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The strategy of laparoscopic surgery s
for asymptomatic antenatally diagnosed
choledochal cyst
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Abstract

Background The aim was to investigate the characteristics, surgical management, and outcomes of asymptomatic
patients with antenatally diagnosed choledochal cysts (ADCCs) and to justify the strategy of laparoscopic surgery (LS)
for them in our hospital.

Methods We developed our LS strategy for asymptomatic ADCCs. Patients with asymptomatic ADCCs who
underwent LS or open surgery (OS) during January 2010 and January 2020 were included. Patients with recorded
symptomatic ADCCs were exclude. All data of group LS and group OS were statistically compared and analyzed.

Results Twenty-five patients received LS and 18 patients received OS were included. There was no significant
difference in baseline characteristics between the groups. A total of 65.1% of biliary sludge formation was detected
preoperatively by ultrasonography (US) (72.0% in group LS, 55.6% in group OS, P=0.26). Compared to the OS group,
the LS group had a longer operative time (313.4+27.2 vs. 1540+ 11.9 min, P=0.02), shorter postoperative fasting
period (3.1+ 1.2 vs. 6.2+ 2.3 days, P=0.03), and shorter postoperative hospital stay (5.1+1.9vs. 9.2+ 1.1 days, P=0.03).
The incidence of late complications, such as reflux cholangitis, adhesive intestinal obstruction, and biliary enteric
anastomotic stricture with stone formation, was not significantly different between the two groups. The liver function
and liver stiffness of all patients in the two groups were normal.

Conclusions Based on the strategy for asymptomatic ADCCs in our hospital, the perioperative safety and midterm
follow-up results after LS were satisfactory and comparable to those after OS.
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Introduction

With the widespread use of routine maternal ultrasonog-
raphy (US), an increasing number of antenatally diag-
nosed choledochal cysts (ADCCs) have been diagnosed.
Of them, approximately 1/3 to 1/2 of patients are asymp-
tomatic soon after birth, and the incidence of prenatal
diagnosis increases with time [1, 2]. As a special entity of
infantile choledochal cysts (CCs), ADCCs are known as
a stenotic distal bile duct or blind-ending cyst, and cho-
lestatic jaundice, liver fibrosis and cirrhosis start from an
early stage of life [3]. Dewbury reported that liver cirrho-
sis could be confirmed as early as 10 days of age [4], and
biliary sludge formation was detected by US as early as in
the first 2 weeks of life [5]. However, if the surgical inter-
vention is timely and effective, liver fibrosis and cirrhosis
can be prevented without any sequelae.

Conventionally, because of the technical difficulties and
the risks of anesthesia during the neonatal period, the
traditional open surgery (OS) for ADCCs is postponed
for 3—6 months. According to the Japanese clinical guide-
lines for pancreaticobiliary maljunction, symptomatic
ADCC:s should be operated on in the presence of symp-
toms, and elective surgery at approximately 3—6 months
of age is recommended for asymptomatic ADCCs to
avoid anastomotic complications [6]. With advancements
in minimum invasive surgery (MIS), a growing number
of infantile CCs have been resected under laparoscopy in
neonates or small infants. For symptomatic ADCCs, the
policy of laparoscopic surgery (LS) involvement is the
same as that of traditional OS. However, for asymptom-
atic ADCCs, the optimal strategy for LS, especially the
timing of the operation, is still controversial [3, 7-10].

Materials and methods

Since January 2010, we have developed our LS strategy
for asymptomatic ADCCs as follows: (1) The timing of
surgery was scheduled when the patient’s age was >2
months or weight was >4 kg. (2) When clinical manifes-
tations occur in patients waiting for elective operation,
such as jaundice, acholic stool or vomiting, the LS pro-
cedure should be carried out immediately regardless of
the patient’s age and weight. (3) The intraoperative chol-
angiogram (IOC) and intrahepatic biliary radicals (IHB)
procedures were advocated for all patients. (4) Laparo-
scopic ductoplasty was not performed in hepaticojeju-
nostomy when the diameter of the common hepatic duct
(CHD) was narrowed. To validate this strategy, a retro-
spective study of asymptomatic ADCCs was conducted
in our hospital.

This study was conducted according to Declaration
of Helsinki, and was approved by the Ethics Committee
of West China Hospital. The retrospective research was
designed based on the medical in-hospital and outpa-
tient charts of ADCCs between January 2010 and January
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2020. Of them, the records of symptomatic ADCCs were
excluded, and only those of asymptomatic ADCCs were
enrolled, including those who received urgent resections
during the waiting period. Preoperative US, computed
tomography (CT), magnetic resonance cholangiopancre-
atography (MRCP), IOC, IHB, and the management of
total cyst excision and Roux-en-Y hepaticojejunostomy
were performed in all patients. Hepatocellular injury is
defined as elevation of aminotransferase to more than
two times the upper limit of the normal range. The his-
tologic degree of hepatic fibrosis was scored by the new
Inuyama classification [11]: grade 0, no fibrosis; grade 1,
fibrosis localized in the portal area; grade 2, bridging for-
mation of fibrosis to the neighboring portal area; grade
3, widened bridging fibrosis; and grade 4, pseudolobule
formation, indicative of cirrhosis.

The patients underwent LS by authors were assigned
to group LS, while others underwent OS by another
surgical team were assigned to group OS. The patients’
data, including gestational age at diagnosis, sex, age and
weight at surgery, diameter of CHD, type and maximum
diameter of cyst, degree of hepatic fibrosis, operative
time, intraoperative blood loss, postoperative fasting
period and hospital stay, and intra- and postoperative
complications, were all obtained using medical records.
A follow-up timeline was set at 1, 3, 6, and 12 months
postoperatively and once a year thereafter, when physi-
cal examinations, abdominal ultrasonographic studies,
and blood liver function tests were taken at each visit. All
data of group LS and group OS were statistically com-
pared and analyzed.

Laparoscopic procedure

Under general anesthesia, an approximately 1.0 cm hori-
zonal incision was made in the center of the umbilical
region. A 12 mm trocar for a 5 mm 30° laparoscope was
placed using the Hasson technique, and a pneumoperito-
neum of 8-12 mmHg was maintained with a flow rate of
3-6 L/min. Two additional 5 mm trocars were inserted
at the right and left upper abdomen. The IOC was per-
formed after exteriorization of the gallbladder via the
right trocar incision in all patients. The gallbladder was
then returned to the peritoneal cavity, and pneumo-
peritoneum was re-established using the parameters
described above. The gallbladder and round ligament
were suspended by percutaneous transperitoneal threads
to fully expose the hepatic hilum. The cyst was completely
resected, proximal to the CHD and distal to the pancre-
atic duct. Then, the ligament of Treitz was identified, and
the jejunum 15 cm distal to the ligament was exteriorized
through the umbilical port site. A 30-40 cm long Roux-
en-Y limb was fashioned and then returned into the
abdomen. After re-establishing the pneumoperitoneum,
the Roux loop was delivered to the hilum via a retro-colic
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Table 1 The comparison of preoperative data between two
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Table 2 The comparison of intra and postoperative data

groups between two groups
LS () P value Group LS GroupOS P
N=25 N=18 N=25 N=18 value
Gestational age of diagnosis, weeks 23.9+68 241+82 043 Operation time, min 31344272 1540119 0.02
Age at surgery, days 68.7+146 653+158 0.10 Intraoperative blood loss, ml 17.5+6.1 203+438 0.38
Male, n (%) 6(240%) 6(333%) 044 Postoperative fasting period, days ~ 3.1+1.2 62+23 0.03
Weight, Kg 45429 43426 0.11 Postoperative hospital stays, days ~ 5.1+£1.9 92+1.1 0.03
Type of cyst, n (%) 0.84 Intraoperative complications, n (%) 0 0 1.0
Type | 20 (80.0%) 14 (77.8%) Early postoperative complication, 1(4.0%)" 1 (5.6%)" 0.81
Type IVa 5(20.0%) 4 (22.2%) n (%)
Biliary sludge formation, n (%) 18 (72.0%) 10(55.6%) 0.26 LS, laparoscopic surgery; OS, open surgery;
Diameter of CHD, mm 35+1.2 33+09 0.74 " Herniation of the omentum;
Maximum diameter of cyst, mm 539+43 523+47 035 * Wound infection with partial dehiscence

LS, laparoscopic surgery; OS, open surgery; CHD, common hepatic duct

path. One layer of end-to-side hepaticojejunostomy was
performed using interrupted one layer of 5-0 absorbable
sutures. Finally, the liver biopsy was taken, the gallblad-
der was dissected from the liver, and the CC and gallblad-
der were removed through the umbilical incision. A drain
was placed near the anastomotic site.

Statistics

The software used for statistical calculation was IBM
SPSS 22.0 for Windows 10.0 (SPSS, Inc., Chicago, IL,
USA). Demographic comparisons were performed using
Student’s t test or the nonparametric Mann—Whitney
U test for continuous variables, where appropriate, and
Fisher’s exact test or the chi-squared test was used for
categorical variables. A P value<0.05 was considered sta-
tistically significant.

Results

Fifty-four patients with ADCCs received definitive resec-
tions between January 2010 and January 2020. Of them,
11 patients with symptomatic ADCCs were excluded.
Finally, 43 patients with asymptomatic ADCCs were
included in this study. US and CT were performed in
all patients. Preoperative MRCP was carried out in the
15 patients, and the pancreaticobiliary junction could
be identified in 8 of them. There were 34 patients with
type I and 9 patients with type IVa in this study. Of the
43 patients, 25 patients underwent LS, while 18 patients
underwent OS. There was no significant difference in age,
sex, or weight between the two groups. The ratio of type
I/TVa was 20/5 in the LS group and 14/4 in the OS group
(P=0.84). The incidence of biliary sludge formation
detected by US preoperatively was 72.0% in the LS group
and 55.6% in the OS group (P=0.26). The median diam-
eter of the CHD was similar in the two groups (3.5%£1.2
vs. 3.3£0.9 mm, P=0.74). The maximum diameter of
cysts in the LS group was similar to that in the OS group
(53.9+4.3 vs. 52.3+4.7 mm, P=0.35) (Table 1).

During the waiting period for scheduled operations,
14 patients underwent prompt definite excisions; 9 of
them (5 of type I, 4 of type IVa) received LS, while 5 (1 of
type L, 4 of IVa) received OS. There were 9 patients with
type IVa in this study, 8 of whom (88.9%) received urgent
operations. Among the reasons for emergent surgery,
10 patients (71.4%) had jaundice with acholic stools, 2
patients (14.3%) had vomiting, and 2 patients (14.3%) had
jaundice without other clinical symptoms. Biliary sludge
formations in the cysts were preoperatively found by US
in all patients.

There were no conversions to OS in group LS. No
cases of intraoperative complications occurred in either
group. The intraoperative blood loss was 17.5+6.1 ml
in the LS group, which was not significantly different
from 20.31+4.8 ml (P=0.38) in the OS group. Compared
to the OS group, the LS group had a longer operative
time (313.4+27.2 vs. 154.0+11.9 min, P=0.02), shorter
postoperative fasting period (3.1+1.2 vs. 6.2+2.3 days,
P=0.03), and shorter postoperative hospital stay (5.1+1.9
vs. 9.21+1.1 days, P=0.03). Postoperative early complica-
tions occurred in one patient in the LS group who had
an omentum hernia from the trocar wound on the right
upper abdominal wall when the drain was removed at 5
days. The omentum was reduced to the peritoneal cav-
ity, and the abdominal wall wound was sutured again.
The patient was discharged 2 days after surgery. Another
early complication was seen in one patient in the OS
group who had wound infection with partial dehiscence
at 7 days. The wound was debrided and repaired, and
the patient was discharged 5 days after surgery. The inci-
dence of postoperative early complications was not sig-
nificantly different between the two groups (Table 2).

The results of liver biopsy showed that all patients in
both groups had different degrees of hepatic fibrosis.
There were 19 cases of grade I, 5 cases of grade II and
1 case of grade III, while there were 13 cases of grade
I, 4 cases of grade II, and 1 case of grade III in the OS
group (P=0.95) (Table 3). No cases of grade IV fibrosis
were found within either group. The rate of inflammatory
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Table 3 The comparison of liver pathologic results between two
groups LS, laparoscopic surgery; OS, open surgery

Group LS GroupOS P
N=25 N=18 value
Inflammatory cell infiltration, n (%) 3(120%) 2(11.1%) 093
Hepatocellular injury, n (%) 2 (8.0%) 1 (5.6%) 0.76
Hepatic fibrosis, n (%) 0.95
Fibrosis | 19 (76.0%) 13(72.2%)
Fibrosis Il 5(20.0%) 4 (16.0%)
Fibrosis Il 1 (4.0%) 1 (5.6%)
Fibrosis IV (cirrhosis) 0 0

Table 4 The comparison of follow-up results between two

groups
GrouplLS GroupOS P
n=25 n=18 value

Time of follow-up, months 678+346 712+313 063

Adhesive intestinal obstruction, n (%) 0 (0.0%) 1 (5.6%) 0.23

Anastomotic stricture with stones, 0(0.0%) 1 (5.6%) 0.23

n (%)

Reflux cholangitis, n (%) 1 (4.0%) 1 (5.6%) 0.76

The value of liver stiffness, Kpa 53+08 51+05 0.85

LS, laparoscopic surgery; OS, open surgery

cell infiltration was similar in the two groups (12.0% vs.
11.1%, P=0.93). There were 2 cases of hepatocellular
injury in the LS group, which was not significantly differ-
ent from 1 case in the OS group (8.0% vs. 5.6%, P=0.76).

After the mean time of follow-up (67.8+34.6 months
after LS; 71.2+31.3 months after OS; P=0.63), the val-
ues of liver function and liver stiffness were normal in all
patients in both groups. The ratio of reflux cholangitis
after LS was similar to the ratio in the LS group (4.0% vs.
5.6%. P=0.76). There were no cases of adhesive intestinal
obstruction or biliary enteric anastomotic stricture with
intrahepatic biliary stone formation after LS, but one
case of adhesive intestinal obstruction (P=0.23) and one
case of biliary enteric anastomotic stricture with stone
formation (P=0.23) required surgery 2 years and 5 years
after OS, respectively (Table 4).

Discussion

Since the first report in 1995, the LS procedure has been
used in congenital CCs for more than 27 years and has
become a mature and mainstream option. Under lapa-
roscopy, the view of the portal vein, hepatic artery and
other deep anatomical structures are clearly amplified
so that dissection and anastomosis can be meticulously
performed without damaging the surrounding key struc-
tures. However, the LS procedure in neonates and small
infants with limited working space has technical chal-
lenges and may have an impact on perioperative safety
and postoperative efficacy. Based on the comprehension
of obstructive biliary pathology deteriorating over time
and the experiences of MIS accumulated in diseases of
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neonates and small infants, the strategy of LS for asymp-
tomatic ADCCs has been established since January 2010
in our hospital.

Each patient was suggested for completion of IOC and
IHB in our hospital, which may not only discern infan-
tile CCs from cystic biliary atresia (BA) but also display
the morphology of intra- and extrahepatic bile ducts.
Occasionally, the aberrant hepatic duct can also be iden-
tified by intraoperative cholangiogram [12-14]. In this
study, different levels of liver fibrosis were shown in all
patients (grade I in 19, grade II in 5 and grade III in 1)
in group LS, when the mean age and weight at operation
were 66.1+13.2 days and 4.5£2.9 kg, respectively, which
has been corroborated in the literature [3, 4, 7]. Although
the hepatic fibrosis of infantile ADCCs is reported more
commonly, it has been basically considered a reversible
pathology with no influence on the postoperative course
[15, 16]. However, once the treatment is delayed, liver
fibrosis inevitably evolves into liver cirrhosis with an
incidence of 2.1-11.8% [3, 7, 17], which is regarded as an
irreversible disorder, especially when the stage of cirrho-
sis is Child-Pugh class B or C [18].

In addition, it is particularly concerning that the pro-
gression of liver fibrosis may be related to type I'Va infan-
tile CCs, whose postoperative course in advanced cases
may be unsatisfactory. There were 9 patients with type
IVa asymptomatic ADCCs (5 in group LS, 4 in group
OS) in this study. Eight patients (88.9%) received prompt
resections (4 for LS, 4 for OS) during the waiting period
due to the emergence of clinical symptoms, such as
acholic stools, obstructive jaundice, and vomiting. All of
them were found to have biliary sludge formation with
more severe liver fibrosis (grade IL,7; grade II1,2), which
may indicate various degrees of biliary obstruction or
even spontaneous perforation of the biliary system [19].
Hori et al. listed 11 cases with congenital CCs seeking
liver transplantation, 2 of whom were 0.4-year-old pedi-
atric patients with type IVa CC [9]. Another 3-month-
old girl with type IVa CC was reported requiring liver
transplantation due to liver cirrhosis, despite the emer-
gent decompression of the bile duct had been performed
before [10]. Therefore, early surgical intervention is espe-
cially warranted for type IVa infantile CCs [9, 20].

Based on the extensive experiences of MIS for esopha-
geal atresia, duodenal atresia, BA, and children CCs, the
timing of LS for asymptomatic ADCCs in our hospital
was customized as when the patient’s age was >2 months
or weight was >4 kg, which was similar to the LS was safe
and feasible in infants<3 months with asymptomatic
ADCCs [21]. However, Diao et al. recommended neona-
tal LS for asymptomatic ADCCs because the incidence of
hepatic fibrosis was significantly increased when surgery
was performed after 1 month of age [22]. On the other
hand, van den Eijnden et al. suggested delaying operation
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until the age of 6 months or a weight of 6 kg in asymp-
tomatic ADCCs because all postoperative short-term
and long-term complications occurred in patients weigh-
ing<5.6 kg at the time of LS [23]. In general, the timing of
LS for asymptomatic ADCCs should be established and
weighed individually between perioperative safety and
postoperative efficacy. In our study, the hepatic patho-
logical results mentioned above assumed a delay of treat-
ment; however, after a mean time of 67.8 +34.6 months of
follow-up, all patients in group LS had normal values of
liver function and liver stiffness (5.3+0.8 KPa) by ultra-
sound elastography (USE). Nonetheless, 5 patients (20%)
after LS were still complicated with liver fibrosis, result-
ing in prolonged liver dysfunction for more than 2 years,
which was consistent with the observations from some
references [8, 24, 25].

The management of laparoscopic hepaticojejunos-
tomy within the limited intraperitoneal space of neo-
nates or small infants was highly demanding, in which a
slow learning curve was observed [26, 27]. The operative
time of LS was significantly longer than that of OS, indi-
cating that there was still a certain learning curve to be
passed in our hospital. In addition, the stricture of CHD
was reported to be one of the features of infantile CCs
[28]. Although ductoplasty was described as an option
to facilitate hepaticojejunostomy in the case of small
CHD<5 mm [29, 30], we strongly support the sugges-
tions that performing laparoscopic ductoplasty in a fria-
ble CHD is not a safe method in a neonate or small infant
[22]. Furthermore, we did not notice any stricture of
CHD by intraoperative cholangiogram in our study. The
diameter of CHD in group LS was 3.5+1.2 mm, which
was sufficient to enable laparoscopic hepaticojejunos-
tomy without ductoplasty. Of them with a CHD diam-
eter>3.0 mm, only one-layer interrupted sutures around
the anastomotic stoma were accomplished with a margin
distance>5 mm. Of them with a CHD diameter <3.0 mm,
especially in patients who received prompt LS during the
waiting period, 4 stitches of one layer around the anas-
tomotic stoma were sewn with a margin distance of
3~5 mm. If it was difficult to handle, the stitches of anas-
tomosis could be preset first and then knotted in turn.
During the follow-up in our study, there were no cases of
anastomotic leakage, stricture, or biliary stone formation
after LS, which was better than the 6—40% anastomotic
complications reported [31-34]. For giant CCs>10 cm
in diameter, bile liquids should be drained from the filled
sac to facilitate the release of the working space after
IOC. In addition, by applying a series of transabdominal
suture retractions, especially sequential suture retrac-
tions along the giant cyst dissection direction, the distal
end of the common bile duct could be fully exposed in
conventional 3-port LS.
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According to the policy above run in our hospital, LS
procedures for neonates and small infants with asymp-
tomatic ADCCs were carried out without intraopera-
tive events in our study. The postoperative fasting period
and hospital stay after LS were significantly shorter than
those after OS. The postoperative early complications
were only seen in one patient with hernia of the omen-
tum in the LS group (1/25, 4.0%), which was not sig-
nificantly different from that of one patient with wound
infection in the OS group (1/18, 5.6%). Postoperative late
complications were observed in one patient with reflux
cholangitis (1/25, 4.0%) after LS, which was not different
from one case of reflux cholangitis (1/18, 5.6%), one case
of adhesive intestinal obstruction (1/18, 5.6%), and one
case of biliary anastomotic construction with stone for-
mation after OS (1/18, 5.6%). Fortunately, all patients in
both groups had normal values of liver function and liver
hardness by USE without any signs of liver cirrhosis after
follow-up.

Nonetheless, there were some limitations associated
with this study. The analyses were conducted retrospec-
tively in a small number of patients, which could cause
type II errors. Second, the length of follow-up was not
long enough to draw more convincing conclusions. In
addition, during follow-up, the development of liver
fibrosis should be evaluated by percutaneous liver biopsy,
which is more accurate and reliable than US.

In conclusion, the strategy of LS for asymptomatic
ADCCs adopted in our study was effective with satis-
factory perioperative safety and better midterm results,
which was comparable to that of OS. Considering the
above achievements, the current limit of body weight
and age for LS in asymptomatic ADCCs may be further
reduced as the surgeon’s laparoscopic skill improves.
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