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Abstract

Background: Pediatric robot-assisted surgery (RAS) is gaining increasing acceptance. We aimed to assess the
diffusion of pediatric RAS in Italy, the training period, indications, preliminary outcomes, and limitations.
Materials and Methods: An online questionnaire-based survey was performed. The data about robotic activity
of 9 Italian Pediatric Surgery units were collected and analyzed.
Results: Most of the participating centers (7/9, 77.8%) started RAS less than 5 years ago with only 2 centers
(22.2%) performing RAS since 2010. The training included dry-lab in 5/9 centers (55.5%), wet-lab in 5/9
centers (55.5%), and robot simulator in 7/9 centers (77.8%), followed by an exam to obtain a certificate. The
average duration of training was 23.7 hours (range 5–50). A total of 209 robotic procedures was performed in
all centers during the period 2010–2018 and included 119 urological (56.9%), 31 gynecological (14.8%), 41
gastrointestinal (19.6%), 12 oncological (5.7%), and 6 other (2.8%) procedures. The docking time significantly
fell down after 18 robotic procedures (P = .001). Intraoperative complications were recorded in 4 cases (1.9%).
Conversion to laparoscopy was needed in 4 cases (1.9%) whereas conversion to open was required in 6 cases
(2.8%). Postoperative complications occurred in 17/209 cases (8.1%) and were graded Clavien I-II in 14 cases
(6.7%) and Clavien IIIb in only 4 cases (1.9%).
Conclusions: Our study confirmed that RAS has still a limited diffusion in Italy for pediatric patients. Before
starting robotic activity, pediatric surgeons have to obtain a certificate after a virtual and experimental training
period. A mentorship clinical period of 10 cases under supervision of a proctor is also needed. The main
indications in children remain reconstructive urological procedures. RAS is safe in children but its applications
are currently limited to patients older than 2 years and with a weight >15 kg, due to the size of robotic ports.
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Introduction

Robot-assisted surgery (RAS) is becoming a clinical
reality in Italy during the last few years.1 The main

fields of application are urology, general surgery, and gy-
necology. More recently, novel fields of application of RAS

including thoracic surgery, cardiac surgery, otolaryngology,
and pediatric surgery, have been discovered with encour-
aging results.2,3

RAS has been mainly adopted to perform reconstructive
procedures in children, demonstrating the consistent advan-
tage to overcome the technical challenges of such procedures
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compared with conventional laparoscopy as robotic arms
have 7� of freedom and can articulate up to 90�.4,5 Other
advantages related to the use of EndoWrist technology in-
clude three-dimensional (3D) high-definition view of the
operative field, and improved ergonomics since the surgeon
can operate seated on the robotic console, with alignment of
eyes and hands’ position with the instruments and elimination
of hands’ tremor. The use of robot in complex reconstructive
procedures has also been associated with a shorter learning
curve compared with conventional laparoscopy.6,7

Despite all these technical advantages of robot, its large-
scale application has still several limitations in children.8,9

The largest barrier is represented by the significant cost of
acquiring and maintaining the da Vinci robot. Another im-
portant challenge is to adapt the big robotic platform, origi-
nally designed for adults, to the small dimensions of children.
Modifications and arrangements of the equipment and posi-
tioning of the patient and trocars are required.10

Robot-assisted laparoscopic pyeloplasty (RALP) is, to
date, the most frequent procedure performed in the pediatric
population, and the only one where outcomes have been
proved to be at least comparable to the open or laparoscopic
techniques.11,12 The most important limitation is still re-
presented by the costs, which remain higher than the open
approach.8,9 Many other applications of RAS, including
ureteral reimplantation, appendico-vesicostomy creation,
bladder neck reconstruction, and kidney stone surgery, have
been described in children but further evidence is needed to
validate these indications.8,9,13

The aim of this multicentric survey was to give an over-
view about the diffusion of pediatric RAS in Italy, to show
how the training period is structured in Italy and to assess the
main indications and the preliminary outcomes of RAS in
pediatric patients. Additionally, we aimed to outline the main
limitations for a widespread diffusion of RAS in pediatric
patients.

Materials and Methods

A questionnaire-based survey was sent via e-mail to all
Pediatric Surgery units in Italy and the answers were col-
lected and shared across the participants through Survey-
Monkey, an online survey development software. Nine
Pediatric Surgery units performing RAS participated in the
survey and the data about the robotic activity of all these
centers were collected and analyzed.

We assessed the duration of robotic activity and the num-
ber of surgeons performing RAS in each center. We also
evaluated the modality of training performed by each par-
ticipating surgeon before starting RAS in vivo. Finally, we
assessed volume, type, and outcome of RAS in each partici-
pating center. Outcome parameters measured were docking
time, intra- and postoperative complications, re-operations,
conversions to laparoscopy, and conversions to open sur-
gery. Postoperative complications were graded according to
Clavien-Dindo classification system.14

The study received the appropriate Institute Review Board
(IRB) approval at each participating center.

Results

Most of the participating centers (7/9, 77.8%) started the
robotic activity less than 5 years ago with only 2 centers

(22.2%) performing RAS since 2010. The average number of
surgeons performing RAS was 2 for each center. All partici-
pating surgeons practiced a high-volume laparoscopic activity
(>500 laparoscopic procedures/year) before moving to robotics.

In each participating center, the robotic surgeons had to pass
an exam after a period of virtual and practical training to obtain
a certificate that allowed them to operate ‘‘legally covered’’
using Intuitive robotic system. The robotic training included
dry-lab sessions on pelvic trainer in 5/9 centers (55.5%), wet-
lab sessions on animal model in 5/9 centers (55.5%), and
training on robot simulator in 7/9 centers (77.8%) (Fig. 1). The
average duration of training before starting RAS in vivo was
23.7 hours (range 5–50).

During the clinical training period, the beginner robotic
surgeons at each participating center needed a mentorship pe-
riod of 10 cases with supervision of an expert robotic surgeon,
called ‘‘proctor,’’ who was seated on the second robotic con-
sole to help the main surgeon in case of technical challenges. In
addition, the presence of a robotic technician in the operative
room was required for the first 6–12 months of the robotic
activity to help in case of problems with the robot’s setting.

Regarding the robotic activity, 7/9 participating centers
(77.8%) adopted Xi model of the da Vinci robot whereas only
2 centers (22.2%) adopted Si model. A total of 209 robot-
assisted procedures was performed in all centers during the
period 2010–2018. They included 119 urological procedures
(56.9%), 31 gynecological procedures (14.8%), 41 gastroin-
testinal procedures (19.6%), 12 oncological procedures
(5.7%), and 6 other procedures (2.8%) (Fig. 2). A laparoscopic
assistant port was always adopted in 7/9 centers (77.8%)
whereas it was adopted in selected cases (urological proce-
dures, upper abdominal surgery) in only 2 centers (22.2%).
The docking time significantly fell down after 18 robotic
procedures (P = .001) (Fig. 3).

Intra-operative complications occurred in 4 cases (1.9%)
and included minimal blood loss or spillage of ovarian der-
moid cyst, not requiring transfusion or further therapeutic
measures. Conversion to laparoscopic surgery was needed in
4 cases (1.9%) whereas conversion to open surgery was re-
quired in 6 cases (2.8%). Postoperative complications rate
occurred in 17/209 cases (8.1%) and were graded Clavien I-II
in 14 cases (6.7%) and Clavien IIIb in only 4 cases (1.9%).
Re-operations rate was 1.9% and included removal of a
malfunctioning ureteral stent via cystoscopy in 3 patients
who underwent Anderson-Hynes (AH) pyeloplasty and lap-
aroscopic exploration with drainage of uroperitoneum in 1
patient who underwent AH pyeloplasty.

FIG. 1. Training before RAS. RAS, robot-assisted surgery.
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Discussion

Minimally invasive surgery (MIS) has gained a widespread
diffusion for surgical treatment of different pathologies in
children with reported advantages of decreased postoperative
pain and hospitalization time, a quick postoperative recovery,
and better cosmetic results.15 The introduction of robotic
platform represented a further step in the evolution of MIS.
The advantages of robot technology include 3D high-
definition view of the operative field, comfortable surgeon’s
ergonomics, and improved instruments’ dexterity in complex
reconstructive procedures.16,17 The main fields of application
are urology, general surgery, and gynecology, in which RAS
demonstrated several advantages compared to traditional
approaches.1 However, most of the available evidence is only
focused on the adult population.

Reconstructive procedures are more often performed in
children compared with adults, in whom most of surgery is
demolitive. Additionally, the child has peculiar characteristics
such as smaller working space and more delicate tissue han-

dling that add further challenges to surgery.10 Furthermore,
intracorporeal suturing and knotting using the available lapa-
roscopic instruments requires advanced technical skills with
use of very small suture sizes and is time consuming. The
robot, instead, may help to overcome all these challenges.
Several studies have demonstrated that use of robot may
shorten the learning curve of intracorporeal suturing, as robotic
arms have 7� of freedom and can articulate up to 90�.4,5,18

Thanks to all these advantages, RAS is gaining a wide-
spread diffusion in pediatric MIS. Pediatric urology is one of
the most common and useful fields of application of robotic
technology, as confirmed in different studies.9,13,19 RALP is
currently the most frequent procedure performed in the pe-
diatric population, and the only one where outcomes have
been proved to be at least comparable to the open or lapa-
roscopic techniques.11,12,20 Many other applications of RAS,
including ureteral reimplantation, appendico-vesicostomy
creation, bladder neck reconstruction, and kidney stone sur-
gery, have been described in children but further evidence is
needed to validate these indications.8,9,13,21

FIG. 2. Principal indications for pediatric RAS in Italian centers. RAS, robot-assisted surgery.

FIG. 3. Learning curve for docking time.
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Despite all the reported advantages, there are still several
limitations to a large-scale application of RAS in pediatric
population, as demonstrated by lack of large case series and
comparative studies between RAS and traditional ap-
proaches. The first limitation is represented by low-weight
children and infants. We believe that application of RAS is
best suited for children with a body weight >15 kg to have
enough space on the abdominal wall to place three 8-mm
robotic ports plus the additional 5-mm laparoscopic assistant
port and avoid the clashing between the ports.

Since the DaVinci robot was originally designed for ex-
clusive use in adults, its application in young children is
possible only if adaptations and modifications of patient’s
and ports’ position and robot docking are performed.10,22 In
fact, the robotic ports are generally positioned in the same
line to perform several adult procedures, whereas in children
we often need to triangulate the robotic ports’ position, to
achieve a better ergonomics and avoid external conflicts
between the robotic arms. We usually adopt an 8 cm distance
between the robotic ports and a 5–7 cm distance between the
robotic ports and the laparoscopic assistant port.

Successful application of RAS in infants should take into
consideration all technical peculiarities of this patient popu-
lation. First, they are particularly sensible to the effects of
pneumoperitoneum.23,24 In infants, this surgery should be
safely accomplished limiting the insufflation time and
keeping the insufflation pressure as low as possible.10

Additionally, a correct setup of the operating room, in-
cluding positioning of the robot, robotic console, scrub table,
and anesthesia machines, is crucial to guarantee an optimal
collaboration and communication among all components of
the robotic team (main surgeon, assistant surgeon, anesthe-
siologists, and nurses) during surgery and preserve the pa-
tient’s safety.25 With Si robot system, it is recommended to
limit the robot’s manipulation by maintaining the robot at one
fixed position in the operating room and then moving/rotating
the operative table into the final position.10 With Xi robot
system, the robotic arms can be rotated to the selected posi-
tion without changing the position of the operative table.10

Our study outlined the importance of adequate training
before starting the robotic activity. A previous laparoscopic
experience was very useful to shorten the learning curve, as
demonstrated in our study that reported a short duration of
training (23.7 hours) before starting RAS in vivo. In Italy
robotic credentials are required to do robotic surgery. In each
participating center, the robotic surgeons had to pass an exam
after a period of virtual and practical training to obtain a
certificate that allowed them to operate ‘‘legally covered’’
using Intuitive robotic system. Furthermore, we believe that
this training is crucial not only for the main surgeon but also
for the bedside surgeon and the entire robotic team to shorten
the docking time. RAS is a team work and requires a well-
trained nursing team.10

Since robotic procedures are rarely performed in infants,
standardized protocols and check-lists can be very useful
tools to minimize confusion and practice variations.26–28 In
our opinion, it is crucial to perform RAS at least once a week
to maintain regular the learning curve.29,30

Another important consideration emerging from this study
was the importance to perform the first robotic procedures
with the assistance of a proctor. During the clinical training
period, the beginner robotic surgeons at each participating

center needed a mentorship period of 10 cases with super-
vision of an expert robotic surgeon, called ‘‘proctor.’’

In addition, considering that indications for robotics in
pediatric age are very limited and pediatric surgeons usually
perform two to five robotic procedures per month, the pres-
ence of a robotic technician in the operative room may be
useful for the first 6–12 months of the robotic activity to help
in case of problems with the robot’s setting. All these mea-
sures allowed to avoid the risk of intraoperative complica-
tions. In addition, most postoperative complications that
occurred in our series were Clavien I-II grade whereas Clavien
IIIb complications were reported in only 1.9% of our cases.

Our study confirmed that RAS has still a limited diffusion
in Italy for pediatric patients. Before starting robotic activity,
pediatric surgeons have to obtain a certificate by passing an
exam after a virtual and experimental training period.
A mentorship clinical period of 10 cases under supervision of
a proctor is also needed. The main indications for RAS in
children remain reconstructive urological procedures. RAS is
safe in pediatric patients but its applications are currently
limited to children older than 2 years and with a body weight
>15 kg, due to the size of robotic ports.
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