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Abstract.
Robotic surgery, has had a progressive development also in the pediatric field.
The aim of this report is to revise the existing pediatric literature focusing on the incidence of
complications in robot-assisted surgery (RAS) compared to conventional minimally invasive
surgery (MIS) and open approaches. We selected comparative studies published in Pubmed
database. We found 6 studies comparing RAS to MIS fundoplication, 1 study comparing
robotic and open treatment of choledocal cyst, 1 study comparing robotic and laparoscopic
partial splenectomy, 10 comparing RAS and open pyeloplasty, 6 comparing RAS and MIS
pyeloplasty, 2 comparing RAS and MIS nephrectomy, 4 comparing RAS and open ureteral
reimplantation, 1 comparing RAS and MIS ureteroureterostomy, 1 comparing RAS and
MISsplenectomy. The best OCEBM (Oxford Centre for Evidence Based Medicine) level was
3. Current data in the literature do not demonstrate a clear advantage of robotic surgery over
other existing techniques.
Keywords.
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Introduction
Robotic surgery, has had a progressive development also in the pediatric field mainly due
to the advantages it offers compared to traditional laparoscopy: 3D vision, better precision
of movement, comfort for the surgeon. On the other hand, it shows high costs that limit its
function.
Nevertheless, a strong evidence that this technique is advantageous to the patient, still lacks.
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The purpose of this report is to revise the existing pediatric literature focusing on the
comparative studies between robot-assisted technique and conventional laparoscopy and open
surgery and assess the incidence of complications.

Material and Methods
We searched in the PubMed database the following keywords: "robot", "robotic surgery",
"robot-assisted", "da Vinci" and "computer-enhanced surgery" combined with "child",
"children", "infants "and" pediatric ".
We selected publications in English belonging to the category of comparative studies and
reviews published in the last 5 years giving relevance to the most recent ones.
Data regarding author, number of patients, intraoperative and postoperative complications
were extracted.

Results of literature review
32 comparative studies and 9 reviews fulfilled the following criteria: involved pediatric
patients, compared robot-assisted surgery (RAS) with conventional minimally invasive
surgery (MIS) or open techniques.
We found 6 studies comparing RAS and MIS Fundoplication, 1 study comparing robotic
and open treatment of choledocal cyst, 1 study comparing robotic and laparoscopic
partial splenectomy, 10 comparing RAS and open pyeloplasty, 6comparing RAS and MIS
pyeloplasty, 2 comparing RAS and MIS nephrectomy, 4 comparing RAS and open ureteral
reimplantation,1 comparing RAS and MIS ureteroureterostomy, 1 comparing RAS and
MISsplenectomy. The best OCEBM level was 3.
Abdominal Surgery
Fundoplication

6 comparative studies [1-6] and 4 systematic reviews [7-10] were found comparing robot
assisted surgery to open or laparoscopic fundoplication.
The results are summarized in table 1.
Two of these studies [1,2] were reported to the IPEG’s meeting, 4 studies were published in
scientific journals, and the 4 reviews analyzed the above-mentioned studies.
In 2004, Ivascu et al [1] reported their experience with 17 cases treated by RAS and 34 by
MIS. They didn’t report complications.
Antao et al [2] reported their results during the IPEG meeting in 2010 concluding they found
no difference in term of intra/postoperative complications. They had a recurrence in the robotic
group and 3 in the laparoscopic group.
Lahert [3] in 2006 compared 10 prospective cases treated by RAS and 10 retrospective
controls treated by MIS. They had not complications. Anderberg et al [4] used the
same method comparing 14 robotic cases to 10 laparoscopic cases. They experimented 2
complications in the robotic group and one in the laparoscopic group. Copeland in 2008 [5]
and Al-Bassam in 2009 [6] compared respectively 50 RAS cases and 50 MIS cases and 25
RAS cases with 25 MIS cases concluding they had no difference in term of complications.
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The reviews available [7-10] summarized the results of these 6 comparative studies. The
details of the complications of the available comparative studies are reported in table 2.
Choledocal cyst

Only one comparative study regarding robotic treatment of choledocal cyst was found. Kim
et al [11] compared 36 cases of RAS to 42 cases of open surgery. They had 5 complications in
the robotic group and 1 complication in the open group, but the difference wasn’t statistically
significative (reported p value: 0,090).
Splenectomy

Vasilescu et al [12] reported their experience comparing 10 RAS cases to 22 laparoscopic
cases of subtotal splenectomy in hereditary spherocytosis. They found no difference in term
of complications.
Urology
Pyeloplasty

Robot assisted Pyeloplasty versus open Pyeloplasty
10 studies [13-22] and 3 reviews [10, 23, 24] were found comparing open and robotic
pyeloplasty. The details are summarized in table 3. Yee and colleagues [13] compared the
results of 8 cases treated with the robotic approach to 8 cases treated with open technique.
The authors reported 1 case of ileus and 1 case of mechanical failure in the robotic group and
a case of the UPJ stenosis in the open group. The statistical analysis did not demonstrate a
significant difference.
Lee et al [14] analyzed the results of 33 patients in each group and they reported a worsening
in hydronephrosis in one case of the robotic group requiring redo. Sorensen [15] in 2011
described 5 complications in the robotic group: 4 urinary leakages (1 of them requiring
nephrostomy and 1 requiring stent placement) and 1 gross hematuria treated conservatively.
He also described 3 mechanical failures of the robotic system. In the open group he had 3
complications (dehydration, stent migration and pyelonephritis) treated conservatively.
Dangle [17] reported 1 omental incarceration in the port site requiring open repair in the
robotic group. Barbosa et al [18] compared 58 cases of robotic pyeloplasty to 154 cases of
open pyeloplasty and he found 1 worsening of hydronephrosis in the robotic group requiring
redo and 6 complications in the open group, 3 of them requiring redo procedures.Bansal [19]
in 2014 described 3 complications in the robotic group (3/9 cases): 1 urinary leak requiring
nephrostomy, 1 ileus and 1 UTI. In the open group he had 4 complications, 1 of them requiring
nephrostomy for obstruction. Sukumar et al [20] and Varda et al [21] described respectively
a complication rate of 12% and 8% in the robotic group and of 9,6% and 6,8% in the open
group. Further details regarding the kind of complication are missed.
Finally Behan et al [16] and Liu et al [22] reported their experience comparing open and
robotic pyeloplasty, but no details regarding complications are mentioned in their studies. The
3 reviews analyzed the above-mentioned studies.
Robot assisted pyeloplasty versus laparoscopic pyeloplasty
We found 6 comparative studies [25-30] and 4 reviews [10, 31-33] on robot-assisted and
laparoscopicpyeloplasty. The details are summarized in table 4.
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Franco et al. [25] in 2007compared 12 cases of RAS to 15 cases of laparoscopic pyeloplasty.
They reported 1 leakage for 7 days postoperatively and a mechanical failure in the robotic
group and 2 leakage for 4 and 5 days respectively in the laparoscopic group. Kim et
al [26] reported no post-operative complications in the robotic group (84 patients) and 2
complications in the laparoscopic group (54 patients): 1 infection and 1 urinary leakage.
Subotic el al. [27] reported their experience comparing 19 patients treated robotically and
20 treated laparoscopically. They had 1 mechanical intraoperative failure and 6 postoperative
complications in the robotic group: 1 port-site omentum prolapse, which was reduced
under anesthesia, 1 case of macrohematuria, 1 stent displacement (these 2 last patients,
required stent removal earlier than planned), 2 urinary tract infections treated successfully
with antibiotics, 1 anastomotic leakage, which resolved spontaneously. In the laparoscopic
group there have been 5 complications: 2 stent displacements requiring replacement in 1
case and temporary nephrostomy in the other; 1 worsening of hydronephrosis requiring
temporary nephrostomy and 2 UTI treated with antibiotics. Capsule et al [28] didn’t report
the complication rate of their series. Riachy et al. [29] described 1 intraoperative accidental
liver puncture treated conservatively and one stent displacement requiring percutaneous
nephrostomy in the laparoscopic group and 2 urinary leakage treated conservatively in the
robotic group. Ganpule et al [30] in 2015 had 1 persistent hydronephrosis in each group
requiring nephrectomy and 1 mechanical failure requiring conversion to laparoscopy in the
robotic group.
Nephrectomy

2 comparative studies and 1 review were found regarding nephrectomy. Bansal et al [34] in
2014 compared robotic approach to the laparoendoscopic single site (LESS) one. They found
1 urinary retention and 1 urinary leakage in the robotic group and 1 umbilical abscess in the
LESS group.
Kim et al [35] in 2012 analyzed the nephrectomy option in children comparing open (39),
transperitoneal laparoscopic (11), LESS (11) and robotic (11) approaches. They didn’t report
data regarding complications. These data are summarized in table 5.
Ureteral reimplantation

We found 4 studies [36-39] and 1 review [9] comparing robotic and open ureteral
reimplantation.
Sorensen et al. [36] reported no intraoperative complications in both groups. The robotic group
was treated by extravesical (EV) approach and open group by intravesical (IV) approach.
Regarding the postoperative complications they described 1 case of ureteral obstruction and 1
case of urinoma in the robotic group both requiring ureteral stenting and 1 case of readimission
for dehydration, 1 case of recurrent pyelonephritis and 1 case of Pseudomonas wound infection
in the open group.
Smith el al [37] compared 25 cases for each group. Also in this study the IV approach was
used in the robotic group and the EV one in the open group. The authors reported 3 cases of
UTI in the robotic group and one leakage in the open one. Marchini et al. [38] differentiated
IV and EV approach in both groups. Regarding the intravesical approach they reported 5
complications in the robotic group (1 urinary retention and 4 bladder leak requiring double j
stenting for 2 to 4 weeks) and 12 cases of hematuria in open group. Regarding the extravesical
approach, the authors reported 4 cases of urinary retention in the robotic group and 2 cases of
hematuria in the open group.Schomburg et al. [39] compared 20 cases for each group treated
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with extravesical approach. They reported 2 Clavien III level complication in the robotic group
and 4 Clavien I-II level complications in the open group, no details regarding the latter is
reported. The complications reported in these studies are summarized in table 6.
Ureteroureterostomy

Lee et al [40] compared 25 robot-assisted ureteroureterostomy to 19 open ones. They found 1
UTI in the first group and 3 complications in the open group: 1 UTI, 1 case of recurrent non
febrile UTI and 1 postoperative UVJO requiring nephrostomy. No Further studies regarding
this topic were found.
Appendicovescicostomy

We found only 1 comparative study regarding appendicovesicostomy. Grimsby et al. [41]
included 28 open and 39 robotic appendicovesicostomies in their study. In the robotic group
there have been 10 complications: 2 wound infections, 3 hospital readmission, 2 febrile UTI,
3 bowel obstructions. In the open group there have been 8 complications: 1 wound infection,
2 hospital readmission, 2 febrile UTI, 1 Clostridium Difficile infections, 1 peritonitis and 1
foot drop, no Clavien III level complications were found.

Discussion
Robotic surgery is progressively developing even in children. Despite the advantages already
described, this technology is highly expensive and is further limited by the patient size in
pediatric age.
Currently in literature, there is a plethora of experiences, case report and case series on
the safety and feasibility of surgical procedures usually performed with minimally invasive
techniques in children. We can say (may affirm) that all procedures feasible in MIS, have
already been described as also feasible with robotic approach. The reverse is likewise true:
there is currently not a routine for which the robot is indispensable. The real advantage that
this approach can lead to the patient has not yet been firmly established.
Although there are numerous reports of pediatric robotic surgery, comparative studies are still
few (32) and have a low level of evidence (at the highest level 3). Most of the existing studies
are based on small series and among the conclusions are not reported statistically significant
differences in terms of complications and outcomes.
One wonders if the rate of complications between the various approaches is really similar or if
the results are affected by the small number of patients involved. We analyze below the results
of comparative studies in terms of complications for various procedures.
In fundoplication studies, the overall frequency of complication was 8,9% in robotic group
and 8% in the laparoscopic group. Cundy, [33] in a meta-analysis of 2014 report a forest plot
underlying there is no significant difference between the two groups in terms of frequency of
complications (OR=1. 13; 95% CI=0, 47-2,70; p=0, 78).
In a recent the meta-analysis on pyeloplasty, Chang [24] reported a higher risk of
complications in the robotic approach when compared to the open one (RR=1. 29, 95%CI
1.05-1.58, p=0, 001). These data are discordant with those of a previous review, however,
where the sample was smaller and did not include the more recent studies. All the available
studies comparing robotic and laparoscopic pyeloplasty concluded that there is not a
significant difference in complication rate. Similar conclusions are reported in the comparative
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studies and reviews on nephrectomy and ureteral reimplantation and in the single studies
on choledocal cyst, partial splenectomy, ureteroureterostomy and appendicovesicostomy
respectively.
A point of discussion may be the fact that not all studies reported in detail the complications
so, they can’t be classified according to ClavienDindo levels and therefore, despite the
complication rate is numerically similar, it could be significative as regards the complications'
severity.
Some trials [13,15,25,27,30] reported mechanical failures among the intraoperative
complications. Unfortunately, there are no accurate data on the incidence of this type of
complications in pediatric surgery, however Alemzadeh and Coll. [42] recently described the
results derived by the MAUDE database of these untoward effects in adult robotic surgery.
The authors found 10,624 adverse events with a total of 1,745,000 robotic procedures
performed; 9377 of these events were caused by malfunction. The mechanical failures were
believed responsible for 63.5% of patient injuries reported in the study and for 5/144 deaths.
Although rare, complications due to malfunctions can occur, so they should be taken into
account.

Conclusion
Current data in the literature do not demonstrate a clear advantage of robotic surgery over
other existing techniques. In most of the studies, the comparison between the complications
does not reach statistical significance. Unfortunately the available literature does not exceed
the OCEBM level 3.
The complexity of robotics technology exposes the operators to the risk of malfunction, which,
though low, must be taken into account. In the majority of cases the major adverse events have
not a single cause, but are derived from a chain of events that can be prevented and stopped.

Table 1. Comparative study and reviews on fundoplication
Author

Study

Robot

Lap

Technique

Ivascu, 2004

RCCS

17

34

Nissen

Lehert 2006

Prospective
cases,
retrospective
controls

10

10

Thal

Copeland 2008

RCCS

50

50

Nissen

Al-Bassam 2009 RCS

25

25

Nissen

Anderberg 2009 Prospective
cases,
retrospective
controls

14

10

Nissen

Antao 2010

19

33

Nissen

RCS

Hambraeus 2013 Systematic Reviews of the above-mentioned studies
Cundy 2014
Chaussy 2013
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Friedmacher
2015
RCCS: retrospective case-control study; RCS: retrospective cohort study

Table 2. Summary of complication reported in the comparative studies
regarding fundoplication
Robotic fundoplication

Laparoscopic fundoplication

N

Details

N

Details

Ivascu, 2004

0/17

/

0/34

/

Lehert 2006

0/10

/

0/10

/

Copeland
2008

7/50

Tight wrap requiring 8/50
dilatation (4)

Tight wrap requiring
dilatation (3)

Al-Bassam
2009

2/25

Delayed gastric
emptying (2)

Delayed gastric
emptying (1)

2/25

Dysphagia (1)
Anderberg
2009

2/14

Umbilical port site
hernia (1), wound
infection (1)

1/10

Wound infection (1)

Antao 2010

1/19

Recurrence (1)

2/33

Recurrence (2)

Table 3. Summary of complications reported in comparative studies
regarding open and robotic pyeloplasty [13-22]
Robotic Pyeloplasty
N

Details

Open Pyeloplasty
Mechanical N

Details

Failure
Yee 2006

1/8

Ileus (1)

Lee 2006

1/33

Sorensen
2011

5/33

1

1/8

UPJ stricture (1)

Worsening
hydronephrosis
(1): redo

0/33

/

Urinary leakage
3
(4): 2 treated
conservatively, 1
nephrostomy; 1
stent replacement

3/33

Dehydration (1)
Stent migration
(1)
Pyelonephritis (1)
All treated
conservatively

Bleeding (1):
conservative
Behan 2011 X/37

Not available

Not
available

X/7

Not available

Dangle
2013

Omental
incarceration:
open repair

/

0/10

/

1/10
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1/58

3/9

Worsening of
hydronephrosis:
redo

/

Urinary leak:
nephrostomy(1)

/

6/154

Redo (3)
Perirenalcollection (1)
4/61

Ileus:
conservative
12% of 758 Not available

Varda 2014 8,8% of
690

Minor

Liu 2014

Not available

X/320

Catheter
displacement (2)
Ileus (1)
Obstruction:
nephrostomy (1)

UTI (1)
Sukumar
2014

Urinoma (2)

Not
available

9,6% of
4977

Not available

/

6,8% of
10545

6,3% minor

X/2907

Not available

(Clavien I-II)
Not
available

0,5% major
(Clavien III-IV)

Table 4. Summary of complications reported in comparative studies
regarding laparoscopic and robotic pyeloplasty
RoboticPyeloplasty

LaparoscopicPyeloplasty

N

Details

Mechanical N
failure

Details

Franco
2007

1/15

Urinaryleakage
(1)

1

Leak

Kim 2008

0/84

/

/

3/12

Infection
2/58

Leak
Infection

Subotic
2012

6/19

Port site hernia (1) Electric
Stentdisplacement power
failure (1)
(1)

5/20

Stent
displacement (2):
nephrostomy in 1
Severe pelvic
dilatation (1):
temporary
nephrostomy

Macrohematuria
(1)
UTI (2)
Anastomotic
leakage (1)

UTI (2)

Casella
2013

X/23

Not available

X/23

Not available

Riachy
2013

2/46

Urine leak (2):
vesical catheter
placement

2/18

Liver puncture:
conservative
Migrated stent
(PN)
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Persistent
Instrument 1/25
hydronephrosis(1): Malfunction
nephrectomy
(1):
conversion
to
laparoscopy

Persistent
hydronephrosis:
nephrectomy (1)

Table 5. Summary of complications reported in comparative studies
regarding laparoscopic single site and robotic nephrectomy

Bansal 2014

Robotic nephrectomy

Lap Single Site nephrectomy

N

Details

N

Details

2/24

Urinary retention

1/8

Umbilical abscess

x/11

Not available

Leak
Kim 2012

x/11

Not available

Table 6. Summary of complications reported in comparative studies
regarding open and robotic ureteral reimplant

Sorensen
2010

Roboticureteralreimplantation

Openureteralreimplantation

N

Details

N

Details

2/13 EV

Ureteral obstruction

3/26 IV

Dehydration,

Urinoma

Pyelonephritis
Wound infection

Smith 2011

3/25

UTI

1/25

Urine leak

Marchini
2011

5/19 IV

12/22 IV

Hematuria

4/20 EV

Urinary retention,
bladder leak

2/17 EV

Hematuria

2/20 EV

Urine leak (1)

5/20 EV

Clavien I-II (4)

Schomburg
2014

Urinary retention
Ureteral stenosis (1)

Clavien III (1)
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