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Biliary atresia is an aggressive liver disease of infancy and can cause death without timely surgical intervention. Early

diagnosis of biliary atresia is critical to the recovery of bile drainage and long-term transplant-free survival. Ultrasound is

recommended as the initial imaging strategy for the diagnosis of biliary atresia. Numerous ultrasound features have been

proved helpful for the diagnosis of biliary atresia. In recent years, with the help of new technologies such as elastography

ultrasound, contrast-enhanced ultrasound and artificial intelligence, the diagnostic performance of ultrasound has been

significantly improved.
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1. Introduction

Biliary atresia (BA) is a severe obliterative fibrosing cholangiopathy of infancy, with a worldwide prevalence ranging from 1

in 5000 to 19,000 livebirths . If left untreated, BA can lead to progressive liver cirrhosis, and finally result in death

from hepatic failure by age 2 years . Kasai portoenterostomy (KPE) is the primary treatment to restore bile flow for

patients with BA. The prognosis of KPE for patients less than 60 days is significantly better than that for those more than

60 days . Liver transplantation is consequently performed if KPE fails to restore bile flow or other severe liver-related

events occur. Thus, early diagnosis of BA is extremely critical, as early surgical intervention is required to achieve long-

term transplant-free survival.

2. Conventional Ultrasound

Conventional US is comprised of grey scale US and color Doppler US. With the help of constantly updated US equipment,

the US features can be observed clearly better than ever before. High-frequency ultrasound (>10 MHz) is suggested for

grey scale US and color Doppler to achieve the best spatial resolution. Numerous US features, especially the combination

of gallbladder abnormalities and the triangular cord (TC) sign , have been proved helpful for diagnosing BA. Either of the

two is positive, the infant should receive surgical exploration or cholangiography for the exclusion of BA.

2.1. Gallbladder Abnormalities

Gallbladder abnormality is the earliest and most widely used US feature for diagnosing BA, usually with both sensitivity

and specificity more than 90% . On US, a normal gallbladder is displayed with a complete and smooth hyperechoic

mucosal lining, regardless of whether the gallbladder lumen is completely filled or not. Due to congenital dysplasia of the

gallbladder, the size or the morphology of the gallbladder of infant with BA is usually abnormal. The definitions of

gallbladder abnormalities have varied among different studies . The length of the gallbladder, the integrity of

the mucosal lining, and the degree of contraction of the gallbladder after feeding had all been reported to identify BA 

.

Combining the experience of our center and the results of previous studies, a gallbladder classification scheme was

proposed in 2015 for the diagnosis of BA , including four types of gallbladders: Type I, dysplastic gallbladder, in which

the gallbladder was not detected; Type II, unfilled gallbladder, in which a gallbladder was detected with incompletely filled

lumen and with smooth and complete hyperechogenic mucosal lining (Figure 1a); Type III, small gallbladder, in which a

gallbladder was detected with a fully filled lumen and the length of the lumen <1.5 cm (Figure 1b); Type IV, in which a

gallbladder was detected with a fully filled lumen and the length of the lumen more than 1.5 cm (Figure 1c,d). For type IV,

the maximum length and width of the gallbladder were measured from inner wall to inner wall (Figure 1d), and the length-

to-width ratio was calculated. In particular, when measuring the length of the gallbladder, it is necessary to perform a

segmental measurement according to the meandering of the gallbladder. An abnormal gallbladder was defined as type I,

type III, and type IV with length-to-width ratios of >5.2 (Figure 1c), and used to predict BA. A normal gallbladder was
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defined as type II and type IV gallbladders with length-to-width ratios of ≤5.2 (Figure 1d), and used to predict non-BA.

This classification scheme yielded a sensitivity of 86.8% and a specificity of 90.3% .

Figure 1. Different types of gallbladders detected by conventional ultrasound. (a) Type II gallbladder in non-BA. (b) Type

III gallbladder in BA. (c) Type IV gallbladder with length-to-width ratios of >5.2 in BA. (d) Type IV gallbladder with length-

to-width ratios of ≤5.2 in non-BA. The maximum lumen length and width should be measured from inner wall to inner wall.

2.2. Triangular Cord Sign

The TC thickness is very sensitive in the identification of BA . It was firstly defined as the triangular or tubular-

shaped echogenic density above the portal vein on a transverse or longitudinal image by Choi et al.  in 1996.

Subsequent studies had also proved that TC sign was a helpful indicator for diagnosing BA . However, the location

and the cut-off value of TC thickness in different studies varied. The most frequently used TC sign is defined as the

echogenic area >4 mm including hepatic artery (HA) (Figure 2a), located at the right portal vein on a longitudinal scan .

Patients with a thickness value less than 4 mm (Figure 2b) were deemed as without BA.
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Figure 2. The triangular cord thickness measured above the anterior branch of the right portal vein on a longitudinal

image. (a) The TC thickness >4.0mm including HA in BA. (b) The TC thickness <4.0 mm including HA in non-BA. (c) The

TC thickness >2.0 mm not including HA in BA. (d) The TC thickness <2.0 mm not including HA in non-BA. TC, triangular

cord; HA, hepatic artery; BA, biliary atresia.

2.3. Porta Hepatis Macro- or Microcyst

The presence of the porta hepatis macrocyst (Figure 3a) or microcyst (Figure 3b) is a specific sign for BA .

Macrocyst was defined as the cyst with a diameter >5 mm located in the hepatic pedicle , while microcyst was

defined as the cystv ≤5 mm in diameter in front of the right portal vein at the hepatic portal . Color Doppler can help

distinguish cysts from blood vessels. When the porta hepatis cyst is detected in infants with conjugated hyperbilirubinemia

on US scan, BA should be highly suspected. In addition, most of BA with microcyst is type III BA, while some of BA with

macrocyst is type I BA .

Figure 3. Porta hepatis macrocyst (a) and microcyst (b) in infants with biliary atresia.

2.4. Enlarged Hepatic Hilar Lymph Node (LN)

The presence of enlarged hepatic hilar LN, which was defined as the LN located at the porta hepatis and around the

hepatoduodenal ligament (Figure 4), is also useful for the diagnosis of BA . The optimal cutoff value was 6.0 mm for

the length of LN in the identification of BA, which yielded a sensitivity and specificity of 91.1% and 82.9%, respectively.

Combined hepatic hilar LN with gallbladder classification and TC thickness, the sensitivity could even reach 100%.

However, the value of hepatic hilar LN was tested in only a single institution. A validation in independent population by

other investigators is necessary.
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Figure 4. The presence of enlarged hepatic hilar lymph node (calipers) in infants with biliary atresia.

2.5. Other Helpful US Features

Several studies have shown that the diameter of HA in infants with BA (Figure 5a) is larger than that of non-BA (Figure
5b) . Woo et al.  proposed an optimal cutoff value of 1.5 mm for HA diameter in the diagnosis of BA,

which yielded a sensitivity of 92% and specificity of 87%. However, the mean diameter of HA between BA and non-BA

groups varies greatly in different studies . According to reports, the mean HA diameter of BA was between

2.1 mm to 2.5 mm, while the diameter of non-BA was between 1.5 mm to 1.9 mm . Obviously, 1.5 mm is not an

optimal cutoff value in the diagnosis of BA. Furthermore, the measurement of the diameter of HA is hard to standardize.

Due to the unsatisfactory consistency of diameter of HA in different studies, it is not yet a reliable diagnostic indicator in

predicting BA.

Figure 5. Hepatic artery measurement images of infants with (a) and without biliary atresia (b).

The presence of hepatic subcapsular flow (Figure 6) is a sign of hyperplastic and hypertrophic changes in branches of the

hepatic artery, with the sensitivity ranged from 96.3% to 100% and the specificity ranged from 86% to 96.7% in predicting

BA .
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Figure 6. The presence of hepatic subcapsular flow (arrows) in biliary atresia (a) and the absence of hepatic subcapsular

flow in non-biliary atresia (b).

3. Elastography

Elastography can be performed to quantify liver stiffness and fibrosis in infants with cholestasis  and to facilitate

the differential diagnosis of BA . With the development of elastography technology, various

types of elastography have been reported for the diagnosis of BA.

Transient elastography (TE) is another type of quantitative elastography technology used to diagnose BA. A cut-off value

of 7.7 kPa of TE yielded a sensitivity of 80% and specificity of 97% in infants younger than 90 days . For the infants

aged 91 to 180 days, a higher cutoff value of 8.8 kPa could yield higher diagnostic sensitivity (100%) and specificity

(100%) . However, the inability to choose different locations for the region of interest limits the clinical applicability of TE

 in children.

Supersonic shear wave elastography (SSWE) is a recently developed elastography system based on high frame-rate

shear wave technology. It is based on capturing shear wave speed propagation, which presents a map of the elasticity in

one area and allows stiffness quantitative analysis . In our previous study, the cutoff value of SSWE for

differentiating BA (Figure 7a) from non-BA (Figure 7b) was determined to be ≥10.2 kPa, with AUC 0.790, sensitivity

81.4% and specificity 66.7% .

Figure 7. Liver stiffness measurement images of biliary atresia (a) and non-biliary atresia (b).

4. US-Guided Percutaneous Cholecystocholangiography with
Microbubbles

For those infants with a persistent rise of direct bilirubin level but equivocal US results, US-guided percutaneous

cholecystocholangiography (PCC) may be used as another less invasive alternative to laparoscopic cholangiography if

their gallbladder is full . As previously reported, the diagnostic performance of US-guided PCC was better than

that of conventional US . Furthermore, it was helpful to be used for preoperatively differentiating subtypes of BA.

Infants should be fasted for more than 4 h and then conventional US should be performed before US-guided PCC to

ascertain the presence of a filled gallbladder that is potentially available for puncturing. Afterwards, general anesthesia is

induced and US-guided PCC is performed with a linear transducer. After percutaneous puncture through the anterior wall

of the gallbladder into the gallbladder lumen, the diluted microbubble contrast agent is injected via the puncture needle to
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allow observation of the distribution of the contrast agent in the biliary system. BA is excluded if the gallbladder, common

hepatic duct, common bile duct, and bowel are seen to fill with microbubble (Figure 8a). BA is confirmed if the common

hepatic duct is invisible (Figure 8b).

Figure 8. Image obtained at US-guided percutaneous cholecystocholangiography with microbubbles. (a) Gallbladder is

filled with contrast material (arrowhead) and contrast material flows into intrahepatic bile ducts (arrows) in an infant

without BA. (b) Contrast material flows along the puncture needle (yellow arrow) into the gallbladder (white arrowhead)

and then into bowel (white arrow) in an infant with BA. No contrast material flows into the intrahepatic bile duct.

5. Artificial Intelligence Based on US Gallbladder Images

AI may have the potential to revolutionize BA diagnosis from US images particularly in rural area without relevant

expertise.

Recently, an ensemble deep learning model from US gallbladder images has been developed, which adopted two types of

effective AI techniques called deep convolutional neural networks (CNNs) and ensemble learning . In this study, the

training cohort was randomly separated into five complementary subsets, four of which were used each time to train a

CNN, and the remaining subset was used for validation. Thus, five CNNs were trained with the training cohort and then

the output predictions of these CNNs were averaged to predict the diagnosis of each test image, resulting in an ensemble

deep learning model.

The ensemble deep learning model yielded a sensitivity 93.1% and specificity 93.9% on the external validation dataset,

superior to that of three human experts . With the help of the model, the performances of human experts with various

levels were improved. It proves that AI can provide a solution to help radiologists improve their diagnosis of BA,

particularly for the junior radiologists without relevant expertise.

It is worth trying that BA can be diagnosed through AI automatic detection and measurement of TC thickness, or through

AI to extract more features from elastography images, not just through a single liver stiffness measurement value.
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