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Abstract
Abstract. The minimally invasive approach using robotic tech-

nology is fully incorporated in the treatment of adult pathologies. 
The first international pediatric studies with a robotic approach 

date from 2002, and in Spain, from 2009. We present the imple-
mentation of a Pediatric Robotic Surgery program in our setting.

Materials and methods. A proposal for the application of robot-
ic technology in pediatrics was developed, and after the acquisition 
of a Da Vinci Xi system at our center, a program was initiated under 
the guidance of a pediatric surgeon experienced in this approach.

Results. 32 patients with a median age of 12 years (7 months-17 
years) have been operated on since January 2019. 56% of the pro-
cedures were abdominal. 3 thoracic approaches and 11 urologic 
procedures were carried out. 1 conversion to open surgery was per-
formed during a fundoplication. The median combined duration 
of abdominal and thoracic approaches was 155 minutes (70-380 
minutes). There were no anesthetic or hemodynamic complications. 
The postoperative period in the cases in which the procedure was 
completed was uneventful, and patients were discharged after a me-
dian of 2 days (1-16 days).

Conclusion. The main advantage of robotic procedures is the 
symmetrical movement in line with the surgeon’s hands, which 
makes the learning curve shorter. In our experience, the robotic 
approach has allowed for greater precision in the surgical technique, 
favoring the patient’s recovery.

Key Words: Pediatric robotic surgery; Pediatric robotic urology; 
Robotic lung resection.

Implementación de un programa de cirugía robótica 
pediátrica. Perspectivas futuras

Resumen
Introducción. El abordaje mínimamente invasivo empleando 

tecnología robótica está plenamente incorporado a la patología del 
adulto.

Las primeras series pediátricas internacionales con abordaje 
robótico datan del año 2002 y en España del 2009. Presentamos la 
implementación de un programa de Cirugía Robótica Pediátrica en 
nuestro centro.

Material y método. Se elaboró una propuesta de aplicación 
de la tecnología robótica en el área pediátrica y tras la adquisición 
de una plataforma Da Vinci Xi en nuestro centro, se procedió al 
inicio del programa bajo la tutorización de un cirujano pediátrico 
experimentado en este abordaje.

Resultados. Se han intervenido 32 pacientes con una mediana 
de edad de 12 años (7 meses-17 años) desde enero de 2019. El 
56% de los procedimientos fueron abdominales. Se realizaron tres 
abordajes torácicos y 11 procedimientos urológicos. Se realizó una 
conversión a cirugía abierta durante una fundoplicatura. La mediana 
de la duración en conjunto de los abordajes abdominales y torácicos 
fue de 155 minutos (70-380 minutos). No hubo complicaciones 
anestésicas ni hemodinámicas. El postoperatorio en los casos en los 
que se concluyó el procedimiento no presentó incidencias y el alta 
se realizó con una mediana de 2 días (1-16 días).

Conclusión. La principal ventaja de los procedimientos robóti-
cos es el movimiento simétrico en línea con las manos del cirujano, 
lo que hace que la curva de aprendizaje sea más corta. En nuestra ex-
periencia, el abordaje robótico nos ha permitido una mayor precisión 
en la técnica quirúrgica favoreciendo la recuperación del paciente.

Palabras Clave: Cirugía pediátrica robótica; Urología pediátrica 
robótica; Resección pulmonar robótica.

INTRODUCTION

The minimally invasive approach is an inexorable 
part of our routine practice, so much so that for certain 
pathologies it has become the gold standard (cholecys-
tectomy(1), fundoplication(2), pyeloplasty(3), pulmonary 
malformation(4)). Advances in the adaptation of instru-
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ments to pediatric size has allowed for the incorporation 
of minimally invasive surgery in neonatal surgery, as in 
esophageal atresia(5), congenital diaphragmatic hernia(6), 
or cases of nesidioblastosis(7).

Some years ago, when the first steps in robotic surgery 
were being made at an international level, our center took 
the opportunity to position itself as a leading institution in 
the robotic surgery approach. Since 2009, 2,367 patients 
have undergone surgery (annual median of 118 cases). 
The predominant service is the Urology Department, with 
59.7% of the procedures.

It is considered the procedure of choice in surgeries 
such as radical prostatectomy or colectomy and coloanal 
anastomosis(8,9).

The first articles on robotic surgery in pediatrics 
began to appear around 2000(10,11). The development of 
this approach in certain urological, digestive, and pelvic 
procedures in children(12,13) has become common in the 
United States, where it is widely offered in all pediatric 
centers, as well as in some settings in Europe.

In Spain, the first pediatric robotic approach dates from 
2009 at the Vall d’Hebron Hospital, which published its 
first study of 8 patients over 10 months. Patients were aged 
7 to 15 years old and had a mean weight of 42 kg(14). Since 
then, contributions on the experience using this system in 
Spain have been limited to the field of pediatric urology, 
belonging to the same surgical group(15,16).

The approaches in which robotic technology provides 
the most advantages are those that require very careful 
dissection, those that are performed in places that are dif-
ficult to access (such as the pelvis), and those that require 
suturing – the most difficult activity in conventional lap-
aroscopic surgery. 

We present the implementation of a Pediatric Robotic 
Surgery program at our center.

MATERIALS AND METHODS

A proposal for the application of robotic technology in 
pediatrics was developed after updating the robotic system 
available at our center.

An analysis of this type of approach was carried out by 
consulting extensive pediatric studies(17,18). Indications in 
the field of our specialty that are widely recognized in the 
literature were considered(19). Two surgeons were trained 
through an online program of theoretical and practical 
training, training in experimental animals and a visit to a 
pediatric robotic surgery center. The program was initiated 
under the guidance of a pediatric surgeon experienced in 
this approach.

The system used was the Da Vinci Xi, which has four 
robotic arms and improves on previous versions in terms 
of their orientation on the patient. This makes the docking 
period almost non-existent, since the system automatically 

provides the orientation of the robotic arms by selecting 
the body area to be worked on (upper abdomen/lower 
abdomen; right/left), facilitating the docking of the arms 
to the ports.

The pathology treated, the surgical time employed (from 
the beginning to the end of the skin incision), hospital stay, 
conversions to open or laparoscopic surgery, intraoperative 
complications, and the approximate cost of consumables 
for the use of the robotic approach were evaluated.

RESULTS

In our institution, 32 patients have undergone surgery 
using the robotic approach since January 2019.

In 62% (20/32) of cases, only three robotic arms and 
a 5 mm auxiliary port were used. Occasionally, a 12 mm 
one was used, on which the 8 mm robotic port was placed 
for the introduction of clips or endostaplers, without the 
need for another auxiliary port. 

Regarding instruments, most of the dissection was 
performed with Maryland and/or Cadiere forceps, and 
as energy instruments, the hook, the vessel sealer, or the 
bipolar forceps itself. In cases where suturing was required, 
a needle driver was used, generally the smallest available 
(black diamond micro forceps). 

Most of the instruments have 10 uses, so it is necessary 
to define them beforehand to avoid “wasting” unnecessary 
uses that increase the cost of the procedure.

The median age of the patients was 12 years old, rang-
ing from 7 months to 17 years old. 9 patients were younger 
than 7 years old, and 6 were 5 years old. The 7-month-old 
patient underwent surgery once it had been determined that 
the distance between ports would allow for the necessary 
maneuverability with three robotic arms (Fig. 1).

Abdominal (for digestive and urological pathologies) 
and thoracic approaches were conducted. In both cases, the 
program started off with simpler pathologies. This allowed 
the necessary skills to be acquired for the increasing com-
plexity of the procedures. Table 1 shows the surgical time 
and hospital stay for the different procedures carried out.

Abdominal approach
The most frequent procedures were cholecystectomy 

for cholelithiasis 27.6% (8/29) and ureteropyeloplasty as 
a result of ureteropelvic stenosis (UPS) 17% (5/29).

Three splenectomies were performed, two for splenic 
tumor (Fig. 2) and one for hereditary spherocytosis 
(Table I).

In the patient with hereditary spherocytosis and large 
splenomegaly, the surgical time was prolonged due to the 
rupture of the spleen extraction bag.

1 patient with gastro-esophageal reflux (GERD), with 
spastic cerebral palsy, underwent Nissen fundoplication, 
gastrostomy, adenoidectomy, and tonsillectomy at the same 
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Figure 1. 7-month-old patient with left ureteropelvic stenosis (A). Measurement of the minimum distance between ports greater than 4 cm (B). 
Placement of robotic ports for access to the left renal capsule (C). Ultrasonography of the ureteropelvic junction 3 months after ureteropyeloplasty (D).

Table I. Robotic procedures carried out by our Department from January 2019 to June 2022. Operating times and hospital 
stay (median and range) are featured.

Procedure
Patients
n = 31

Operating time (minutes)  
(median)

Range  
(minutes) 

Hospital stay (days)  
(median)

Range 
(days) 

Digestive/oncological pathology
Cholecystectomy
Splenectomy
Abdominal tumor 
Gastroesophageal reflux*
Deferred appendectomy
Crohn’s disease
 Total

8
3
2
1
2
1
17

132
290
125
270
100
–

142

86-160
70-380

125
–

45-155
–

45-380

1
3
2
3
1

14
1

1
2-4
1-3
–
1
–

1-14
Urological pathology 
Ureteropyeloplasty
Nephrectomy
Heminephrectomy
Bladder augmentation
 Total

5
2
3
1
11

190
185
170
380
190

145-225
155-215
139-230

–
139-380

3
2
3

16
3

1-3
2

2-3
–

1-16
Thoracic pathology
Recurrent pneumothorax
Pulmonary sequestration
 Total

2
1
3

90,5
108
100

81-100
–

81-108

2
2
2

1-3
–

1-3

*Patients requiring conversion to open surgery was excluded.



190 C. Soto Beauregard et al. CIRUGÍA PEDIÁTRICA

time. The other patient with GERD required conversion 
to open surgery due to esophageal perforation caused by 
severe esophagitis. 

The patient with Crohn’s disease underwent right ile-
ocolectomy for stricture of the terminal ileum. Extracor-
poreal ileocolic stapled suture was used.

There were no other postoperative complications or 
incidents.

The surgical time in urological pathologies was lon-
ger than in digestive pathologies (Table I). In the case of 

UPS, in the first two cases, a stent was placed in the uret-
eropelvic junction in an antegrade manner, which proved 
to be somewhat difficult. Consequently, in the following 
cases, retrograde ureteral catheterization was performed 
beforehand. The ureteropelvic suture was performed with a 
barbed suture after exerting traction through the suspension 
point of the renal pelvis (Fig. 3). 

Bladder augmentation was carried out with an ileal 
loop in a 12-year-old patient with neurogenic bladder sec-
ondary to myelomeningocele. The 4 robotic arms and two 

Figure 2. Multicystic splenic lesion (A). Aspiration after splenectomy to facilitate removal (B).

Figure 3. Ureteropyeloplasty as a result of left UPS. Extracorporeal pelvic suspension attachment point (A). 4/0* continuous barbed suture 
on two sides (B). *4/0 barbed suture, 3/8 needle, cylindrical 17 mm.
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auxiliary ports, 12 and 5 mm, were used. Stents were also 
previously placed in both ureters.

There were no complications in the urological patients 
treated. Hospital stay is featured in table I.

Thoracic approach
Three patients underwent surgery, two adolescents 

for recurrent left pneumothorax (both 17 years old) and 

one patient aged two and a half years old for extralobar 
sequestration (Fig. 4). 

The ports were placed in the 7th and 8th intercostal 
spaces, and the scope was placed in the anterior port under 
the scapular tip. 

In all cases, three robotic ports and a 12 mm or a 5 mm 
auxiliary port were placed for the endostapler and aspiration. 
Surgery duration and hospital stay are featured in table I.

Figure 4. Two-and-a-half-year-old patient with left extralobar sequestration (A). Fitting of 3 robotic and auxiliary ports (B). Vascular pedicle 
with systemic artery (a) and pulmonary venous drainage (v).
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Progression and cosmetic results
There were no mediate or late complications in the 

procedures performed. 
There were no surgical wound infections, and scarring 

was adequate in all patients (Fig. 5).

Economic data
To evaluate efficiency in the use of consumable instru-

ments, data was collected on the robotic material used in 
each procedure. A distinction was made between proce-
dures that required vascular dissection and division, and 
those that also required intracorporeal suturing (fundopli-
cation, ureteropelvic stenosis, bladder augmentation). The 
cost per basic procedure is shown in table II.

DISCUSSION

The first pediatric patients undergoing surgery using 
a robotic approach date back to 2002(10,11). In the last 20 
years, an increasing number of studies have been pub-
lished, demonstrating the increase in the use of robotic 
technology among the pediatric age group, from 3 pub-
lications in 2002 to 43 in 2021, mainly in the urological 
field(20,21). The main drawbacks reported by Denning et 
al.(22) of the use of the robotic system in pediatric patients 
are the lack of availability of 5mm instruments in the Xi 
model, and the fact the size of the patient limits the work-
ing field and the possibility of using the fourth robotic arm. 
In our study, we only used the 4th arm in 12 cases – these 
were the most complex cases or those in which the size of 
the patient allowed for it.

Patient age and/or weight has been considered limiting 
for the use of the robotic system. Recent works such as 
that of Rague et al.(23) show a study of 101 patients with a 
median age of 7.2 months and a weight of 8 kg undergoing 
ureteropyeloplasty (78.2%) or ipsilateral ureteroureteros-
tomy (21.8%). Our youngest patient was 7 months old. Of 
the children under 5 years of age who underwent surgery, 

Figure 5. 19-month-old patient. Right upper heminephrectomy. 
Three robotic ports, one 5 mm port, and one 3 mm port. Cosmetic 
result at 12 months.

Table II. Cost of expendable robotic surgery instruments required in a “typical” dissection (abdominal tumor) and dissection 
and suture (ureteropyeloplasty) procedure.

Da Vinci consumables
Dissection surgery: abdominal tumor Unit cost Cost per use

Monopolar hook (10 uses) €3,472.70 €347.27
Maryland bipolar forceps (14 uses) €3,472.70 €248.05
Arm drape    €90.02 (4) €360.08
Camera drape  €31.16  €31.16

€986.56

Da Vinci consumables
Dissection and suture surgery: ureteropyeloplasty Unit cost Cost per use

Monopolar hook (10 uses) €3,472.70 €347.27
Maryland bipolar forceps (14 uses) €3,472.70 €248.05
Cadiere forceps (10 uses) €3,484.80 €348.48
Fine needle driver (10 uses) €4,356.00 €435.6
Scissors (10 uses) €5,575.68 €557.57
Arm drape    €90.02 (4) €360.08
Camera drape  €31.16  €31.16

€2,328.21
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4 had urological pathologies, 2 had ureteropelvic stenosis, 
and 2 underwent upper heminephrectomy as a result of 
duplex kidney.

The distribution of pathologies reported by other stud-
ies(24) shows higher prevalence of urological pathologies, 
which in our case represented 35%. Digestive/tumor 
pathologies are overrepresented in our study because minor 
abdominal procedures such as appendectomy or chole-
cystectomy have been used as a starting point for robotic 
surgery programs(25). In our study, two delayed appendi-
cectomies and 8 cholecystectomies for cholelithiasis were 
conducted, mainly at the beginning of the learning curve. 
However, robotic surgery does not seem to bring benefits 
in cholecystectomy, with similar operating times and length 
of stay but with an increase in the cost per surgery(1).

Studies by Minkes et al.(26) and Feng et al.(27) high-
lighted the advantages of the laparoscopic approach in 
cases of splenectomy in the pediatric population. Recently, 
Shelby et al.(28) compared laparoscopic splenectomy (LS) 
(14 patients) vs. robotic splenectomy (RS) (10 patients), 
with a similar duration of the surgical procedure (RS 
140.5 vs. LS 154.9 min), but with a significant decrease 
in hospital stay, 2.1 days for RS vs. 3.2 days in LS cases 
(p = 0.02). The median length of stay in the 3 splenectomy 
cases we performed was 3 days, similar to that in laparo-
scopic procedures(29). In the case of splenomegaly due to 
spherocytosis, the rupture of the morcellation extraction 
bag prolonged the surgical time considerably (380 min-
utes). Some authors have highlighted the added difficulty 
in cases of massive splenomegaly(30) and, at times, even 
questioned the benefits of this type of approach(31).

In our study, the median operating time in patients 
with an abdominal approach for urological pathologies was 
longer than in patients undergoing surgery for digestive/
tumor pathologies – 190 vs. 143.5 minutes. 

According to Seideman et al.(32), the appropriate time 
for the robotic treatment of ureteropelvic stenosis should 
be around 120 minutes, and according to Sorensen et al.(33), 
after 15–20 pyeloplasties, operating times yield a standard 
deviation of 1 over operating times in open surgery. 

In the five cases of ureteropyeloplasty in our study, the 
median duration of the procedure was 190 minutes, similar 
to that described by Asensio in 2013(15). Figure 6 shows 
the downward progression of the surgical time employed 
as a function of the learning curve, with a final value of 
145 minutes.

The duration of the procedure is generally associated 
with more complex cases as reported by Pini Prato et al.(34), 
who reached 420 minutes in their study of Soave pull-
through in cases of Hirschsprung’s disease. However, in 
these cases, the robotic approach increases the precision 
of perirectal dissection and is accessible even in infants 
younger than 12 months, as described in the study by Del-
gado and Camps(35) – although they used the Da Vinci Si 
system, which allows 5 mm ports to be used.

Pediatric pathologies treated with minimally invasive 
robotic surgery have progressively increased, and there 
are important studies of more complex procedures such 
as common bile duct cyst resection with robotic hepati-
coduodenostomy reconstruction(36).

The robotic thoracic approach is in full development, 
with clear indications for resection in lung cancer(37), and 
even the esophageal approach has been internationally 
agreed upon(38). In 2020, Durand et al.(39) published the 
first study of robotic lobectomy in seven pediatric patients. 
Comparison with 11 similar patients treated by thora-
coscopy showed a longer operating time in the robotic 
approach (247 ± 50 vs. 152 ± 57 min, p = 0.008), but 
conversion to open surgery was not required in the robotic 
approach while it was necessary in 45% of the cases treated 
by thoracoscopy (5/11 patients).

Recently, a French multicenter study(40) presented 18 
patients with esophageal robotic-assisted thoracoscopic 
surgery (ERATS), with a mean age of 7.1 ± 5.6 years. The 
main limitation of thoracic approaches is the discrepancy 
between port size and the patient’s intercostal space(39).

Most of the oncological robotic procedures published 
so far were isolated cases(41-43). Recently, a multicenter 
study of 100 oncological cases was published, with a 
predominance of neuroendocrine tumors (31 cases) and 
adrenal tumors (13 cases), demonstrating that the robotic 
approach is safe, although the indications should be dis-
cussed in multidisciplinary forums. The minimally invasive 
approach offered by robotic surgery seems to be a good 
option to expand the possibilities of complex resection 
in pediatric cancer, reducing the postoperative recovery 
period and its sequelae(44).

All early robotic programs have been characterized by 
varied pathologies and disparate complexity(25,45), similar 
to our own experience. The learning curve for robotic 
surgery appears to be shorter than for conventional lap-
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UPS: ureteropelvic stenosis.
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Figure 6. Evolution of operating time (minutes) in ureteropyeloplas-
ty in relation to the learning curve of the same console surgeon.
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aroscopy. This factor is particularly important in a field 
such as pediatric surgery, where the limited number of 
cases and the wide variety of procedures make it difficult 
to complete a learning curve similar to that of adult sur-
gery. In our experience, the robotic approach allows for 
greater precision in procedures that require meticulous 
dissection and suturing.

The future focus should be placed on further develop-
ment of the robotic surgery instruments needed for pediat-
ric patients of all ages, wider availability, and clear cost-ef-
fectiveness(46) as a reliable option for complex procedures 
that are currently difficult to approach laparoscopically(47).

The analysis of the added cost of robotic instruments 
in our study ranged from 986.56 € to 2,328.21 €, similar 
to that reported by Boia and David(48).

One of the main disadvantages of our specialty is the 
scarce casuistry, which makes it very difficult to obtain 
sufficient experience to justify investment in new technolo-
gies. We therefore believe that pediatric surgeons in Spain 
should try to gain full access to this technology by forging 
partnerships and forcing technological development, as it 
was the case with traditional laparoscopy.
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