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Abstract
Our paper describes the key surgical points of pediatric 
choledochocystectomy performed completely by Da 
Vinci robotic system. A choledochocystectomy was sa
fely carried out for a girl at our hospital, and without 
any complication. Then systematic literature review 
was done to discuss the methods of intestine surgery 
and intestinal anastomosis, the use of 3rd robotic arm, 
the surgical safety and advantages comparing open 
and laparoscopic surgery. We systematically reviewed 
choledochocystectomy for children performed by rob
otic surgery. We included a total of eight domestic and 
foreign reports and included a total of 86 patients, wh
ose average age was 6.3 (0.3-15.9) years; the male-
to-female ratio was 1:3.5 (19:67). Seven patients exp
erienced conversion to open surgery, and the surgery 
success rate was 91.9% (79/86). The average total 
operation time was 426 (180-520) min, the operation 
time on the machine was 302 (120-418) min, 11 cases 
used the number 3 arm, and the remaining mainly used 
the hitch-stitch technique to suspend the stomach wall 
and liver. Forty-seven patients underwent pull-through 
intestine and intestinal anastomosis, and 39 patients 
underwent complete robotic intestine surgery and intes
tinal anastomosis. The hospitalization time of robotic-
assisted choledochocystectomy was 8.8 d. Eight patients 
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had biliary fistula and were all cured by conservative 
treatment and continuous observation. One patient 
had anastomotic stenosis, and one patient had wound 
dehiscence, both cured by surgery. Choledochocystectomy 
for children performed by completely robotic surgery 
and Roux-en-Y hepaticojejunostomy is safe and feasible. 
The initial experience shows that this surgical approach 
has a clearer field than the traditional endoscopy, and 
its operation is more flexible, the surgery is more acc
urate, and the injury is smaller. With the advancement 
of technology and the accumulation of surgeons’ ex
perience, robotic surgery may become a new trend in 
this surgical procedure.

Key words: Choledochocystectomy; Robotic surgery; 
Pediatrics; Congenital choledochal cysts

© The Author(s) 2018. Published by Baishideng Publishing 

Group Inc. All rights reserved.

Core tip: Our paper describes the key surgical points of 
pediatric choledochocystectomy performed completely 
by Da Vinci robotic system. A choledochocystectomy 
was carried out for a girl at our hospital, then systematic 
literature review was done to discuss the methods of 
intestine surgery and intestinal anastomosis, the use of 
3rd robotic arm, the surgical safety and advantages co
mparing open and laparoscopic surgery.

Wang XQ, Xu SJ, Wang Z, Xiao YH, Xu J, Wang ZD, Chen DX. 
Robotic-assisted surgery for pediatric choledochal cyst: Case rep
ort and literature review. World J Clin Cases 2018; 6(7): 143-149  
Available from: URL: http://www.wjgnet.com/2307-8960/full/v6/
i7/143.htm  DOI: http://dx.doi.org/10.12998/wjcc.v6.i7.143

INTRODUCTION
Congenital choledochal cysts (CCs) are disease of cystic 
dilatations of the bile duct. Its incidence in European 
countries and in the United States is 5-15 cases per 
million people[1-5], while it is more common in Asian co
untries, with an incidence up to 1000 cases per million 
people[6-8]. The main treatment is the complete res
ection of the cyst, hepaticojejunostomy and Roux-en 
Y anastomosis[9]. Minimally invasive treatment of CCs 
in children is currently the mainstream of treatment at 
home and abroad, including laparoscope-assisted and 
robotic treatment methods.

In 2006, Woo et al[10] reported the first robotic lap­
aroscope-assisted type Ⅰ choledochocystectomy for a 
5-year-old child patient in the world. Subsequently, th
ere were related reports[11-15]. In 2013, Geyuan Huang 
et al[16] of the Queen Mary Hospital of the University of 
Hong Kong of China completed the first treatment of a 
case of CCs with a robotic surgical system in China. In 
2015, Kim et al[17] reported 36 cases of children’s CCst 
treated by robotic surgery, the largest number so far. In 
2016, Dr. Shaotao Tang first reported the treatment of 
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three cases of CCs by robotic surgery in the mainland 
area[18]. 

In this paper, we report the application of the Da 
Vinci surgical system to treat one case of type IVa CCs 
completely with a robotic system. We also conduct a 
literature review, aiming at exploring the feasibility of 
adopting complete robotic surgery for the treatment of 
children’s CCs and summarizing the key points of using 
this technology.

CASE REPORT
Clinical information
A 7-year-old female experienced abdominal pain without 
an obvious cause in May 2011, showing continuous dull 
pains, most of which could be self-relieved. Subsequently, 
the patient underwent imaging examination at our 
hospital, which indicated multiple intrahepatic and extr
ahepatic cystic dilatation of bile duct (Figure 1). It was 
clearly diagnosed as type IVa CCs. After the preoperative 
examinations, we decided to carry out robotic-assisted 
laparoscopic choledochocystectomy and biliary-intestinal 
anastomosis.

Trocar placement
With the patient in the supine position, the operation 
bed was in the reverse Trendelenburg position. After 
the anesthesia was successful, the anesthesiologists 
conducted internal jugular vein intubation and radial 
artery catheterization and placed a gastric tube and 
urinary catheter. Direct trocar puncture was done on 
the abdominal wall between the umbilicus and pubic 
symphysis to establish pneumoperitoneum. The pre
ssure was 12 cmH2O, and a 12-mm trocar and robotic 
lens were inserted. 

Being monitored under the lens, at about the level 
of umbilicus, the 8-mm-diameter trocars of arm 1 and 
arm 2 of the robotic instrument were inserted into the 
left and right abdomen, respectively, and the arm 3 
trocar was inserted into the right upper abdomen at the 
level of the axillary line (Figure 2). A 12-mm auxiliary 
hole was created between arm 1 and the lens. The 
robotic arms were placed from the end of the head and 
were connected. 

Surgical methods
No significant ascites was detected in the abdominal 
cavity. The gallbladder volume was approximately 7.0 
cm × 3.0 cm. The common bile duct was dilated with 
a diameter of 5.5 cm. Its surface showed hyperemia 
and edema. An electric hook was used to separate 
the adhesion between the gallbladder and liver. The 
gallbladder arteries were ligated, and the gallbladder 
neck was dissected all the way to the common hepatic 
duct. The adhesions between the outer serosal me
mbrane of the choledochal cyst and the duodenum 
and the portal vein were separated. The common he
patic duct was cut transversely. The diameter of the 
common hepatic duct was approximately 3.2 cm. The 
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left and right hepatic duct openings were visible at the 
proximal end, and the flow of bile was unobstructed. 
There was no obvious stenosis. The gallbladder and the 
choledochal cyst to be removed were turned upside 
down, the common bile duct was dissected till near the 
head of the pancreas, and the end of the cyst was sig
nificantly narrowed with a diameter of approximately 1 
cm and was sutured twice. 

A stapler (EC-60) was used to cut the jejunum tra
nsversely at 15 cm from the duodenojejunal flexure, and 
35 cm of the proximal end towards the hilus was saved 
as ascending arm. After joining the jejunum and the 
ascending branch by three stitches, we used a stapler to 

perform end-to-side anastomosis between the ascending 
arm and the proximal jejunum. The 3-0 absorbable 
suture was used for full-thickness interrupted suture of 
the intestinal wall, which was reinforced by interrupted 
suture. The ascending arm of the distal jejunum was 
lifted from the front of the colon to the common hepatic 
duct location to perform anastomosis. A 4-0 absorbable 
suture was used for full-thickness continuous suture of 
the posterior wall. Then the anterior wall was sutured, 
and interrupted suturing was done for seromuscular layer 
for reinforcement.

Physiological saline was used for rinsing. One abd
ominal drainage tube was placed on the lateral posterior 
side of the gallbladder-intestine anastomosis, which 
came out of the body through the puncture hole of the 
arm 2 trocar and was connected to a negative-pressure 
drainage ball. The abdominal cavity was confirmed to 
have no active bleeding, and the devices and gauzes 
were all counted. No. 3 absorbable suture was used to 
suture the muscular layer at each trocar location, 4-0 
absorbable suture was used for interrupted suturing of 
subcutaneous tissue. Biological fibrin glue was used to 
bond the edges of the skin, and the drainage tube was 
properly fixed. Tissue aid was applied to the wound. 

Surgical results
The surgery went smoothly. The operation time was 
420 min, of which the robot operation time was 370 
min. The bleeding was approximately 100 mL. There 

A B C

D E F

Figure 1  Preoperation images. Magnetic resonance cholangiopancreatography, euglycemic hyperinsulinemic clamp technique and 3D reconstruction. A: 
Preoperation MRCP shows type IVa CCs; B: Preoperation EHCT shows CCs involves intrahepatic bile duct; C: Liver and CCs 3D view from front; D: Liver and CCs 3D 
view from middle hepatic vein (MHV); E: Liver and CCs 3D view from front without vessels; F: Liver and CCs 3D view from middle hepatic vein (MHV) without vessels. 
CCS: Congenital choledochal cysts.

A3

A2

A1

C

Assist

Figure 2  Postoperation images. C: Camera port; A1/2/3: Arm 1/2/3 port; 
Assist: Assistant/accessory port.
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was no perioperative blood transfusion. Two days after 
the operation, the gastric tube was removed, and fluid 
and semi-fluid food were given gradually. Two antibiotics 
were administered for 3 d. Seven days after operation 
the abdominal drainage tube was removed. The patient 
was discharged 9 d after the operation. No serious 
complications occurred. Routine pathological examination 
further confirmed the diagnosis of cystic dilatation of the 
common bile duct.

DISCUSSION
The Da Vinci Surgical System (Intuitive Surgical, Inc., 
Mountain View, CA, United States) was approved by 
the FDA in 2000 for clinical use and is currently the 
most widely used robotic surgical system. The Da Vinci 
system has a unique 3D high-definition and 10 × ma­
gnification imaging system, the separation process 
is more accurate, and the secondary injury can be ef
fectively avoided. The simulation wrist with a shaking 
filtration function of the mechanical arm of the robot 
has a better dexterity and greater range of activities 
than the traditional laparoscopic instruments, making 
the anastomosis process easier and more sophisticated.

The classification of CCs
The Alonso-lej classification revised by Todani is the 
most widely used classification method of CCs. It 
divides bile duct cysts into five types. More than 90% 
of the bile duct cyst cases reported in the literature 
belong to types Ⅰ and Ⅳa (50% to 80% type Ⅰ). 
Type IVa bile duct cysts are more common in adult 
patients, and it is the nodus of the current treatment. 
This bile duct dilatation patient has intrahepatic and 
extrahepatic bile duct dilatation, belonging to type IVa 
of Todani’s classification and type D2 of Jiahong Dong’s 
classification. Its treatment method is still controversial. 
After considering the safety of the surgery, we chose 
complete resection of the dilated extrahepatic bile duct 
and had a high-position anastomosis to the greatest 
extent possible. According to Jiahong Dong, this type 
of patient should undergo perihilar resection to remove 
the primary bile duct, and if necessary, biliary duct 
plasty can be performed, followed by biliary-intestinal 
anastomosis. To complete this type of surgery by robotic 
surgery requires the accumulation of case practice, and 
it has a higher technical requirement. 

In most type Ⅳa patients, it is more difficult to 
completely remove the cyst, and there is a greater 
chance of postoperative cholangioenterostomy sten
osis. When a type Ⅳa cyst involves the left or right 
hepatic duct or its secondary branches, the number of 
secondary and tertiary bile ducts that join the cyst is 
higher. The diameter of the bile duct is smaller, and if 
gallbladder-intestine anastomosis is done individually, 
not only is intraoperative anastomosis difficult, but the 
chance of having postoperative gallbladder-intestine 
anastomotic stenosis is also higher, which affects the 

prognosis. At this time, part of the cyst wall can be 
kept above the cyst, and the remaining cyst wall and 
the jejunum can undergo large-diameter gallbladder-
intestine anastomosis to reduce the occurrence of pos
toperative anastomotic stenosis. 

In recent years, reports on cases of CCs involving 
intrahepatic bile ducts and the resection of the inv
olved liver while conducting choledochocystectomy 
are increasing[19,20]. For patients with type Ⅳa CCs, 
simultaneous extrahepatic bile duct resection and pa
rtial liver resection has lower reoperation rates and 
stenosis rates in adults compared with children[21]. In 
the meantime, for adults, simultaneous liver resection 
can reduce the risk of postoperative canceration[22]. 
If hepatectomy is safe, simultaneous extrahepatic 
bile duct resection and partial hepatectomy may be 
considered. However, for child patients, considering 
the huge damage caused by liver resection, usually 
only choledochocystectomy is carried out[23]. Of course, 
this issue still needs in-depth research and discussion. 
For the type Ⅳa and Ⅴ patients with more diffuse int
ssrahepatic lesions and lesions involving the left and 
right liver, the treatment is difficult. The optimal trea­
tment for such patients is liver transplantation.

Literature review
We systematically reviewed choledochocystectomy for 
children performed by robotic surgery. A total of eight 
domestic and foreign reports were included. A total of 
86 patients were included, with an average age of 6.3 
(0.3-15.9) years, and the male-to-female ratio was 
1:3.5 (19:67). Seven patients underwent conversion to 
open surgery, and the success rate of the surgeries was 
91.9% (79/86). The average total operation time was 
426 (180-520) min, the operation time on the machine 
was 302 (120-418) minutes, 11 cases used the number 
3 arm, and the remaining mainly used the hitch-stitch 
technique to suspend the stomach wall and liver.

Forty-seven patients used pull-through intestine 
and intestinal anastomosis, and 39 patients underwent 
complete robotic intestinal surgery and intestinal ana
stomosis. The hospitalization time of robotic-assisted 
choledochocystectomy was 8.8 d.

The complications that had clear records in the 
reports were biliary fistula, anastomotic stenosis, and 
wound dehiscence. Eight patients had biliary fistula 
and were all cured by conservative treatment and co
ntinuous observation. One patient had anastomotic 
stenosis, and one patient had wound dehiscence, both 
of them cured by surgery. 

Some 86.1% of patients with CCs have obvious 
symptoms, which are mainly abdominal pain (78%), 
vomiting (36%), jaundice (22%), and fever (22%)[19]. 
Their pathophysiological basis is pancreaticobiliary ma
lunion. Abdominal ultrasound examination and imaging 
examination, such as CT, MRI, and MRCP, shows a 
significant expansion of the extrahepatic bile duct, which 
is of cystic or fusiform shape. Among children with co
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ngenital dilatation of the common bile duct, the main 
symptoms of those with cystic dilatation of the common 
bile duct are jaundice and abdominal mass, while the 
most common manifestation of patients with fusiform di
latation of the common bile duct is abdominal pain[20].

Surgical system Choledochocystectomy performed 
by a robot is one of the more challenging operations 
in the field of pediatric surgery. This is mainly because 
the child’s abdominal space is small, the exposure of 
the operation field is difficult and the distance between 
the operation centers of the two anastomoses is great. 
Therefore, each center has different choices for the 
child’s body position, the use of the No.3 mechanical 
arm, and in vivo/in vitro intestinal anastomosis. We 
used the reverse Trendelenburg supine position for this 
child patient undergoing robotic choledochocystectomy, 
and some centers suggest that the overall elevation of 
the child can achieve a better surgical field[14].

The key point of robotic choledochocystectomy is to 
expose the hilar region, which can be done by five main 
methods: (1) Hitch-stitch suspension technique[11]: 2-0 
sutures are passed through the abdominal wall under 
the left and right ribs, respectively. The left suture sus
pends the distal end of the gallbladder, while the right 
suture suspends the round ligament of the liver near 
the edge of the liver. Then the suture passes through 
the abdominal wall. The sutures are pulled to sufficiently 
expose the hilus and then are fixed outside the body; (2) 
Liver retractor (Nathanson retractor)[15]: An incision is 
made on the right upper abdomen, and a liver retractor 
is inserted to fully expose the surgical region; (3) Int­
ernal suspension method[14]: This refers to the suture 
and suspension of the round ligament of the liver, the 
gallbladder, and the stomach wall on the abdominal 
wall; (4) Double auxiliary holes method: Meehan et al[11] 
reported that a 12-mm auxiliary hole was made on the 
left and a 5-mm auxiliary hole was made on the right; 
and (5) Three-arm method: The third robotic operation 
arm is inserted into the right upper abdomen[14,17]. 

The robotic operation method used at our center is 
that using three operation arms. The main role of the 
No. 3 robot arm is to pull the liver and stomach wall and 
to pull the intestine while performing intestine-intestine 
anastomosis to achieve a better tissue exposure. Our 
experience has shown that it is safe and feasible to use 
three robotic operation arms for children, and previous 
studies also reached the same conclusion. A child’s 
abdominal wall is relatively weak, and sometimes the 
trocar of the mechanical arm will be close to the target 
area. Under this situation, some centers use a suture 
to fix the trocar. Our experience shows that trocar fi
xation can be achieved without external fixation by 
adjusting the position of the trocar’s remote center. The 
rule is that, when inserting the trocar that is close to 
the operation region (< 10 cm), the remote center at 
least needs to reach the width indication line to prevent 
the device from frequently falling out during operation 
and to shorten the operation time. A distant trocar only 
needs to reach the proximal fine indication band. 

In vitro anastomosis or in vivo anastomosis can be 
used for the intestine and intestinal anastomosis. The 
literature review included 86 patients: 47 underwent 
In vitro anastomosis, while 39 underwent in vivo 
anastomosis. In theory, the docking process by the 
robotic system is more difficult and time-consuming. 
In vitro jejunum–jejunum end-to-end anastomosis 
can be performed first, and then robotic separation 
and resection of the cyst can be done to shorten the 
operation time. Which anastomosis method is used 
mainly depends on the experience of the surgeon. In 
a study in Korea, we found that among the cases of 
robotic choledochocystectomy, 13 of the first 14 patients 
underwent in vitro anastomosis, while one underwent in 
vivo anastomosis. With the accumulation of experience, 
they used in vivo anastomosis for all of their next 36 
cases. When compared with the patients who underwent 
in vitro anastomosis, the total operation time did not 
have a significant difference. This suggests that with 
the accumulation of experience, the use of in vivo ana
stomosis is feasible and effective. 

By reviewing the literature and summarizing our 
experience, we are drawn to the following conclusions 
regarding robotic choledochocystectomy: (1) Body po
sition should be in the supine position and adjusted to 
the reverse Trendelenburg position. Based on personal 
preferences, the surgeon should decide whether the 
body is lifted; (2) In vitro intestine-intestine ana
stomosis through the umbilical incision is a relatively 
safe and simple method; (3) Choose the appropriate 
method to fully expose the hilus, common bile duct, and 
intestine; and (4) Making full use of the third operation 
arm of the robot can improve surgical efficiency and 
reduce operation difficulty. 

Advantages and challenges of robotic surgery
As an emerging method, robotic surgery provides 
undoubted technical advantages over conventional la
paroscopy[24]. It has 3D imaging, tremor filter, and art
iculated instruments[25]. With this advanced equipment, 
robotic surgery is superior to conventional laparoscopic 
surgery due to its significant improvements in visibility 
and manipulation[26-28]. A systematic review demonstrated 
robotic vs laparoscopic Roux-en-Y gastric bypass in mo
rbidly obese patients identified seven relevant studies 
of 1686 patients[29]. There was a significantly reduced in­
cidence of anastomotic stricture in the robotic group (POR 
= 0.43; 95%CI: 0.19-0.98; P = 0.04). No significant 
difference between robotic and laparoscopic groups for 
anastomotic leak, post-operative complications, operative 
time, and length of hospital stay is found.

Robotic surgery also faces many challenges: (1) Cost 
is higher. For instance, an extra 20-30 thousand RMB 
is needed; (2) Currently, it is still controversial how old 
children need to be to undergo robotic-assisted surgery; 
(3) The tactile feedback needs to be improved. For be
ginners, making knots and tissue pulling are prone to 
excessive force, causing adverse consequences; and (4) 
Indications: if the surgical effect is similar, the surgical 
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difficulty is not high, and the cosmetic effect is worse 
than that of laparoscopy, there is some controversy ab
out using robotic surgery for this treatment (Table 1). 

Taken together, choledochocystectomy for children 
completely by robotic surgery and Roux-en-Y hepa
ticojejunostomy is safe and feasible. Our initial ex
perience shows that this surgical approach has a clearer 
field than the traditional endoscopy, and its operation 
is more flexible, the surgery is more accurate, and the 
injury is smaller. With the advancement of technology and 
the accumulation of surgeons’ experience, robotic surgery 
may become a new trend in this surgical procedure.

ARTICLE HIGHLIGHTS 
Case characteristics
A 7-year-old female experienced abdominal pain without an obvious cause 
which could be self-relieved. The patient underwent imaging examination at our 
hospital, which indicated multiple intrahepatic and extrahepatic cystic dilatation 
of bile duct. It was diagnosed as type IVa congenital choledochal cysts (CCs).

Clinical diagnosis
It was clearly diagnosed as type IVa CCs.

Laboratory diagnosis
The patient underwent imaging examination at our hospital, which indicated 
multiple intrahepatic and extrahepatic cystic dilatation of bile duct.

Imaging diagnosis
Patient underwent an imaging examination at our hospital, which indicated 
multiple intrahepatic and extrahepatic cystic dilatation of bile duct.

Pathological diagnosis
The pathological examination confirmed the diagnosis of cystic dilatation of the 
common bile duct.

Treatment
We carried out robotic-assisted laparoscopic choledochocystectomy and biliary-
intestinal anastomosis after the preoperative examinations.

Related reports
The first robotic laparoscope-assisted type I choledochocystectomy for a 
5-year-old child patient in the world was reported in 2006. Subsequently, there 
were some related reports fellows. The Queen Mary Hospital of the University 
of Hong Kong in China completed the first treatment of a case of CCs with a 
robotic surgical system in 2013. 36 cases of children’s CCs treated by robotic 
surgery were reported in 2015, the largest number so far. Dr. Shaotao Tang first 
reported the treatment of three cases of CCs by robotic surgery in the mainland 
area in 2016. 

Term explanation 
CCs are disease of cystic dilatations of the bile duct. Its incidence in European 
countries and United States is 5-15 cases per million people. It is more common 
in Asian countries with an incidence of 1000 cases per million people.

Experiences and lessons
Choledochocystectomy for children completely by robotic surgery is safe and 
feasible. Our initial experience shows that this surgical approach has a clearer 
field than traditional endoscopy, and a more flexible operation. The surgery is 
more accurate and the injury is smaller. Robotic surgery may become a new 
trend in this surgical procedure with the advancement of technology and the 
accumulation of surgeons’ experience.
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