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Abstract
Introduction Since Hirschsprung’s disease (HSCR) already proved to benefit from robotic surgery, we aimed at describing 
a wider series of patients with this rare disease who were operated on with a robotic approach.
Patients and methods All consecutive HSCR patients who underwent totally robotic soave pull-through (TRSPT), between 
October 2015 and June 2019, have been included. Ethical Committee approval was obtained. Data regarding clinical features, 
technical details, complications, hospital stay, and functional outcome have been prospectively collected for each patient.
Results Eleven patients have been included. Mean age at surgery was 29 months. Median length of surgery was 420 min. 
Median console time was 180 min. Six patients suffered from rectosigmoid aganglionosis, three from long HSCR (extend-
ing up to the hepatic flexure), two from total colonic aganglionosis. No major intraoperative complications occurred. Four 
patients (three of whom carrying a stoma) experienced minor mucosal tearing during dissection. One anastomotic stricture 
required dilatation under general anesthesia and two cuff strictures required cuff release (both occurring in patients who 
experienced intraoperative mucosal tearing). Follow-up lasted a median of 12 months. One patient experienced mild postop-
erative enterocolitis. Continence scored excellent-to-good in all patients who could be assessed on that regard (7 out of 11).
Conclusions Provided a number of technical key points are respected, the outcome of TRSPT for HSCR is promising. 
Younger patients, particularly those carrying a stoma, proved to be technically demanding and deserve a longer learning 
curve. Accurate preoperative bowel preparation, correct trocar placement and patient positioning proved to be crucial aspects 
of treatment. To conclude, TRSPT is particularly suitable for older HSCR patients, even those requiring a redo, and represents 
a valid alternative to available surgical option for this delicate subgroup of HSCR patients.
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Introduction

In 2001, Meininger and co-workers [1] reported the first 
surgical procedure with “the aid of a telemanipulation 
robot system” in a pediatric patient. That was a Nissen 
fundoplication performed in a 10-year-old girl. Later on, 
Gutt and colleagues [2], from the same group, reported 
the first case series of 11 pediatric patients who underwent 
either Nissen fundoplication or cholecystectomy with the 
aid of Da  Vinci® robotic system. Since the use of robotic 
surgery increased during the last decade, most of surgical 
procedures have been reported to be feasible with a robotic 
approach. Nonetheless, urology has indisputably seen the 
highest benefits from robotic surgery within pediatrics [3].

Surgical procedures performed in narrow fields, such 
as the lower pelvis, may well suit a robotic approach. As 
a consequence, a low rectal dissection, as that required 
in Hirschsprung’s disease (HSCR), seems particularly 
indicated [3]. On the ground of these considerations, 
the aim of this study is to describe a series of pediatric 
patients suffering from HSCR who were operated on with 
a Da  Vinci® robotic system during a 3.5-year period to 
report technical details, key points and pitfalls that can be 
encountered facing this rare disease.

Patients and methods

All consecutive pediatric patients with HSCR who under-
went totally robotic soave pull-through (TRSPT) between 
October 2015 and June 2019 (44-month period) at Gaslini 
Children Hospital and The Children Hospital of Alessan-
dria, Italy, were enrolled. Ethical Committee approval 
for prospective collection of clinical and surgical details 
of each patient undergoing robotic surgery at The Chil-
dren Hospital was obtained on June 15, 2017, ID ASO.
CHIRT.17.01.

Instrumentation details

The DaVinci  Si® single console system was used for the 
first three patients operated on at Gaslini Children Hospital 
(already reported as a technical report) [4]. A DaVinci  Si® 
double-console robotic system was used for the remain-
ing eight procedures performed at The Children Hospital 
of Alessandria in a dedicated theatre shared by pediatric 
surgeons and urologists, general surgeons, gynaecologists, 
othorinolarygologists and thoracic surgeons.

Indications to surgery

Indications to TRSPT were older age (12  months of 
age or older) and robotic system availability to perform 
the planned procedure. A number of patients older than 
12 months of age during the same study period underwent 
a Soave–Georgeson procedure due to the non-availabil-
ity of the robotic system. These patients were similarly 
addressed in the long term to compare functional results.

Technical details of TRSPT

The procedure is performed according to what previously 
reported [4]. Three robotic ports (one 12 mm or 8.5 mm 
for fluorescence adjusted camera and two 8-mm opera-
tive ports) and one assisting laparoscopic 5-mm port are 
used (Fig. 1a–c for setting details). Port placement changes 
according to patient’s age and size. Anyway, ports must 
be kept as far as possible from the working space to allow 
adequate articulation of operative arms (forceps, scissors 
and needle holder). A robotic bowel grasper, a robotic 
monopolar scissor and a robotic needle holder are required 
for this procedure, which consists of six major steps (the 
first four being totally robotic): (1) Seromuscular biopsies 
(Fig. 2a). Biopsies are taken the same way as for conven-
tional laparoscopic approaches to determine the extent of 
aganglionosis (innervative mapping with intraoperative 
frozen section and histochemestry). Biopsy site and possi-
ble mucosal tearing are closed back with interrupted 4-0 or 
5-0 non-absorbable monofilament sutures. (2) Mesocolic 
division (Fig. 2b). It can be performed with either periph-
eral monopolar division of perforating vessels (easy in 
youngster thanks to 10 × magnification and 3D camera) or 
with proximal division of mesocolic vessels with advanced 
bipolar devices (i.e. Ligasure  Valleylab®) as for conven-
tional laparoscopic approaches. In case of doubt regarding 
vitality of normoganglionic bowel to be pulled-through, 
fluorescence with iv indocyanine green can be used to 
check perfusion (Fig. 2c). (3) Robotic endorectal dissec-
tion (Fig. 2d). This is the most crucial and unique part of 
the procedure. Dissection is started 1 cm above the perito-
neal reflection with circumferential separation of mucosal 
and muscle layers by careful blunt dissection and accurate 
monopolar bleeding control. Once complete circumferen-
tial separation is achieved, the dissection is carried down-
wards up to 1–2 cm above the pectinate line (a finger is 
inserted in the anal canal of the patient and dissection is 
considered adequate when the distance of the dissection 
from the anal verge is less than a phalanx) taking extreme 
care to avoid mucosal tearing (Fig. 3a, b) which would 
cause contamination and high risk for postoperative cuff 
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abscess. Once the dissection is sufficient, the rectal cuff is 
divided posteriorly to avoid subsequent stricture (Fig. 3c, 
d) and suspended anteriorly to the parietal peritoneum 
with two non-absorbable monofilament sutures to avoid 
cuff folding and stricture (Fig. 2d). The robot is now de-
docked and the subsequent surgical steps resemble those 
well known to surgeons operating on patients with HSCR. 
(4) Transanal dissection. This step should be reduced to 
a minimum as most of the dissection has been carried 
out from above. With a Lone Starr radial retractor, the 
anal canal is dilated, the pectinate line is identified and 
endorectal dissection started 1–2 mm above. The dissec-
tion, which does not differ from what performed in other 
available endorectal approaches, is carried out for 1 cm 
until the robotic dissection is encountered (Fig. 4). (5) 
Pull-through. Under laparoscopic vision to avoid torsion, 
internal hernia and excessive traction (we routinely use 
the robotic camera for this straightforward surgical step), 
the bowel is pulled-through until the biopsy identifying 
normoganglionic bowel is encountered. (6) Colo-anal 
anastomosis. The anastomosis is now fashioned 3–5 cm 
above the biopsy site to avoid residual hypo-aganglionosis 
involving the mesenteric aspect of the colon where the 
biopsy has been taken. Sixteen 4-0 absorbable separate 

radial stitches are given to complete the anastomosis 
are routinely performed. No drains, or nasogastric tube 
are left in site. Urinary catheter is left in males for 24 h 
postoperatively.   

Laparoscopic subtotal and total colectomy 
with robotic Soave procedure

The procedures follow and overlap the same technical details 
described above with the exception of colectomy. In case 
of total colonic aganglionosis or aganglionosis extending 
beyond the splenic flexure, mesocolic division and colec-
tomy are carried out with a classic laparoscopic approach. 
Endorectal dissection is carried out with a robotic approach 
and all further steps remain unchanged.

Outcome measures

The following outcome measures were recorded for each 
patient:

• Overall length of anesthesia.
• Overall length of surgery.
• Overall docking time.

Fig. 1  a Setting for an older HSCR patient (7 years of age). The cam-
era is in the umbilicus, the working ports lay very lateral and a lapa-
roscopic assisting port is in the right upper quadrant. b, c Setting for 
a younger HSCR patient (18 months of age) undergoing laparoscopic 

total colectomy and TRSPT. The camera is in the upper right quad-
rant and the operating ports lay in the right flank and left hypocon-
drium. b Shows the setting for the laparoscopic step, whereas c shows 
the setting during TRSPT
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• Intraoperative complications.
• Intraoperative technical malfunctions.
• Postoperative pain control.
• Length of hospital stay.
• Postoperative complications (strictures, constipation, 

enterocolitis, perineal rash).
• Postoperative functional outcome according to modi-

fied Wingspread score (excellent, good, fair, poor) 
based on the presence and frequency of soiling occur-
rences, constipation and incontinence [5]. Continence 
was assessed only in patients older than 4 without neu-
rological impairment who underwent a TRSPT [5].

Statistical analysis

Descriptive statistics were reported as absolute frequen-
cies and percentages. Median and ranges were used to 
describe semiquantitative and quantitative variables. Two-
tailed Fisher’s exact test was used to compare categorical 
variables. Unpaired t test was used to compare continuous 
variables. A p lower than 0.05 was considered to be statis-
tically significant.

Results

Demographics

A total of 11 children with HSCR patients were treated 
between October 2015 and March 2019. Male to female 
ratio was 4.5:1. Median age at surgery was 29 months 
(ranging between 11 months and 17 years). Median weight 
at surgery was 12 kg (ranging between 9 and 70 kg). Six 
patients suffered from classic rectosigmoid aganglionosis, 
three from aganglionosis extending to the hepatic flex-
ure, two from total colonic aganglionosis. Three patients 
carried associated anomalies, namely renal hypoplasia, 
Down syndrome and familiar medullary thyroid carci-
noma (Table 1). Five patients required an adjunctive lap-
aroscopic step to perform total and subtotal colectomy. 
TRSPT was a redo pull-through in two patients.

Fig. 2  a Seromuscular biopsy has been taken and a interrupted 5-0 
non-absorbable monofilament suture has been performed. b Meso-
colic division is performed using the Ligasure sealing device inserted 
through a laparoscopic port. c Fluorescence used to confirm blood 

supply to the colon for subsequent pull-through in case of inferior 
mesenteric artery division. d Endorectal dissection half the way 
down. The cuff has been already suspended anteriorly to avoid fold-
ing. The cuff is well visible and the mucosa dissection is very clear
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Outcome

Docking time lasted a median of 35  min (range 
15–60 min). Console time lasted a median of 180 min 

(range 115–300 min). Overall surgery lasted a median of 
420 min (range 270–645 min). Anesthesia lasted a median 
of 600 min (range 410–825 min) (Table 1). Neither major 
intraoperative bleeding nor other major intraoperative 

Fig. 3  a Mucosal tearing (white arrow) during posterior cuff dissec-
tion in a patient carrying a stoma whose mucosal layer was definitely 
thinner than expected. b The tearing has been stitched with 5-0 non-

absorbable monofilament (black arrow) to avoid gross peritoneal con-
tamination. c, d Posterior cuff division is performed at the end of the 
dissection with Ligasure sealing device to avoid cuff stricture

Fig. 4  This picture clarifies 
the extent of robotic dissection 
downward (left-oriented white 
arrow) and the upward transanal 
dissection (right-oriented white 
arrow) joined to complete the 
pull-through
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issues occurred. No intraoperative technical malfunctions 
occurred.

We experienced intraoperative mucosal tearing in four 
patients during endorectal dissection (Fig. 3a). Three out 
of these four patients carried a stoma at the time of sur-
gery. When comparing the incidence of mucosal tear-
ing in patients with a stoma at the time of surgery with 
that of patients without a stoma, we could determine that 
those patients carrying a stoma have a significantly higher 
likelihood to experience intraoperative mucosal tearing 
(p = 0.0242). On the other hand, when comparing age of 
patients who experienced tearing with that of those who 
did not, we could not observe any significant relationship 
(p = 0.1723). Tearing were effectively sutured robotically 
(Fig. 3b) without contamination in all cases, but one who 
experienced gross peritoneal contamination. As a con-
sequence, we maintained the ileostomy in this patient to 
allow complete clean anastomotic healing and avoid com-
plications. The stoma was reversed 1 month postoperatively 
without any further issue. When debriefing this case, we 
noticed that the patient did not undergo adequate preopera-
tive bowel preparation.

Postoperative pain remained within the limits of opti-
mal pain control during the whole postoperative stay for all 
patients. Hospitalization lasted a median of 7 days postop-
eratively (ranging between 4 and 10 days).

All patients who underwent TRSPT were examined 
under general anesthesia 4–6 weeks postoperatively to check 

anastomosis and cuff to rule out strictures. We do not rou-
tinely perform dilatations postoperatively. We detected one 
anastomotic stricture that was effectively dilated under gen-
eral anesthesia and two cuff strictures requiring cuff release 
(one laparoscopic and one laparotomic) both in patients who 
experienced mucosal tearing intraoperatively (See Table 2 
for details). When comparing the incidence of cuff stricture 
in patients with intraoperative mucosal tearing with that of 
patients who did not experience this issue, we could not 
observe a statistically significant relationship (p = 0.1091). 
Similarly, age proved not to be significantly correlated with 
the likelihood of cuff stricture (p = 0.2766).

One patient experienced a mild postoperative enterocol-
itis (according to Elhalaby scoring system [6]) 18 months 
postoperatively. This patient required a single shot of intras-
phincteric Botulin toxin injection to deal with the subsequent 
onset of constipation.

One patient with Down syndrome (DS) and total colonic 
aganglionosis (TCSA) experienced prolonged perineal rash 
regardless of all attempt of delaying surgery, delaying stoma 
closure and careful postoperative perineal medical manage-
ment. Although the patient is reporting an improving trend, 
perineal rashes are still severe.

Continence could be assessed in seven patients who 
underwent TRSPT and turned out to be excellent to good 
(Wingspread score 1 or 2—less than 1 soiling episode a day) 
in all. Median follow-up was 12 months (ranging between 1 
and 41 months) (Table 2).

Table 1  Complete series 
of pediatric patients who 
underwent total robotic Soave 
pull-through (TRSPT) during 
the study period

Patients are ordered chronologically according to date of surgery. Median age of our patients was 
29 months as we adopted robotic approach only for older patients with a delayed HSCR diagnosis or with 
postoperative issues requiring a redo. Although statistical analysis failed to identify significant trends, it 
seems that older patients and ultralong HSCR require longer procedures, also adopting robotic approach 
(longest procedures in patients with TCSA and in those older than 10)
TRSPT totally robotic soave pull-through, Date date of surgical procedure [mm/yyyy], AA associated 
anomalies, TRSPT totally robotic soave pull-through, RH kidney hypoplasia, DS Down syndrome, FMTC 
familial medullary thyroid carcinoma, TCSA total colonic aganglionosis extended to the distal small bowel, 
yrs years, mths months, min minutes

Date Age AA Extent aganglionosis Procedure Docking (min) Console 
time 
(min)

Total (min)

10/2015 16 yrs None Rectosigmoid TRSPT 60 230 525
01/2016 1.5 yrs KH Rectosigmoid TRSPT 45 120 445
01/2016 6 yrs None Rectosigmoid TRSPT 45 115 230
09/2017 2.5 yrs DS TCSA TRSPT 15 150 435
03/2018 2 yrs None Rectosigmoid TRSPT 30 180 344
06/2018 7 yrs None Hepatic flexure TRSPT redo 40 180 270
12/2018 1.5 yrs FMTC Hepatic flexure TRSPT 20 120 390
01/2019 2 yrs None Rectosigmoid TRSPT 30 180 390
05/2019 1 yr None TCSA TRSPT 20 150 420
06/2019 17 yrs None Rectosigmoid TRSPT 45 300 645
07/2019 10 yrs None Hepatic flexure TRSPT Redo 35 180 425
Median 29 mths 35 180 420
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Control group (see Table 3 for comparison)

During the same study period a total of nine patients older 
than 12 months of age underwent a Soave–Georgeson 
procedure due to the non-availability of the robotic 
system. Male to female ratio was 3.5:1. Median age at 
surgery was 31 months (ranging between 12 months and 
11 years). Four patients suffered from TCSA, 5 from 
rectosigmoid aganglionosis. In four of these nine cases, the 
procedure has been a redo pull-through. None experienced 
intraoperative complications. Median length of surgery was 
275 min (ranging between 210 and 320 min) (comparing 
these results with those of TRSPT p = 0.0024). Median 
length of anesthesia was 375 min (ranging from 290 and 

440 min) (comparing these results with those of TRSPT 
p = 0.0050). Two patients experienced postoperative issues 
namely anastomotic stricture and cuff stricture requiring 
dilatation under general anesthesia and laparoscopic 
cuff release, respectively. Median hospital stay was 
7 days (ranging between 4 and 60 days) (comparing 
these results with those of TRSPT p = 0.1248). Two 
patients experienced mild enterocolitis 18 and 4 months 
postoperatively. Continence could be assessed in eight 
of these patients who scored excellent-to-good in six. 

Table 2  Outcomes of our 
complete series of pediatric 
patients who underwent total 
robotic Soave pull-through 
(TRSPT) during the study 
period

The patients have been ordered chronologically according to the date of surgery. One patient younger than 
4 years of age, who is not considered for continence assessment, is already toilet trained and did not experi-
ence soiling nor any continence issue so far
Date date of surgical procedure [mm/yyyy], TCSA total colonic aganglionosis extended to the distal small 
bowel, yrs years, mths months, IOC intra operative complications, MT mucosal tearing, POC post-oper-
ative complications, AS anastomotic stricture, HAEC Enterocolitis, C constipation, CS cuff stricture, PR 
perineal rash, Wingspread Wingspread scoring system for continence assessment in patients older than 4 
(Wingspread scoring system can be simplified as follows: Excellent—normal continence; Good—soiling 
episodes less than once a day but more than once a week; Fair—daily soiling episodes; Poor—Inconti-
nence or complete absence of bowel movements with daily enemas requirements), NA not assessed, (Excel-
lent) patients who is toiled trained without continence issues but younger than 4

Date Age Extent aganglionosis IOC POC Wingspread Follow up 
(months)

10/2015 16 yrs Rectosigmoid None AS Excellent 34
01/2016 1.5 yrs Rectosigmoid None HAEC + C Excellent 41
01/2016 6 yrs Rectosigmoid MT None Good 41
09/2017 2.5 yrs TCSA MT CS + PR NA 20
03/2018 2 yrs Rectosigmoid None None NA 14
06/2018 7 yrs Hepatic flexure None None Excellent 12
12/2018 1.5 yrs Hepatic flexure MT None NA 7
01/2019 2 yrs Rectosigmoid None None (Excellent) 5
05/2019 1 yr TCSA MT CS NA 2
06/2019 17 yrs Rectosigmoid None None Excellent 2
07/2019 10 yrs Hepatic flexure None None Good 1
Median 29 mths 12

Table 3  Comparison of HSCR patients treated with total robotic Soave pull-through (TRSPT) or with a more “classic” laparoscopic assisted 
endorectal pull-through (LAERPT)

Most of variable did not significantly differ apart from length of surgery and length of anesthesia that proved to be significantly longer in TRSPT
M:F ratio male to female ratio, TCSA rate percentage of TCSA patients in the whole series, Surgery overall surgery duration, Anesthesia overall 
anesthesia duration, H. stay length of hospital stay, Continence percentage of patients with excellent to good continence according to Wing-
spread scoring system, yrs years, mths months, min minutes, n.s. not significant

M:F ratio Median age TCSA rate Surgery Anesthesia H. stay Complications Continence

TRSPT 4.5:1 29 mths 2/11 (18%) 420 min 600 min 7 days 4/11 (36%) 7/7 (100%)
TAERPT 3.5:1 31 mths 4/9 (44%) 275 min 375 min 7 days 2/9 (22%) 6/8 (75%)
p n.s n.s 0.0024 0.0050 n.s n.s n.s
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Comparing complication rate and continence issues with 
that of patients who underwent TRSPT we could not 
observe any statistically significant difference (p = 0.6424 
and 0.4667, respectively).

Discussion and conclusions

Since its introduction in pediatrics, robotic surgery has been 
predominantly used for urological procedures [3, 7]. None-
theless, robotic programmes are growing, and a variety of 
procedures are being performed worldwide. Oncological, 
thoracic, gynaecologic or deep pelvic surgical procedures 
and even endo-oral surgery have been described with the 
use of the Da  Vinci® robotic system [7–13].

In 2011, Hebra and co-workers [14] reported the first 
series of 12 infants weighting less than 6 kgs who under-
went robotic Swenson procedure without intraoperative 
issues or increased morbidity. Later on, in 2013, Rickey and 
colleagues reported an adult patient who underwent an une-
ventful Soave robotic-assisted endorectal pull-through. By 
going through the paper, it is unclear whether the surgeons 
performed a true Soave or a more common Soave–George-
son procedure [15]. The first description of a totally robotic 
Soave pull-through (TRSPT) in children dates back to 2017 
and has been published by our group [4]. Three out of 11 
patients in present series belong to the same technical report 
[4].

Based on the results of our series of patients, we did not 
observe any major intraoperative surgical issue or technical 
malfunction thus confirming the safety of this approach as 
well as the reliability of robotic system for low rectal dissec-
tion in children [4, 14, 15]. The consistency of our results 
and the relatively stable length of surgery confirmed the 
straightforward acquisition of requested skills as well as a 
relatively steep learning-curve to perform these procedures.

Undoubtfully, overall length of surgery has been very 
high in our series of patients. Of note, this subset of older 
HSCR patients, as well as those with total colonic agan-
glionosis or undergoing redo surgery, usually require 
longer and more demanding procedures even with a clas-
sic open approach [16]. Furthermore, length of surgery 
proved to be significantly higher even compared to that of 
a similar series of patients who underwent conventional 
laparoscopic pull-through procedures at the same age, 
operated on by the same surgical equip. Docking and de-
docking proved to be reasonably straightforward, lasting 
in average just above half an hour, which is in line with 
most recent reports in pediatric robotic surgery [17]. If we 
consider that laparoscopic pull-through basically differs 
from a TRSPT as no transabdominal endorectal dissec-
tion is needed, the total duration of the procedures is even 

shorter when robotic part is not considered (median dura-
tion of TRSPT excluding robotic parts is 205 min ranging 
between 70 and 300 min). As a matter of facts TRSPT adds 
a robotic part which is usually skipped during a conven-
tional laparoscopic approach with the aim of achieving 
better functional outcomes compared to conventional sur-
gery adopted in older patients with HSCR. On the ground 
of these considerations, we do believe that length of sur-
gery (and anesthesia of course) should not be considered 
as a strict limitation of this “novel” technique.

We confirmed that TRSPT is particularly suitable for 
robotics regardless of length of aganglionosis or of previ-
ous surgeries. In fact, both disease extension and previous 
surgical procedures proved to impact length of surgery (as 
in case of subtotal or total colectomy as well as in case of 
redos), but not safety nor feasibility of the procedure. The 
possibility to treat rectosigmoid but even total colonic agan-
glionosis and to perform redos confirms this aspect as well 
as the versatility of robotic approach.

The incidence of complications, both intraoperative and 
postoperative, is reasonable and coherent with what previ-
ously published with regard to laparoscopic and open surgi-
cal treatment of HSCR [5, 18]. Of note, both incidence of 
complications and functional outcome proved not to sig-
nificantly differ from those of “conventional” laparoscopic 
assisted pull-through performed in an age-matched control 
group of HSCR patients, at least in our hands. Even based on 
a definitely small series, results are promising and prompted 
us to continue with this approach.

When coming to surgical details, we could observe a 
number of key points that proved to be crucial to correctly 
perform a safe and effective TRSPT. (1) Preoperative bowel 
preparation must be very careful to avoid intraperitoneal 
contamination occurring in case of mucosal tearing. This is 
particularly important for patients carrying a stoma that sig-
nificantly increases the risk of intraoperative mucosal tear-
ing, which is presumably due to a thinner mucosal/submu-
cosal layers of uninhabited bowel with its paraphysiologic 
diversion colitis. Based on the assessment of complications, 
we underline how this aspect is crucial as, though without 
statistical significance, cuff strictures proved to occur more 
frequently in those patients who experienced intraoperative 
mucosal tearing. (2) Accurate bleeding control is crucial 
during mucosal dissection to always maintain a clean view 
and avoid inadvertent mucosal tearing occurring when 
poor visualization occurs. (3) Delicate and careful traction 
during endorectal dissection should be performed by the 
assisting laparoscopic bowel grasper to avoid inadvertent 
tearing related to uncontrolled traction force provided by 
robotic manipulation. As a consequence, robotic bowel for-
ceps should be used only for cuff traction and their use for 
mucosal or bowel manipulation during dissection should be 
limited to a minimum.
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Provided the above-mentioned key points are respected, 
overall outcome of robotic surgery in HSCR proved to be 
promising in our series of patients, particularly with regard 
to postoperative pain, length of hospital stays and cosmetic 
results that resembled those of a conventional laparoscopic 
approach [19]. This aspect is of utmost importance if we 
consider that a robotic approach, particularly a TRSPT, 
should be compared with a conventional laparotomic endo-
rectal pull-through. As we already mentioned in the past and 
is well sustained by many authors [11, 20], robotics allows 
surgeons to perform procedures that could not be performed 
with a conventional minimally invasive approach.

In fact, minimally invasive approaches require sempli-
fication of a number of technical aspects of open surgery, 
whereas robotic approach allows surgeons to replicate 
conventional procedures exactly the way they have been 
described.

This study has several limitations. First of all, numbers 
are still too small to draw definitive conclusions regarding 
functional outcome of TRSPT, though the impressively 
good continence scores reported by patients in this series is 
promising. Second, the enrolment for TRSPT was not rand-
omized, but mostly based on robotic system availability thus 
making comparison with laparoscopic group poorly reliable. 
Third, even with a steep learning curve, length of surgery 
proved to be very high for TRSPT. This is crucial given 
the theoretical higher risk of jeopardizing neurocognitive 
development in case of prolonged anesthesia. To cope with 
this issue, more focused indications, better surgical perfor-
mances and new anesthetic plans could improve surgery 
duration as well as impact of anesthesia and subsequently 
facilitate the widespread adoption of this technique.

Even so, our results confirmed that the superior dexterity 
and visualization provided by robotic system, essential in 
performing a more complete rectal dissection, make TRSPT 
particularly suitable for older HSCR patients (toddlers, 
school kids and adolescent) who are well known to require 
longer and more demanding endorectal dissection. As safety 
and effectiveness issues have been ruled out, we now plan to 
adopt TRSPT as the standard procedure for radical treatment 
of HSCR in older children and adolescent.

All in all, robotic surgery proved to be versatile and par-
ticularly suitable for HSCR. Also, redo surgery can be safely 
approached with the Da  Vinci® robotic system. We can spec-
ulate that robotic surgery, now limited to selected patients 
and referral centers, could become in the future an alterna-
tive for the treatment of older HSCR patients provided a 
number of technical key points are respected and techno-
logical and economic issues (miniaturization of devices and 
instrumentation costs) are sorted out.
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