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Introduction
Early diagnosis of biliary atresia is very important for better outcome of treatment. Ultrasonography 
is one of the diagnostic tools for early differentiation of  biliary atresia from other causes of neonatal 
cholestasis. It has been reported that triangular cord sign  (TACS) in sonography is a reliable sign for 
diagnosis of biliary atresia. The aim of this study was to re-assess the accuracy of TACS alone and 
coupled with an abnormal gallbladder in the diagnosis of biliary atresia. 

Materials and Methods
Infants with prolonged cholestatic jaundice underwent ultrasonography and liver biopsy. Results 
of ultrasound scans (TASC and gallbladder abnormality) were compared with histopathological 
findings. Sensitivity, specificity, positive predictive value, negative predictive value and accuracy 
of Ultrasonographic findings for diagnosis of biliary atresia based on liver histopathology were 
studied. 

Results 
The sensitivity, specificity and accuracy of TACS for diagnosis of biliary atresia were 36%, 95% and 
77% respectively. Positive predictive value and negative predictive value was 77%. The sensitivity 
and specificity of gallbladder abnormality for diagnosis of biliary atresia were 36% and 88% 
respectively. Positive predictive value of TACS coupled with gallbladder abnormality for diagnosis 
of biliary atresia was 100%.  

Conclusion
The Ultrasonographic TACS is very specific for diagnosis of biliary atresia. Positive predictive 
value and accuracy of this sign is much higher than of gallbladder abnormality. The sensitivity of 
TACS for diagnosis of biliary atresia is very low. 
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Introduction
Biliary atresia is the end result of a destructive, 
idiopathic and inflammatory process that affects 
intra and extrahepatic bile ducts, leading to fibrosis 
and obliteration of the biliary tract and eventual 

development of biliary cirrhosis. At present, there 
is no specific therapy that effectively halts or 
reverses cholestasis and hepatic injury in children 
with biliary atresia. The only therapeutic choice to 
increase biliary flow and improve jaundice is the 
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hepatoportoenterostomy. Prior to the development 
of this surgical procedure, the mortality from biliary 
atresia was virtually 100%. The success of this 
surgical procedure is much higher if it is performed 
before 2 months of age, therefore early diagnosis of 
biliary atresia is very important for successful surgery 
and better outcome.1,2 Ultrasonography is one of the 
methods for diagnosis of biliary atresia and approach 
to any infant with cholestasis. Ultrasonographic 
triangular cord sign (TACS) is an echogenic tubular 
or triangular density, seen immediately cranial to the 
portal vein bifurcation in patients with biliary atresia. 
It has been reported that this sign is very useful in 
the diagnosis of biliary atresia.3,4 The aim of our 
study was to re-assess the accuracy of the triangular 
cord sign, alone and when coupled with abnormal 
gallbladder in the diagnosis of biliary atresia. 

Methods 
All infants (age ≤ 3mo) with prolonged cholestatic 
jaundice (direct bilirubin greater than 20% of total 
bilirubin for more than two weeks) that referred to the 
Children’s Hospital Medical Center in Tehran from 
January 2007 to February 2008 were included in this 
study. Each infant underwent ultrasound scan, done 
by one of the authors; focus was on the triangular 
cord sing and gallbladder length. The gallbladder 
was considered abnormal if its length was less than 
15 mm or if it could not be identified.  Infants had 
ultrasound scans after 4 hours of fasting. Infants 
with choledocal cysts were excluded from the study. 
Percutaneous liver biopsy was done in all of patients 
with local anesthesia except in patients that we 
could not perform this procedure for them because 
of clinical instability or uncorrectable coagulopathy 
and in infants in whom liver biopsy was not 
necessary because the main cause of cholestasis was 
identified by methods other than liver biopsy, (For 
example patients with cystic fibrosis, galactosemia 
or tyrosinemia). Infants in whom liver biopsy was 
not performed were excluded from the study. The 
diagnosis of biliary atresia was suggested by the 
presence of bile duct proliferation, portal fibrosis and 
canalicular bile stasis on histopathological evaluation 
of biopsy specimens.   
We compared the results of ultrasound scans 
(presence of TACS or gallbladder abnormality) with 
histopathological findings (presence or absence of 
findings compatible with biliary atresia) as the gold 
standard. Sensitivity, specificity, positive predictive 
value, negative predictive value and accuracy of 
ultrasonographic results compared with the gold 
standard were calculated. 

Results
We included 63 infants in our study and they 
underwent ultrasonography and liver biopsy. The 
ages of the infants ranged from 27 to 90 days (mean 
= 67.1, SD= 18.8). 
Ultrasonographic TACS was identified in 9 patients 
and diagnosis of biliary atresia was made based on 
histopathological findings in 7 of them. False positives 
were seen in two infants. (Table -1). The sensitivity, 
specificity and accuracy of TACS for diagnosis of 
biliary atresia were 36% (95% CI: 16%- 61%), 95% 
(95% CI: 84% -99%) and 77% respectively. Positive 
predictive value and negative predictive value were 
77% (95% CI: 39% -97%) and 77% (95% CI: 64% 
- 87%) respectively. Likelihood ratio of positive test 
was 8.1 (95% CI: 1. 85-35.48). 
Twelve patients had gallbladder abnormality on 
ultrasound scans in which 7 infants had evidences 
of biliary atresia  histopathologically (Table 2). The 
sensitivity, specificity, positive predictive value, 
negative predictive value and accuracy of gallbladder 
abnormality for diagnosis of biliary atresia based on 
liver biopsy were 36% (95% Cl: 16%-61%), 88% 
(95% Cl: 75%-96%), 58% (95% Cl: 27% - 84%), 
76% (95% Cl: 62% -87%) and 73% respectively. 
Likelihood ratio of positive test was 3.2 (95% Cl: 
1.17 – 8.93). 
We also compared ultrasonographic TACS together 
with gallbladder abnormality in ultrasound scans with 
evidence  of biliary atresia   histopathologically. Three 
patients showed TACS coupled with gallbladder 
abnormality on ultrasonography and in all of them 
the diagnosis of biliary atresia was made based on 
liver histopathology. (Table-3). The sensitivity, 
specificity and accuracy of this parameter (TACS 
+ gallbladder abnormality) for diagnosis of biliary 
atresia were 15% (95% Cl: 3% -39%), 100% and 
74% respectively. Positive predictive   and negative 
predictive values were 100% and 73% (95% Cl: 60% 
-83%) respectively.   
 
Discussion 
Early diagnosis of biliary atresia is very important 
for successful surgical treatment of patients. The 
success rate for establishing bile flow after surgery is 
much higher (90%) if this procedure is done before 
2 months of age.1,2,5 The advent of ultrasonography 
has revolutionized the approach to infants with 
cholestasis. This non– invasive, non– ionizing 
imaging modality serves as an important tool for early 
differentiation of biliary atresia from other causes of 
neonatal cholestasis. In infants with biliary atresia the 
gallbladder is usually small or absent on ultrasound 
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scans. Choi et al were the first to report a triangular 
or tubular echogenic density seen immediately 
cranial to the portal vein bifurcation (triangular 
cord sign, TACS) as a reliable sign for diagnosis 
of biliary atresia .3 Park et al showed that sensitivity, 
specificity and accuracy of TACS for diagnosis of 
biliary atresia were 98%, 83% and 93% respectively.6 
In another study performed by Kotb et al. sensitivity 
and specificity of this sign for diagnosis of biliary 
atresia was 100%.5 The sensitivity, specificity and 
accuracy of TACS for diagnosis of biliary atresia 
reported by others have varied from 80% -95.7%, 
73.9%-98% and 84.8% -95% respectively.4,7,8 In one 
study, Kanegawa et al. showed sensitivity, specificity, 
accuracy and positive predictive value of gallbladder 
abnormality for diagnosis of biliary atresia were 
95.7%, 73.9%, 84.8% and 78.6% respectively.9 One 
study showed that positive predictive value of TACS 
coupled with gallbladder abnormality for diagnosis 
of biliary atresia was 100%.6 
Comparison of our results with previous studies 
showed that specificity and positive predictive value 
of TACS and gallbladder abnormality for diagnosis 
of biliary atresia in this study were comparable with 
others but the sensitivity of above findings was much 
lower in our study. 
Low sensitivity of TACS in our study can be related 
to early stages of disease, because formation of 
fibrous tissue in hepatic portal, thereby detection of 
TACS partly depends on duration of disease. Other 
factors that influence the sensitivity of an ultrasound 
scan consist of cooperation of patient, experience of 
physician and resolution of the equipment, therefore 
sensitivity of an ultrasonographic finding can be very 
variable depending on above condition. 
This study similar to others showed that the accuracy 
of TACS coupled with gallbladder abnormality 
was greater than that of TACS alone and that of 
gallbladder abnormality alone. Positive predictive 
value of TACS together with gallbladder abnormality 
was 100% similar to  the study   performed by Park 
et al. 

Conclusion: 
The ultrasonographic TACS for diagnosis of biliary 
atresia is very specific. Specificity , positive predictive 
value and accuracy of this sign are much higher than 
those of gallbladder abnormality. In a patient with 
clinical and paraclinical findings compatible with 
biliary atresia detection of TACS especially if coupled 
with gallbladder abnormality can eliminate need for 
invasive liver biopsy and this patient can be directly 
referred for surgical intervention. Absence of TACS 

in ultrasound scan cannot rules out the diagnosis 
of biliary atresia because false negative results are 
relatively high, thereby sensitivity is very low  
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Table – 1: Comparison of ultrasonographic TACS with biliary atresia based on liver histopathology
Yes TACS

No

Biliary atresia in liver histopathology
Yes 7 12 19
No 2 42 44

9 54 63
Sensitivity =36% Specificity = 25%

PPV*= 77%   NPV** = 77%  Accuracy = 77%
* Positive predictive value 
** Negative predictive value

Table – 2: Comparison of ultrasonographic gallbladder abnormality with biliary atresia based on liver histopathology
Yes Gallbladder abnormality 

No

Biliary atresia in liver histopathology
Yes 7 12 19
No 5 39 44

12 51 63
Sensitivity =36% Specificity = 88%

PPV*= 58%   NPV** = 76%  Accuracy = 73%
* Positive predictive value 
** Negative predictive value

 Table –3: Comparison of ultrasonographic TACS + gallbladder abnormality with biliary atresia based on liver histopathology 
 

Yes TACS + Gallbladder abnormality 
No

Biliary atresia in liver histopathology
Yes 3 16 19
No 0 44 44

3 60 63
Sensitivity =15% Specificity = 100%

PPV*= 100%   NPV** = 73%  Accuracy = 74%
* Positive predictive value 
** Negative predictive value
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Fig 1. Gall bladder of an infant with biliary atresia

Fig 2. Normal gallbladder wall

Fig 3. Objective criteria of triangular cord sign in biliary atresia seen on scan
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