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ABSTRACT

Purpose: Our aim was the longitudinal assessment of cyst size in fetuses with biliary cystic
malformation (BCM) to explore its etiology and the possibility of antenatal differentiation
between biliary atresia (BA) and congenital biliary dilatation (CBD).

Methods: We conducted a retrospective review of all patients diagnosed antenatally with
BCM from 1994 to 2014 at our institutions.

Results: The study cohort comprised of three patients with BA and six with CBD. There
were no significant differences in the gestational age and cyst size at the first detection of
BCM between the two groups. In fetuses with CBD, the cyst size steadily increased as the
gestational age advanced, while it fluctuated around 1.5 cm and remained below 2.1 cm

in those with BA. However, the ratio of cystic area to fetal trunk area was approximately
constant due to linear fetal growth in fetuses with CBD.

Conclusion: Fetuses with BCM <2.1 cm in the late gestation period were more likely to have
BA than CBD. Our observation of cyst enlargement with advancing gestational age in the CBD
group was attributed solely to fetal growth. Biliary dilatation in fetuses with CBD and BA
might be completed at the onset of BCM.

Keywords: Prenatal diagnosis; Biliary atresia; Biliary cystic malformations; Choledochal cyst;
Diagnostic imaging

INTRODUCTION

Congenital biliary dilatation (CBD) is now the preferred name for choledochal cysts [1]. Its
etiology remains unclear; however, it may be closely associated with the development of
pancreaticobiliary maljunction (PBM), which is observed in the majority of CBD cases [2].

Biliary atresia (BA) is a progressive fibro-obliterative cholangiopathy of unknown etiology
and is one of the most common indications for pediatric liver transplantation. BA represents
the final outcome of intra-uterine or perinatal injury to the bile ducts, leading to fibrous
obliteration of these structures and severe cholestatic liver disease in the neonatal period [3].
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Recent advances in fetal ultrasonography (US) have enabled the prenatal identification of
biliary cystic malformations (BCMs) including BA and CBD. Previous studies have suggested
the potential for differentiating BA from CBD on the basis of cyst size [4] and chronological
changes in the cyst size [5,6]. However, distinguishing between BA and CBD in fetuses with
BCM remains difficult, and no unequivocal US criteria have been established despite the
necessity of early parental counseling and early corrective surgery after birth. The aim of this
study was to assess the cyst size in fetuses with BCM so as to explore the etiology of BCM and
the possibility of antenatal differentiation between BA and CBD.

MATERIALS AND METHODS

We conducted a retrospective review of all patients diagnosed antenatally with BCM from
1994 to 2014 at our institutions. Data collected included the cyst size measured during serial
antenatal US examinations, perinatal characteristics, postnatal serum chemistry values, and
operative diagnosis. In addition to the cyst size, which was defined as the maximum cystic
diameter, the cyst and fetal trunk areas were measured directly by the US machine or were
calculated as the area of the approximate ellipse.

The statistical significance of differences was assessed by the Mann-Whitney U-test.
Significance was set at p<0.05.

This study was approved by the Institutional Review Board of Kansai Medical University
(H160519). Formal consent was not required for this type of study.

RESULTS

The study cohort comprised of three patients with BA (two with Type I cysts and one with
Type IIId cyst) and six patients with CBD (three with Todani type Ia cysts and three with
Todani type IV-A cysts) who were diagnosed antenatally with BCM during the study period at
our institutions. All patients were born at full term. Table 1 summarizes the statistical data
on the perinatal characteristics, gestational age, cyst size at the first detection by fetal US,
postnatal serum chemistry values, and operative findings in patients diagnosed antenatally
with BCM. None of the differences in the perinatal characteristics between the BA and CBD

Table 1. Perinatal characteristics, gestational age, cyst size at first detection by fetal ultrasonography, postnatal serum chemistry values, and operative findings
in patients diagnosed antenatally with biliary cystic malformations

Variable BA (3 cases) CBD (6 cases) p-value (Mann-Whitney U-test)
GA at birth (wk) 39.3 (39-40) 39.7 (37-41) 0.42
Body weight at birth (g) 92,745 (2,680-2,805) 3,100 (2,360-3,444) 0.17
GA at detection of BCM (wk) 927.7 (21-33) 24.8 (20-31) 0.43
Cyst size at detection (cm) 0.73 (0.14-1.05) 1.04 (0.35-2.4) 0.91
AST (U/L) 157 (32-281) 46.7 (16-157) 0.09
ALT (U/L) 96.7 (7-178) 18.8 (6-54) 0.20
GGTP (U/L) 341 (181-526) 654 (101-1,679) 0.71
T-Bil (mg/dL) 7.37 (6.7-8.1) 9.68 (0.5-15.3) 0.55
D-Bil (mg/dL) 4.47 (2.9-6) 0.63 (0-2.1) 0.02
Type (operative findings) Two Type | cysts and one Type Illd cyst Three Todani type la cysts and

three Todani type IVa cysts

Values are presented as mean (range).
BA: biliary atresia, CBD: congenital biliary dilatation, GA: gestational age, BCM: biliary cystic malformation, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, GGTP: gamma-glutamyl transpeptidase, T-Bil: total bilirubin, D-Bil: direct bilirubin.
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groups were statistically significant. Among postnatal serum chemistry parameters, there
was a significant intergroup difference only in the direct bilirubin level.

Fig. 1 shows the changes in the cyst size in the BA and CBD groups from 22 to 38 weeks of
gestation. In the CBD group, the mean cyst size steadily increased from 1.9 cm at the 22nd
week to 3.1 cm at the 38th week. Conversely, in the BA group, the mean cyst size fluctuated
around 1.5 cm and remained smaller than 2.1 cm throughout the period of measurement. The
gap in the mean cyst size between the CBD and BA groups widened over time, ranging from
0.4 cm at the 22nd week to 1.8 cm at the 38th week.

Fig. 2 shows the mean cyst areas in the BA and CBD groups assessed fortnightly from 22 to 38
weeks of gestation. In the CBD group, the mean cyst area increased almost steadily from 3.1
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Fig. 1. Antenatal cyst size from 22 to 38 weeks of gestation in patients with biliary cystic malformation. Mean cyst
sizes were calculated fortnightly from the measured and estimated cyst sizes in the CBD (black triangles) and

BA (black circles) groups. Data are shown as mean with standard deviation. CBD: congenital biliary dilatation,
BA: biliary atresia. The difference between the CBD and BA groups at each gestational age was not statistically
significant. Statistical analyses were performed using the Mann-Whitney U-test.
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Fig. 2. Antenatal cyst area from 22 to 38 weeks of gestation in patients with biliary cystic malformation. Mean
cyst areas were calculated fortnightly from the measured and estimated cyst areas in the CBD (black triangles)
and BA (black circles) groups. CBD: congenital biliary dilatation, BA: biliary atresia. Data are shown as mean with
standard deviation. The difference between the CBD and BA groups at each gestational age was not statistically
significant. Statistical analyses were performed using the Mann-Whitney U-test. The dotted line represents the
linear regression line between the mean cyst area and gestational age in CBD patients. The equation of the line
y=0.178x-1.301 (R=0.733).

https://doi.org/10.5223/pghn.2020.23.6.531 533


https://pghn.org

Cyst Size in Fetuses with BCM

Pediatric Gastroenterology, h n
Hepatology & Nutrition

https://pghn.org

cm? at the 22nd week to 5.9 cm? at the 38th week, while in the BA group, it fluctuated between
1 cm?and 2 cm? (similar to the mean cyst size in Fig. 1). Fig. 2 shows the linear trend of an
increase in cyst area with gestational age (dotted line) in the CBD patients.

Fig. 3 illustrates a scatterplot between the fetal trunk area and the gestational age in the

CBD group that indicates a linearly increasing trend in the fetal trunk area (y=3.538x-54.64;
R?=0.885). To neutralize this fetal growth and to estimate the true enlargement of the cyst

in the fetuses, the ratio of the cystic area to the fetal trunk area was calculated; Fig. 4 shows
the fortnightly-assessed means of these ratios in the BA and CBD groups from 22 to 38 weeks
of gestation. The ratios in both the BA and CBD groups were approximately constant and
exhibited a slightly declining trend, indicating that the cysts in fetuses with CBD and BA
might not enlarge independently and that the biliary dilatation in fetuses might be completed
at the onset of BCM.
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Fig. 3. Scatterplot between fetal trunk area in ultrasonography scans and gestational age in the congenital biliary
dilatation (CBD) group. The dotted line represents the linear regression line whose equation is y=3.538x-54.64
(R*=0.885).
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Fig. 4. Fortnightly-assessed means of the calculated cystic area-to-fetal trunk area ratios in the CBD (black
triangles) and BA (black circles) groups from 22 to 38 weeks of gestation.

CBD: congenital biliary dilatation, BA: biliary atresia. The dotted lines represent linear regressions lines whose
equations are: y=-0.002x+0.149 (R?=0.700) for CBD and y=-0.003x+0.129 (R?>=0.929) for BA.
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DISCUSSION

Inspired by recent advances in antenatal US, some researchers have suggested the potential
for differentiating between BA and CBD antenatally. In the first such paper in 1997, Matsubara
et al. [6] reported that while cyst enlargement may lead to a diagnosis of CBD, according

to a review of previously published case reports and their own experience with two cases,
enlargement does not occur in some patients with CBD or BA. Cassacia et al. [5] suggested
the US scan pattern, cyst size, and increase in cyst size as possible criteria for differentiating
between BA and CBD. They reported that anechoic small cysts are highly suggestive of BA,
echoic large or enlarging cysts are highly suggestive of “obstructed” CBD, and echoic small
and stable cysts are highly suggestive of “unobstructed” CBD. However, they did not identify
any particular size or rate of increase in size as diagnostic. In our experience, we found no
difference in echogenicity between the BA and CBD groups. The sonographic features of
“obstructed” CBD could be applicable for our six CBD cases (three with Todani type Ia cysts
and three with Todani type IV-A cysts).

In a study on ten patients with antenatally diagnosed BA and CBD (five each), Tanaka et al.
[4] reported that the cyst size was significantly larger in the CBD group as compared to in the
BA group after 35 gestational weeks, which is very similar to our findings. They also reported
that all patients with BCM smaller than 2.1 cm were diagnosed with BA, which is again
identical to our findings. Accordingly, a “cyst size of equal to or less than 2.1 cm” could be a
promising criterion for BA in a fetus with BCM after the 35th gestational week. This report
also suggested that after bile excretion was initiated in the 12th week of gestation, the cyst
size in the CBD group gradually increased, although the cyst size in the BA group remained
virtually the same throughout the prenatal period.

Chronological changes in the cyst size could be one of the most promising diagnostic criteria
for differentiating between BA and CBD, although some reports failed to demonstrate
statistically significant differences due to a small number of cases [7]. The idea on which
these studies were predicated was that changes in cyst size throughout gestation reflect

the amount of bile excreted by the liver and the patency of the bile duct [8]. Thus, poor

bile flow due to BA should be associated with a decrease in the cyst size, especially in

the later gestational period during which extrahepatic bile ducts are being obliterated by
inflammation and subsequent fibrosis. The timing of the decrease in cyst size may depend
on the onset and progression of BA. In contrast, because patients with CBD usually have a
good bile flow, their cysts are likely to enlarge. This “enlarging cyst” concept was convincing
enough to be widely accepted; however, our hypothesis might impugn its accuracy. In the
present study, we calculated the ratio of the cystic area to the fetal trunk area to neutralize
fetal growth, and estimated the true enlargement of the cyst in fetuses. We found that the
ratio tended to decline slightly over time in fetuses with CBD and BA, suggesting that biliary
dilatation in these fetuses is completed at the onset of BCM and would not progress much
subsequently. The difference in the cyst size between BA and CBD fetuses in later pregnancy,
as shown in this study, might be mainly due to a progressive fibro-obliterative process in the
extrahepatic bile ducts of fetuses with BA.

The reason and mechanism of biliary dilatation in CBD are still far from being fully
elucidated, although the pathogenesis of CBD is thought to be closely associated with the
development of PBM, an anomalous union of the pancreatic and biliary ducts located outside
the duodenal wall [2]. This association led to the well-known “Babbitt hypothesis”, which
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states that a continuous reflux of pancreatic juice into the common bile duct allowed by PBM
causes inflammation, and thus, weakens the ductal wall, resulting in biliary dilatation [9].
However, our finding that biliary dilatation in fetuses with CBD is completed at the onset

of BCM in early fetal life casts considerable doubt on the Babbitt hypothesis. The reason is
that the level of proteolytic enzyme activity in the fetal pancreatic tissue at around 22 weeks
of gestation is not sufficient for causing biliary dilatation during fetal maturation [10]. An
increase in pancreatic proteases appears after approximately one month of extrauterine life
[11]. Many studies on biliary dilatation without PBM also suggested that reflux of pancreatic
juice alone could not cause biliary dilatation [12]. Furthermore, some interesting studies have
demonstrated a fundamental inverse relationship between the resting bile duct pressure and
the level of biliary amylase, which in CBD, is substituted for other enzymes causing tissue
damage [13,14]. They also demonstrated that a high intraluminal pressure was associated
with more severe histopathological changes and morphology in CBD. These results suggest
that it is the intraluminal pressure rather than the refluxed pancreatic juice that induces
biliary dilatation.

There is another convincing theory based on fragile ductal wall with immature elastic

fibers (a congenital abnormality). The combined effect of this abnormality and an elevated
intraductal pressure might elicit biliary dilatation [15]. However a strong counterargument
against this theory is that the elastic fibers are also immature in normal children and there is
little possibility that abnormality of elastic fibers is involved in biliary dilatation [12].

Another possible explanation for biliary dilatation in CBD patients is the narrowing of the
distal bile duct and the subsequent increase in the intraluminal pressure in the dilating bile
duct. In our CBD cases, operative findings indicated that biliary dilatation was associated
with the presence of a narrow segment. The present study suggests that the extent of biliary
dilatation is determined during the early fetal period. Ando and colleagues [16,17] evaluated
the role of stenosis in biliary dilatation and derived an equation that indicated a strong
relationship between the maximum diameter of the common bile duct and the length of
the narrow segment, irrespective of the age. They postulated that obstruction in the narrow
segment distal to the dilated common bile duct during fetal life is responsible for biliary
dilatation. This equation and etiologic consideration strongly support the findings of our
study. Regrettably, we did not measure the length of the narrow segment during surgery.

In this study, we examined only the prenatal cyst size, and concluded that enlargement of the
cyst with advancing gestational age in the CBD group was attributed solely to fetal growth.
We consequently speculated that dilatation of the common bile duct, which was established
in the early fetal life, would not progress much further after birth. In reality, the ratio of cystic
area to fetal trunk area in fetuses with CBD was 0.08 at 38 weeks of gestation in our study and
increased to 0.15 by the first sonographic follow-up after birth. Among our six cases, the cyst
grew in size in three cases (two with a Todani type Ia cyst and one with a Todani type IV-A
cyst), and contrariwise, it decreased in size in the other three cases (one with a Todani type

Ia cyst and two with a Todani type IV-A cyst) between the 38th gestational week and the first
sonographic follow-up after birth. We inferred that the inflammatory reaction secondary to

a pancreatic juice reflux may have exacerbated the stenosis of the narrow segment in terms
of the diameter and/or length; hence, further dilatation occurred. To verify this hypothesis,
laboratory test values including inflammatory marker levels and liver function test results
after birth were reviewed, but no associations between the progression of biliary dilatation
and abnormal laboratory test values were found.
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Limitations of the present study include the small number of cases and its retrospective
nature. Single institutions, especially in Japan, have very few cases of antenatally diagnosed
BA and CBD. The Japanese Study Group on PBM recently published the “Diagnostic Criteria
for Congenital Biliary Dilatation 2015”, which we believe are the world's first published
criteria [1]. These criteria were established by employing a multicenter approach to overcome
the reality that single institutions in Japan experience very few cases. We anticipate that our
promising hypothesis will be further refined as additional data on antenatally diagnosed BA
and CBD accumulate through a nationwide multicenter study like that of the JSGPM.

In conclusion, our observation of increasing cyst size with advancing gestational age in the
CBD group might be attributed solely to fetal growth. Biliary dilatation in fetuses with CBD
and BA might be completed at the onset of BCM and not progress much further subsequently.
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