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Background and Objective: Robot-assisted surgery has been progressively involved in various fields
of adult and pediatric surgery, demonstrating many advantages over either mini-invasive or open surgery.
The aim of this review is to provide the most recent evidence on robot-assisted pediatric surgery, in all its
subspecialties.

Methods: A comprehensive electronic literature search of PubMed, Embase, and Cochrane Library was
conducted using appropriate Medical Subject Headings (MeSH) terms and keywords. The interval time
considered was a 5-year period [2017-2022], and no language restricdons were applied.

Key Content and Findings: A total of 685 titles were identified. After applying exclusion criteria,
73 articles for robotic pediatric surgery have been published and were included in this review. We
extrapolated and summarized the current evidence on robot-assisted surgery in pediatric age through all the
fields of applicability.

Conclusions: Robot-assisted surgery is technically feasible in case of a selected pediatric cohort, and it is
going to achieve similar or better surgical results if related to the standard open or mini-invasive procedures.
Copious case series and randomized trials are still required. Due to the great potential that this new
technology is demonstrating, in the close future, the evolution of robotic platform will offer a valid and solid

alternative in the treatment of various pediatric pathologies.
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Introduction visualization, the use of rigid and un-flexible instruments, the
necessity of the surgeon to maintain a more erect position
Background . .
with rarer back movements, element which can cause
In the last 20 years, pediatric surgery has undergone major and pressure point injury, compression of the nerves, and upper
important improvements, mainly thanks to the development of extremity’s weakness, lead this technique still challenging (3).

minimally invasive surgery (MIS) techniques (1). Laparoscopy,
which can be consi(?ered T:he main exlpre.ssi(?n of. MIS, has Rationale and knowledge gap
reduced post-operative pain and hospitalization, improving
recovery and wound appearance (2). Robot-assisted surgical system has represented an avant-

On the contrary, in laparoscopy, the lack of tridimensional garde step in the field of mini-invasive surgery, thanks

© Translational Pediatrics. All rights reserved. Transl Pediatr 2023;12(10):1875-1886 | https://dx.doi.org/10.21037/tp-22-427


https://crossmark.crossref.org/dialog/?doi=10.21037/tp-22-427

1876

to its informatics systems with a three-dimensional (3D)
visualization, the improvement of wristed instrumentation,
the absence of surgeon’s tremor and the decrease of learning
curve for intracorporeal suturing (4,5).

Even if all these advantages are presents, its feasibility
still presents several limitations in pediatric age, mostly
due to the high cost of purchase and maintenance of the
Da Vinci robot and the important difficulty in adapting
the big robotic platform with all its surgical instruments, at
the beginning proposed for adult populations, to the small
dimensions of pediatric patients (6).

The first case of robotic pediatric surgery was described
in 2001 (7), almost a decade after its first appearance
in adult population, regarding a case report of robot-
assisted Nissen fundoplication. After first reports, robotic
procedures for children started to be described in literature,
with an occurrence that appears more slowly than in adults’
age, possibly due to technical limitations in developing
suitably sized instrument for pediatric age (8).

The majority of published reports concerns robotic
pediatric urology with an exponential increase in number
of works every year. Over time, more complex and
wider variety of cases are being described using robotic
approaches, such as thoracic, gastro-intestinal, gynecological
and oncological procedures (8).

Objective

With this review, we aim to describe and analyze the current
state of art of robotic surgery in pediatric age, providing an
up-to-date available literature, focusing on evaluating the
surgical fields in which robotics was presented and reported
as an innovative technique with a rapid rise in these recent
years, and those fields in which robotic surgery is obtaining
above all the role of first surgical indication. We present this
article in accordance with the Narrative Review reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-22-427/rc).

Methods

A comprehensive electronic literature search of PubMed,
Embase, and Cochrane Library was conducted. The search

> or “robot-

terms used were “robotic pediatric surgery’
assisted pediatric surgery”.

References of all included studies were also checked for
potential records. To detect a current state of art of actual

robotic pediatric surgery, the interval time considered was
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a S-year period [2017-2022], and no language restrictions
were applied.

All extracted abstracts and titles were selected for
relevance and incongruities were resolved by consensus.

All studies providing the most recent evidence on
robot-assisted surgery applied to pediatric age (from 0 to
18 years old) were included in this analysis. Abstracts, case
reports, reviews or repeated publications were excluded.
Studies regarding adult populations were excluded.
Otolaryngologic, cardiosurgical, anesthesiologic and
neurosurgical pediatric publications were excluded.

A total of 685 titles were identified. After applying
exclusion criteria, since 2017, 73 articles for robotic
pediatric surgery have been published and were included in
this review. All studies included were published in English,
although no language restrictions were imposed (Figure I).

Out of the 73 included studies, 57 were designed as
retrospective cohort studies, 15 as prospective cohort
studies and 1 as randomized cohort study (7able I).

These articles have been published to describe the
surgical management of various conditions: miscellaneous
of urological pathologies, management of uretero-pelvic
junction obstruction (UPJO), management of megaureter or
vesicoureteral reflux (VUR), thoracic pathology through robot-
assisted thoracoscopy, Hirschsprung’s disease, choledochal
cysts, oncological diseases, esophageal diseases, inguinal canal’s
pathologies, anorectal malformations, Mitrofanoff procedure,
urachal diseases, pancreatojejunostomy, management of kidney
stones.

Most discussed topics were pyeloplasty and ureteral re-
implantation (7able 2).

Discussion

The introduction of robotic surgery characterized an
additional step in the evolution of minimal invasive surgery
in pediatric age, presenting many advantages, such as
a better ergonomics for surgeons, a 3D view, an easier
intracorporeal suturing and knotting due to the seven
grades of freedoms and much more (6).

Robotic procedures have been used in nearly all
pediatric surgical subspecialties including urology, general
and thoracic surgery, and oncologic surgery. As analyzed
in different studies (5,9,10), pediatric urology is one of
the most common and advantageous fields of robotic
technology’s application, both in reconstructive and
demolishing procedures.

Otherwise, we can also notice some limitations to this
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Figure 1 Study selection flow chart.

Table 1 Type of studies enrolled

Results Value, n (%)
Retrospective cohort studies 57 (78.1)
Prospective cohort studies 15 (20.5)
Randomized cohort study 1(1.4)

innovative procedure. For example, robotic surgery can be
feasible for children weighting more than 15 kg in order to
have the correct space to position the 8-mm robotic ports
needed for the procedure (6).

To the best of our knowledge, this is the first narrative
review which analyzes all the fields of robot-assisted
pediatric surgery’s appliance, aiming to assess a current
status of literature regarding the use of this pioneering
technology in pediatric surgery and in all its subspecialities.

A total of 73 articles were included in this review,
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* Reviews (n=104)

* Case reports/editorial (n=91)

* Not pediatric populations (n=169)
* Not robotic surgery (n=57)
 Other surgical fields (n=101)

permitting to analyze the most discussed topics and the
new-introduced fields of application.

Section 1: urologic procedures

Sub-section 1: pyeloplasty
Robot-assisted Anderson-Hynes dismembered pyeloplasty,
laparoscopically or retroperitoneoscopically performed, is
considered the most common robotic procedure performed
in pediatric population, and currently the only procedure in
which we can demonstrate comparable or even best outcomes
compared to the open or laparoscopic procedures (6,11,12).
For many years, open pyeloplasty has been considered
the gold standard approach in patients with UPJO (13)
but more recently, early reports on pediatric robot-assisted
laparoscopic pyeloplasty (RALP) started comparing surgical
outcomes to laparoscopic pyeloplasty (LP) and open
techniques (OP) (12,14,15).
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Table 2 Topics discussed in the enrolled studies

Results Value, n (%)
UPJO 12 (16.4)
VUR 10 (13.7)
Urolithiasis 3(4.1)
Neurological bladder 1(1.4)
Inguinal canal Pathologies 2(2.7)
Urachal remnant 1(1.4)
Esophageal pathologies 3(4.1)
Pancreatic pathologies 1(1.4)
Choledochal cysts 5(6.8)
Ano-rectal malformations 1(1.4)
Hirschsprung disease 4 (5.5)
Ulcerative colitis 1(1.4)
Thoracic pathologies 4 (5.5)
Oncology 4(5.5)

Miscellaneous pathologies 21 (28.7)

UPJO, uretero-pelvic junction obstruction; VUR, vesicoureteral
reflux.

Analyzing data, robotic procedure had presented several
advantages.

Regarding the learning curve, it appears to be shorter
compared to the open or laparoscopic procedures, with
quicker operative times which exponentially decreased if the
surgeon’s experience increases (median: OP, 95 minutes; LP,
123 minutes; RALP, 89 minutes) (12,14).

Concerning surgical outcomes, we reported a cumulative
success rate among different studies of 96-100% (11,16,17).
It was also noticed that robotic procedure led to a lower
post-operative and total narcotic use (11) and, as a related
consequence, a lower hospital length (1-1.4 days) (11,12,18).

Furthermore, analyzing more recent multicenter
studies, a lower rate of complications (range of 4-15.6%)
(11,14,18,19) can be reported, if compared to the open or
laparoscopic procedures.

Most of these compilations were low grade Clavien-
Dindo I or II.

Other studies (17) demonstrate that robotic pyeloplasty
is a safe and feasible technique, with good medium-term
outcomes in expert hands also in patients with horseshoe
kidney, standardizing an accurate pre-operative planning
associated with a standardized technique in order to achieve
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good surgical outcomes even in these challenging cases.

More recent studies started focusing their attention also
on the main limit of robotic surgery: patient’s weight.

Specifically, Masieri er al. (20) tried to investigate the
influence of the body weight on peri- and post-operative
outcome in a series of pediatric patients treated with RALP,
reporting favorable results also in the cohort of patients
with a weight <15 kg, underling how the need for a different
trocar’s placement and limited space in this kind of patients
did not affect surgical outcomes.

In patients in which a primary pyeloplasty has failed
or anatomic situations such as malrotated or intrarenal
pelvis occur, a robot-assisted ureterocalicostomy can be a
crucial option in order to save the kidney. This procedure
was described by Adamic et 4l (21) as a feasible and safe
technique with a surgical success rate of 100% in this
cohort, without any post-operative complications.

Sub-section 2: ureteral reimplantation

In case of VUR, ureteral reimplantation is the most
common pediatric robot-assisted procedure after
pyveloplasty. Robot-assisted laparoscopic ureteral
reimplantation (RALUR) may be accomplished through
an extravesical or intravesical technique and, of these
procedures, the extravesical one is the one reported mostly,
following the Lich Gregoire procedure, compared to the
intravesical one, reporting complications rates higher than
the extravesical one (15-52%) (22,23).

Even though initial attempts related with a precipitous
learning curve were described, multicentric recent studies
present robot-assisted extravesical ureteral reimplantation
(REVUR) as a feasible and safe technique (24,25). This
procedure presents many advantages, as, for example, a
post-operative required narcotic drugs’ reduction and a
shorter hospitalization (1-4.5 days) (26-28).

Focusing on surgical success rate, in the majority of studies
defined radiographically through voiding cystourethrography
(VCUQ) in the post-operative period, a range of 77-100%
was detected (24,26,27), a variability that can be related to
case selection but mostly on surgeon’s learning curve.

The main post-operative complication reported was
urinary retention (0-7%) especially in case of bilateral
reimplantation (5-13%) (26,28-30). Other rarer post-
operative complications were urinary tract infections,
post-operative ileus and persistent high-grade reflux
(31-33). Concerning the intraoperative complication,
ureteral damage was reported (26), as also bladder mucosa
perforation during detrusorrhaphy.
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The presented data show that RALUR can be a first
surgical option for VUR, proven to be effective and feasible
both in unilateral and bilateral reflux, though carefulness
is required in bilateral cases in order to avoid the increased
risk of urinary retention.

Sub-section 3: urolithiasis surgery

Endourological techniques, such as ureteroscopy (URS)
and retrograde intrarenal surgery (RIRS) or percutaneous
nephrolithotomy (PCNL) and extracorporeal shock wave
lithotripsy (ESWL), mostly substituted open procedure
for the treatment of urolithiasis, also in the pediatric age.
However, with the recent advent of robotic surgery in an
increased number of urological procedures, the principle
of “open” renal surgery is being reconsidered. Few
data available in literature shows that the robot-assisted
kidney stone surgery can be useful in case of urolithiasis
in large stone burdens, complex anatomy or associated
renal reconstructive procedures, demonstrating to reduce
bleeding and parenchymal damage (34,35).

Esposito et al. (36) described their experience with
robot-assisted laparoscopic surgery (RALS) in a cohort of
15 pediatric patients with urinary tract stones, demonstrating
a feasible and effective treatment option with a stone-free
rate of 80% following the first procedure and a 100% success
rate after a second treatment.

However, supplementary studies comparing the robotic
procedure to other minimally invasive one is needed to
confirm its role in urolithiasis.

Sub-section 4: Mitrofanoff procedure

Even nowadays, open Mitrofanoff appendicovesicostomy
still remain the most performed technique on patients with
neurological bladder.

With the advent of robotic technology, many pediatric
surgeons are following the trend, performing more complex
procedure, including reconstructive one.

In 2004, Pedraza et al. (37) were the first to describe
their positive experience with robot-assisted laparoscopic
Mitrofanoft appendicovesicostomy (RALMA) in a 7-year-old
boy, with a diagnosis of posterior urethral valve, followed by
Storm et 4l. in 2007 (38) and Famakinwa ez 4/. in 2013 (39),
with overlapping results.

Only one article was included in our review of the last
5 years (40), describing the experience of the American
Center with RALMA technique, over a cohort of 24 patients,
demonstrating a decreased post-operative pain with reduced
post-operative opioid drugs, a better cosmesis, presenting

© Translational Pediatrics. All rights reserved.

1879

a safe and feasible technique with comparable complication
rates (35% of 30 day complication rate), functional and
long-term outcome to the OP, with just increased operative
time which can be decreased with the experience of the
surgical equipe.

Sub-section 5: orchiopexy procedure for non-palpable
testis
Even if laparoscopic orchiopexy represents the gold
standard procedure in case of non-palpable testis, taking a
correct decision between sacrificing testicular vessel in order
to obtain sufficient length, preserving the vascularization or
adopting a one and two-stage Fowler-Stephens orchiopexy
can be a challenging decision. Shumaker ez a/. (41) describes
a first stage Fowler-Stephens approach’s change, adopting
a robot-assisted laparoscopic method and obtaining an
optimal mobilization of the testicular vessels with a correct
ligation of the artery, noticing a 0% of conversion rate and
no case of testicular atrophy in the follow-up period.
Keeping our focus on non-palpable testis, Higganbotham
et al. (42) illustrate a robot-assisted laparoscopic orchiopexy,
through an umbilical and two additional 8-mm ports,
describing a feasible technique especially in case of bilateral
undescended testis, with equivalent results in comparison to
the laparoscopic approach.

Sub-section 6: urachal remnant excisions

One retrospective study (43) reported the first pediatric
cohort of robot-assisted urachal remnant excision in
children. An accurate excision of the urachus was performed
in a 3-port transperitoneal fashion after a cystoscopic
inspection of the bladder, with a mean operative time of 116
minutes, an hospitalization’s length of 1.5 days and a post-
operative rate of 6.3%.

Even if laparoscopic approach remains the gold standard
technique for urachal remnant excision, robot-assisted
laparoscopy can offer additional advantages in term of
dissection or intracorporeal suturing, demonstrating a higher
patient’s satisfaction compared to the open or laparoscopic
technique. Obviously, even though bigger cohorts reporting
long-term outcome of surgical intervention are still needed,
this experience represents an effective and safe approach in
case of urachal remnant in pediatric patients.

Section 2: abdominal and pelvic procedures

Sub-section 1: esophageal procedure
In case of gastroesophageal reflux disease (GERD), even
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if laparoscopic fundoplication is still considered the gold
standard surgical approach in children (44,45), indications
for robot-assisted fundoplication are increasing in these
last years, bringing new important advantages for both
the surgeon and the patient, compared to the laparoscopic
technique.

Differently from previous studies, which presented few
cases and a follow-up too short to be considered relevant,
reporting longer operative time and demonstrating an
absence of superiority compared to the laparoscopic
approach (46,47), more recent analysis were enrolled for
this review.

Binet er al. (48) reported a large series of robotic
fundoplications in children, with the aim of flattening
the learning curve (which arrived to be compared to the
laparoscopic one after 20 procedures), decreasing the mean
operative time and to demonstrate the efficiency of surgical
technique, reporting no conversion to either an open or
laparoscopic surgery and a post-operative complication rate
comparable to the one reported in reviews on laparoscopic
antireflux procedures.

Analyzing robotic application in hiatal hernia repair
in children (49), one retrospective study was enrolled in
this review, in order to describe obvious advantages over
traditional laparoscopy, such as less operative pain, shorter
hospitalization, a better 3D visualization, leading to
encouraging surgical outcomes.

Regarding achalasia, one study (50) involving a small
cohort of patients undergone robot-assisted Heller
myotomy, was enrolled in the review, demonstrating how
the use of robot during Heller myotomy could decrease the
risk of esophageal mucosal perforation, due to the robotic
3D visualization and the augmented degree of instrument
freedom, improving post-operative outcomes in terms of
hospitalization’s length and post-operative pain.

It is obvious that larger series need to confirm the
efficiency and safety of this specific robotic procedure.

Sub-section 2: pancreatic procedure

Excluding case reports from our review, only one
retrospective study regarding pancreatic robot-assisted
pediatric surgery was included (51).

A cohort of patients, with a diagnosis of pancreatic
ductal dilatations with stones as a complication of
chronic pancreatitis was evaluated. Stones were totally
removed through robotic surgery using a robotic lateral
pancreaticojejunostomy, reporting no conversion to
laparotomy and no recurrence of pancreatitis and neither
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stones reappearance.

Robotic surgery to treat pancreatic ductal dilatations
could reduce the degree of difficulty of laparoscopic
technique, make the anastomosis and the suture easier due
to ergonomic improvements and, thanks to the 3D vision,
help avoiding vascular damage and controlling the bleeding.

Sub-section 3: Roux-en-Y hepaticojejunostomy

With the beginning of pediatric mini-invasive surgery,
many authors have described laparoscopic resection of
choledochal cysts’ feasibility and safety (52,53), reporting a
main limit due to the rigid laparoscopic instruments and a
technically challenging procedure (54).

The introduction of robotic platform offers prospective
solutions through its more sophisticated aspect, providing
flexible instruments and a 3D view of the operative fields,
reducing surgeon’s tremor, leading to an easier dissection
and a precise anastomosis (55).

The retrospective studies enrolled in our review reported
a range of conversion to either laparoscopic or open surgery
of 0-1.3%, due to severe bleeding (56-59), with a median of
hospitalization of 7.6 days (6-9 days).

Post-operative complications, such as twisted Roux
limb, intestinal obstruction, intestinal perforation, and
biliary complications were reported with a global range of
0-17.7%.

All patients, who underwent resection of congenital cyst,
had a complete excision on the final pathologies, reporting
a global surgical success rate of 100%.

The studies enrolled in our review suggest continued
progresses beyond an initial steep learning curve, reporting
no compromise in post-operative and long-term surgical
outcomes and strong evidence in terms of feasibility of
robotic-assisted laparoscopic choledochal cyst resection
and hepaticojejunostomy, overcoming laparoscopic
technical difficulties, in particular in the creation of the
hepaticojejunostomy.

Sub-section 4: anorectal pull-through
Pediatric surgical procedures achieved in narrow fields, as
for example the lower pelvis, could be a valid candidate for
robotic approach. A low rectal dissection, an important task
that is required in Hirschsprung’s disease or in anorectal
malformations, can be easily obtained through robot-
assisted surgery (60).

In Hirschsprung’s disease’s case, robotic surgery
combines traditional and basic concept of Soave pull-
through open surgery with the advancement of robotics
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instrumentation, leading to an easier dissection, decreasing
intra or post-operative complications to a minimal rate,
permitting a better view of the deep pelvis and increasing
surgical movements’ precision (61).

Four studies were enrolled in this review regarding
robot-assisted Soave procedure (61-64), reporting a total
operative time in a range of 80-290 min, no conversion to
laparoscopic surgery or laparotomy, neither intraoperative
complication, achieving a coloanal anastomosis in all
patients.

Post-operative hospitalization ranged from 4 to 10 days.
As for post-operative complication, all patients responded
well to anal dilatation, presenting anastomotic stenosis
just in one patient which was successfully dilated under
general anesthesia (64), urinary incontinence or erectile
disfunction in male weren’t reported. Enterocolitis and
mild soiling had been reported in a range of 4-7.3%.
Continence was achieved in 100% of cases, reporting a
range of 1-4 defecations/day. Post-operative pain persisted
within the limits of optimal pain control during the entire
hospitalization for all patients.

Regarding the surgical treatment in case of anorectal
malformation, an interesting and innovating study was
conducted (65), aiming to describe a series of patients
undergoing robot-assisted anorectal pull-through. All the
robotic procedure were completed without intraoperative
complications, achieving an easier dissection through
different anatomical layers, a more precise repair of the
fistula and a rectal pouch’s precise placement in the center
of the striated muscle complex, with a pleasant appearance.
The post-operative complications rate was 23.5%, reporting
2 cases of anal stenosis, treated only with anal dilatations,
and 2 cases of incontinence, which, after repeated functional
training and probiotics therapy, presented a promising
evolution during follow-ups.

In case of ulcerative colitis in children, a retrospective
study was enrolled in this review (66). Fifteen patients,
undergone robot-assisted total proctocolectomy with ileal
J-pouch-anorectal anastomosis, were analyzed, reporting
no intraoperative complications or conversions to either
laparoscopic or open surgery. Post-operative complication
rate was 33 %, resembling what was depicted in literature
for the laparoscopic approach (67), but lower than the one
for open approach (68).

This preliminary experience revealed that robotic
ileal J-pouch-anorectal anastomosis could be safe and
feasible in case of pediatric patients with ulcerative colitis,
nevertheless bigger cohort and longer follow-up are
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needed to confirm these results.

Section 3: thoracic procedure

Video-assisted thoracoscopic surgery has been more
frequently used in last decades, becoming the gold standard
approach for a large number of pediatric procedures (69).

The advantages of thoracoscopy are well-knows,
such as the reduction of post-operative pain, the shorter
hospitalization, better cosmetic results, but still presenting
a challenge due to a small working space related to the body
size of the children and the lack of 3D vision.

Although robot-assisted thoracic surgery have not yet
reached the greatness that it has in pediatric urology, in the
last years, it has been useful to perform a variety of thoracic
surgical procedures, as a new introduced but still limited
field of application.

In case of localized bronchiectasis, a series of lobectomies
performed by robot-assisted thoracic surgery were
retrospectively analyzed, in comparison to the video-
assisted thoracoscopic surgery (70). The study reported no
conversion to open surgery with robotics procedures and
five cases with thoracoscopy, no significant differences in
term of peri-operative complications, length of thoracic
drainage or length of hospitalization but a higher operative
time in robotics cohort.

Robot-assisted thoracoscopic surgery in case of
bronchiectasis improved the vision, permitting a more precise
and finer manipulations for better dissection and suture,
with clear advantages over thoracoscopic repair in terms of
conversion rate and post-operative complication (70).

One study, describing a series of 20 patients undergone
robot-assisted thoracoscopic diaphragmatic plication due to
congenital eventration, was enrolled in this review (71).

Although traditional thoracoscopic plication is the
preferable option in diaphragmatic eventration’s case, ribs
still present a limitation in the movement of trocars, leading
to challenging and time-consuming suturing. Robot-
assisted thoracic surgery is still difficult in children but in
this short cohort of patients, robotics provides more precise
movement, easier and faster suturing time, overcoming
intercostal limitations, with a flatter learning curve after
only 15 procedures (71). A retrospective multicenter French
study (72) was conducted to analyze esophageal robot-
assisted thoracoscopic surgery in order to discuss the most
appropriate indications.

Sixty-eight patients were enrolled in the cohort,
comprised esophageal duplications, Heller’s myotomies,
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esophagoplasty and esophageal atresias reported a rate of
conversion of 11%, due to difficulties in exposure and a
complication rate of 35%. A redo surgery was performed
only for one patient. This limited study demonstrated the
feasibility of robot-assisted thoracoscopic surgery in patients
who weigh more than 5.0 kg.

In term of post-operative pain, an observational,
retrospective, multicenter study (73), involving 204
children, was performed with the aim to compare the
outcome of robot-assisted thoracoscopy versus the
thoracoscopic approach. On the Ist, 2nd and 3rd day after
surgery, pain was detected using Face, Legs, Activity, Cry,
and Consolability (FLACC) scale or Numerical Rating
Scale (NRS) and, evaluating the two different groups, the
study described that pain after surgery does not diverge
relating to the surgical approach, but it still preserves very
low values, which is a standard advantage of the minimally
invasive approach.

To strongly determine advantages and limitations of
robot-assisted thoracoscopic surgery over thoracoscopy in
children, however, larger and randomized studies, with a
more consistent follow-up, are still needed.

Section 4: oncological procedure

Even if robot-assisted surgery in oncology has been
demonstrated to be effective in adult population, in
pediatric age its use is still limited with few studies
conducted on this subject. This could be probably due to
the scarce incidence of this disease and to the characteristic
of pediatric tumors, which frequently presented a rapid
growth, with the need of other non-surgical approach, such
as neoadjuvant chemotherapy or radiotherapy (74).

In the last years some papers have been published on the
topic, even reporting a small cohort of patient or case report
experience.

The aim of the studies enrolled in this review was to
evaluate the feasibility and in particular the safety of robot-
assisted surgery in this field, with the future perspective
to introduce valid guidelines to regulate the applicability
of robotics in pediatric oncology, element which is still
missing both in North America and Europe (75,76). Various
oncological procedures for different kind of pediatric tumors
were described in literature, such as nephroblastomas,
adrenals tumors, pancreatic tumors, germ-cell tumors,
thymic tumors, shifting through malignant, borderline
or benign tumors. Nephroblastomas and ovarian tumors
are most frequently illustrated (74-77). Robot-assisted
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laparoscopy for abdominal or pelvic tumors, robot-assisted
retroperitoneoscopy or robot-assisted thoracoscopy were
described. No robotics-related complications were reported
in literature, neither intraoperative tumor rupture occurred
during the robotic dissection.

Hospitalization range was 1-4 days with a range of post-
operative complications that varies from 0 to 28%.

Our analysis focuses on the fact that a precise case
selection is fundamental to obtain good oncological results,
avoiding inappropriate utilization of this technique. In
particular, Blanc ez 4l. (75) depicted the largest nationwide
experience with robotic pediatric oncology, trying to
provide a practical and easy guideline for selected cases,
with certain limitation due to the rare and heterogenous
clinical presentation. In their cohort of 89 oncological
patients, they performed 93 procedures, without reporting
any intraoperative tumor ruptures and a conversion rate to
an open approach of only the 8%.

Even if the gold standard in pediatric oncology is still
the open surgery, robotic surgery, in precise selected cases,
could be considered a safe option. Surgical indications must
be discussed in the context of qualified tumor board with
medical specialists in order to avoid boundless and non-
valid applications, maintaining the robotic application as
an optimal option to expand the availability of complex
resection in pediatric cancer. More controlled trials are
still needed to confirm its indications, with the aim of
setting this innovative technology in the future of pediatric
oncological surgery (78).

Conclusions

In this narrative review, we analyzed the current status
of robotic surgery related to pediatric age through all its
applications in pediatric surgery.

Although many advantages were previously depicted
over conventional mini-invasive surgery, robot-assisted
procedures in children are still in their infancy.

Performing procedures in small cavities, with difficult
robotic docking, non-standardized pediatric trocars or
port placement, lead to a hard non-intuitive adaptation. A
significant issue with this platform still remains the high
financial cost, even if the advent of simulation models or
organized training program, a well-organized operating
room turnover, are predictable elements that can lead to
reduce all the costs.

Through this excursus, we depicted a robot-assisted
surgery as a safe and effective approach to a miscellaneous
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of pediatric surgical pathology, reporting an exponential
increase in its uses across all pediatric surgical subspecialties.
The surgical applications that can be performed with
robotics are continuing to develop, including procedures in
infants and neonates, with the aim to reach and to overtake
the popularity and the feasibility of open and mini-invasive
techniques, due to all the advantages previously reported.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Translational Pediatrics, for the series
“Pediatric Robotic Surgery”. The article has undergone

external peer review.

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://
tp.amegroups.com/article/view/10.21037/tp-22-427/rc

Peer Review File: Available at https://tp.amegroups.com/
article/view/10.21037/tp-22-427/prf

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://tp.amegroups.
com/article/view/10.21037/tp-22-427/coif). The series
“Pediatric Robotic Surgery” was commissioned by the
editorial office without any funding or sponsorship. CE
served as the unpaid Guest Editor of the series. The authors
have no other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

© Translational Pediatrics. All rights reserved.

1883

References

1. Satyanarayan A, Peters CA. Advances in robotic surgery
for pediatric ureteropelvic junction obstruction and
vesicoureteral reflux: history, present, and future. World J
Urol 2020;38:1821-6.

2. Molinaro F, Angotti R, Bindi E, et al. Low Weight Child:
Can It Be Considered a Limit of Robotic Surgery?
Experience of Two Centers. ] Laparoendosc Adv Surg
Tech A 2019;29:698-702.

3. Esposito C, El Ghoneimi A, Yamataka A, et al. Work-
related upper limb musculoskeletal disorders in paediatric
laparoscopic surgery. A multicenter survey. ] Pediatr Surg
2013;48:1750-6.

4. Chen CJ, Peters CA. Robotic Assisted Surgery in Pediatric
Urology: Current Status and Future Directions. Front
Pediatr 2019;7:90.

5. Andolfi C, Kumar R, Boysen WR, et al. Current Status of
Robotic Surgery in Pediatric Urology. ] Laparoendosc Adv
Surg Tech A 2019;29:159-66.

6. Esposito C, Masieri L, Castagnetti M, et al. Current
Status of Pediatric Robot-Assisted Surgery in Italy:
Epidemiologic National Survey and Future Directions. J
Laparoendosc Adv Surg Tech A 2023;33:610-4.

7. Meininger DD, Byhahn C, Heller K, et al. Totally
endoscopic Nissen fundoplication with a robotic system in
a child. Surg Endosc 2001;15:1360.

8. Denning NL, Kallis MP, Prince JM. Pediatric Robotic
Surgery. Surg Clin North Am 2020;100:431-43.

9. Mizuno K, Kojima Y, Nishio H, et al. Robotic surgery in
pediatric urology: Current status. Asian ] Endosc Surg
2018;11:308-17.

10. Gundeti MS, Kojima Y, Haga N, et al. Robotic-assisted
laparoscopic reconstructive surgery in the lower urinary
tract. Curr Urol Rep 2013;14:333-41.

11. Kawal T, Srinivasan AK, Shrivastava D, et al. Pediatric
robotic-assisted laparoscopic pyeloplasty: Does age matter?
J Pediatr Urol 2018;14:540.e1-6.

12. Dothan D, Raisin G, Jaber ], et al. Learning curve of
robotic-assisted laparoscopic pyeloplasty (RALP) in
children: how to reach a level of excellence? ] Robot Surg
2021;15:93-7.

13. Radmayr C, Dogan HS, Hoebeke P, et al. Management
of undescended testes: European Association of Urology/
European Society for Paediatric Urology Guidelines. J
Pediatr Urol 2016;12:335-43. Erratum in: ] Pediatr Urol
2017;13:239.

14. Andolfi C, Rodriguez VM, Galansky L, et al. Infant
Robot-assisted Laparoscopic Pyeloplasty: Outcomes at a

Transl Pediatr 2023;12(10):1875-1886 | https://dx.doi.org/10.21037/tp-22-427


https://tp.amegroups.com/article/view/10.21037/tp-22-427/rc
https://tp.amegroups.com/article/view/10.21037/tp-22-427/rc
https://tp.amegroups.com/article/view/10.21037/tp-22-427/prf
https://tp.amegroups.com/article/view/10.21037/tp-22-427/prf
https://tp.amegroups.com/article/view/10.21037/tp-22-427/coif
https://tp.amegroups.com/article/view/10.21037/tp-22-427/coif
https://tp.amegroups.com/article/view/10.21037/tp-22-427/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

1884

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

© Translational Pediatrics. All rights reserved.

Single Institution, and Tips for Safety and Success. Eur
Urol 2021;80:621-31.

Kozlov Y, Kovalkov K, Nowogilov V. 3D Laparoscopy in
Neonates and Infants. J Laparoendosc Adv Surg Tech A
2016;26:1021-7.

Andolfi C, Umanskiy K. Mastering Robotic Surgery:
Where Does the Learning Curve Lead Us? ] Laparoendosc
Adv Surg Tech A 2017;27:470-4.

Esposito C, Masieri L, Blanc T, et al. Robot-assisted
laparoscopic pyeloplasty (RALP) in children with
horseshoe kidneys: results of a multicentric study. World J
Urol 2019;37:2257-63.

Avery DI, Herbst KW, Lendvay TS, et al. Robot-assisted
laparoscopic pyeloplasty: Multi-institutional experience in
infants. J Pediatr Urol 2015;11:139.e1-5.

Dangle PP, Akhavan A, Odeleye M, et al. Ninety-day
perioperative complications of pediatric robotic urological
surgery: A multi-institutional study. ] Pediatr Urol
2016;12:102.e1-6.

Masieri L, Sforza S, Grosso AA, et al. Does the body
weight influence the outcome in children treated with
robotic pyeloplasty? J Pediatr Urol 2020;16:109.e1-6.
Adamic BL, Lombardo A, Andolfi C, et al. Pediatric
robotic-assisted laparoscopic ureterocalycostomy: Salient
tips and technical modifications for optimal repair. BJUT
Compass 2021;2:53-7.

Peters CA, Woo R. Intravesical robotically assisted
bilateral ureteral reimplantation. J Endourol 2005;19:618-
21; discussion 621-2.

Chan KW, Lee KH, Tam YH, et al. Early experience in
robotic-assisted laparoscopic bilateral intravesical ureteral
reimplantation for vesicoureteral reflux in children. J
Robot Surg 2012;6:259-62.

Baek M, Koh CJ. Lessons learned over a decade of
pediatric robotic ureteral reimplantation. Investig Clin
Urol 2017;58:3-11.

Sahadev R, Spencer K, Srinivasan AK, et al. The Robot-
Assisted Extravesical Anti-reflux Surgery: How We
Overcame the Learning Curve. Front Pediatr 2019;7:93.
Boysen WR, Akhavan A, Ko ], et al. Prospective
multicenter study on robot-assisted laparoscopic
extravesical ureteral reimplantation (RALUR-EV):
Outcomes and complications. ] Pediatr Urol 2018;14:262.
el-262.e6.

Esposito C, Masieri L, Steyaert H, et al. Robot-assisted
extravesical ureteral reimplantation (revur) for unilateral
vesico-ureteral reflux in children: results of a multicentric
international survey. World J Urol 2018;36:481-8.

28.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Saxena et al. A current status of pediatric robotic surgery

"Tyagi V, Pahwa M, Lodha P, et al. Robot-assisted
laparoscopic ureteral reimplant: A single-center
experience. Indian J Urol 2021;37:42-7.

. Kawal T, Srinivasan AK, Chang J, et al. Robotic-assisted

laparoscopic ureteral re-implant (RALUR): Can post-
operative urinary retention be predicted? ] Pediatr Urol
2018;14:323.el-5.

Srinivasan AK, Maass D, Shrivastava D, et al. Is robot-
assisted laparoscopic bilateral extravesical ureteral
reimplantation associated with greater morbidity than
unilateral surgery? A comparative analysis. ] Pediatr Urol
2017;13:494.e1-7.

Neheman A, Kord E, Koucherov S, et al. A Novel Surgical
Technique for Obstructed Megaureter: Robot-Assisted
Laparoscopic Dismembered Extravesical Cross-Trigonal
Ureteral Reimplantation-Short-Term Assessment. J
Endourol 2020;34:249-54.

Neheman A, Shumaker A, Gal ], et al. Robot-assisted
Laparoscopic Extravesical Cross-trigonal Ureteral
Reimplantation With Tailoring for Primary Obstructive
Megaureter. Urology 2019;134:243-5.

Li B, Lindgren BW, Liu DB, et al. Robot-assisted
laparoscopic megaureter tapering with ureteral
reimplantation: Tips and tricks. ] Pediatr Urol
2017;13:637-8.

Madi R, Hemal A. Robotic Pyelolithotomy, Extended
Pyelolithotomy, Nephrolithotomy, and Anatrophic
Nephrolithotomy. ] Endourol 2018;32:573-81.
Swearingen R, Sood A, Madi R, et al. Zero-fragment
Nephrolithotomy: A Multi-center Evaluation of Robotic
Pyelolithotomy and Nephrolithotomy for Treating Renal
Stones. Eur Urol 2017;72:1014-21.

Esposito C, Masieri L, Blanc T, et al. Robot-assisted
laparoscopic surgery for treatment of urinary tract

stones in children: report of a multicenter international
experience. Urolithiasis 2021;49:575-83.

Pedraza R, Weiser A, Franco I. Laparoscopic
appendicovesicostomy (Mitrofanoff procedure) in a child
using the da Vinci robotic system. ] Urol 2004;171:1652-3.
Storm DW, Fulmer BR, Sumfest JM. Laparoscopic robot-
assisted appendicovesicostomy: an initial experience. J
Endourol 2007;21:1015-7.

Famakinwa OJ, Rosen AM, Gundeti MS. Robot-assisted
laparoscopic Mitrofanoff appendicovesicostomy technique
and outcomes of extravesical and intravesical approaches.
Eur Urol 2013;64:831-6.

Adamic B, Kirkire L, Andolfi C, et al. Robot-assisted
laparoscopic augmentation ileocystoplasty and Mitrofanoff

Transl Pediatr 2023;12(10):1875-1886 | https://dx.doi.org/10.21037/tp-22-427



Translational Pediatrics, Vol 12, No 10 October 2023

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

© Translational Pediatrics. All rights reserved.

appendicovesicostomy in children: Step-by-step and
modifications to UChicago technique. BJUI Compass
2020;1:32-40.

Shumaker A, Neheman A. Robot-assisted Modified One-
Stage Orchiopexy: Description of a Surgical Technique.
Urology 2021;153:355-7.

Higganbotham C, Cook G, Rensing A. Bilateral Robot-
Assisted Laparoscopic Orchiopexy for Undescended
Testes. Urology 2021;148:314.

Ahmed H, Howe AS, Dyer LL, et al. Robot-assisted
Laparoscopic Urachal Excision in Children. Urology
2017;106:103-6.

Broeders JA, Mauritz FA, Ahmed Ali U, et al. Systematic
review and meta-analysis of laparoscopic Nissen (posterior
total) versus Toupet (posterior partial) fundoplication
for gastro-oesophageal reflux disease. Br J Surg
2010;97:1318-30.

Broeders JA, Roks DJ, Ahmed Ali U, et al. Laparoscopic
anterior versus posterior fundoplication for
gastroesophageal reflux disease: systematic review and
meta-analysis of randomized clinical trials. Ann Surg
2011;254:39-47.

Falkenback D, Lehane CW, Lord RV. Robot-assisted
oesophageal and gastric surgery for benign disease:
antireflux operations and Heller's myotomy. ANZ J Surg
2015;85:113-20.

Wang Z, Zheng Q, Jin Z. Meta-analysis of robot-assisted
versus conventional laparoscopic Nissen fundoplication
for gastro-oesophageal reflux disease. ANZ J Surg
2012;82:112-7.

Binet A, Fourcade L., Amar S, et al. Robot-Assisted
Laparoscopic Fundoplications in Pediatric Surgery:
Experience Review. Eur J Pediatr Surg 2019;29:173-8.
Zheng ], Zhao ], Jiang H, et al. Clinical application of Da
Vinci robotic-assisted surgery for esophageal hiatal hernia
in children. Asian J Surg 2022;45:510-1.

Ballouhey Q, Dib N, Binet A, et al. How robotic-assisted
surgery can decrease the risk of mucosal tear during Heller
myotomy procedure? ] Robot Surg 2017;11:255-8.

LiY, Cao G, Rong L, et al. Robotic lateral
pancreaticojejunostomy surgery for pancreatic duct stones
in children. J Pediatr Surg 2021;56:1685-6.

Zhang B, Wu D, Fang Y, et al. Early complications after
laparoscopic resection of choledochal cyst. Pediatr Surg
Int 2019;35:845-52.

Tang ST, Yang Y, Wang Y, et al. Laparoscopic choledochal
cyst excision, hepaticojejunostomy, and extracorporeal
Roux-en-Y anastomosis: a technical skill and intermediate-

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

1885

term report in 62 cases. Surg Endosc 2011;25:416-22.
Chokshi NK, Guner YS, Aranda A, et al. Laparoscopic
choledochal cyst excision: lessons learned in our
experience. ] Laparoendosc Adv Surg Tech A
2009;19:87-91.

Xie X, Li K, Wang J, et al. Comparison of pediatric
choledochal cyst excisions with open procedures,
laparoscopic procedures and robot-assisted procedures: a
retrospective study. Surg Endosc 2020;34:3223-31.

Xie X, Wu Y, Li K, et al. Preliminary Experiences With
Robot-Assisted Choledochal Cyst Excision Using the Da
Vinci Surgical System in Children Below the Age of One.
Front Pediatr 2021;9:741098.

Xie X, Feng L, Li K, et al. Learning curve of robot-
assisted choledochal cyst excision in pediatrics: report of
60 cases. Surg Endosc 2021;35:2690-7.

Pham HD, Okata Y, Vu HM, et al. Robotic-assisted
surgery for choledochal cyst in children: early experience
at Vietnam National Children's Hospital. Pediatr Surg Int
2019;35:1211-6.

Thn K, Ho IG, Hong Y], et al. Changes in outcomes and
operative trends with pediatric robot-assisted resection of
choledochal cyst. Surg Endosc 2022;36:2697-704.

Cave J, Clarke S. Paediatric robotic surgery. Ann R Coll
Surg Engl 2018;100:18-21.

Delgado-Miguel C, Camps JI. Robotic Soave pull-
through procedure for Hirschsprung's disease in children
under 12-months: long-term outcomes. Pediatr Surg Int
2022;38:51-7.

Quynh TA, Hien PD, Du LQ), et al. The follow-up of
the robotic-assisted Soave procedure for Hirschsprung's
disease in children. ] Robot Surg 2022;16:301-5.

Pini Prato A, Arnoldi R, Dusio MP, et al. Totally robotic
soave pull-through procedure for Hirschsprung's disease:
lessons learned from 11 consecutive pediatric patients.
Pediatr Surg Int 2020;36:209-18.

Mattioli G, Pio L, Leonelli L, et al. A Provisional
Experience with Robot-Assisted Soave Procedure for
Older Children with Hirschsprung Disease: Back to the
Future? ] Laparoendosc Adv Surg Tech A 2017;27:546-9.
Chang X, Cao G, PuJ, et al. Robot-assisted anorectal pull-
through for anorectal malformations with rectourethral
and rectovesical fistula: feasibility and short-term outcome.
Surg Endosc 2022;36:1910-5.

Romeo C, Di Fabrizio D, Impellizzeri P, et al.
Laparoscopic robotic-assisted restorative proctocolectomy
and ileal J-pouch-anorectal anastomosis in children.
Pediatr Surg Int 2022;38:59-68.

Transl Pediatr 2023;12(10):1875-1886 | https://dx.doi.org/10.21037/tp-22-427



1886

67.

68.

69.

70.

71.

72.

73.

Lightner AL, Grass F, McKenna NP, et al. Short-

term postoperative outcomes following robotic versus
laparoscopic ileal pouch-anal anastomosis are equivalent.
Tech Coloproctol 2019;23:259-66.

Gonzalez DO, Nwomeh BC. Complications in children
with ulcerative colitis undergoing ileal pouch-anal
anastomosis. Semin Pediatr Surg 2017;26:384-90.

Ure BM, Schmidt A, Jesch NK. Thoracoscopic surgery in
infants and children. Eur J Pediatr Surg 2005;15:314-8.
Durand M, Musleh L, Vatta E, et al. Robotic lobectomy
in children with severe bronchiectasis: A worthwhile new
technology. J Pediatr Surg 2021;56:1606-10.

Xu PP, Chang XP, Tang ST, et al. Robot-assisted
thoracoscopic plication for diaphragmatic eventration. J
Pediatr Surg 2020;55:2787-90.

Ferrero PA, Blanc T, Binet A, et al. The Potential and the
Limitations of Esophageal Robotic Surgery in Children.
Eur J Pediatr Surg 2022;32:170-6.

Molinaro F, Krasniqi P, Scolletta S, et al. Considerations
regarding pain management and anesthesiological aspects
in pediatric patients undergoing minimally invasive

Cite this article as: Saxena AK, Borgogni R, Escolino M,
D’Auria D, Esposito C. Narrative review: robotic pediatric
surgery—current status and future perspectives. Transl Pediatr
2023;12(10):1875-1886. doi: 10.21037/tp-22-427

© Translational Pediatrics. All rights reserved.

74.

75.

76.

77.

78.

Saxena et al. A current status of pediatric robotic surgery

surgery: robotic vs laparoscopic-thoracoscopic approach. J
Robot Surg 2020;14:423-30.

Vatta F, Gazzaneo M, Bertozzi M, et al. Robotics-Assisted
Pediatric Oncology Surgery-A Preliminary Single-Center
Report and a Systematic Review of Published Studies.
Front Pediatr 2021;9:780830.

Blanc T, Meignan P, Vinit N, et al. Robotic Surgery in
Pediatric Oncology: Lessons Learned from the First

100 Tumors-A Nationwide Experience. Ann Surg Oncol
2022;29:1315-26.

van Dalen EC, de Lijster MS, Leijssen LG, et al.
Minimally invasive surgery versus open surgery for the
treatment of solid abdominal and thoracic neoplasms in
children. Cochrane Database Syst Rev 2015;1:CD008403.
Blanc T, Pio L, Clermidi P, et al. Robotic-assisted
laparoscopic management of renal tumors in children:
Preliminary results. Pediatr Blood Cancer 2019;66 Suppl
3:€27867.

Meignan P, Ballouhey Q, Lejeune J, et al. Robotic-assisted
laparoscopic surgery for pediatric tumors: a bicenter
experience. ] Robot Surg 2018;12:501-8.

Transl Pediatr 2023;12(10):1875-1886 | https://dx.doi.org/10.21037/tp-22-427



