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Abstract

Introduction: Following a previous study focused on the status of robotic surgery in Italy in 2020, we aimed
to present the updated study reflecting data up to 2025.

Patients and Methods: An online questionnaire has been sent to robotic pediatric centers in Italy. The
duration of robotic activity, the number of surgeons performing robot-assisted surgery (RAS), the modal-
ity of training, volume, type, and outcome of RAS in each participating center have been collected and
analyzed.

Results: The number of centers practicing robotic surgery in Italy increased by 55.5% rate. All 14 centers
adopted the Da Vinci Intuitive console. Three out of 14 centers have a dedicated console, while 11 out of 14
centers share the robotic platform with adult surgeons. Nine out of 14 centers routinely adopted a fourth
5-mm laparoscopic trocar for the bedside surgeon. About 1105 robotic procedures have been performed, the
majority were still urological (46.7%). The others were gastrointestinal 18%, oncological 17.1%,
gynecological 10.9%, and thoracic 3.6%. The rest (3.7%) were considered varia. All centers prefer to operate
patients weighing more than 10-15 kg.

Conclusions: Robotic pediatric activity in Italy has had an important development in the last 5 years.
Although there has been a significant increase, the majority of centers (78.6%) have a minimal robotic
activity. Future directions are going to be the presence of robotic platforms in every pediatric centers; in this
way, the robots can be adopted routinely in the pediatric surgical practice as laparoscopy. For pediatric
surgery, we also need smaller instruments because 8 mm cannot be adopted in neonates and smaller infants.
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Introduction becoming no longer an exclusive domain of adult surgery."
The known advantages of RAS are enhanced precision and

P ediatric robot-assisted surgery (RAS) has gained increas-  dexterity, improved visualization, with 3D optics, keeping the
ing diffusion since its introduction in 2001, progressively —minimally invasive approach, greater ergonomic comfort for
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daily. Prior to transitioning to robotic surgery, all respond-
ents had laparoscopic experience, with 42.8% (6 centers)
having performed more than 1000 procedures. The majority
of participants hold a formal training certificate from institu-
tions such as Milan, Naples, London, and Ghent, with only
two (14.2%) centers do not have a certificate up to date.
Every center has implemented proctorship during initial
robotic procedures, often for up to 10 cases. The Da Vinci Xi
system is universally adopted among respondents (100%).
Only one center reported using both systems, Da Vinci Xi
and the older Da Vinci Si. The use of a laparoscopic assistant
port is standard in more than half of every case, with 85.7%
(12 centers) of participants using it in every robotic surgery.
Intraoperative complication rates were nonexistent or gen-
erally low, with only one center reporting an 8% rate and one
a 5% rate, while the others attested a rate under 2%. Postoper-
ative complications were low: 11 centers have never had
postoperative complications, while 2 centers attested a 9% or
a 10% rate, and 1 center had <1%. Conversion from robotic
to laparoscopic surgery occurred in 5 centers (35.7% reported
at least one conversion), and for conversion to open surgery,
6 centers attested 0% rate, while the others stood between 1%
and 8.3% (Table 1). The majority of robotic procedures were
urological, with a total of 517 out of 1105 procedures
declared (46.7%). Gynecological, gastrointestinal, and tho-
racic procedures were performed to a lesser extent. Gastroin-
testinal total was 200 (18% of total). Oncology-related
robotic surgeries were performed by several respondents, for
abdominal masses, with one center reporting up to 90 proce-
dures in this category and a total of 189 (17.1%).
Gynecological total was 121 (10.9% of total), with one
center attested to have performed 70 of them and thoracic 40
(4%). Other surgeries (3.7%) were classified as varia (Fig. 1).
Pyeloplasty was the most commonly performed procedure,
with 207 procedures (about 18.7% of total procedures), fol-
lowed by urological procedure including ureterocalicostomy,
renal cyst excision, and ureteral surgery. Procedures like
bladder neck reconstruction, urachal cyst excision, and

Urological 46.5%

FIG. 1.
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ureteral reimplantation were less common but still present.
Extravesical ureteral reimplantation had only one center with
94 cases; the majority of participants attested from O up to
10 cases, with a total of 123 (11.1%). Varicocelectomy
was performed in up to 41 cases in a single center, with a
total of 89 cases (8.5%), and 7 centers with no experience at
all. Antireflux surgery for gastroesophageal reflux disease
was performed in up to 20 cases in a single center, with a
total of 92 (8.3%).

Cholecystectomy was performed in up to 30 cases in a sin-
gle center, with a total of 99 cases (8.9%). Ovarian masses
were treated in up to 35 cases in a single center, with a total of
69 cases (6.2%) (Fig. 2). In these centers, lobectomy for con-
genital pulmonary airway malformation, pulmonary sequestra-
tion, or esophageal atresia has never been attempted in robotic
surgery. Thus, the thoracic approach in robotic surgery does
not appear to be well explored yet. The respondents also
reported more complex or rare robotic procedures, including
posterior tracheopexy, esophagogastric dissociation, biliodi-
gestive reconstructions (hepaticojejunostomy), Mitrofanoff
procedures, robotic gastric sleeve resections, esophageal acha-
lasia and congenital esophageal stenosis, median arcuate liga-
ment release, and distal pancreatectomy for pseudopapillary
tumors.

Discussion

Compared to the old survey, it appears that the experi-
ence of the cohort has risen with 55.5%—38 centers attested
to have 5 years or more of experience. The total number of
procedures has risen exponentially from 2019, with 1105
procedures performed from 2020 to March 2025, compared
to 209 from the previous study.* While up to 2019 urologi-
cal procedures were 56.9% of the total, it appears that they
are 46.7% thus far, meaning that robotic surgery is evolving
also in other fields. A similar trend has been observed in gyne-
cological procedures, which decreased from 14.8% to 10.9%,
while oncological surgeries have increased significantly, rising
from 5.7% to 17.1%, and gastrointestinal surgeries kept

Other
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Gastrointestinal

Oncological

Percentage distribution of robotic surgeries by fields.



ESPOSITO ET AL.

Most Frequent Procedures

Ovarian masses |

Cholecystectomy

Antireflux surgery for GERD |

Procedure

Varicocelectomy

Extravesical ureteral reimplantation |

Pyeloplasty

50 100 150 200
Total Cases

FIG. 2. Distribution of surgical procedures. GERD, gastroesophageal reflux disease.

almost the same rate during these years. Intraoperative com-
plications were recorded in 16 cases (1.6%) instead of 4 cases
(1.9%). The complication rate has significantly decreased
compared with our study published in 2020. Postoperative
complications occurred in only 46 (4.7%) instead of 17 out of
209 cases (8.1%).” Conversion to laparoscopy was needed in
only 6 cases (0.6%) instead of 4 cases (1.9%), whereas con-
version to open surgery was required in 35 cases (3.58%)
instead of 6 cases (2.8%). This last figure is probably due to
the greater number of advanced procedures implemented in
the last 5 years. This survey reveals an advanced and diverse
use of RAS in pediatric settings, particularly in urology. Most
respondents are highly experienced, trained in dedicated cen-
ters, and supported by structured proctorship.®® While the Da
Vinci Xi is the standard system adopted, the spectrum of pro-
cedures spans from routine to complex, confirming the matu-
ration and expansion of pediatric robotic surgery programs.®°
The swing in the percentages of pediatric robotic procedures
across different specialties compared with the previous survey
indicates that robotic surgery is expanding into fields beyond
urology, which has traditionally represented its primary area
of application and development.”'*-*? Robotic oncologic sur-
gery, in particular, has made significant progress over the past
years; thus, urology is still present and remains the undisputed
leader of the group, as seen in numerous recent studies.>> " It
also appears that the total rate of conversion is increased from
2019, this is likely due to the fact that more complex proce-
dures are performed as surgical experience rise and the
increasing number of conversion in open surgery while
decreasing the laparoscopic one may be considered a safer
approach by surgeons when a minimally invasive technique
has not been deemed sufficiently reliable.'*?>?26 The lowest
percentage of postoperative complications can be explained
by a better understanding of RAS and raised experience.” In
conclusion, although there has been a significant increase in
pediatric robotic activity in Italy, the majority of centers
(78.6%) still have a minimal robotic activity with 1-2 robotic
sessions per month, and only few centers (22.4%) have a dedi-
cated console to pediatric surgery. One of the most relevant
limitations is the absence of dedicated pediatric robotic plat-
forms in the majority of institutions, which limits training
opportunities, procedure frequency, and long-term program

development.** Like in the previous study of 2020, also in
this last survey of 2025, the Da Vinci Intuitive platform is the
only platform adopted in all centers. The main flaw of RAS
is the high cost of this technology, it is expensive not only
to buy and collocate the robot in surgery rooms but also to
use it in every possible surgeries due to the high mainte-
nance costs and the frequent use of disposable instruments
during surgical operations.® Future directions should be the
presence of robotic platforms in every pediatric centers. In
this way, the robots can be adopted routinely in the pediatric
surgical practice for laparoscopy.'™ We believe also that
after the unsatisfactory spread of RAS in pediatric centers,
the large instruments are another main barrier. This size
mismatch increases the difficulty of certain procedures and
limits the use of robotic surgery in infants and neonates.
The development and regulatory approval of miniaturized
tools (3-5 mm) specifically designed for pediatric use
could significantly broaden the applicability of RAS in
children, offering improved ergonomics and reduced inva-
siveness.> " Another main point is that individual proce-
dures are often too expensive for hospitals, even though
the benefits for both surgeons and patients are well known.
As a result, the use of robotic surgery remains a niche
choice, reserved for the most complex operations. A signif-
icant breakthrough would be to lower both the purchase
and operational costs of this technology, enabling its
broader adoption in the future.®
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