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Abstract
Background  The main treatment of choledochal cysts is the complete resection of the cyst with Roux-en-Y hepaticojeju-
nostomy, which includes open procedures, laparoscopic procedures, and robot-assisted procedures using a da Vinci surgical 
system. The aim of this current study was to investigate the safety and effectiveness of these three different surgical methods 
in pediatric choledochal cyst excisions.
Methods  Between January 2015 and December 2018, patients with choledochal cysts treated with open procedures, lapa-
roscopic procedures, or robot-assisted procedures were retrospectively analyzed. The data collected included demographic 
information of all patients, type and size of cyst, operative details, and postoperative outcomes.
Results  A total of 371 episodes of patients were enrolled which consist of the open procedures group (n = 226), laparoscopic 
procedures group (n = 104), and robot-assisted procedures group (n = 41). The operation time was significantly longer in 
the laparoscopic procedures group (212.79 ± 34.94) than open procedures group (115.88 ± 13.50) and robot-assisted proce-
dures group (180.61 ± 14.07) (p < 0.001). The volume of intraoperative bleeding were higher in the open procedures group 
(40.12 ± 55.51) than in the laparoscopic procedures group (21.73 ± 11.44) and robot-assisted procedures group (21.34 ± 9.42), 
while there was no significant difference between the latter groups. The time to taking water, time to starting liquid diet, 
and the average length of postoperative hospital stay were similar between the laparoscopic and robot-assisted procedures 
group, which are shorter than the open procedures group with significant differences. There was no signifcant difference in 
complications among the three groups.
Conclusion  Choledochal cyst excision with robotic-assisted procedures had identical surgical effects as open procedures and 
had lower technical requirements. But it had higher medical cost and better cosmetic effects. Open procedures had largely 
positive surgical outcomes with fewest complications but poor cosmetic effects. Laparoscopic procedures were the most 
technique-demanding approaches with positive cosmetic and economic effect. The incidence of complications of laparoscopic 
procedures decreased with the learning curve.
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Choledochal cysts (CCs) are rare entities characterized 
by congenital biliary tract dilatation leading to symptoms 
of abdominal pain, jaundice, and tumors. Its incidence in 

European countries and in the USA is 5–15 cases per million 
people [1–3], while it is more common in Asian countries, 
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such as China, Korea, and Japan, with an incidence up to 
1000 cases per million people [4–6].

Choledochal cysts can be discovered early during the 
antenatal period using prenatal sonography or during late 
childhood or early adulthood. About 80% of choledochal 
cysts are diagnosed in childhood before the age of ten years 
old [7, 8]. Imaging tests such as B-mode ultrasound, CT, and 
MRCP can assist in the diagnosis. Choledochal cysts have a 
high likelihood of progressing to severe hepatobiliary com-
plications such as cholangitis, pancreatitis, perforation of the 
cyst, and even canceration [9]. Due to the abovementioned 
dangers involved, prompt treatment is essential.

The main treatment of choledochal cysts is the complete 
resection of the cyst with a Roux-en-Y hepaticojejunostomy, 
which traditionally has been performed as an open procedure 
[10]. Laparoscopic surgery is also an option as in pediatric 
cases, it has been performed extensively for various condi-
tions and has been applied in choledochal cyst excision as 
well. In 1995, Farello et al. performed the first laparoscopic 
choledochal cyst resection with a Roux-en-Y hepaticoenter-
ostomy in a 6-year-old girl [11]. Over the last decade, with 
the advent of laparoscopy, several authors have reported on 
the feasibility and benefits of laparoscopic choledochal cyst 
excisions [12–15]. However, laparoscopic approaches have 
not gained widespread popularity, mainly because these 
are technically-demanding procedures. Meanwhile, robotic 
surgery has been proposed as another adjunct for pediatric 
minimal surgery for hepatobiliary diseases, including opera-
tions treating choledochal cysts [16]. Woo et al. reported 
on the first robotic laparoscope-assisted type I choledocho-
cystectomy for a 5-year-old child patient in 2006 [17]. Sub-
sequently, there were related reports [6, 16, 18]. However, 
there still is a lack of data and large sample cases comparing 
the three surgical methods for pediatric choledochal cyst 
excisions. Therefore, we conducted a retrospective study to 
investigate the safety and effectiveness of these three differ-
ent surgical methods: open procedures, laparoscopic proce-
dures, and robot-assisted procedures using a da Vinci surgi-
cal system in pediatric choledochal cyst excisions.

Methods

Study population

This retrospective cohort study was approved by the West 
China Hospital of Sichuan University ethics committee. 
Owing to the retrospective nature of this study, the commit-
tee waived the need for patient consent. Between January 
2015 and December 2018, patients with choledochal cysts 
and who were treated with open procedures, laparoscopic 
procedures or robot-assisted procedures with da Vinci surgi-
cal system were retrospectively analyzed. During the study 

period, all children with clinical symptoms or abdominal 
ultrasonography showing suspicion of choledochal cysts 
were diagnosed using computed tomography or magnetic 
resonance cholangiography. The surgical approach (open, 
laparoscopic or robotic procedure) was chosen according 
to the patient’s parent’s individual needs, such as operation 
cost, cosmetic effect, and operation time. Of course, children 
under 8 kg were not recommended to robot-assist surgery. 
The patients were divided into three groups according to 
the three different surgical methods: the open procedures 
group (OG), laparoscopic procedures group (LG), and robot-
assisted procedures group (RG).

Open procedures

After endotracheal intubation under general anesthesia, an 
arterial catheter and a peripheral intravenous catheter are 
additionally used. A right subcostal incision of about 4-6 cm 
in length is made through which the gallbladder and chole-
dochal cyst are excised. The choledochal cyst is opened to 
depress the cyst and remove any calculi. The cyst is tran-
sected 0.5–1.0 cm beneath the normal common hepatic 
duct to create a trumpet-shaped terminal. The cyst is dis-
sected from its proximal to distal end. When the narrow, 
distal part of the cyst is exposed, it is clipped with double 
thread ligation and the entire cyst is removed. The jejunum 
is transected at a point 20 cm from the Treitz ligament and 
an end-to-side jejunojejunostomy is then created at a level 
35 cm distal to the hepaticojejunostomy using the inter-
rupted suture technique with 5–0 absorbable sutures. The 
Roux limp of the jejunum is pulled to the hepatic hilum in 
a retrocolic manner, and a hepaticojejunostomy is created 
in an end-to-side fashion using the interrupted suture tech-
nique with 4–0 absorbable sutures. A drainage catheter is 
then placed around the liver portal.

Laparoscopic procedures

After endotracheal intubation under general anesthesia, an 
arterial catheter and a peripheral intravenous catheter are 
additionally used. The patients are placed in the supine posi-
tion. A Roux-en-Y jejunojejunal anastomosis is performed 
extracorporeally by prolapsing the jejunum through a 1.5 cm 
incision below umbilicus. Exploration through this incision 
is made to identify the Treitz ligament and for the subse-
quent anastomosis and anti-reflux valve. Finally, sealing of 
the blind end of the loop is performed. A 12 mm trocar is 
placed in the incision and then insufflation to 8–10 mm Hg 
is conducted. Three additional 5 mm trocars are inserted 
into the right subcostal region along the midclavicular line, 
the paraumbilical area of the right rectus abdomini, and the 
top left rectus abdomini. After general exploration of the 
abdominal cavity, the left hepatic lobe is suspended to allow 
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perfect visualization of the hepatic hilar region. Under the 
guidance of a laparoscope, a monopolar electrocautery hook 
is used to dissect the choledochal cyst and the gallbladder. 
The cyst is dissected down to the distal tapered end of the 
common bile duct and it is then ligated. The upper part of 
the cyst is further dissected up to the common hepatic duct 
and then removed at this level. The jejunum is brought up 
to the hepatic duct via the retrocolic route. An end-to-side 
anastomosis between the hepatic duct and the Roux-en-Y 
limb is conducted laparoscopically using a continuous hand 
suture method with 4–0 absorbable sutures. A drainage cath-
eter is then placed around the liver portal.

Robotic procedures

After endotracheal intubation under general anesthesia, an 
arterial catheter and a peripheral intravenous catheter are 
additionally used. The patient should be put close to the bed-
side with their head elevated 15° with a slight tilt to the left 
15°. Intestinal anastomosis is performed extracorporeally and 
a camera port is placed at this incision below umbilicus as 
the laparoscopic approaches. The 8 mm operating port I is 
placed in the left upper quadrant with a 5–8 cm length incision 
(Fig. 1). For infants the location is close to left anterior axillary 
line. The 8 mm operating port II is placed 5-8 cm right of the 
umbilicus and the 5 mm port for assistance is between Port I 
and the umbilical port. Traction sutures are performed at the 

base of ligament teres and at middle portion of gallbladder for 
better exposure of the cyst and hilum. An electric hook is used 
to free and then transect the cyst after double ligation. After 
the openings of the hepatic duct and cystic duct are identified, 
the cyst is completed removed. The opening site of the hepatic 
duct can be described as oval-shaped with a higher left side 
and a lower right side (Fig. 2A). The biliary loop is lifted up 
through the avascular region of the transverse colon’s right 
mesentery. An end-to-side choledochojejunostomy is made 
0.5 cm away from the blind end using a 4–0 Stratafix. Singer-
layer continuous sutures are made from left to right and from 
back to front (Fig. 2B). The mesentery defect and biliary loop 
are then promptly repaired. Finally, the Gallbladder is removed 
and spilled bile is cleaned. A drainage catheter is then placed 
around the liver portal.

Postoperative progress

An oral diet was started on the third day after surgery in all 
groups upon evidence of a return of bowel motility. Water 
was given first, then followed by a liquid and a soft diet. 
Patient discharge was considered upon all diets being able 
to be undertaken without any discomfort, abdominal pain, 
or other complications.

Data collection

The data collected included: demographic information of 
all patients, type and size of cyst, operative details and out-
comes such as operation time, volume of blood loss, intra-
operative blood transfusion, postoperative feeding of sol-
ids, weight, adjusted morphine sulphate equivalent usage, 
postoperative hospital stay, and postoperative complications.

Statistical analyses

Data were entered into the database by one author and 
checked by one of the other authors. Statistical analysis was 
performed using SPSS version 23.0. A Chi-square test was 
used for analyzing categorical data among the three dif-
ferent groups. Continuous variables were recorded as the 
mean ± SD. Among-group comparisons were made using 
ANOVA. If there was any statistical significance, then 
between-group comparisons were made by performing 
Dunnett-t test. For each analysis, a p value of < 0.05 was 
considered statistically significant.

Results

A total of 382 patients with choledochal cyst excisions were 
treated with open procedures, laparoscopic procedures, and 
robot-assisted procedures at our institution over a 4-year 

Fig. 1   Port placement in robot-assisted surgery for choledochal cysts: 
1. Camera port. 2. Port I. 3. Port II. 4. Assistant port
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period (Fig. 3). The median follow-up time in open pro-
cedures group, laparoscopic procedures group, and robot-
assisted procedures group were, respectively, 38.5 months, 
36 months, and 20 months. And the total median follow-up 
time was 35 months. According to the retrospective study, 
missing data elements were identified in 11 records which 
were excluded accordingly. Therefore, a total of 371 cases 

of patients with choledochal cysts were collected for final 
analysis.

Characteristics and outcomes of the study population are 
described in Table 1. The male to female ratio was 1:3.32. 
The median age of the patient was 34 months with a mean 
weight of 14.56 kg. The age and weight of the patients 
were significantly older and heavier in the robot-assisted 

Fig. 2   Intraoperative photographs: A choledochal cyst dissected and resected at the level of common hepatic duct. B hepaticojejunostomy with 
robotic instruments

Fig. 3   Study flow of pediatric 
choledochal cyst excision 382 patients with choledochal cyst 

excision were screened for 

eligibility 

Choledochal cyst excision with 

Roux-Y hepaticojejunostomy 

N=371 

11 patients were excluded for 

missing data 

Open procedures  

N=226 

Laparoscopic procedures 

N=104 

Robot-assisted procedures 

N=41 
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procedures group, compared to the open procedures group 
and laparoscopic procedures group (p < 0.05). At the same 
time, there was no significant difference between these two 
latter groups. The most common symptoms were abdominal 
pain, vomiting, and jaundice (67.92%, 44.47%, and 29.65%, 
respectively). A palpable abdominal mass and abdominal 
distension were observed in 9.16% and 9.43% of the patients, 
respectively. There were no significant differences in type 
and diameter of cyst among the three groups.

Intraoperative data are summarized in Table 2. The opera-
tion and times were significantly longer in the laparoscopic 
procedures group (212.79 ± 34.94) than the open procedures 
group (115.88 ± 13.50) and robot-assisted procedures group 
(180.61 ± 14.07) (p < 0.001). Total amounts of intraopera-
tive fluid input were significantly higher in the laparoscopic 
procedures group (525.58 ± 87.05) than the open procedures 
group (312.43 ± 59.00) and robot-assisted procedures group 
(404.02 ± 39.12). The volume of intraoperative bleeding was 
higher in the open procedures group (40.12 ± 55.51) than 
in the laparoscopic procedures group (21.73 ± 11.44) and 
robot-assisted procedures group (21.34 ± 9.42), while there 

was no significant difference between the two latter groups. 
Additionally, there were no statistical differences in the rate 
of red blood cell transfusion among the three groups. Six 
patients who had arranged for laparoscopic surgery were 
converted to open surgery and no case required conversion 
to laparotomy in robot-assisted procedures.

Postoperative outcomes and complications are shown in 
Table 3. The time to begin taking water, the time to starting 
a liquid diet, and the average length of postoperative hospital 
stay were similar between the laparoscopic procedures group 
and robot-assisted procedures group, which were both signif-
icantly shorter than the open procedures group. As regards to 
postoperative hospital parameters, postoperative pain medi-
cation usage was significantly lower in the minimally inva-
sive groups than in the open procedures group (p < 0.001), 
where the mean weight‐adjusted morphine sulphate equiva-
lent usage was 0.94 ± 0.18 mg/kg for the open procedures 
group, 0.29 ± 0.15 mg/kg for the laparoscopic procedures 
group, and 0.30 ± 0.13 mg/kg for the robot-assisted proce-
dures group. No significant differences in postoperative pain 
medication use were noted among the minimally invasive 

Table 1   Patient Characteristics 
According to Surgical Approach

a Median, interquartile range;
b mean, standard deviation
OG open procedures group, LG laparoscopic procedures group, RG robot-assisted procedures group, WBC 
white blood cell count, ALT alanine transferase, AST aspartic aminotransferase, TBIL total bilirubin, DBIL 
direct bilirubin, IBIL indirect bilirubin

Group OG n (%) LG n (%) RG n (%) p-value
N = 226 N = 104 N = 41

Sex
 Male 52(23.01%) 25(24.04%) 10(24.39%) 0.800
 Female 174(76.99%) 79(75.96%) 31(75.61%)

Age (month)a 33.5 (17.75–60.00) 28.00 (8.75–53.00) 48.00 (30.50–77.50) 0.005
Weight (Kg)b 14.48 (8.05) 13.06 (6.06) 18.74 (11.44) 0.001
Abdominal pain 158 (69.91%) 64 (61.54%) 30 (73.17%) 0.324
Vomiting 99 (43.81%) 41 (39.42%) 25 (60.98%) 0.060
Distension 25 (11.06%) 8 (7.69%) 2 (4.88%) 0.357
Jaundice 61 (26.99%) 38 (36.54%) 11 (26.83%) 0.101
Palpable mass 20 (8.85%) 10 (9.62%) 4 (9.76%) 0.746
WBC count (/mm3)b 9.02 (3.44) 8.88 (3.43) 9.84 (3.93) 0.305
Neutrophils (%)b 42.90 (18.32) 42.35 (18.98) 41.36 (18.50) 0.878
ALT (IU/L)b 126.46 (163.06) 122.42 (177.67) 130.44 (133.08) 0.961
AST (IU/L)b 146.77 (215.27) 139.50 (235.23) 165.63 (192.55) 0.811
TBIL (umol/l)b 41.47 (60.44) 41.00 (59.55) 61.00 (75.02) 0.160
DBIL (umol/l)b 31.71 (50.74) 31.40 (50.28) 49.33 (62.96) 0.123
IBIL (umol/l)b 9.65 (19.47) 9.56 (20.09) 11.44 (12.29) 0.847
Cyst type
 I 189 (83.63%) 90 (86.54%) 33 (80.49%) 0.640
 II 1 (0.44%) 0 (0.00%) (0.00%)
 IV 36 (15.93%) 14 (13.46%) 8 (19.51%)

Diameter of cyst (cm)b 3.95 (2.14) 3.78 (2.39) 3.18 (1.65) 0.111
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groups (p = 0.561). The number of complications was higher 
in the laparoscopic procedures group (n = 9, 8.65%) than 
the open procedures group (n = 7, 3.10%) and robot-assisted 
procedures group (n = 2, 4.88%) without a significant differ-
ence. The 7 complications in open procedures group con-
sisted of 1 bleeding at the hepaticojejunostomy, 2 wound 
infections, 1 pancreatitis and 3 cases of intestinal obstruc-
tion. Two patients underwent reoperation. One patient with 
bleeding at the hepaticojejunostomy and one patient with a 
case of intestinal obstruction received an exploratory lapa-
rotomy. The 9 complications in laparoscopic procedures 
group consisted of 1 bleeding at the hepaticojejunostomy, 
2 bile leakages, 1 residual cyst, 1 biliary stone, 1 intestinal 

obstruction and 3 cases of stricture of the hepaticojejunos-
tomy. 5 patients underwent reoperation. One patient with 
bleeding at the hepaticojejunostomy received an exploratory 
laparotomy. One patient with biliary stone received choledo-
chojejunotomy and lithotomy. Three patients with stricture 
of the hepaticojejunostomy received a reoperation of chole-
dochojejunostomy. Two patient with minor bile leakage was 
treated using a short conservative medical treatment without 
any problems. The 2 complications in robot-assisted proce-
dures group consisted of 1 bleeding at the hepaticojejunos-
tomy and 1 case of intestinal obstruction. One patient with 
bleeding at the hepaticojejunostomy received a reoperation 
with laparotomy. All 8 patients were eventually discharged 

Table 2   Intraoperative 
outcomes according to surgical 
approach

a Median, interquartile range
b mean, standard deviation
OG open procedures group, LG laparoscopic procedures group RG robot-assisted procedures group

Group OG n (%) LG n (%) RG n (%) p-value
N = 226 N = 104 N = 41

Operation time (min)b 115.88 (13.50) 212.79 (34.94) 180.61 (14.07)  < 0.001
Anesthesia time (min)b 139.09 (19.03) 256.88 (39.14) 204.51 (17.77)  < 0.001
Total fluid input (ml)b 312.43 (59.00) 525.58 (87.05) 404.02 (39.12)  < 0.001
Total Urine output (mL)b 83.96 (11.55) 125.09 (19.93) 97.24 (7.81)  < 0.001
Intraoperative bleeding (mL)b 40.12 (55.51) 21.73 (11.44) 21.34 (9.42)  < 0.001
Transfusion rate, n (%) 4 (1.73%) 4 (3.85%) 0 (0.00%) 0.292
Conversion to open surgery, n (%) – 6 (5.77%) 0 (0.00%)

Table 3   Postoperative outcomes 
and complications according to 
surgical approach

a Median, interquartile range;
b mean, standard deviation
OG open procedures group, LG laparoscopic procedures group, RG robot-assisted procedures group MS 
equiv, morphine sulphate equivalents

Group OG n (%) LG n (%) RG n (%) p-value
N = 226 N = 104 N = 41

Time to taking water (days)b 4.07 (0.38) 3.08 (0.38) 3.00 (0.31)  < 0.001
Time to starting solids diet (days)b 4.78 (0.43) 3.86 (0.34) 3.74 (0.16)  < 0.001
MS equiv. used (mg/kg)b 0.94 (0.18) 0.29 (0.15) 0.30 (0.13)  < 0.001
Total complication 7 (3.10%) 9 (8.65%) 2 (4.88%) 0.064
 Bleeding at hepaticojejunostomy 1 (0.44%) 1 (0.96%) 1 (2.44%)
 Bile leakage, n (%) 0 (0.00%) 2 (1.92%) 0 (0.00%)
 Wound infection 2 (0.88%) 0 (0.00%) 0 (0.00%)
 Respiratory tract infection 0 (0.00%) 0 (0.00%) 0 (0.00%)
 Residual cyst 0 (0.00%) 1 (0.96%) 0 (0.00%)
 Biliary stones 0 (0.00%) 1 (0.96%) 0 (0.00%)
 Pancreatitis 1 (0.44%) 0 (0.00%) 0 (0.00%)
 Intestinal obstruction, n (%) 3 (1.33%) 1 (0.96%) 1 (2.44%)
 Stricture of hepaticojejunostomy, n (%) 0 (0.00%) 3 (2.88%) 0 (0.00%)

Reoperation, n (%) 2 (0.88%) 5 (4.81%) 1 (2.44%) 0.074
Hospital stay (days)b 10.28 (2.23) 7.56 (1.08) 7.55 (1.00)  < 0.001
Hospitalization expenses (RMB)b 28,460 (2615) 35,430 (1847) 62,320 (3798)  < 0.001
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and made uneventful recoveries after the operation. The hos-
pitalization expenses in open procedures group, laparoscopic 
procedures group, and robot-assisted procedures group were, 
respectively, 28,460 ± 2615 RMB, 35,430 ± 1847 RMB, and 
62,320 ± 3798 RMB, which showed signifcant differences 
(p < 0.001). The healed incisions of the three different pro-
cedures were, respectively, presented in Fig. 4a–c.

Discussion

Currently the main surgical methods for treating choledochal 
cysts through an excision with Roux-en-Y hepaticojejunos-
tomy include open procedures, laparoscopic procedures, 
and robotic-assisted procedures using the da Vinci surgical 
system. The laparoscopic approaches and robotic-assisted 
approaches have the advantage of being minimally invasive 
with cosmetically enhanced recovery and providing better 
vision of the deep anatomic structures compared with the 
open approaches [12]. However, there is still a serious lack 
of data and large sample cases comparing the safety and 
effectiveness of these three surgical methods for pediatric 
choledochal cyst excisions.

In our study, patients in the robot-assisted procedures 
group were significantly older than those in the open proce-
dures group and laparoscopic procedures group. We believe 
that this is the result of our strategy of not recommending 
robot-assisted procedures in young patients with choledochal 
cyst, because currently bulky robotic surgical systems and 
evolving techniques for choledochal cyst treatments would 
limit the application of robot-assisted surgery in very young 
patients due to their small size. However, we believe that 
technical refinement and further miniaturization of robotic 
systems in the future could reduce this limiting effect of 
patient size in pediatric choledochal cyst surgery.

The comparison of the three groups in our study showed 
that the mean total operation time for laparoscopic operation 
group (212.79 ± 34.94 min) and robotic-assisted procedures 

group (180.61 ± 14.07 min) appeared to be longer than open 
procedures group (115.88 ± 13.50 min). Laparoscopic opera-
tions required the longest operation time and the open pro-
cedures required the shortest operation time, and this result 
was comparable to that found in other previously reported 
literature [19–22].

Six patients who had been arranged to undergo laparo-
scopic surgery were later converted to open surgery in our 
study. Kim et al. reported one case was converted to open 
conversion in their early cases and Alizai et al. reported five 
cases of open conversion due to technical problems with 
the robot-assisted procedure [18, 21]. In our study, no case 
required conversion to laparotomy in robot-assisted proce-
dures, whereas other authors reported a higher conversion 
rate due to technical problems.

The total complications rate of our patients was 5.3%, 
which is comparable to that of the previously reported litera-
ture [20, 23]. The rate of complications in the laparoscopic 
procedures group were higher than those in the open pro-
cedures group and the robot-assisted procedures group, but 
there was no significant difference found among the three 
groups.

The rate of complications and operation time in the lapa-
roscopic procedures group was higher than the other two 
groups which may have been caused by a small abdominal 
space, complicated structures around the hepatic portal (the 
hepatic artery and the portal vein are behind the common 
bile duct), and the existence of abnormal blood vessels in 
laparoscopic procedures [19]. Laparoscopic hepaticojejunos-
tomies are especially technically demanding and there is a 
steep learning curve in the initial stages. However, with the 
development of surgical skills and experience, the risk of 
conversion and postoperative complications has significantly 
decreased. Meanwhile, robotic surgery undoubtedly provides 
technical advantages over conventional laparoscopy [24]. It 
includes 3D imaging, tremor filters, and articulated instru-
ments [25]. With this advanced equipment, robotic surgery 
is superior to conventional laparoscopic surgery due to its 

Fig. 4   The postoperative photos 
of each group: A The healed 
incision of open procedure. 
B The healed incision of 
laparoscopic procedure. C The 
healed incision of robot-assisted 
procedure
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significant improvements in visibility and manipulation [26, 
27]. Markar SR et al. conducted a systematic review which 
demonstrated there was a significantly reduced incidence 
of anastomotic stricture in the robotic Roux-en-Y gastric 
bypass compared when with the laparoscopic group [28]. 
The causes as to why robot-assisted procedures take longer 
than open procedures were chiefly related to the technical 
aspects of initial setup, docking time, and the time taken 
to exchange instruments during the procedure. Of course, 
robot-assisted procedures also has its limitations. The cost of 
robot-assisted procedures is higher because an extra 30–40 
thousand RMB is needed. In addition to this, beginners to 
this procedure who deal with making knots and tissue pull-
ing are prone to use excessive force, potentially causing 
adverse consequences. Consequently, the tactile feedback 
needs to be improved.

The total amount of intraoperative fluid input and output 
in the laparoscopic procedures group was higher than that 
in the open procedures group and the robot-assisted pro-
cedures group because of the longer operation time in the 
laparoscopic procedures group. Laparoscopic operations and 
robot-assisted approaches result in less intraoperative blood 
loss, less postoperative recovery time, shorter postoperative 
hospital stays, and lower postoperative pain medication use, 
which may be due to its minimally invasive nature.

However, there are several limitations in our study. First, 
the study is a retrospective study in a single center. Second, 
the different time intervals of enrollment of the three groups 
of patients may impact the results even though the postop-
erative management and discharging indexes are the same.

Conclusion

Choledochal cyst excisions with robotic-assisted procedures 
had identical surgical effects with open procedures while 
also having lower technical requirements and better cos-
metic effects. At the same time, it had higher medical cost 
which can be a barrier to its application. Open procedures 
had positive surgical outcomes with the fewest complica-
tions but poor cosmetic effects. Laparoscopic procedures 
were the most technically-demanding approaches, but had 
both positive cosmetic and economic effects. The incidence 
of complications of laparoscopic procedures decreased with 
the learning curve.

Compliance with ethical standards 

Disclosures  This research received no specific grant from any funding 
agency in the public, commercial, or not-for-profit sectors. Xiaolong 
Xie, Kewei Li, Junxiang Wang, Chuan Wang, Bo Xiang declared no 
conflicts of interest.

References

	 1.	 Olbourne NA (1975) Choledochal cysts: a review of the cystic 
anomalies of the biliary tree. Ann R Coll Surg Engl 56:26–32

	 2.	 Howell CG, Templeton JM, Weiner S, Glassman M, Betts JM, 
Witzleben CL (1983) Antenatal diagnosis and early surgery for 
choledochal cyst. J Pediatr Surg 18:387–393

	 3.	 Stringer MD, Dhawan A, Davenport M, Mieli-Vergani G, Mowat 
AP, Howard ER (1995) Choledochal cysts: lessons from a 20 
year experience. Arch Dis Child 73:528–531

	 4.	 Kim HJ, Kim MH, Lee SK, Seo DW, Kim YT, Lee DK, Song 
SY, Roe IH, Kim JH, Chung JB, Kim CD, Shim CS, Yoon YB, 
Yang US, Kang JK, Min YI (2002) Normal structure, variations, 
and anomalies of the pancreaticobiliary ducts of Koreans: a 
nationwide cooperative prospective study. Gastrointest Endosc 
55:889–896

	 5.	 Yamaguchi M (1980) Congenital choledochal cyst. analy-
sis of 1,433 patients in the Japanese literature. Am J Surg 
140:653–657

	 6.	 Dawrant MJ, Najmaldin AS, Alizai NK (2010) Robot-assisted 
resection of choledochal cysts and hepaticojejunostomy in chil-
dren less than 10 kg. J Pediatr Surg 45:2364–2368

	 7.	 Singham J, Yoshida EM, Scudamore CH (2009) Choledochal 
cysts: part 1 of 3: classification and pathogenesis. Can J Surg 
52(5):434–440

	 8.	 Wiseman K, Buczkowski AK, Chung SW, Francoeur J, Schaef-
fer D, Scudamore CH (2005) Epidemiology, presentation, diag-
nosis, and outcomes of choledochal cysts in adults in an urban 
environment. Am J Surg 189(5):527–531

	 9.	 de Vries JS, de Vries S, Aronson DC, Bosman DK, Rauws EA, 
Bosma A (2002) Choledochal cysts: age of presentation, symp-
toms, and late complications related to Todani’s classifcation. 
J Pediatr Surg 37:1568–1573

	10.	 Ishibashi H, Shimada M, Kamisawa T, Fujii H, Hamada Y, 
Kubota M, Urushihara N, Endo I, Nio M, Taguchi T, Ando H 
(2017) Japanese Study Group on Congenital Biliary Dilatation 
(JSCBD). Japanese clinical practice guidelines for congenital 
biliary dilatation. J Hepatobiliary Pancreat Sci 24:1–16

	11.	 Farello GA, Cerofolini A, Rebonato M, Bergamaschi G, Ferrari C, 
Chiappetta A (1995) Congenital choledochal cyst: video-guided 
laparoscopic treatment. Surg Laparosc Endosc 5:354–358

	12.	 Shen HJ, Xu M, Zhu HY, Yang C, Li F, Li KW, Shi WJ, Ji 
F (2015) Laparoscopic versus open surgery in children with 
choledochal cysts: a meta-analysis. Pediatr Surg Int 31:529–534

	13.	 Jang JY, Yoon YS, Kang MJ, Kwon W, Park JW, Chang YR, 
Ahn YJ, Cho JY, Han HS, Kim SW (2013) Laparoscopic exci-
sion of a choledochal cyst in 82 consecutive patients. Surg 
Endosc 27:1648–1652

	14.	 Diao M, Li L, Cheng W (2013) Role of laparoscopy in treatment 
of choledochal cysts in children. Pediatr Surg Int 29:317–326

	15.	 Wang B, Feng Q, Mao JX, Liu L, Wong KK (2012) Early expe-
rience with laparoscopic excision of choledochal cyst in 41 
children. J Pediatr Surg 47:2175–2178

	16.	 Meehan JJ, Elliott S, Sandler A (2007) The robotic approach 
to complex hepatobiliary anomalies in children: preliminary 
report. J Pediatr Surg 42:2110–2114

	17.	 Woo R, Le D, Albanese CT, Kim SS (2006) Robot-assisted 
laparoscopic resection of a type I choledochal cyst in a child. J 
Laparoendosc Adv Surg Tech A 16:179–183

	18.	 Alizai NK, Dawrant MJ, Najmaldin AS (2014) Robot-assisted 
resection of choledochal cysts and hepaticojejunostomy in chil-
dren. Pediatr Surg Int 30:291–294

	19.	 Song G, Jiang X, Wang J, Li A (2017) Comparative clinical 
study of laparoscopic and open surger in children with chole-
dochal cysts. Saudi Med J 38(5):476–481



3231Surgical Endoscopy (2020) 34:3223–3231	

1 3

	20.	 She WH, Chung HY, Lan LC, Wong KK, Saing H, Tam PK (2009) 
Management of choledochal cyst: 30 years of experience and 
results in a single center. J Pediatr Surg 44(12):2307–2311

	21.	 Kim NY, Chang EY, Hong YJ, Park S, Kim HY, Bai SJ, Han SJ 
(2015) Retrospective assessment of the validity of robotic surgery 
in comparison to open surgery for pediatric choledochal cyst. Yon-
sei Med J 56(3):737–743

	22.	 Liem NT, Pham HD, le Dung A, Son TN, Vu HM (2012) Early 
and intermediate outcomes of laparoscopic surgery for chole-
dochal cysts with 400 patients. J Laparoendosc Adv Surg Tech A 
22:599–603

	23.	 Yamataka A, Ohshiro K, Okada Y, Hosoda Y, Fujiwara T, Kohno 
S, Sunagawa M, Futagawa S, Sakakibara N, Miyano T (1997) 
Complications after cyst excision with hepaticoenterostomy for 
choledochal cysts and their surgical management in children ver-
sus adults. J Pediatr Surg 32(7):1097–1102

	24.	 Giulianotti PC, Coratti A, Angelini M, Sbrana F, Cecconi S, 
Balestracci T, Caravaglios G (2003) Robotics in general surgery: 
personal experience in a large community hospital. Arch Surg 
138:777–784

	25.	 Sodergren MH, Darzi A (2013) Robotic cancer surgery. Br J Surg 
100:3–4

	26.	 Herron DM, Marohn M (2008) SAGES-MIRA robotic surgery 
consensus group. A consensus document on robotic surgery. Surg 
Endosc 22:313–325

	27.	 Yang GZ, Kerr K, Darzi A (2013) A special issue on selected 
papers from the 5th Hamlyn Symposium on Medical Robotics, 
2012. J Robot Surg 7:215

	28.	 Markar SR, Karthikesalingam AP, Venkat-Ramen V, Kinross 
J, Ziprin P (2011) Robotic vs. laparoscopic Roux-en-Y gastric 
bypass in morbidly obese patients: systematic review and pooled 
analysis. Int J Med Robot 7:393–400

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Comparison of pediatric choledochal cyst excisions with open procedures, laparoscopic procedures and robot-assisted procedures: a retrospective study
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Methods
	Study population
	Open procedures
	Laparoscopic procedures
	Robotic procedures
	Postoperative progress
	Data collection
	Statistical analyses

	Results
	Discussion
	Conclusion
	References




