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Abstract
Robotic surgery offers three-dimensional visualization and precision of movement that could be of great value to gastroin-
testinal surgeons. There were many previous reports on robotic technology in performing Soave colonic resection and pull-
through for Hirschsprung’s disease in children. This study described the follow-up of the Robotic-assisted Soave procedure 
for Hirschsprung’s disease in children. Robotic-assisted endorectal pull-through was performed using three robotic arms 
and an additional 5-mm trocar. The ganglionic and aganglionic segments were initially identified by seromuscular biopsies. 
The rest of the procedure was carried out according to the Soave procedure. We left a short rectal seromuscular sleeve of 
1.5–2 cm above the dentate line. From December 2014 to December 2017, 55 pediatric patients were operated on. Age 
ranged from 6 months to 10 years old (median = 24.5 months). The aganglionic segment was located in the rectum (n = 38), 
the sigmoid colon (n = 13), and the left colon (n = 4). The mean total operative time was 93.2 ± 35 min (ranging from 80 to 
180 min). Minimal blood was lost during the surgery. During the follow-up period, 41 patients (74.6%) had 1–2 defecations 
per day, 12 patients (21.8%) had 3–4 defecations per day, and 2 patients (3.6%) had more than 4 defecations per day. Fecal 
incontinence, enterocolitis, and mild soiling occurred in three (5.4%), four (7.3%), and two pediatric patients, respectively. 
Robotic-assisted Soave procedure for Hirschsprung’s disease in children is a safe and effective technique. However, a skilled 
robotic surgical team and procedural modifications are needed.
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Background

Hirschsprung’s disease (HD) is a common cause of intes-
tinal obstruction in the newborn. It is characterized by the 
absence of ganglionic cells in the distal bowel beginning 
at the internal sphincter and extending proximally to vary-
ing distances [1]. Since the first successful treatment was 
reported in 1948 [2], several pull-through techniques have 
been developed including the laparoscopic colon pull-
through which was performed by Soave and Duhamel [3, 
4]. This procedure was introduced in 1994 for HD [5]. Since 
then, various laparoscopic techniques have been used [5–7], 
of which, Georgeson’s technique has become the most popu-
lar [7].

Currently, robotic surgery outweighs laparoscopic sur-
gery due to its advantages of superior visualization and dex-
terity, tremor reduction, as well as a faster learning curve 
[8–13]. In 2011, Hebra et al. had the first report of Robotic 
Swenson pull-through for HD in twelve infants [11]. Rickey 
et al. (2013) reported a robotic-assisted Soave procedure in a 
young adult [12], and Mattiolo et al. (2017) had applied this 
technique for older children or adults with HD [13].

All minimally invasive procedures (either laparoscopic 
or not) include an extended transanal endorectal dissection 
that can traumatize the sphincteric structures, rendering the 
prolonged and tough anal dilatations. However, patients with 
higher age required more extensive efforts during transa-
nal endorectal dissections for peritoneal reflection because 
they were more likely to experience the increase of sphincter 
structure damages. Robotic surgery might be the potential to 
overcome this barrier. In this study, we decided to apply the 
robot-assisted endorectal dissection resorting to the very first 
principles of dissection reported by Franco Soave, and report 
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early outcomes of the Robotic-assisted Soave procedure for 
Hirschsprung’s disease in children.

Material and method

Study design and sampling method

From December 2014 to December 2017, 55 patients were 
operated on by the same surgeons. Patients whose ages 
ranged from 6 months to 10 years old (Median 24.5 months) 
with biopsy documented distal colon aganglionosis were 
treated with Robotic-assisted colonic resection and pull-
through using The Da  Vinci® robotic system (Intuitive Sur-
gical, Inc., Sunnyvale, CA).

Preoperative diagnosis was based on typical clinical 
manifestations (constipation, requiring regular enemas) 
with X-ray findings of the narrow distal segment, a transi-
tional zone, and upper proximal dilated segment detected 
on contrast studies of the rectum and colon. Ten patients 
had a preoperative colostomy and forty-five patients were 
without colostomy. The diagnosis was confirmed by intraop-
erative frozen biopsy and reconfirmed by postoperative con-
ventional histopathological study. Preparation of the colon 
was performed by colonic irrigation with normal saline for 
7 days. An oral antibiotic regimen of metronidazole was 
given for 3 days preoperatively. Also, third-generation ceph-
alosporin and aminoglycoside were given during anesthesia 
induction and continued for 6 days.

Robotic surgical technique

A 12-mm trocar was put via a two-cm incision in the umbili-
cal area. Two 8-mm trocars were inserted in the right iliac 
fossa and the left flank. Robotic arms were inserted in these 
three trocars and a further 5-mm trocar was inserted in the 
right hypochondria to assist traction and manipulation with 
conventional laparoscopic instruments.  CO2 insufflation was 
maintained at a pressure of 12 mmHg.

A seromusculature biopsy was taken for a frozen section 
from suspected aganglionic and ganglionic segments. A win-
dow on the sigmoid mesentery was created, then dissection 
around the rectal wall was performed circumferentially down 
to the pelvis under the peritoneal reflection approximately 
2 cm anteriorly and the level of the coccyx posteriorly. The 
sigmoid artery trunk was clipped then divided. The mesen-
tery was mobilized up to the level of the inferior mesenteric 
artery.

A surgical lone star retractor (manufactured by Lone 
Star, medical products, 11211 Cash Road, Stanford, Tex) 
was used to expose the anus for the transanal dissection. A 
circumferential incision was made in the mucosa at 0.5–1 cm 
proximal to the dentate line. The upward submucosal 

dissection was carried out for approximately 6 cm. The 
seromuscular layer of the anterior rectal wall was pulled 
down and divided longitudinally. This layer was then incised 
circumferentially to free the rectum completely. The sero-
muscular sleeve was removed leaving a cuff of 1.5–2 cm in 
length from the dentate line.

Next, the colon was pulled through the anus. The agan-
glionic and dilated segments were resected. The coloanal 
anastomosis was fashioned manually 0.5–1 cm above the 
dentate line. Oral intake of clear fluid was initiated 12 h after 
the operation and advanced to the formula on the second day. 
Anal dilatation was begun at home 15 days after the opera-
tion and continued for 3 months in all patients. Follow-up 
was scheduled at 3 weeks after the date of operation and then 
at regular 3–6-month intervals. The colostomy was closed 
2 months after the robotic-assisted colon pull-through.

Results

There were 44 boys and 11 girls with ages ranging from 
6 months to 10 years old (median 24.5 months). The agangli-
onic segment was located in the rectum (n = 38), the sigmoid 
colon (n = 13), and the left colon (n = 4). The length of the 
resected bowel ranged from 10 to 35 cm (Table 1).

Operative data and postoperative outcomes

The operation times are summarized in Table 2. There was 
no conversion to laparoscopic surgery or laparotomy and 
no intraoperative complications, including injury of other 
organs. There was minimal blood loss during the surgery. 
The primary coloanal anastomosis was carried out in all 

Table 1  Ages and length of resected bowel

Length of resected bowel Total

 < 15 cm 16–30 cm  > 30 cm

Ages
 < 24 months 22 13 0 35
 25–60 months 9 7 1 17
 > 60 months 0 1 2 3

Total 31 21 3 55

Table 2  Operative time (minutes)

Minimum Maximum Mean

Docking time 5 25 11.5 ± 4
Console time 35 110 57.7 ± 21
Anastomosis time 25 40 31.3 ± 15
Total operative time 80 180 93.2 ± 35
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patients. Postoperative hospitalization ranged from 4 to 
8 days (mean = 5.5 days).

Follow-up was obtained in 55 patients (100%) 
with a follow-up ranging from 30 to 66  months 
(median = 43.2 months). All these patients responded well 
to anal dilatation, no anastomotic stenosis. No patient had 
urinary incontinence. Erectile function, evaluated by the 
patient’s parents, was present in all boys. 96.4% of patients 
had 1–4 bowel movements per day. Enterocolitis and mild 
soiling occurred in four (7.3%), and two pediatric patients, 
respectively (Table 3).

Discussion

The primary laparoscopic-assisted endorectal pull-through 
using a variation of the Soave procedure was adopted by 
many surgeons as the procedure of choice for the treatment 
of HD [7]. It provides a clear delineation of pelvic structures 
and better cosmetic results. The intestinal function is mini-
mally disturbed. Oral feeding can be resumed soon after an 
operation. Laparoscopy can determine the transition zone 
histologically and can also avoid twisting, bleeding, and 
tearing in the mesenteric vessels.

Robotic surgery is introduced to overcome some limi-
tations represented by limited operative space and poor 
visualization of the deep pelvis and the limited degree of 
freedom of conventional laparoscopy. With specific regard 
to HD, the major strength of robotic surgery is the possibil-
ity to perform an extended seromuscular dissection thanks 
to a better 3D visualization of the robotic camera and to 
the degrees of freedom of robotic instruments that allow an 
ideal identification and dissection of the submucosa. These 
advantages are well evident if we compare robotic surgery 
either with laparoscopic surgery or with conventional open 
surgery which has limited working space, such as that of the 
deep pelvis. An extensive intra-abdominal seromuscular dis-
section affects the need for a far less extensive transanal dis-
section and may potentially reduce the risk for complications 
related to the perineal steps. Reduced sphincters stretching 

and less endorectal dissection are required in robotic surgery 
compared to conventional laparoscopic surgery. Moreover, 
easier seromuscular dissection can be performed down to 
2–3 cm above the pectinate line in robotic surgery [11, 13]. 
The disadvantages of robotic surgery are well documented. 
The robot itself costs more than one million dollars, not 
including the maintenance contract and expensive dispos-
able equipment [8–11].

To the best of our knowledge, our study is the largest 
series of robotic-assisted surgery for Hirschsprung’s disease 
in infants. The total operative time was shorter than pre-
vious reports, especially in the robotic console component 
(mean, 93.2 min; range: 80 – 180 min; mean console time, 
57.7 min) [11, 13]. The factor that can explain this differ-
ence is that our department has a lot of patients with HD and 
we are trained and operated to use proficient techniques in 
open surgery, laparoscopic surgery, so when conducted robot 
surgery, our operative time was shorter than other authors 
with the advantages of robot surgery. In the study of Liem 
N.T et al. (2009) the mean operative time was 152 min (200 
patients with Hirschsprung’s disease) [14], and report of 
Hau B.D et al. (2011), the median operative time (134 min, 
47 patients) longer than our research [15].

Our results showed that robotic-assisted colon pull-
through was associated with a low rate of postoperative com-
plications. Early anastomotic leakage was not encountered 
in our series. It has been seen in 5.6–11.2% of cases in some 
series when using open surgery [16, 17]. This complication 
also occurred in 1.5–2.9% of cases when using the transanal 
approach [18, 19], and the laparoscopic surgery had anas-
tomotic fistula occurred 1% [14]. Primary anastomosis has 
been performed safely in all patients. However, the colon 
stump should be left and removed in a second operation if 
anastomotic security is not ensured.

No anastomotic stenosis was seen in our series. This rate 
compares to what occurred in that reported for open surgery 
or the transanal approach [16, 20]. We had no cases of rectal 
stenosis requiring daily dilatation.

A short cuff could be an important factor in reducing 
severe rectal stenosis and enterocolitis. In the transanal pull-
through, Nasr and Langer also noticed that the incidence 
of enterocolitis and rectal stenosis requiring daily dilata-
tion decreased in the short cuff group, in comparison with 
the long-cuff group [21]. In the robotic-assisted colon pull-
through, one can remove not only the aganglionic segment 
and transitional segment, but also the malfunctioned dilated 
segment because the length of colonic mesentery vessels is 
always sufficient. This may further reduce the rate of post-
operative enterocolitis. The rate of enterocolitis in our series 
was 7.3%, compared with 9.5% of Liem’s report [14], and 
30% of Nasr’s report [21].

The defecation function was satisfactory in long-term 
follow-up. 74.6% of patients had 1–2 bowel movements per 

Table 3  Bowel movement

Bowel movement Number Percentage

Number of defecations/day
 1–2 41 74.6
 3–4 12 21.8
  > 4 2 3.6
 Incontinence 0 0
 Constipation 0 0

Enterocolitis 4 7.3
Mild soiling 2 3.6
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day. All patients maintained urinary continence. The erec-
tile function was not impaired in male patients reflecting 
good protection of the pelvic nervous system in our robotic-
assisted colon pull-through. The dissection close to the rectal 
wall was mandatory to avoid injury to adjacent structures.

Besides these advantages, the surgical robot also has dis-
advantages, including the expensive purchase price of the 
robot, cost of surgical instruments, and complete lack of 
haptic feedback.

Currently, robotic surgery is only used for selected 
patients and some pediatric surgery centers. We hope that 
shortly, robotic surgery will be widely used with technical 
refinements, further miniaturization of robotic instruments, 
and reducing instrument costs.

Conclusion

In conclusion, the robotic-assisted Soave procedure for 
Hirschsprung’s disease in children is safe and effective. 
Future studies are needed to determine the long-term out-
comes of this approach and possibly determine its superior-
ity over conventional laparoscopic procedures.
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