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Abstract

Purpose To investigate the clinical characteristics of cystic biliary atresia (CBA) and evaluate the midterm follow-up out-
comes after laparoscopic treatment.

Methods We analyzed and compared data retrospectively on CBA patients (group A) and nonsyndromic type III biliary
atresia (BA) patients (group B), who underwent laparoscopic Kasai portoenterostomy (LKPE) during the same period.
Results There were no significant differences in operative time, conversion rate, or the incidence of any postoperative
complications between groups A and B (P> 0.05). The mean age at surgery (P <0.01), rates of clearance of jaundice (CJ),
cholangitis (P <0.05), and 5-year survival with a native liver (SNL) were significantly lower in group A than in group B.
Among the 35 patients with CBA, the CJ and 5-year SNL rates were significantly better in those with type I (n=27) than in
those with type IIId (n=8) (P <0.05).

Conclusions LKPE is a feasible and safe procedure for CBA. The 5-year SNL after LKPE was better in patients with CBA
than in those with nonsyndromic type III BA. The 5-year SNL after LKPE for type I CBA was better than that for type I1Id
CBA.
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Introduction retrospectively our experience of performing laparoscopic
Kasai portoenterostomy (LKPE) for CBA at our hospital.

Biliary atresia (BA) is a neonatal disease characterized by
progressive extrahepatic bile duct occlusion and inflam-
mation. Cystic biliary atresia (CBA) is defined as cystic

changes in an otherwise obliterated biliary tract. Although

Methods

CBA is a specific subgroup of BA, this cystic biliary mal-
formation is a feature associated with an excellent outcome
in young infants treated with timely portoenterostomy, espe-
cially assisted by laparoscopy [1]. However, there are few
reports on the laparoscopic treatment of CBA. We reviewed
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Design and study population

This study was a retrospective single-center cohort study
performed in China, based on the data from May, 2009 to
January, 2017. The Ethical Committee of the West China
Hospital of Sichuan University approved the study (HX-
2017-12). Infants with CBA and type III isolated BA were
suitable for inclusion, but patients with BA splenic mal-
formation and other type I or type II BA were excluded.
The parents or guardians of all patients gave written and
informed consent. The demographic perioperative data and
clearance of jaundice (CJ), cholangitis, and survival with
the native liver (SNL) rates were compared between CBA
patients (group A) and nonsyndromic type III biliary atresia
(BA) patients (group B) and between patients with type I and
those with type I1Id CBA.
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Operative technique
LKPE procedure for type Il BA

The procedure of LKPE for nonsyndromic type III BA
was performed as described previously [2]. Briefly, the
patient was placed supine on the operative table. A 5-mm
trocar with a camera was inserted through the umbilicus
for 30° laparoscopy using the open Hasson technique. Two
or three 5-mm trocars were inserted in the left and right
upper quadrants. The carbon dioxide pressure was main-
tained at between 6 and 8 mmHg with a flow rate of 3—-6 L/
min. A percutaneous suture was used to snare the round
and falciform ligament and retract the liver. Other percuta-
neous transhepatic sutures were introduced into the left or
right lobe simultaneously for better hilar exposure. If the
condition of the gall bladder was suitable, the diagnosis
of BA was confirmed using cholecystocholangiography.
Briefly, a small needle was advanced into the gallbladder
with laparoscopic guidance. Under radiographic guidance,
iohexol (Omnipaque) was injected slowly and multiple
images were obtained. The gallbladder and cystic duct
were dissected free from the gall bladder fossa, and the
distal part of the extrahepatic duct was divided behind
the duodenum. The portal plate over the bifurcation of
the main portal vein was found along the proximal end
of the common hepatic duct. Once the base of the fibrous
cone was reached, the fibrous cord was dissected using
laparoscopic scissors. The level of fibrous cone resection
depended on the abundant bile-like juice found over the
fibrous stump. Bleeding from the fibrous remains of the
portal plate was controlled by direct pressure with moist
gauze. The ligament of Treitz was identified, and the jeju-
num 15 cm distal to the ligament was exteriorized through
the umbilical port site. A 25- to 40-cm-long Roux-en-Y
limb was fashioned, then returned into the peritoneal cav-
ity. After re-establishing the pneumoperitoneum, the Roux
loop was delivered to the hilum via a retro-colic path. One
layer of end-to-side portoenterostomy (anastomotic diam-
eter, 1.0-1.5 cm) was performed using interrupted 5-0
absorbable sutures. The posterior border was the connec-
tive tissue around the stump of the hilar fibrous cone. A
drain was inserted into the foramen of Winslow.

LKPE procedure for CBA

LKPE was performed in all CBA patients. The placement
of trocars, hilar exposure, and the value of the pneumoper-
itoneum maintained was the same as in LKPE for nonsyn-
dromic type III BA. The following additional procedures
of LKPE for CBA were used. The diagnosis of CBA was

based on the cholecystocholangiography in all patients.
The hilar cyst was removed completely up to the level of
the hilar fibrous cone. All of the other LKPE procedures
for CBA were the same as those for nonsyndromic type III
BA. A liver biopsy was taken from all patients with BA.

Postoperative management algorithm

All of the patients received postoperative medical treatment
using the same protocol. Antibiotic therapy was continued
intravenously for 25-30 days in the hospital. Methylpred-
nisolone was administered intravenously for 5 days post-
operatively at a dose of 5 mg/kg/day initially and reduced
by 1 mg/kg/day every 3 days for 2 weeks or longer until a
normal total bilirubin value was reached. Sulfamethoxazole
and cephalosporin antibiotics were given orally on alternate
weeks until the patient was 1 year of age. Ursodeoxycholic
acid and compound glycyrrhizin tablets were given until
they were 3 years of age. Postoperative outcomes were fol-
lowed up until the end of the present study.

Definitions

The operative duration (OD) was calculated as the length
of time between skin incision and closure. Perioperative
complications (APOCs) were defined as complications that
occurred during the perioperative period, including wound
infection, umbilical hernia, peritoneal drainage displace-
ment, omental prolapse through the trocar wound, respira-
tory infection, intestinal anastomotic fistula, and adhesive
intestinal obstruction. An atretic gallbladder was defined as
a gallbladder < 1.5 cm in length. The degree of liver fibrosis
was scored according to the new Inuyama classification as
FO (no fibrosis), F1 (fibrous portal expansion), F2 (bridg-
ing fibrosis), F3 (bridging fibrosis with architectural distor-
tion), or F4 (liver cirrhosis). CJ was defined as a total bili-
rubin level of < 1.2 mg/dL within 6 months postoperatively.
Cholangitis was defined as an elevated serum bilirubin level
(>2.5 mg/dL), leukocytosis with a left shift, and normal to
acholic stools in a febrile patient (> 38.0 ‘C).

Statistical analysis

The software used for statistical calculation was IBM SPSS
22.0 for Windows 10.0 (SPSS, Inc., Chicago, IL, USA). The
SNL rate was analyzed using the Kaplan—Meier method,
with endpoints of death and liver transplantation, and the
results were compared using the log-rank test. Demo-
graphic comparisons were performed using Student’s 7 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 statistically significant.
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Results

A total of 288 patients with nonsyndromic BA who under-
went LKPE were enrolled in this study, 35 of whom with
CBA were assigned to group A and 253 with nonsyndro-
mic type III BA were assigned to group B. Among the 35
CBA patients, 27 had type I and 8 had type I11Id CBA and
were further assigned to the type I and type IIId groups,
respectively. A total of 48.6% of cases of CBA (15/27
type I, 2/8 type I11d) were discovered using antenatal
sonography.

Comparison of patient data between groups A and B

Table 1 shows the perioperative and follow-up demo-
graphic data of patients with BA. The mean weight, OD,
postoperative resumption of oral intake (PROI), and fol-
low-up were not significantly different between groups A
and B (P> 0.05). The sex ratio (female/male) and intraop-
erative blood transfusion (IOBT), conversion, and APOC
rates were also not significantly different between these
two groups (P> 0.05). However, the mean age at sur-
gery was significantly younger in group A than in group
B (66.4 days vs. 84.9 days, respectively (P <0.01). The
rates of CJ and cholangitis were 91.4 and 28.6% in group
A, which were significantly better than those in group B
(P <0.05). The 5-year SNL rate was significantly better
in group A than in group B (71.4 vs. 51.4%, respectively
(P<0.05) (Fig. 1).

Table 1 Demographic data of the cystic biliary atresia (group A) and
biliary atresia (group B) patients

Author Group A,n=35 GroupB,n=253 P

Age (days) 66.4 + 34.0 84.9 +10.3 0.00
Female, n (%) 21 (60.0%) 166 (65.6%) 0.51
Weight (kg) 43+0.8 4.8+0.8 0.50
OD (min) 247.1 +£48.7 240.8 +49.0 0.45
10BT, n (%) 3 (8.6%) 19 (7.5%) 0.83
PROI (days) 3613 36+1.2 0.80
Conversion rate, n (%) 1 (2.9%) 21 (8.3%) 0.26
APOC, n (%) 2 (5.7%) 26 (10.3%) 0.39
Follow-up time (mon)  65.2 + 35.7 62.6 +31.0 0.83
CJ, n (%) 32 (91.4%) 185 (73.1%) 0.02
Cholangitis rate, n (%) 10 (28.6%) 149 (58.9%) 0.00

CBA cystic biliary atresia, BA biliary atresia, OD operative duration,
IOBT intraoperative blood transfusion, PROI postoperative resump-
tion of oral intake, APOC any postoperative complication, CJ clear-
ance of jaundice
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Comparison of patient data between types | and llid
CBA

35 patients with CBA were further divided into those with
type I (n=27) and those with type IIId (n=28). Table 2
shows the perioperative parameters and follow-up data of all
patients with CBA in the type I and type IIId groups. There
were no differences in the mean age, sex ratio (female/male),
weight, cyst diameter, occurrence of atretic gallbladder,
antenatal examination, OD, PROI, degree of liver fibrosis,
occurrence of IOBT, conversion, APOCs, or follow-up time
between the type I and type IIId groups (P >0.05). Among
the 27 patients with type I, the bile duct appeared cloudy
(Fig. 2a) in 6, treelike (Fig. 2b) in 8, and mixed (Fig. 2c)
in 13. Among the 8 patients with type IIId, the isolated and
static films of the hilar cysts were observed without any con-
trast agent tracing in the liver or duodenum (Fig. 2d).

The cholangitis rate was 22.2% in the type I group and
50.0% in the type IIId group, but this difference was not
significant. The rate of CJ was significantly better in the type
I group than in the type IIId group (P <0.05). The 5-year
SNL rate was significantly better in the type I group than the
in the IIId group (81.5% vs. 37.5%, respectively; P <0.01)
(Fig. 3).

Discussion

CBA is an uncommon variant of BA, which has been classi-
fied by the Japanese Biliary Atresia Society as type I or type
IMId [1, 3-7]. Type I CBA is further classified into two proxi-
mal subtypes, subtype a, characterized by a patent hepatic
duct with a diameter > 1 mm; and subtype f, characterized
by a hepatic duct diameter < 1 mm [8]. Although the inci-
dence of CBA is low, the widespread use of ultrasonography
has resulted in an increase in the prenatal diagnosis of CBA,
with more than 40% of CBA cases now detected on sonog-
raphy before birth [9], most of which are type I [10]. In the
present series, we identified 35 cases (12.2%; male/female,
14:21) of CBA among 288 nonsyndromic BA patients.
Notably, the mean age of CBA patients at surgery is
significantly younger than that of otherwise comparable
infants with noncystic and nonsyndromic BA, regard-
less of whether the abnormalities were detected antena-
tally [11, 12]. In the present study, the mean age of CBA
patients at surgery was 66.4 days, which was signifi-
cantly younger than that of the type III nonsyndromic BA
patients (P <0.01). However, our patients were older than
those reported by Hasegawa (mean 46 days; 14—147 days)
[10]. The reason for this discrepancy may be that some
of our CBA patients were misdiagnosed with a congeni-
tal choledochal cyst (CC) before referral, which delayed
treatment. Similar to other variants of BA, earlier surgical
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Fig. 1 Kaplan—Meier analysis . . . . . 5
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intervention for CBA results in a better outcome as deter-
mined by CJ and SNL [13]. Any delay in portoenterostomy
or hepaticoenterostomy for CBA beyond 70 days of age is
associated with a poor long-term SNL rate [14].

CBA and CC are two entities with dramatically different
management approaches and prognoses [15]. However, the
similarities between these conditions and their complexi-
ties in young infants make preoperative misdiagnosis com-
mon. Sonography is very helpful for the preoperative dif-
ferential diagnosis of CBA and CC. The ultrasonography
findings of gallbladder abnormalities; namely, the triangu-
lar cord sign and dilatation of the hepatic artery are use-
ful in identifying CBA. However, other ultrasonography
findings are also useful in discerning CC, such as intrahe-
patic bile duct dilatation, a normal gallbladder, and cystic
sludge. Some studies found that the hilar cysts in fetuses
and neonates differed between those with CBA and those
with CC [4, 9, 16, 17]. Small cysts in the hepatic hilum
are highly suspicious for CBA, but there are exceptions to
the rules, and it is difficult to draw a clear line between
a large cyst and a small cyst. The definitive diagnosis of
CBA is confirmed only by intraoperative cholangiography
and pathological specimen analysis.

The optimal surgical procedure for CBA remains contro-
versial. Lilly et al. [5] recommended Kasai portoenterostomy
instead of hepaticoenterostomy for patients with the cor-
rectable type of CBA. Other studies also found that hepatic
portoenterostomy was effective after unsuccessful hepatico-
jejunostomy for CBA [13, 18, 19]. In contrast, some inves-
tigators [20] reported excellent long-term outcomes after
hepaticojejunostomy for CBA. Nio [8] used hepaticoen-
terostomy only in patients with subtype a without stenotic
segments in the extrahepatic ducts; however, it is difficult to
determine the exact diameter of the common hepatic duct
during surgery for CBA, even after cholangiography. The
common hepatic duct may be extremely narrow in type I
CBA, which is easily misdiagnosed as type IIId CBA. There-
fore, we perform LKPE for all CBA patients at our hospital,
regardless of CBA type.

The treatment of BA via laparoscopy is controversial.
An argument against laparoscopy is the difficulty in over-
coming the learning curve of the technique due to the rar-
ity of its application in the treatment of BA [21, 22]. Poor
portal exposure may also lead to inferior results after lapa-
roscopic Kasai surgery. However, we think that the LKPE
procedure is feasible and safe based on more than 10 years
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Table 2 Demographic data of the cystic biliary atresia patients

Type,n =27 Typellld,n=8 P

Age (days) 679 +£35.6 61.1 +29.4 0.50
Female, n (%) 14 (51.9%) 7 (87.5%) 0.07
Weight (kg) 43+0.7 41+£1.0 0.29
Cyst diameter (cm) 22+1.5 28+ 1.2 0.42
Atretic gallbladder, n (%) 24 (88.9%) 7 (87.5%) 0.91
Antenatal examination, n (%) 15 (55.6%) 2 (25%) 0.13
Liver fibrosis
F1 7 (25.9%) 1 (12.5%) 0.43
F2 4 (14.8%) 3(37.5%) 0.16
F3 13 (48.1%) 3(37.5%) 0.60
F4 3(11.1%) 1 (12.5%) 0.91
OD (min) 2459 +414 2413 +49.2 0.81
10BT, n (%) 1(3.7%) 2 (25.0%) 0.40
PROI (days) 36+14 35+09 0.42
Conversion rate, n (%) 0(0.0%) 1 (12.5%) 0.06
APOC, n (%) 2(7.4) 0(0.0%) 0.43
Follow-up time (mon) 72.0 £ 354 42.1 £27.3 0.25
Cl, n (%) 25 (92.6%) 5(62.5%) 0.03
Cholangitis rate, n (%) 6(22.2)% 4 (50.0%) 0.13

CBA cystic biliary atresia, OD operative duration, /OBT intraopera-
tive blood transfusion, PROI postoperative resumption of oral intake,
APOC any postoperative complication, CJ clearance of jaundice, SNL
survival with the native liver

of experience with the laparoscopic treatment of various
types of BA at our hospital. Avoiding large muscle inci-
sions results in quicker recovery after surgery and a shorter
hospital stay. The 3-year and 5-year SNL rates after LKPE
were comparable or better than those after open Kasai por-
toenterostomy [2, 23, 24]. A recent meta-analysis provided
further evidence of LKPE as a feasible option for patients
with BA [25]. As a subtype of BA, CBA is more suitable for
laparoscopic resection than other variants of BA, although
only a few reports of laparoscopic surgical treatment for
CBA have been published [13].

@ Springer

There is no definitive explanation of the mechanism of
type IIId CBA. Previous studies have found that type I1Id
CBA patients had a connection between the common hepatic
duct and the cystic lesion during the perinatal period. Com-
plete obstruction of the common hepatic duct was thought
to occur after birth and result in the formation of type IIId
CBA [26]. Type I and IIId CBA may be in the same category
of the BA classification, but further data are needed before
any definitive conclusions about the possible mechanism
can be made. Comparisons of the cyst diameter, detection
on prenatal ultrasonographic examination, occurrence of
atretic gallbladder, and degree of hepatic fibrosis showed
no significant differences between the type I and type I11d
groups in our study. However, the morphological images
on cholangiography and the postoperative results differed
between patients with type I and those with type IIId cysts.
We observed significantly better CJ in the type I group than
in the type IIId group. Moreover, the 5-year SNL rate in the
type I group was 81.5%, which was significantly better than
that in the type IIId group in our study. This is comparable
to the 5-year SNL rate of 83.0% in type I CBA patients after
laparoscopic cystojejunostomy reported by Faure et al. [27].

The present study has several limitations. First, it was a
retrospective study without long-term follow-up. Second,
the number of patients in both CBA subtype groups was
insufficient for comparisons with nonsyndromic type III BA
patients. Third, the advantages of LKPE for CBA were not
fully demonstrated because there was not a control group of
patients treated with open Kasai portoenterostomy for CBA.
We must continue accumulating CBA cases and extend the
follow-up time to obtain more convincing results.

In conclusion, CBA is a rare subtype of BA, which is
classified into types I and IIId. Our study demonstrated that
LKPE for CBA was feasible and safe with a better 5-year
SNL rate than LKPE for nonsyndromic type III BA. Com-
parisons of demographic perioperative data between the type
I and type I1Id CBA groups showed no significant differ-
ences; however, the 5-year SNL rate was much better after
LKPE for type I CBA than for type IIId CBA.
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Fig.2 Cholangiographic find-
ings in patients with cystic
biliary atresia (CBA). a Cloudy
bile duct on cholangiography

in type I CBA. b Treelike bile
duct on cholangiography in type
I CBA. ¢ Mixed bile duct on
cholangiography in type I CBA.
d Isolated and static image of
the hilar cyst without any con-
trast agent tracing in the liver or
duodenum on cholangiography
in type 1IId CBA
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Fig.3 Kaplan—Meier analysis
shows that the rate of survival
with the native liver (SNL)
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