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The prognosis of type III biliary atresia with a hilar
cyst on ultrasonography might not be better than
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Abstract
Background Biliary atresia (BA) with a hilar cyst is an uncommon variant of BA that may be
misunderstood to have a relatively favorable prognosis. Methods A single-center retrospective review of
patients that matched BA with a hilar cyst (n=27) with BA without a cyst (n=27) over a 5-years period was
done. All patients were diagnosed as type III BA by histologic examination and cholangiograms. Results
There were no signi�cant intergroup differences between baseline characteristics and outcomes after
Kasai portoenterostomy surgery in two groups. The Kaplan–Meier survival curves showed no signi�cant
difference in cumulative native liver survival rate of the two groups (p = 0.584). Of the 27 BA patients with
a hilar cyst, 8 were showed the cyst communicated with the gallbladder on cholangiograms, and Kaplan-
Meier survival curves indicated that the cumulative native liver survival rate was signi�cantly shorter
(P=0.045) in them than those who the cyst was not communicated with the gallbladder. Conclusions
Type III BA with a hilar cyst had no better prognosis compared with Type III BA without a cyst. A cyst
communicated with the gallbladder may be associated with a poor eventual outcome for Type III BA with
a hilar cyst.

Background
Biliary atresia (BA) is a destructive, in�ammatory, obliterative cholangiopathy that develops in 1/5,000 to
1/19,000 newborns [1]. BA affects varying lengths of both the extra and intrahepatic biliary tract and is
usually classi�ed, according to the most proximal level of obstruction, into 3 types. Type I BA is atresia of
the common bile duct (CBD), which is often cystic. Type II BA is atresia of the hepatic duct and can
contain visible patent ducts at porta. Type III BA (>90%) is atresia at the porta hepatis, and only
microscopic ductules can be detected [1; 2].

In 6% to 20% of BA cases [3-5], a cyst or cysts, which usually could be clearly visualized on Ultrasound
scan [6, 7], are presented at diagnosis in any part of the extrahepatic biliary tract. Some of these cases
belong to Type I BA, that is, so called cystic BA. Some other of these cases belongs to Type III BA.
Nevertheless, some researchers suggest that BA with a hilar cyst is a clinically distinct subtype
associated with projected improved outcomes [8, 9], while other researchers have not found this [10].

To clarify this issue, we retrospectively reviewed the characteristics of preoperative ultrasonography
(USG) �ndings and the prognosis of 27 BA patients who had a hilar cyst and accepted Kasai
portoenterostomy (KPE) surgery, and compared them with a matched pair control group of 27 BA patients
without a hilar cyst.

Methods
Study population

The First A�liated Hospital, Sun Yat-sen University, Guangzhou, China, has a large tertiary center of
pediatric hepatobiliary disease with referrals largely from the southeast of China. We retrospectively
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identi�ed all infants who was diagnosed as BA with a hilar cyst (group A) by USG during April 2012 to
June 2018. This study was approval from our institutional review board, and we obtained written
informed consent from the parents or guardians of the children.

The inclusion criteria for the study were 1) patients were identi�ed to have a cyst or cysts at porta on
preoperative USG; 2) the diagnosis of BA was con�rmed in all cases by histologic examination of
resected biliary remnants and cholangiograms; 3) all patients were treated by KPE; 4) the follow up period
was more than 6 months unless the patient death before 6 months.

As all patients in group A were diagnosed as type III BA by histologic examination of resected biliary
remnants and cholangiograms �nally, a group of infants with isolated type III BA without cyst (group B)
was used for comparison. All group B patients were also treated by KPE during the same period and had
no cysts at porta on preoperative USG. The control patients of group B were matched in a 1:1 fashion
based on gender and age. And the gender of group B patients was totally the same with group A, while
the difference of age at diagnosis between matched-pair patients in group B and patients in group A was
no more than 4 days.

The exclusion criteria for the study were 1) the pathological result was unclear; 2) patients had not
undergone KPE; 3) patients had not undergone USG within one month before KPE; 4) patients had
extrahepatic anomalies.

Ultrasonography technique and imaging analysis

Ultrasound examinations were all performed by one experienced pediatric radiologist (ZLY, 9 years of
experience in hepatobiliary imaging). For the purposes of the study, images and reports were
retrospectively reviewed.

All examinations were performed after 2-6 hours of fasting. B-mode ultrasound and color Doppler were
used with an AixPlorer scanner (Supersonic Imagine, Paris, France) incorporating a linear-array
transducer (SL15-4) and a curved-array transducer (SC6-1). We recoded information about USG, such as
the number of cysts, diameter of the biggest cyst, and whether the cyst was communicated with the
gallbladder. When an anechoic tube was found between the cyst and the gallbladder on USG, it was
recorded as the cyst communicated with the gallbladder. When no tube was found between the cyst and
the gallbladder on USG, it was recorded as the cyst not communicated with the gallbladder. For patients
with large gallbladder (longer than 1.5 cm, n =16), whether the cyst communicated with the gallbladder
was con�rmed by intraoperative cholangiography. For patients with small gallbladder (shorter than 1.5
cm, n = 6) and absence of gallbladder on USG (n = 5), whether the cyst communicated with the
gallbladder wasn’t con�rmed by intraoperative cholangiography, because it is generally impossible to
perform intraoperative cholangiography in these patients. In addition, two patients with cyst
communicated with the gallbladder were con�rmed by the percutaneous ultrasound-guided
cholecystocholangiography with microbubbles, a mature technology in our center [11].
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Figure 1 shows a 9-day-old female with a 28 mm × 16 mm porta cyst that was communicated with the
gallbladder from a small tube (approximately 2 mm diameter) (Fig. 1a). And the result was con�rmed by
the percutaneous ultrasound-guided cholecystocholangiography with microbubbles (Fig. 1b).

Figure 2 shows a 30-day-old male with a 7.0 mm ×5.0 mm porta cyst that was not communicated with
the gallbladder.

Liver stiffness measurement was performed by real-time shear-wave elastography (SWE). The infants
were kept quiet by feeding while liver stiffness measurements were taken. Segment V or VI was selected
as the target area for measurement. All SWE examinations were performed by a single sonographer
(L.Y.Z., 3 years of experience with elastography) with an epigastric transducer position. The transducer
was kept perpendicular to the skin, and no pressure was given during the SWE examination. SWE was
performed in dual mode (i.e., elastograms displayed alongside gray-scale sonograms in real time). We
have detailed our SWE examination protocol previously [12]. The average values of the three readings in
each infant were used for subsequent statistical analyses.

Data collection

Follow-up continued until liver transplant, death, withdrawal from the study, or January 1, 2019. The
postoperative course in terms of bile �ow, achievement of a jaundice-free state and postoperative
cholangitis in each group was studied. Jaundice free was de�ned as a total serum bilirubin of <2.0 mg/dl
at 6 months following surgery [13].

Statistical parameters obtained from our hospital included age at diagnosis, sex, and laboratory values,
including conjugated hyperbilirubinemia, serum gamma-glutamyltransferase and serum cholesterol.

Statistical analysis

Descriptive data are summarized as the mean ± standard deviation (SD) for continuous variables and as
percentages for categorical variables. Statistical analysis was performed using the chi-squared test or
Student’s t test, as appropriate. The differences in survival with native liver among groups were analyzed
by the Kaplan–Meier Method with endpoints of death or liver transplantation and compared by using the
log-rank test. A probability (P) value of < 0.05 was considered statistically signi�cant. Data were analyzed
with SPSS, version 14 for Windows (SPSS, Inc., Chicago, IL).

Results
Of 326 infants with BA, 30 (9.2%) had BA with a cyst, including 14 males. Three patients (1 male and 2
females) in 30 were lost to follow-up 3 months after KPE. At last, there were 27 patients in each group,
with 13 males and 14 females. The mean patient age at diagnosis was 54.3 ± 19.8 days (range 9–96
days).
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Comparisons of patient characteristics and outcomes between BA patients with hilar cyst and BA
patients without a hilar cyst

After matching, there were no signi�cant differences between group A and group B in age, sex, laboratory
values [total bilirubin (TB), direct bilirubin (DB), isolated bilirubin (IB), alanine transaminase (ALT), and
aspartate transaminase (AST)], follow-up period or the interval between diagnosis and surgery (days)
(Table 1). Bile �ow appeared in 23/27 (85.2%) of the group A and 25/27 (92.6%) of group B (p = 0.39). A
jaundice-free state was achieved in 15/27 (55.6%) and 17/27 (63.0%) patients in group A and group B,
respectively (p = 0.58). The postoperative cholangitis rate was similar in two groups: 11/27 (40.78%) v.s.
7/27 (24.8%), p = 0.25 Transplant rate was also similar: 9/27 (33.3%) and 12/27 (44.4%) in group A and
group B, respectively (p = 0.40). The mean time from surgery until transplant was 7.7 ± 1.9 months (range
5–11 months) in group A and 10.6±4.6 months (range 4–20 months) in group B (p = 0.09). The Kaplan–
Meier native liver survival curves (Fig. 3) showed no signi�cant difference in cumulative native liver
survival rate between two groups (p = 0.58).

USG �ndings of BA patients with hilar cyst

The mean diameter of the cyst, assessed at preoperative ultrasound, was 7.1 ± 5.0 mm (range 3.0-28.0
mm). There was one patient with multiple cysts, and the other 26 were solitary. There were eight patients
with a solitary cyst communicated with the gallbladder. The other 19 patients’ cysts were not
communicated with the gallbladder. The SWE value at the time of diagnosis was 12.8±3.7 kPa in the
group A and 13.9±6.4 kPa in the group B (p = 0.47). There were no signi�cant differences between group
A and group B in all USG �ndings, including absence of gallbladder rate, length and width of gallbladder,
portal vein diameter, diameters of the proximal right hepatic artery, oblique diameter of the right liver lobe,
rough echo of liver parenchyma rate, and spleen diameter.

Comparisons of patient characteristics, outcomes and USG �ndings between  patients with the cyst
communicated with the gallbladder and patients with hilar cyst not communicated with the gallbladder

The eight patientswith the cyst communicated with the gallbladder (group C) were compared to the other
nineteen patients with the cyst not-communicated with the gallbladder (group D) (Table 2). There were no
signi�cant differences between the two groups in baseline characteristics at KPE surgery. After KPE
surgery, a jaundice-free state was achieved in 2/8 (25.0%) and 13/19 (68.4%) patients in group C and
group D, respectively (p = 0.04). And the post-operative death rate was signi�cant higher in the group C
than in the group D (4/8 (50.0%) v.s. 1/19 (5.3%), p = 0.01). The other outcomes were similar in group C
and group D. The Kaplan–Meier native liver survival curves (Fig. 4) showed better cumulative native liver
survival rate in the group D patients (p = 0.045).

There were no signi�cant differences between group C and group D in USG characteristics, apart from
length of gallbladder (32.3±8.7 mm in group C v.s. 19.0±12.1 mm in group D, p =0.01), and spleen
diameter (54.5±9.4 mm in group C v.s. 63.8±9.2 mm in group D, p =0.03).
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Discussion
This matched-pair, retrospective cohort study revealed that the outcome of type III BA with hilar cyst
revealed on USG was no better than isolated type III BA without cyst. Our results further indicated that in
type III BA with a hilar cyst, the outcomes of KPE might be worse when the hilar cyst was found to have a
communication with the gallbladder. This �nding was very important because it reminded that the
pediatric surgeons should take type III BA patients that had hilar cyst as careful as those who had not,
especially when the hilar cyst was communicated with the gallbladder.

The incidence of extrahepatic cysts in BA ranges from 6% to 20% [3-5], which is in accordance with the
current study (30/326, 9.2%). Several studies [5; 14; 15] had mentioned that BA with hilar cyst was a
clinically distinct subtype associated with better prognosis, which was different from our study. The
difference might be caused by the diversity of population composition. In their studies, there included
many patients with cystic BA (Type I), which was widely considered as correctable BA with favorable
outcomes. In Caponcelli et al.’s study [8], 41% of cystic BA infants were diagnosed by antenatal
ultrasonography and, particularly, with early surgery. They found that age at KPE markedly affected
outcome, which may be another true reason for the better prognosis in patients with cystic BA.

In our study, all BA patients with cyst were diagnosed as type III BA by histologic examination of resected
biliary remnants and cholangiograms. And we compared their outcomes with a matched pair control
group of isolated type III BA patients without cyst. After matching, the baseline characteristics at KPE
surgery, including age, gender and liver function, were similar between two groups. Thus, it was
reasonable that our study showed the prognosis of BA with hilar cyst was not better than that without. 
Some other researchers [9; 10] reported similar outcomes, especially in type III BA.

The current study showed that outcomes after KPE surgery, such as bile �ow rate, jaundice-free state rate,
postoperative cholangitis rate, transplant rate, post-operative death rate, and time from surgery until
transplant, were not signi�cantly different between patients with hilar cyst and patients without hilar cyst.
Kaplan-Meier survival curves indicated that the overall survival time with a native liver after KPE between
two groups was also not signi�cantly different. SWE value, which is widely used to measure liver
stiffness and has the possibility for predicting native liver survival after KPE surgery in patients with
isolated BA [11, 16, 17], was also similar between two groups. And our analyses revealed that most USG
characteristics were similar between two groups. It suggested that similar pathological changes might
exist on the two groups, which may be the underlying cause of no better prognosis in BA patients with
hilar cyst.

As Kaplan-Meier survival curves indicated that the overall survival time with a native liver after KPE was
signi�cantly longer in BA patients with the cyst not-communicated with the gallbladder than BA patients
with the cyst communicated with the gallbladder in our study, we then compared their clinical
characteristics. We found out that most USG characteristics about liver were similar between two groups,
and liver function before KPE was also similar. What’s more, the SWE value was also similar between two
groups. And all the above signs indicated that liver pathological changes were similar between two
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groups. We conjectured that a cyst communicated with the gallbladder on USG might be associated with
more severe malformation of the biliary system than a cyst not communicated with the gallbladder,
which might be one possible reason for the poorer outcome.

We admit several limitations to our study. First, the conclusions have been inadequately persuasive due
to the insu�cient number of cases and retrospective design of the study. Second, we did not further
classify the type III BA with hilar cyst, which might imply the real reason for different prognosis between
patients with a cyst communicated with the gallbladder on USG and patients with a cyst not
communicated with the gallbladder. What’s more, we did not correlate SWE results from pathological
�brosis grades. Despite those limitations, this remains the largest study of BA patients with hilar cyst.

Conclusions
In conclusion, type III BA with a hilar cyst had no better prognosis compared with Type III BA without a
cyst. In addition, for Type III BA with a hilar cyst, the cyst communicated with the gallbladder may be
associated with a poor eventual outcome.

Abbreviations
Biliary atresia, BA

Common bile duct, CBD

Ultrasonography, USG

Kasai portoenterostomy, KPE

Shearwave elastography, SWE

Standard deviation, SD

Probability, P

Total bilirubin, TB

Direct bilirubin, DB

Isolated bilirubin, IB

Alanine transaminase, ALT

Aspartate transaminase, AST
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  Group A

(n=27)

Group B (n=27) P value

Baseline characteristics at KPE surgery
Male (rate) 13 (48.1%) 13 (48.1%) 1.00

Age at surgery (days) 65.9±13.9 65.0±15.8 0.74

Age at diagnosis (days) 54.3±19.8 54.5±19.7 0.96

Diagnosis and surgical intervention (days) 11.6±9.4 10.6±11.1 0.49
TB (umol/L) 191.8±57.9 185.9±70.4 0.87
DB (umol/L) 115.3±29.6 113.1±44.7 0.83
IB (umol/L) 76.6±35.8 79.0±36.4 0.96
ALT (U/L) 150.0±84.6 139.2±66.4 0.86
AST (U/L) 224.1±84.3 241.7±160.6 0.41
SWE value KPa 12.8±3.7 13.9±6.4 0.59
Outcomes after KPE surgery
Follow-up period month 24.6±21.2 35.9±21.4 0.06
Bile flow (rate) 23 (85.2%) 25 (92.6%) 0.39
A jaundice free state (rate) 15 (55.6%) 17 (63.0%) 0.58
Post-operative cholangitis (rate) 11(40.7%) 7 (25.9%) 0.25
Transplant (rate) 9(33.3%) 12(44.4%) 0.40
Time from surgery until transplant (months) 7.7±1.9 10.6±4.6 0.11
Post-operative death (rate)

USG characteristics

Absence of gallbladder (rate)

Length of gallbladder (mm)

Width of gallbladder (mm)

TC sign negative (rate)

Portal vein diameter (mm)

Diameters of the proximal right hepatic artery (mm)

Oblique diameter of the right liver lobe (mm)

Rough echo of liver parenchyma (rate)

Spleen diameter (mm)

5 (18.5%)

 

5(18.5%)

24.3±13.74.4.6±4.1

0(0.00%)

4.1±0.8

2.0±0.4

75.1±6.8

6 (22.2%)

62.0±9.9

1 (3.7%)

 

4(14.8%)

16.9±7.5

4.0±1.7

5(18.5%)

4.2±0.5

2.0±0.5

73.6±8.4

5(18.5%)

61.4±8.0

0.08

 

0.72

0.11

0.59

0.051

0.85

0.90

0.40

0.74

0.82

Group A, BA patients with cyst; and Group B, BA patients without cyst. KPE, Kasai portoenterostomy; TB, total

bilirubin; DB, direct bilirubin; IB, isolated bilirubin; ALT, alanine transaminase; AST, aspartate transaminase;

SWE, shearwave elastography; USG, ultrasonography; TC, triangular cord.

 

Table 2. Comparisons between the cyst communicated with the gallbladder or not in BA with a hilar cyst

patients.
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  Group C (n=8) Group D (n=19) P value
Baseline characteristics at KPE surgery
Male (rate) 4/8 (50.0%) 9/19 (47.4%) 0.90

Age at surgery (days) 62.8±9.1 67.3±15.9 0.46

Age at diagnosis (days) 45.9±19.5 57.9±19.9 0.16

Diagnosis and surgical intervention (days) 16.9±11.7 9.4±7.8 0.06
TB (umol/L) 190.4±70.2 192.4±56.4 0.94
DB umol/L 113.4±33.9 116.0±29.7 0.85
IB umol/L 76.9±43.4 76.4±34.9 0.98
ALT (U/L) 151.3±101.7 149.4±82.9 0.96
AST(U/L) 228.1±41.3 222.5±78.6 0.89
SWE value (KPa) 13.3±4.3 12.6±3.6 0.68
Outcomes after KPE surgery
Bile flow (rate) 6/8 (75.0%) 17/19 (89.5%) 0.33
A jaundice free state (rate) 2/8 (25.0%) 13/19 (68.4%) 0.04
Post-operative cholangitis (rate) 1/8 (12.5%) 10/19 (52.6%) 0.053
Transplant (rate)

Post-operative death (rate)

2/8 (25.0%)

4/8 (50.0%)

7/19 (36.8%)

1/19 (5.3%)

0.55

0.01
USG characteristics
Cyst diameter (mm) 10.0±7.9 5.9±2.8 0.052
Multiple cysts (rate) 0/8 (0.0%) 1/19 (5.3%) 0.51
Absence of gallbladder (rate)

Length of gallbladder (mm)

Width of gallbladder (mm)

Portal vein diameter (mm)

Diameters of the proximal right hepatic artery (mm)

Oblique diameter of the right liver lobe (mm)

Rough echo of liver parenchyma (rate)

Spleen diameter (mm)

0/8 (0.0%)

32.3±8.7

4.7±2.7

4.5±0.9

2.0±0.5

74.3±9.1

1/8 (12.5%)

54.5±9.4

5/19 (26.3%)

19.0±12.1

4.4±4.3

3.9±0.6

2.0±0.4

75.1±5.9

5/19 (26.3%)

63.8±9.2

0.11

0.01

0.86

0.051

0.95

0.77

0.43

0.03

Group C, BA with a hilar cyst patients with the cyst communicated with the gallbladder; and Group D, BA with a

hilar cyst patients with the cyst not-communicated with the gallbladder. KPE, Kasai portoenterostomy; TB, total

bilirubin; DB, direct bilirubin; IB, isolated bilirubin; ALT, alanine transaminase; AST, aspartate transaminase;

SWE, shearwave elastography; USG, ultrasonography.
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Figure 1

USG of a 9 days-old female with hilar cyst (28mm×16mm), which is communicated with gallbladder. (a)
Gray-scale ultrasonography. (b) Contrast-enhanced ultrasonography obtained after injection of 5.0 mL of
contrast material in the hilar cyst by the percutaneous ultrasound-guided cholecystocholangiography.
Image obtained shows that hilar cyst, gallbladder and the communicating tube were all �lled with
contrast material. GB, gallbladder, CT, communicating tube, and HC, hilar cyst.
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Figure 2

USG of a 30 days-old male with hilar cyst (7.0mm×5.0cm), which is not communicated with gallbladder.
GB, gallbladder, and HC, hilar cyst.
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Figure 3

Kaplan–Meier native liver survival curves between group A and group B. There was no signi�cant
difference in cumulative native liver survival rate between group A and group B (p = 0.58, log-rank test).
Group A, BA patients with cyst; and Group B, BA patients without cyst.
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Figure 4

Kaplan–Meier native liver survival curves between group C and group D. The cumulative native liver
survival rate between group C and group D was stastically signi�cant (p = 0.045, log-rank test). Group C,
BA with a hilar cyst patients with the cyst communicated with the gallbladder; and Group D, BA with a
hilar cyst patients with the cyst not-communicated with the gallbladder.


