogy. Based on these results, we then focused on 
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using minimally invasive surgery (MIS) 
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• To present data with significant level of 
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tial nephrectomy, and heminephrectomy.

• To present data with significant level of 
evidence on MIS for uretero-pelvic 
junction surgery.

• To present data with significant level of 
evidence on MIS for uretero-vesical 
junction surgery, both vesicoureteral 
reflux and obstructive megaureter.
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five key topics: nephrectomy, heminephrectomy, 
uretero-pelvic junction (UPJ), vesicoureteral 
reflux (VUR), and obstructive megaureter. We 
hence did a PubMed search using the following 
keywords: “nephrectomy or nephroureterectomy 
and pediatric or children or child,” “heminephro-
ureterectomy or heminephrectomy and pediatric 
or children or child,” “pyeloplasty” or uretero- 
pelvic junction obstruction and surgery and pedi-
atric or children or child,” “primary obstructive 
megaureter” and surgery or “vesico ureteral 
reflux” and surgery or ureteral reimplantation, and 
pediatric or children or child. The management of 
lithiasis was deliberately not included here as 
another chapter focuses specifically on this topic.

The search was limited to English publica-
tions, published in the past 10  years, including 
human subjects, and we determined a minimum 
level of evidence (LE) consisting of either cohort 
studies, case series of more than 30 cases, ran-
domized controlled trials (RCT), meta-analysis, 
and systematic reviews. Studies including adults 
(above 18 years of age) or based on less than 30 
subjects were excluded. LE was defined accord-
ing to the Oxford Centre for Evidence-Based 
Medicine classification (https://www.cebm.
net/2009/06/oxford- centre- evidence- based- 
medicine- levels- evidence- march- 2009/). The 
quality of articles was based on the material and 
method section, specifically inclusion and exclu-
sion criteria, study type, and patient selection. 
Absent or insufficient information on these crite-
ria was detrimental to the article’s estimated LE.

58.3  Results

A total of 189 studies were identified from the 
initial search including two systematic reviews 
[2, 3], one comparative study [4], and one cohort 
study [5]. Data on laparoscopic single-site sur-
gery (LSS) in pediatric urology came from one 
systematic review and meta-analysis [6] and two 
comparative studies [7, 8].

The pediatric nephrectomy (NT)/nephroure-
terectomy (NUT) search led to 1625 publications 
of which 14 met all eligibility criteria (Table 58.1). 

Six papers focused on primary renal neoplasms, 
seven on nonfunctioning kidneys, and two 
included both items.

The heminephrectomy (HNT)/heminephro-
ureterectomy (HNUT) for duplex system search 
led to 1616 publications of which nine were eli-
gible (Table 58.2). Because of a high level of evi-
dence, we included in our analysis the randomized 
controlled trial by Golebiewski [9] though the 
sample size was small.

The pyeloplasty (PP)/UPJ search led to 684 
publications of which 21 were eligible including 
3 RCTs [10–12] (Table 58.3).

The MIS and low ureter surgery search yielded 
879 studies of which 18 (Table 58.4), including 
four RCT [13, 14], were eligible as regards vesi-
coureteral reflux and five were eligible for pri-
mary obstructive megaureter (Table 58.5).

Performing randomized controlled trial for 
surgical procedures in children remains challeng-
ing due to difficulties in ethical approval and lim-
ited number of patients, thus good quality 
observational studies may often be the best evi-
dence we can achieve at the moment.

58.4  Overall Outcomes 
in Minimally Invasive 
Pediatric Urology

In a register-based analysis of 70,273 procedures, 
Tejwani et  al. [15] found a lower complication 
rate for MIS as compared to open surgery (OS). 
However, as reported by Aksenov et al. [3], com-
plication rates depend on the type of procedure. 
In this systematic review, NT had a significantly 
lower rate of complication requiring intervention 
(1.18%) as compared to PP (3.64%), ureteral 
reimplantation (UR) (3.65%), or complex recon-
struction (11.76%). There was no statistically 
significant difference in complication rate 
between PP, partial NT, and UR. Conversion to 
OS was significantly more frequent for complex 
reconstructive surgeries (6.62%) than for PP 
(1%), NT (2.65%), partial NT (3.29%), and UR 
(1.28%). Partial NT had a significantly higher 
conversion rate as compared to UR and PP.
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Table 58.1 Minimally invasive nephrectomy, summary of characteristics of selected studies

Study
(year of 
issue) Samplea

Study design 
(LE) Technique Indications Main findings

Fan et al. [6]
(2012)

27 SR and 
meta- 
analysis
3a-B

TPLS/LSS NFK and 
PRN

With level of evidence limitations, LSS offers a 
safe and efficient alternative to TPLS with less 
pain, shorter recovery time, and better cosmetic 
outcome

Malek et al. 
[23]
(2020)

19 SR
3a-B

TPLS/OS PRT There is a lack of evidence to support MIS for 
pediatric renal tumors. Lymph node harvest has 
been inadequate and there appears to be an 
increased risk for intraoperative spill

Aminsharifi 
et al. [19]
(2011)

79 Prospective
CS
2b-B

TPLS NFK TPLS in patients with a history of ipsilateral 
renal surgery can be done safely

Lee et al. [24]
(2011)

303 CS
4-C

RALS/OS PRT RALP is a viable option as a nephron-sparing 
surgical procedure for small renal mass

Kim et al. 
[16]
(2012)

69 CS
4-C

LSS/TPLS/
RALS/OS

NFK MIS is statistically associated with shorter 
lengths of hospital stay and decreased 
postoperative pain medication usage than with 
OS but with longer surgical time

Mir et al. [72]
(2011)

64 CS
4-C

LSS/TPLS NFK With appropriate patient selection, almost 50% 
can be performed using LSS with similar 
complication rates and outcomes compared to 
TPLS

Burnand et al. 
[73]
(2018)

54 CS
4-C

TPLS/OS WT SIOP criteria indications can be extended for 
teams experienced after agreement at a 
multidisciplinary meeting

Romao et al. 
[20]
(2014)

45 CS
4-C

TPLS/OS PRN TPLS is an attractive alternative to OS in 
carefully selected cases. Procedure length and 
incidence of intraoperative rupture were not 
increased while postoperative recovery and 
hospital stay were shorter

Bansal et al. 
[74] (2014)

32 CS
4-C

LSS/RALS NFK LSS has a significantly shorter operative time 
with comparable postoperative narcotics use as 
compared to RALS

Duarte et al. 
[21]
(2014)

32 CS
4-C

TPLS/OS WT Both techniques showed similar immediate and 
long-term results

Tam et al. 
[75]
(2013)

30 CS
4-C

RPLS/LSS NFK LSS is safe and effective compared to RPLS

Bouty et al. 
[22]
(2020)

50 CSR
4-C

TPLS WT Feasible in 20% of WT with oncological 
outcomes comparable with OS

Harris et al. 
[76]
(2018)

43 CSR
4-C

TPLS PRN TPLS approach is likely to be achievable if the 
volume ratio is at 8.1

Badawy et al. 
[77]
(2011)

35 CSR
4-C

RPLS NFK RPLS is safe and feasible

TPLS transperitoneal laparoscopy, RPLS retroperitoneal laparoscopy, OS open surgery, LSS laparoscopic single-site 
surgery, RALS robot-assisted laparoscopic surgery, CSR case series report (observational study), CS comparative study, 
SR systematic review, LE level of evidence, WT Wilms’ tumor, NFK nonfunctioning kidney, PRN primary renal 
neoplasm
a Number of patients for clinical trial and number of studies for systematic review

58 Evidence Based Medicine in Minimally Invasive Pediatric Urology



484

Table 58.2 Minimally invasive heminephrectomy and heminephroureterectomy in duplex system, summary of char-
acteristics of selected studies

Study (year of 
issue) Sample

Study 
design 
(LE) Technique Main findings

Golebiewski 
et al. [9]
(2013)

27 RCT
2b-B

TPLS/OS MIS should be the preferred option over OS

Escolino et al. 
[31]
(2019)

164 CS
4-C

RPLS
Lateral/prone 
approach

Superiority of one approach over another is not still 
confirmed

Esposito et al. 
[29]
(2017)

102 CS
4-C

RPLS/TPLS TPLS is faster, safer, and technically easier to perform 
compared to RPLS

Neheman et al. 
[26]
(2019)

59 CS
4-C

OS/TPLS/
LSS/RALS

MIS decreases postoperative analgesia and hospital stay in 
comparison to the OS while demonstrating efficacy and 
safety

Zhou et al. [7]
(2014)

68 CS
4-C

LSS/TPLS LSS is feasible and safe, although the outcomes were 
comparable, better subjective cosmetic results LSS

Varda et al. 
[32]
(2018)

43 CS
4-C

RALS/OS RALS has comparable (if not better) outcomes than OS

Jayram et al. 
[30]
(2011)

142 CSR
4-C

RPLS Nonfunctioning renal moiety
Rate of 5%

Escolino et al. 
[31]
(2015)

52 CSR
4-C

RPLS RPLS remains a challenging procedure with a long learning 
curve, performed only in pediatric centers with huge 
experience in this field

Esposito et al. 
[27]
(2015)

50 CSR
4-C

TPLS TPLS remains a technically challenging procedure 
performed only in pediatric centers with high experience 
MIS

RCT randomized controlled trial

Table 58.3 Minimally invasive pyeloplasty, summary of characteristics of selected studies

Study (year of 
issue) Sample

Study design 
(LE) Technique Main findings

Gatti et al. 
[10]
(2017)

98 RCT
1b-A

TPLS/OS Both are comparable and effective methods, operative 
time was statistically shorter in the OS, and length of 
stay is shorter in the TPLS group

Penn et al. 
[11]
(2010)

39 RCT
2b-B

TPLS/OS TPLS is safe and effective
Cost is similar, longer operative times in the 
laparoscopic group but a shorter overall hospitalization

Badawy et al. 
[12]
(2015)

38 RCT
2b-B

TPLS/RPLS Both approaches had a high success rate. However, the 
shorter operative time, shorter length of hospital stay, 
rapid recovery of intestinal movement, and early 
resumption of oral feeding are in favor of RPLS

Huang et al. 
[36]
(2015)

15 SR and 
meta-analysis
3a-B

TPLS/OS TPLS is associated with shorter length of hospital stay, 
reduced complications, and equal success rate but 
prolonged operative time

Chang et al. 
[41]
(2015)

15 SR and 
meta-analysis
3a-B

RALS/OS Postoperative success rate was comparable with higher 
complication rate and costs in the RALS group

Cundy et al. 
[46]
(2014)

12 SR and 
meta-analysis
3a-B

RALS/TPLS No significant differences for all primary outcomes
Significant differences in favor of RALS for length of 
hospital stay
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Table 58.3 (continued)

Study (year of 
issue) Sample

Study design 
(LE) Technique Main findings

Corbett and 
Mullassery 
[50]
(2015)

15 SR
4-C

Endoscopic 
treatment

Success rate is lower

Chan et al. 
[48]
(2017)

2219 CS
4-C

RALS/TPLS/OS Multivariate analysis indicated that surgical approach 
had minimal effect on the rates of intraoperative and 
postoperative complications

Piaggio et al. 
[35]
(2017)

30 Prospective
CS
2b-B

TPLS/OS TPLS was a longer procedure than OS. Both 
procedures had the same efficacy and complication 
rates, but patients undergoing TPLS needed fewer 
narcotics for pain control and had a shorter 
hospitalization

Silay et al. 
[45]
(2016)

575 CS
4-C

TPLS/RALS Shorter hospitalization time and lower postoperative 
complication rates with RALS

Polok et al. 
[38]
(2020)

226 CS
4-C

TPLS/OS Comparable success rates in both groups

Esposito et al. 
[34]
(2019)

67 CS
4-C

RALS/TPLS Both give excellent results

Neheman 
et al. [40]
(2018)

34 CS
4-C

RALS/TPLS Results, complication rates, and operative time were 
comparable while TPLS demonstrated longer hospital 
stay

Liu et al. [39]
(2017)

1750 CSR
4-C

TPLS/RPLS/
LSS/RALS

Four approaches are safe and efficient procedures with 
equivalent success rates

Kawal et al. 
[43]
(2018)

138 Prospective
CSR
4-C

RALS No significant differences in length of hospital stay and 
complications or failure rates in infants compared to 
older children

He et al. [33]
(2020)

279 CSR
4-C

TPLS TPLS has been proven to be safe and effective in 
children with a low rate of complications. 
Weight < 10 kg and having intraoperative 
complications with drainage were risk factors

Minnillo et al. 
[44]
(2011)

155 CSR
4-C

RALS Long-term surgical success and complication rates 
were comparable to open surgery

Blanc et al. 
[37]
(2013)

104 CSR
4-C

RPLS Safe, reliable, and efficient with an excellent outcome 
in selected children long learning process and remains 
a challenging task for a teaching center

Chiarenza 
et al. [49]
(2017)

54 CSR
4-C

Vascular hitch Excellent outcomes in a very selected patient 
population

Blanc et al. 
[78]
(2019)

50 CSR
4-C

Retroperitoneal- 
RALPS

Preliminary results suggest that retroperitoneal RALP 
in children is feasible, safe, and effective

Jacobson et al. 
[47]
(2019)

36 CSR
4-C

Redo RALS Redo RALS is feasible, efficient, safe, and durable
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Table 58.4 Minimally invasive treatment of vesicoureteral reflux, summary of characteristics of selected studies

Study (year of 
issue) Sample

Study design 
(LE) Technique Main findings

Nordenström 
et al. [13] (2017)

77 RCT
1a-B

ET (deflux) High-grade VUR in infants can be treated with ET and 
the resolution rate is higher compared with prophylaxis 
treatment. The complication rate is low and VUR grade 4 
and unilateral grade 5 were favorable for resolution and 
downgrading with ET, whereas, in infants with bilateral 
grade 5, the results were less encouraging

Garcia-Aparicio 
et al. [14]
(2013)

41 RCT
2b-C

ET (deflux)/
OS

Short- and long-term follow-up shows that multiple 
endoscopic treatment of VUR grades II, III, and IV with 
ET is as effective as OS

Deng et al. [59]
(2018)

6 SR and 
meta-analysis
3a-B

RALS/OS RALS: Longer operation time, fewer days of hospital 
stay, and postoperative Foley placement but in subgroup 
analyses, higher rate of short-term postoperative 
complications
No significant differences in success rate, complications, 
and postoperative analgesia

Harel et al. [58]
(2015)

34 Prospective 
CS
2b-B

RALS/OS Lower narcotic requirement and lower intensity of 
postoperative pain for RALS compared to OS

Wang et al. [54]
(2016)

76,756 CS
4C

RALS/OS/
LS

Patients who underwent MIS remained more likely to 
suffer from postoperative urinary complications 
compared with patients who underwent open OS

Kurtz et al. [62]
(2016)

1682 CS
4-C

RALS/OS Significantly higher rate of complications as well as 
higher direct costs for RALS

Bustangi et al. 
[51] (2018)

96 CS
4-C

OS/LS Both effective in unilateral and bilateral with similar 
results. LS reduces significantly postoperative pain 
medication and hospital stay and allows for a faster return 
to normal activity

Esposito et al. 
[79]
(2019)

151 CS
3b-B

RALS/LS Short-term bladder dysfunction is a possible complication 
with no significant difference between both technics
Bilaterality, preexisting BBD, and duration of surgery 
were confirmed on univariate and multivariate analyses as 
predictors of postoperative bladder dysfunction

Srinivasan et al. 
[64] (2017)

92 CS
4-C

RALS Bilateral extravesical ureteral reimplantation is not 
associated with an increased risk of postoperative 
morbidity compared with unilateral surgery

Esposito et al. 
[52]
(2016)

90 CS
4-C

OS/LS/ET
(no grade 5 
and redo)

OS presented significantly more complications and higher 
morbidity compared to LS and ET
Similar success rate with OS and LS

Boysen et al. 
[57]
(2017)

143 Prospective 
CSR
4-C

RALS Same radiographic success rate than contemporary series 
of OS

Boysen et al. 
[61]
(2017)

260 CSR
4-C

RALS Same low complication rate and almost same 
radiographic success rate than published series of OS

Soulier et al. 
[53] (2017)

117 CSR
4-C

LS The success rate is comparable to OS with the advantages 
of laparoscopic approach

Grimsby et al. 
[60]
(2015)

61 CSR
4-C

RALS Lower success rate for RALS
More than 10% of patients required at least one 
reoperation for persistent VUR or a surgical complication
= > higher complication rate and lower success rate for 
RALS compared to the gold standard of OS
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Table 58.4 (continued)

Study (year of 
issue) Sample

Study design 
(LE) Technique Main findings

Gundeti et al. 
[80]
(2016)

58 CSR
4-C

RALS There is a need for standardization of technique to 
facilitate best possible outcomes

Esposito et al. 
[56]
(2018)

55 CSR
4-C

RALS Safe and effective technique

Herz et al. [63]
(2016)

54 CSR
4-C

RALS Bilateral is associated with higher failure rates, higher 
complication rates, higher reoperation rates, and more 
postoperative urinary infections and nonsurgical 
readmissions compared with unilateral procedure

Akhavan et al. 
[55]
(2014)

50 CSR
4-C

RALS Effective and safe option

VUR vesicoureteral reflux, ET endoscopic treatment

Table 58.5 Minimally invasive treatment of primary obstructive megaureter, summary of characteristics of selected 
studies

Study (year of 
issue) Sample

Study 
design 
(LE) Technique Main findings

Doudt et al. 
[65]
(2018)

11 SR
3a-B

Endoscopic 
management

– Modest success rates
– Temporizing procedure
–  Approximately 1/3 of patients require surgical 

reintervention
Ortiz et al. 
[66]
(2018)

92 CSR
4-C

Endoscopic 
management

Effective treatment of POM with few complications and 
good outcomes at long-term follow up.
Main complication was secondary VUR that could also 
be treated endoscopically with a high success rate.
=> may be considered first-line treatment in POM

Kassite et al. 
[67]
(2018)

42 CSR
4-C

Endoscopic 
management

Overall success rate of 92%.
It avoided reimplantation in 90% of cases

Neheman 
et al. [69]
(2020)

35 CSR
4-C

RALS Safe and effective (unilateral)

Teklali et al. 
[68]
(2018)

35 CSR
4-C

Endoscopic 
management

Safe and effective.
Proposed as a first-line treatment even under 2 years

POM primary obstructive megaureter

Robotic pediatric urologic procedures are 
considered technically feasible and safe accord-
ing to two large sample cohort studies reported 
by Dangle et  al. [5] and Colaco et  al. [4] who 
report similar overall 30- and 90-day complica-
tion rates as for LS and OS.

Wider use of LSS in order to confer better 
esthetic outcome, reduce port-site complications, 
and postoperative pain [6–8] requires better LE 
studies to clarify safety and long-term outcomes [2].

58.5  Nephrectomy, 
Nephroureterectomy, 
and Partial Nephrectomy

58.5.1  Nonfunctioning Kidney

Recent publications about minimally invasive 
NT for nonfunctioning kidneys are limited, 
almost exclusively retrospective, and with very 
low levels of evidence. MIS for NT or nephroure-
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terectomy in benign diseases is associated with 
shorter lengths of hospital stay and decreased 
postoperative pain medication usage when com-
pared to OS [16]. RALS is possible but expensive 
[17]. The retroperitoneal and transperitoneal 
approaches can be used equally according to the 
surgeon’s preference and experience as said in 
the systematic review published in 2009 by Kim 
et  al. [18], as no specific advantage has been 
proven for either technique. MIS can still be pro-
posed safely in case of prior ipsilateral kidney 
surgery [19].

58.5.2  Renal Neoplasms

The use of MIS is challenging in renal neoplasm 
since complete surgical resection without tumor 
rupture and sufficient lymph node sampling 
remains the main objective, especially in Wilms’ 
tumors (WT). Many studies showed no differ-
ence in tumor ruptures and event-free survival 
(EFS) despite a lower number of lymph nodes 
collected. Indeed, Romao et al. [20] showed in a 
retrospective study comparing OS vs. LS for pri-
mary kidney cancer nephrectomy that OS yielded 
a significantly higher number of lymph nodes, 
with a median of five lymph nodes (range 2–29) 
versus two (range 1–14) in MIS.  Patients 
 undergoing OS presented larger tumors than their 
LS counterparts, but operative times were simi-
lar. No tumor ruptures occurred with either tech-
nique. LS required a shorter use of narcotics and 
a shorter length of stay. EFS was similar in both 
groups. Overall recurrences were not more fre-
quent in the LS group though median follow-up 
was limited (18 months).

Similarly, in the retrospective comparative 
series of 32 patients with WT by Duarte et  al. 
[21], there were fewer lymph nodes harvested 
and longer operative times in the LS group but a 
shorter length of stay. The EFS for both groups 
were similar, 86.7% (OS) compared to 94.1% 
(LS) at a median follow-up of 4.29 years. They 
recommend using MIS only when the tumor’s 
largest dimension is less than 10% of the patient’s 
height. Recently, Bouty et al. [22] retrospectively 
reported 50 nephrectomies with transperitoneal 

laparoscopy (TPLS) for WT with no intraopera-
tive rupture and an EFS of 94% at 3 years.

On the other hand, a recent systematic review 
[23] calls for caution. Based on 19 retrospective 
studies (two of which are comparative [20, 21]), 
104 patients undergoing MIS were compared to 
47 patients undergoing OS.  The authors show 
that lymph node harvests have been inadequate in 
patients undergoing MIS with an increased risk 
for intraoperative spill/tumor rupture. The overall 
survival is similar between groups, but follow-up 
times were inconsistent and patient selection was 
clearly biased, with only small tumors being 
selected for MIS.

Nephron-sparing surgery can be proposed for 
localized small renal masses or bilateral tumors. 
Lee et  al. [24] compare the clinical outcomes 
between OS and RALS. Intraoperative and post-
operative outcomes were comparable between 
groups. Operative times and kidney ischemia 
were longer in the RALS group. Positive surgical 
margins were only reported is the OS group, but 
this could be due to patient selection bias. Both 
long-term oncologic outcome and long-term 
renal function need to be better evaluated.

It should be noted that there are no LE 1 or 2 
studies evaluating MIS for pediatric renal tumors. 
Additionally, subjects were not randomized and 
the studies do not present standardized outcome 
data, leading to incomplete data and selective 
reporting [23]. However, overall, preliminary 
data suggest that LS for carefully selected 
patients (small WT with preoperative chemother-
apy) is feasible and shows promising results in 
terms of event-free and overall survival [25].

58.5.3  Heminephrectomy and 
Heminephroureterectomy 
for Duplex Systems

Only one study reached a LE 2 thanks to a ran-
domized controlled trial comparing TPLS to OS 
[9]. TPLS should be the preferred option for 
HNT/HNUT as it appears to be feasible and safe 
with lower analgesic requirements and shorter 
hospital stay in spite of an increased operative 
time. In this study of 27 patients, no remaining 

S. Garnier et al.



489

moieties were lost. In a recent comparative study 
of 59 patients, Neheman et  al. [26] confirmed 
these data.

Regarding the use of robotic surgery, Esposito 
et al. first reported two case series [27, 28] of 52 
LS and 50 RALS and then compared one with the 
other [29]. He found significantly more compli-
cations, reoperation rate, operative time, and hos-
pital stay in the LS group. Furthermore, a negative 
impact on the remaining moiety resulting in a 
decreased or nonfunctioning renal moiety occurs 
in 5% of cases after LS HNT as shown by Jayram 
et  al. [30] (median follow-up of 4.5  years, 
n = 142). Based on 164 patients, Escolino et al. 
[31] show that there is no superiority of lateral 
over prone approaches in LS for HNT/HNUT. The 
prone technique may be faster, and the lateral 
approach may be more adequate when a longer 
ureterectomy is required, but the choice of the 
technique remains dependent on the surgeon’s 
personal preference and experience.

Last, two quite large case series found no dif-
ferences in surgical outcomes between RALS 
and OS [32] (except for the hospital stay) and 
between SSL and TPLS [7].

58.6  Pyeloplasty 
for Ureteropelvic Junction 
Obstruction (UPJO)

PP is the topic for which the most data with sig-
nificant level of evidence is available based on 
systematic reviews/meta analyses, large cohort, 
and comparative studies.

58.6.1  Laparoscopic vs. Open 
Pyeloplasty

Two RCTs compared TPLS and OS PP.  One 
preliminary report from Penn et al. [11] in 2010 
and a second one in 2016 from Gatti et al. [10] 
both reported no difference in success rate, but 
TPLS was associated with longer operative 
times and shorter hospitalization. Several 
descriptive and comparative studies including 
large samples [33–37] confirmed laparoscopic 

PP provides comparable success and complica-
tions rates than OS with reduced pain and length 
of stay. In particular, a prospective comparative 
cohort [35] of 30 patients similar with regard to 
age found that TPLS, despite being a longer 
procedure than OS, has the same efficacy and 
complication rates with fewer narcotics needed. 
Comparable success rates in both procedures 
are confirmed in a large retrospective compara-
tive study of 226 patients [38]. EAU/ESPU 
guidelines are based on these findings but the 
interest of MIS in very young children remains 
to be demonstrated and current data is insuffi-
cient to defer a cutoff age.

58.6.2  Transperitoneal vs. 
Retroperitoneal Laparoscopic 
Pyeloplasty

One randomized controlled trial by Badawy et al. 
[12] compared trans- vs. retroperitoneal approach 
for laparoscopic PP in 38 patients. The success 
rate was comparable, whereas the retroperitoneal 
laparoscopic (RPLS) approach leads to shorter 
operative time, earlier oral feeding, and shorter 
hospital stay. These data are in accordance with 
the largest case series to date [39] including 451 
RPLS, 311 TPLS, 322 LSS, and 805 trans- 
umbilical multiport procedures. In this paper, 
RPLS and TPLS presented comparable compli-
cation rates though RPLS was associated with 
earlier oral feeding and shorter hospital stay. In 
summary, the choice between RPLS or TPLR 
remains a matter of surgical preference and per-
sonal experience with no definitive EBM evi-
dence for one or another.

58.6.3  Robotic-Assisted Laparoscopy 
Pyeloplasty

There are no randomized controlled trials or 
prospective study compared to RALP to open or 
laparoscopic PP to date. However, several series 
suggest RALP is effective with reported success 
rates of 94–100% whether using a transperito-
neal or retroperitoneal approach [34, 37, 40–
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44]. Hospital stay and duration of stenting were 
shorter for RALP as compared to LS in a large 
case series of 575 patients though success and 
intraoperative complication rates were similar 
[45]. In a meta-analysis, Cundy et al. [46] found 
significant advantages for RALP including 
shortened length of stay, lower analgesia 
requirement, and lower blood loss though it was 
associated with a higher cost and longer opera-
tive time. The minimum weight for which 
robotic surgery is possible has been questioned 
but in a large study of RALP (n = 138), Kawal 
et  al. [43] did not find any significant differ-
ences in complications or failure rate between 
infants (median weight 9.9  kg, IQR 8.1, 11.5) 
and older children. RALP for complex UPJO 
procedures including anatomic variations (ecto-
pic, malrotated, or horseshoe kidneys), duplex 
kidney, or recurrent UPJO seems feasible and 
safe and offers good outcomes [42, 47]. Finally, 
surgical approach (OS, LS, and RALP PP) may 
not be the only factor influencing intra- and 
postoperative complication rates according to a 
multivariate analysis of 2219 patients from a 
database of 102 academic institutions. Patient 
comorbidity may have a greater impact on suc-
cess rate and length of stay [48].

58.6.4  Other Techniques

The vascular hitch procedure has been proposed 
as an alternative to dismembered PP in children 
with an extrinsic compression of the UPJ. Overall 
results seem favorable as reported in a cohort of 
54 selected patients [49]. Comparative studies of 
vascular hitch vs. other procedures are lacking. 
The careful selection of patients through intraop-
erative assessment of anatomical and functional 
aspects may be a crucial step to confirm the right 
indication for vascular hitch and maintain a high 
success rate.

Finally, endourological techniques have been 
reviewed by Corbett and Mullassery [50] and 
these cannot be recommended because of a high 
complication rate (14.8%) and a lower success 
rate (71%).

58.7  MIS of the Lower Ureter

58.7.1  Vesicoureteral Reflux

The current gold standard surgical option for 
VUR is open trans-hiatal ureteral reimplantation 
according to Cohen with a high success rate 
(95%). MIS such as ET, LS, and RALS reimplan-
tation have been proposed as alternatives.

Endoscopic injection of bulking agents for the 
treatment of vesicoureteral reflux has become 
widely used as a therapeutic alternative to ure-
teral reimplantation. In an RCT comparing 
Cohen’s ureteral reimplantation with ET in chil-
dren older than 1-year-old, Garcia-Aparicio et al. 
[14] showed that short- and long-term outcomes 
were similar for VUR grades II, III, and IV. But 
the size of the sample was limited and multiple 
ETs were necessary in 34% of cases. Some 
authors have even proposed ET in high-grade 
VUR in infants under 1 year of age. In an RCT, 
Nordenström et  al. [13] showed that infants 
treated by ET had a higher rate of VUR resolu-
tion compared to those with prophylaxis. The 
complication rate was low and the radioscopic 
success rate of ET was 100% in unilateral VUR 
grade 4, 75% in bilateral grade 4, 67% in unilat-
eral grade 5, and 31% in bilateral grade 5. But 
this study raises questions regarding follow-up 
which was short and design since it does not 
compare two operative techniques but rather 
apply ET to children who may have presented 
spontaneous regression of VUR.

Ureteral reimplantation using MIS (LS or 
RALS) has been reported to be safe and feasible 
but clear EBM is still lacking and data are con-
flicting. Laparoscopic Lich-Gregoir seems to 
have a similar success rate to OS in two compara-
tive studies [51, 52] as well as reduced postopera-
tive analgesia, hospital stay, and a faster return to 
normal activity. These results are in accordance 
with those from Soulier et al. [53] showing a clin-
ical success rate of 98.3%. However, a large 
nationwide population-based study of 76,756 
patients published by Wang et  al. [54] showed 
that MIS, even if associated with shorter hospital 
stay, increases the risk of postoperative compli-
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cations and increases the cost of management of 
these children.

Similarly, results from RALS are conflicting. 
Several studies report similar success rates 
between OS and RALS [52, 55–59] whereas oth-
ers raise concern about lower success rates and 
higher complication rates [54, 60–62]. For 
instance, Grimsby et  al. [60] found that more 
than 10% of patients required at least one reop-
eration for persistent VUR or complication while 
Boysen et al. [57], in a prospective observational 
study, reported a radiographic success rate of 
93.8% overall and 94.1% among children with 
grades III–V VUR. Bilateral MIS reimplantation 
is also suspected to be a risk factor for complica-
tion and postoperative bladder dysfunction. Herz 
et al. [63] reported an overall surgical success of 
84.7% for unilateral reflux, but for bilateral sur-
gery the success rate decreased to 72.2%. On the 
opposite, Srinivasan et al. [64] found no increased 
risk in bilateral procedures.

58.7.2  Primary Obstructive 
Megaureter (POM)

Endoscopic dilation (ED) of POM has been pro-
posed as an alternative treatment to reduce the 
morbidity associated with OS.  However, a sys-
tematic review [65] published in 2017 raised con-
cerns about the success rate of ED.  Based on 
previous retrospective studies of limited sample 
size, the authors showed that the procedure can-
not be completed in 10% of cases and that 
approximately 1/3 of patients require further sur-
gery. On the other hand, a more recent series rec-
ommends ED as the first-line treatment for 
POM.  In a cohort of 92 POM, Ortiz et  al. [66] 
found a long-term success rate of 87.3% with a 
median follow-up of 6  years. Secondary VUR 
was found in 21.5% and was successfully treated 
by endoscopic sub-ureteric injection in more than 
75% of cases. ED failed in 13% of cases requir-
ing ureteral reimplantation. Failure either 
occurred early (intraoperative technical prob-
lems, double-J stent migration, severe restenosis) 
or during long-term follow-up (persistent VUR, 

POM recurrence). Kassite et al. [67] reported a 
similar overall success rate of 92% in a cohort of 
42 POM. In this series, ED avoided reimplanta-
tion in 90% of cases but double J stents were 
associated with significant complications. Based 
on a series of 35 children, Teklali et al. [68] con-
firmed this data with results boasting asymptom-
atic patients and preserved renal function in 91% 
of cases. Good patient selection (possibility of 
catheterization of the lower ureter, short stenosis, 
and good response to the dilation) may help to 
improve the success rate of ED.

EBM data on RALS for POM is still limited 
even if this technique was reported more than a 
decade ago. Only one paper reached our criteria 
for inclusion [69]. In this study 35 patients with 
POM underwent dismembered unilateral extra-
vesical cross-trigonal ureteral reimplantation, ten 
of them with intracorporeal excisional tapering 
of the obstructed ureter. RALS for POM is thus 
feasible but either febrile urinary tract infections 
or grade 3 Clavien complication occurred in 
more than 10% of patients. Further comparative 
studies are needed.

58.8  Limits

There are several limits to how we can interpret 
the existing literature on MIS in pediatric urol-
ogy. The first has to do with patient age. Though 
most studies describe their patient population and 
the age at surgery, the minimum age at which 
MIS can safely be performed remains to be dem-
onstrated. It is probable that this minimum age, 
or size, varies according to the type of procedure 
and technique used. Some authors have, for 
instance, stated that robotic surgery is feasible 
above a minimum distance between both anterior 
superior iliac spines (ASIS) as well as the 
puboxyphoid distance (PXD) [70]. 
Recommendations for use of MIS should include 
this limit.

Several articles have a relatively poor LE even 
though they are comparative trials or systematic 
reviews. The main problem with published com-
parative studies is the absence of clear criteria for 
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choice of technique with a lot of room for selec-
tion bias and confounding factors. Many of the 
systematic reviews published include mainly ret-
rospective case series meaning that though this 
pool large number of patients they still are equiv-
alent to case series.

Furthermore, MIS is technically demanding, 
especially in young children. Learning curves 
show just how difficult these procedures can be, 
and it is obvious that all surgeons do not possess 
the same technical skills. A recent paper pub-
lished in JAMA shows how variation in surgeon’s 
technical skills can explain up to 26% of the vari-
ation in postoperative complications. We should 
always keep this in mind when analyzing pub-
lished results whether good or bad [71].

Finally, there is an identifiable process to the 
development of surgical techniques with differ-
ent questions at different phases of development. 
These can be summarized by the triad “it can’t be 
done, it can be done, it should be done.” Adequate 
methodology for investigating surgery in all its 
complex aspects is still lacking. We have yet to 
find a specific methodology which takes into 
account the specific nature of surgical 
development.

58.9  Conclusion

MIS procedures in pediatric urology are feasible 
in experienced hands with a success rate depend-
ing on the type of surgery. However, evidence- 
based literature reporting MIS in pediatric 
urology is lacking with few studies showing high 
level of evidence. Nephrectomy and ureterone-
phrectomy for benign disease should be per-
formed by TPLS (including SSL) or RPLS rather 
than OS or RALS. Evidence is lacking to recom-
mend MIS in pediatric kidney cancer even if it 
seems feasible on carefully selected patients. 
Heminephrectomy for duplex system may be 
performed using TPLS or RALS while RPLS 
shows promising results only in some hands. UPJ 
may benefit from MIS, especially from RALP 
that provides similar outcomes, reduced need of 
analgesia, and shorter hospital stay than OS 
despite a longer operative time. Transperitoneal 

or retroperitoneal approach for both laparoscopic 
and robotic surgery are possible. Last, endo-
scopic approaches for VUR (subureteric injec-
tion) and for POM (endoscopic dilation) are 
valuable first-line treatments even if their precise 
indications need to be further clarified. 
Laparoscopy and robotic-assisted procedures for 
ureteral reimplantation require larger and com-
parative studies.
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