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Cholestasis results from reduced excretion of bile due to a number of 
disorders[1] and is defined as conjugated bilirubin more than 20% of 
the total bilirubin when the total bilirubin is 85 µmol/L or more, and 
17 µmol/L or more when the total bilirubin is 85 µmol/L or less. [2] 
It is good clinical practice to determine the conjugated fraction of 
bilirubin in any infant who remains jaundiced beyond the age of 
2 weeks[3,4] and ultrasonography is one of the first investigations that 
is performed.[2] Identification of a normal gall bladder on sonogram 
is highly predictive of the absence of biliary atresia.[5] Visualisation 
of the gall bladder may be operator dependent and is also influenced 
by the patient feeding or fasting, even though biliary atresia can 
be accurately diagnosed when performed by an experienced 
sonographer.[6] The presence or absence of the triangular cord sign 
(TCS) on ultrasonography of the gall bladder has been described 
to assist in the diagnosis of biliary atresia and is the visualisation of 
a triangular or tubular echogenic density cranial to the portal vein 
bifurcation on a transverse or longitudinal ultrasonograhic scan. [7] 
After finding a TCS, explorative laparotomy should be done to 
confirm biliary atresia, while patients in whom the TCS is absent 
should have hepatobiliary scintigraphy.[7]

Cholestasis can also be assessed by using serum biochemical 
markers such as liver function tests (total and conjugated bilirubin) 
and liver enzymes (alanine transaminase (ALT), aspartate 

transaminase (AST), alkaline phosphatase (ALP) and gamma 
glutamyl transferase (GGT)). The serum GGT is usually higher 
in biliary atresia than in other causes of neonatal cholestasis 
when correlated with age.[8] Liver biopsy shows extrahepatic biliary 
obstruction by varying degrees of portal tract fibrosis, oedema, 
ductular proliferation and cholestasis with appearance of bile plugs.[8] 
It has been described as the most accurate investigation (99 - 100%) 
in differentiating biliary atresia from other causes of cholestasis.[2,4]

Idiopathic neonatal hepatitis and biliary atresia are common and 
make up 70 - 80% of causes of cholestasis in term infants.[1,9,10] The 
incidence of biliary atresia ranges from 1 in 5 000 in Taiwan to 1 in 
17 000 - 19 000 live births in the UK and France.[8]

Biliary atresia is characterised by progressive obliterative 
cholangiopathy.[11] Therefore, it is crucial to diagnose biliary atresia 
for early surgical intervention[3] using the Kasai procedure, which 
is the resection of all the extrahepatic bile ducts and anastomosis 
of a jejunal en Y loop at the porta hepatis.[11] This procedure 
improves outcome and long-term survival of the infant’s native 
liver when performed between the ages of 45 and 60 days.[3,4] Liver 
transplantation is the only alternative therapeutic procedure[12] in 
those for whom the Kasai procedure is not feasible or has failed. 

In view of our clinical experience that many patients are only 
referred for evaluation of cholestasis after the finding of an absent 
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gall bladder on ultrasonography examination, 
we aimed to determine the accuracy of 
ultrasonography in the diagnosis of biliary 
atresia and to determine the differences in 
clinical, biochemical and histological findings 
in infants who presented with different forms 
of cholestasis. 

Methods
Data
A retrospective review of files of patients 
aged 0 - 12 months, who presented with 
cholestasis to the Paediatric Gastroentero-
logy and Hepatology Unit, Steve Biko 
Academic Hospital, Pretoria from January 
2008 to August 2014, was undertaken. 
Ethical approval (Protocol number: 33/2015) 
was obtained from the University of Pretoria 
Health Sciences Research Ethics Committee. 
Permission to review the hospital files was 
obtained from the Chief Executive Officer 
of the hospital. Out of 199 patient files 
reviewed, 150 patients were included in 
the study. Forty-nine patients had neither 
ultrasound of liver, liver biopsy nor both, or 
were above 1 year of age.

The following details were extracted 
from the files: gender, age at diagnosis, 
biochemical results of liver enzymes (ALT, 
AST, GGT, ALP) and liver function (total and 
conjugated bilirubin) at first presentation, 
ultrasonography reports and histological 
report of liver biopsies.

Patients aged 0 - 12 months who presented 
with cholestasis, and had either liver 
ultrasonography or liver biopsy or both, 
were included. Patients aged >12 months, 
or who did not have cholestasis, or who did 
not have an ultrasound or biopsy of the liver, 
were excluded. Biliary atresia was defined as 
the presence of extrahepatic obstruction on 
liver biopsy, based on bile duct proliferation, 
portal fibrosis and canalicular bile stasis.

We used liver histology findings even 
though this is an imperfect gold standard, 
because the majority of our patients were 
referred too late to be deemed operable for an 
intraoperative diagnosis during laparotomy. 
Only 12 of the 66 patients with histological 
evidence of extrahepatic obstruction had 
exploratory laparotomies, and none had 
cholangiograms. 

Hepatomegaly was defined as a liver 
that was palpable ≥2 cm below the right 
costal margin in the midclavicular line and 
splenomegaly was defined as any-sized 
spleen palpable below the left costal margin. 
The TCS was infrequently reported on, 
therefore we included patients with absence 
of a gall bladder on ultrasonography as 
possibly having biliary atresia.

The liver enzyme, total and conjugated 
bilirubin, and histology results of the liver 
biopsies and abdominal ultrasonography, 
were tabulated. 

Statistical methods
Continuous data were expressed as means 
with standard deviations (SDs) and categori-
cal data were summarised using frequencies 
and percentages. The independent t-test 
was used for comparison of normally 
distributed data; otherwise non-parametric 
alternatives were used. Performance of the 
diagnostic methods was evaluated using 
the area under the receiver-operating curve 
(ROC), known as the C-index. We used the 
kappa (κ) statistic to assess the proportion of 
observed-to-expected agreement between 
ultrasonography findings and liver enzymes 
with liver histology. Stata 13 (StataCorp, 
Texas, USA) was used for data analysis and 
p<0.05 was considered to be statistically 
significant.

Results
The liver histology findings were divided 
into three groups: group 1 consisted of those 
with the features of biliary atresia, group 2 
had the features of neonatal hepatitis due 
to sepsis or cytomegalovirus infection, and 
group 3 consisted of other diagnoses. The last 

group included intrahepatic paucity of bile 
ducts, Caroli disease, veno-occlusive disease, 
alpha-1 antitrypsin deficiency and steatosis. 
The distribution of clinical and serum 
biochemical findings across the groups is 
shown (Table 1). 

The overall mean (SD) age at diagnosis of 
the 150 patients was 3.7 (2.85) months, and 
differed significantly across the groups, with 
the biliary atresia group having the highest 
age of 4.7 (2.9) months (p<0.05) at diagnosis. 
There were 89 boys and 61 girls of different 
races, with no significant difference between 
the sexes in those with biliary atresia. 

There were significant differences in the 
proportions of patients with splenomegaly 
in the three groups, with more patients with 
biliary atresia presenting with splenomegaly 
compared with the other two groups. The 
GGT, AST and their ratio had different 
distributions across the groups, with GGT 
and the ratio to AST being higher in 
patients with biliary atresia (p<0.05). AST 
was significantly higher in the neonatal 
hepatitis group than in the other two groups 
(p<0.05). Of the biochemical features in the 

Table 1. Clinical, ultrasonography and biochemical parameters by cause of cholestasis
Biliary atresia 
(N=66, 44%)

Neonatal hepatitis 
(N=37, 24.7%)

Other diagnoses 
(N=47, 31.3%) p-value

Age (months),
mean (SD) 

4.7 (2.9) 2 (1.74) 3.6 (2.7) 0.000

Gender, n (%)

Male 32 (48.5) 26 (70.3) 31 (66.0) 0.052

Female 34 (51.5) 11 (29.7) 16 (34.0) 0.052

Hepatomegaly, n (%) 48 (72.0) 29 (80.6) 32 (68.1) 0.444

Splenomegaly, n (%) 44 (66.7) 14 (37.8) 30 (63.8) 0.018

GGT (IU/L)

Mean (SD) 604.5 (717.1) 197.1 (232.9) 408.3 (491) 0.0026

Median (IQR) 382.5 (139 - 714) 114 (85 - 212) 159 (68 - 688)

AST (IU/L)

Mean (SD) 277.8 (184.7) 428.6 (396.4) 269.9 (199.5) 0.0082

Median (IQR) 219 (142 - 374) 323 (181 - 478) 213 (140 - 326)

GGT/AST ratio

Mean (SD) 2.9 (3.7) 1.1 (1.8) 2.4 (3.93) 0.039

Median (IQR) 1.37 (0.53 - 3.58) 0.35 (0.18 - 1.13) 0.97 (0.3 - 3.2)

Total bilirubin (IU/L) 

Mean (SD) 219.6 (76.8) 231.3 (115.8) 241.9 (120.7) 0.5179

Median (IQR) 211.5 (160 - 261) 218 (160 - 274) 210 (151 - 319)

Conjugated bilirubin 
(IU/L) 

Mean (SD) 133.3 (55.5) 131.9 (79.9) 141.9 (76.7) 0.7569

Median (IQR) 125 (97 - 151) 109 (71 - 161.5) 115 (92 - 164)

Gall bladder visible on 
ultrasound, n (%)

20/66 (30.3) 37/37 (100) 46/47 (97.9) 0.000
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biliary atresia group, the C-indices of GGT (Fig. 1, Table 2), and of 
the GGT to AST ratio (Fig. 2, Table 2), were statistically significant 
because their 95% confidence intervals did not include 0.5.[13] 

The total and conjugated bilirubin were similarly raised across all 
groups.

The performance of the ultrasonography finding of an absent gall 
bladder in determining biliary atresia in infants with cholestasis is 
outlined (Table 3). The sensitivity of ultrasonography was 69.7%, 

specificity was 98.8%, and positive predictive value was 97.9%. Thus, 
in our series, ultrasonography was only able to identify biliary atresia 
in 69.7% of the 66 patients who had features of biliary atresia on 
histology. Of the 84 patients who did not have features of biliary 
atresia on histology, 98% had gall bladders on ultrasonography 
examination. The accuracy of the ultrasonography was therefore 
determined to be between 70 and 99%, and the agreement, measured 
by κ, was 0.71 (p<0.05). 

Discussion 
Of the 150 infants reviewed, 66 (44%) had biliary atresia (extrahepatic 
biliary obstruction on liver histology). Clinical, serum biochemistry 
and ultrasonography parameters were compared against liver 
histology results to assess their usefulness in the diagnosis of biliary 
atresia in infants with cholestasis. The mean age at diagnosis of biliary 
atresia was 4.7 (2.9) months and was higher than that of the other 
groups. Many patients with cholestasis were referred for further 
management of suspected biliary atresia after initial ultrasonography 
had indicated the presence of a gall bladder. In most of these patients, 
a diagnosis of biliary atresia was made. In our study, 30.3% of patients 
with extrahepatic biliary obstruction on histology were diagnosed 
as having gall bladders on ultrasonography examination. Many 
patients presented in advanced liver disease with liver dysfunction 
and portal hypertension, and the Kasai procedure would not have 
improved their outcome, which is improved if surgery is performed 
before the age of 8 weeks.[3] Other factors that may have contributed 
to the late presentation of patients with biliary atresia include failure 
of clinicians to realise the importance of persisting cholestasis and 
failure to detect jaundice clinically in dark-skinned babies.

There was no significant difference in the size of the liver among 
the groups and more than 70% of all patients had hepatomegaly. 
Splenomegaly was more frequent in those with biliary atresia due 
to the late presentation of patients, indicating portal hypertension. [8] 
One of the reasons fewer patients with neonatal hepatitis had 
splenomegaly may have been due to the shorter duration of the 
disease. One study showed hepatomegaly and splenomegaly in 
50% of cases of cholestasis in infants;[14] however, in our study, 
73% of infants with cholestasis had hepatomegaly while 59% had 
splenomegaly.

Park et al.[7] described the use of TCS in the diagnosis of 
biliary atresia, the finding of which was followed by mandatory 
explorative laparotomy. The features of TCS are a triangular 
or tubular shaped echogenic density cranial to the portal vein 
bifurcation on ultrasonography of the gall bladder.[7] In our study, 
this sign was reported on very infrequently, therefore we assessed 
the value of visualising the gall bladder in the diagnosis of biliary 
atresia. Ultrasonography had a sensitivity of 69.7%, a specificity 
of 98.8% and an accuracy of 86.0% in the diagnosis of biliary 
atresia. A total of 20 of the 103 patients who had gall bladders on 
ultrasonography had extrahepatic biliary obstruction on histology. 
Therefore, ultrasonography did not identify 30.3% of the 66 cases 
with biliary atresia. Ultrasonography was only able to exclude biliary 
atresia correctly in 80.5% of the 103 patients with a visible gall 
bladder (negative predictive value). These findings were marginally 
comparable to those of Park et al.,[7] who reported that the use of 
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Fig. 1. ROC with area under the curve (AUC) of liver enzymes. The C-index of 
GGT was 0.67 (95% CI 0.58 – 0.76) while the C-indices of AST, ALT and ALP 
with 95% CI were 0.47, 0.52 and 0.58, respectively.

Table 2. ROC curve and AUC data to determine diagnostic 
accuracy of biliary atresia using serum biochemical investigations

Obs, n Area SE 95% CI
ALP 149 0.585 0.047 0.492 - 0.678

GGT 149 0.671 0.045 0.582 - 0.759

ALT 149 0.521 0.048 0.428 - 0.615

AST 149 0.468 0.048 0.375 - 0.562

GGT to AST ratio 150 0.652 0.045 0.564 - 0.739
Obs = observations; SE = standard error.

Table 3. Ultrasonography performance in determining biliary 
atresia in infants with cholestasis (%)
Sensitivity 69.7

Specificity 98.8

Positive predictive value 97.9

Negative predictive value 80.5
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Fig. 2. GGT to AST ratios shown as ROC and AUC. Graph indicates the AUR 
and ROC of GGT/AST ratio performance in the diagnosis of biliary atresia. The 
C-index of the GGT/AST ratio was 0.65 (95% CI 0.56 – 0.73).
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ultrasonography in the diagnosis of biliary atresia using the TCS 
had a sensitivity, specificity and accuracy of 85%, 100% and 95%, 
respectively. Dehghani et al.[9] reported a sensitivity of 52% and 
specificity of 76.1% using ultrasonography in the diagnosis of biliary 
atresia. However, experience in performing ultrasonography is 
important.[6]

Serum GGT levels were significantly higher in infants with biliary 
atresia (median 382.5, IQR 139 - 714) than with neonatal hepatitis 
(median 114, IQR 85 - 212) or with other diagnoses (median 159, 
IQR 68 - 688), p<0.05. GGT is usually higher in biliary atresia than in 
other causes of neonatal cholestasis, especially when correlated with 
age.[8] The GGT levels in our series were similar to those reported by 
Tang et al.,[15] which were significantly higher in patients with biliary 
atresia than in neonatal hepatitis, and with a GGT/AST ratio >2 in 
55/68 infants with biliary atresia and 15/54 with neonatal hepatitis. 
In that study, a GGT level >300 IU/L had a sensitivity of 39.7% and 
a GGT/AST ratio >2 showed a high possibility of biliary atresia.[15] 
In our series, the GGT/AST ratio was significantly higher in those 
with biliary atresia (mean 2.9, SD 3.7) than in those with neonatal 
hepatitis (mean 1.1, SD 1.8)  and other diagnoses (mean 2.4, SD 3.9; 
p<0.05). AST, ALT and ALP levels were high in all groups, with AST 
significantly higher in those with neonatal hepatitis (Table 1). Even 
though the AST and ALT may only be marginally elevated in early 
cases of biliary atresia, these enzymes increase as progressive liver 
damage occurs, as seen in our patients who presented late. The causes 
of neonatal hepatitis in our series included sepsis, cytomegalovirus 
infection and idiopathic neonatal hepatitis. The total and conjugated 
bilirubin levels were high in all the groups and were not significantly 
different (p>0.05) between the three groups.

Conclusion
Ultrasonography has poor sensitivity but good specificity in screening 
for biliary atresia; however, other investigations are necessary to 
confirm the diagnosis. Many patients with biliary atresia were 
referred too late for surgical intervention. Therefore, all babies with 
cholestatic jaundice must be referred early for specialist evaluation 
and exclusion of biliary atresia.
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