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Clues to the diagnosis of biliary atresia in neonatal cholestasis
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INTRODUCTION
Cholestasis is a clinical condition characterized by a de-
creased flow of canalicular bile and direct hyperbilirubi-
nemia. Decreased bile flow leads to the accumulation of 
substances, such as bile acids, that would normally be 
expelled in the bile. Cholestasis developing in early life 
can arise from a hepatic response to exogenous agents 
or because of a specific congenital pathology (1). The 
evaluation of patients with cholestasis is difficult be-
cause of the variety of cholestatic syndromes, the fact 
that the pathogeneses are not fully understood, and 
that the clinical findings are not specific to the disease.

Because of the severity of conditions leading to neona-
tal cholestasis, it is essential to diagnose cholestasis and 
its underlying cause early. Differential diagnosis helps 

clinicians identify diseases that do not respond to spe-
cific treatments and provide appropriate general sup-
portive therapy. The most common causes of choles-
tatic jaundice in the first month of life are biliary atresia 
(BA) and neonatal hepatitis. Diagnostic evaluation must 
be performed within 45–60 days in the early period of 
life, and BA must be excluded (2).

Biliary atresia is one of the most common causes of 
cholestasis in newborns and infants, being responsible 
for approximately one in three of all cases of neonatal 
cholestasis and for at least 90% of all cases of obstruc-
tive cholestasis (3). It is a destructive, inflammatory 
cholangiopathy affecting both the intra- and extrahe-
patic bile ducts (4). Time is of great importance in BA: 
if the Kasai procedure is not performed early in life, 
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ABSTRACT

Background/Aims: The purpose of this study was to identify important clues in differentiating biliary atresia 
(BA) from causes of neonatal cholestasis other than BA (non-BA) and establishing the reliability of current tests.
Materials and Methods: Thirty-four patients with BA and 27 patients with non-BA cholestasis being monitored 
at the Çukurova University Medical Faculty, the Pediatric Gastroenterology Department and the Pediatric Sur-
gery Department between 2009 and 2015 were retrospectively assessed.  
Results: Cases of early onset jaundice, acholic stool, gamma-glutamyl transferase (GGT) elevation, and absent 
or small gallbladder on ultrasonography (USG) were greater in the BA group, while the levels of consanguinity 
and splenomegaly were higher in the non-BA group. The highest positive predictive value and specificity was 
determined for a GGT level greater than 197 in addition to absent or small gallbladder on USG and acholic stool 
in the BA group. Moreover, the presence of acholic stool (97%) exhibited the highest sensitivity and accuracy 
in the diagnosis of BA.
Conclusion: Pale stool, GGT elevation, and absent or small gallbladder on USG are the most reliable tests for 
diagnosing BA. We recommend that intraoperative cholangiography should be performed without waiting for 
further test results when a neonate or infant presents with acholic stool, high GGT values, and absent or small 
gallbladder on abdominal USG.
Keywords: Biliary atresia, neonatal cholestasis, GGT, clues



death can occur within 2 years from biliary cirrhosis and liver 
failure (5). However, it is difficult to differentiate the causes of 
BA and other causes of neonatal cholestasis (non-BA) based on 
histopathology, biochemistry, clinical examination, or imaging 
alone, with no single test known to provide a definitive diag-
nosis of BA (6). Clinicians must, therefore, make their differential 
diagnosis by combining several parameters.

The purpose of this retrospective study was to determine the 
sensitivity and specificity of the tests used in the differential di-
agnosis of BA, assessed both separately and in combination; to 
better explain the requirement for intraoperative cholangiog-
raphy; and to facilitate earlier diagnosis.

MATERIALS AND METHODS
This study was conducted at the Çukurova University Faculty of 
Medicine, the Department of Pediatric Gastroenterology, Hep-
atology, and Nutrition, and the Department of Pediatric Sur-
gery. The records of 61 patients diagnosed with neonatal cho-
lestasis were retrospectively assessed for the period between 
2009 and 2015. For the neonates and infants, age, sex, time of 
onset of jaundice, presence and time of onset of acholic stools, 
birth weight, birth week, and physical examination findings 
were recorded. In addition, we recorded the number of ma-
ternal pregnancies, parental consanguinity, and a history of a 
similar disease in the family.

Details of the following tests were assessed: liver function tests 
for cholestasis, complete blood count, reticulocyte count, 
blood gas analysis, serum biochemistry [transaminase levels, 
total and conjugated bilirubin levels, alkaline phosphatase, 
gamma-glutamyl transferase (GGT), total protein, albumin, 
blood sugar, triglyceride, and cholesterol levels], ammonia, 
lactate, pyruvate, alpha-1-antitripsin, ferritin, alpha-fetoprotein, 
prothrombin time, activated partial prothrombin time (aPTT), 
the international normalized ratio, thyroid function tests, sero-
logical examinations (hepatitis A, B, and C virus, Herpes simplex 
types 1 and 2, Epstein–Barr virus, cytomegalovirus, and toxo-
plasma), sweat test, urine and blood amino acids, reducing 
substances in urine, tandem mass and urine organic acids, and 
blood and urine cultures. Abdominal ultrasonography (USG) 
and echocardiography were used as diagnostic imaging tools. 
The gallbladder was considered abnormal if it was not visual-
ized and if it was less than 1.9-cm long (7). All patients in the 
study underwent ocular examination to identify metabolic dis-
eases or syndromes. Babies with syndromes, born prematurely 
and hospitalized in the neonatal unit, with anatomical bile tract 
problems other than BA, sepsis, or receiving total parenteral 
nutrition were excluded from the study. The diagnosis of BA 
was made by intraoperative cholangiography (n=34). Cases 
without BA at intraoperative cholangiography and those with 
other causes of cholestasis were included in the non-BA group 
(n=27; idiopathic neonatal hepatitis 21, Niemann–Pick 2, cystic 
fibrosis 1, congenital toxoplasma 1, glycogen storage disease 1, 
and progressive familial intrahepatic cholestasis 1). Cases were 

evaluated in terms of history and physical examination, labora-
tory, and radiology findings.

Statistical analysis
Statistical tests were performed using the Statistical Package for 
the Social Sciences (SPSS) version 20.0 software (IBM; Armonk, 
NY, USA). The results are expressed as mean±standard devia-
tion (SD). The chi-square test and Student’s t-test were used for 
comparisons. A p-value of <0.05 was regarded as significant. 
The accuracy of a test was calculated using the following for-
mula: [(accurately diagnosed cases/performed cases)×100]. 
Sensitivity, specificity, and likelihood ratios were calculated 
with their 95% confidence intervals (CIs). The optimal cutoff 
level for serum GGT activity to diagnose BA was established 
using receiver operating characteristic curves.

The protocol was approved by the Ethics Committee in Çuku-
rova University, Turkey. 

RESULTS
The mean age of patients was 59 days; 29 patients were male 
and 32 patients were female. The most common symptom at 
presentation was jaundice, which was seen in all cases, followed 
by acholic stool (n=44; 72%), restlessness (n=20; 32%), nutrition 
disorder (n=15; 24%), delayed weight gain (n=11; 18%), and ab-
dominal swelling (n=1; 1.6%). Parental consanguinity was pres-
ent in 23 cases (23/61; 37%). However, none of the families re-
ported a history of a similar disease or death of a sibling.

BA was diagnosed in 34 (77%) of the 44 patients that under-
went intraoperative cholangiography, and Kasai portoenteros-
tomy was performed in all these cases. Cholangiography was 
normal in 10 cases, and these were included in the non-BA 
group. Female gender was slightly dominant in the BA group 
(BA: 15 males versus 19 females; non-BA: 14 males versus 13 
females); however, the difference was not statistically different 
between the groups (p>0.05).

Consanguinity was significantly higher in the non-BA group 
(n=15; 55%) than in the BA group (n=8; 23%; p<0.01). Jaundice 
was recognized after a mean 11.1±7.2 days in the BA group 
and after 16.4±11 days in the non-BA group (p<0.002). No sta-
tistically significant difference was observed in the liver size 
between the BA and non-BA groups on physical examination, 
although the spleen size was significantly greater in the non-
BA group (p<0.02). Acholic stool was observed in all patients in 
the BA group but only in 10 cases (37%) in the non-BA group. 
The difference was statistically significant (p<0.001). On echo-
cardiography, atrial isomerism and a persistent left superior 
vena cava were observed in one case with BA. In addition, atrial 
and ventricular septal defects were present in one case with 
BA. In the non-BA group, an atrial septal defect was observed in 
one case, left ventricular hypertrophy in another, and multiple 
cardiac anomalies in two cases. No statistically significant dif-
ferences were present between the two groups (Table 1).
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No significant difference was determined between groups 
with respect to serum aspartate aminotransaminase (AST), ala-
nine aminotransaminase (ALT), total bilirubin, direct bilirubin, 
coagulation, triglyceride, or cholesterol values. However, serum 
GGT values were significantly higher in the BA group than in 
the non-BA group (p<0.001) (Table 2).

Abdominal USG was performed in all cases with cholestasis. 
The gallbladder either was not visualized or small in 23 cases 
(67%) in the BA group. Polysplenia was determined in one case. 
The gallbladder was small in eight (8/27; 29%) cases in the non-
BA group. When comparing abdominal USG findings between 
the groups, there was a statistically significant difference in the 
presence of a gallbladder (p<0.002).

In brief, early onset jaundice, acholic stool, GGT elevation, and 
absent or small gallbladder on USG were greater in the BA 
group, while the levels of consanguinity and splenomegaly 
were higher in the non-BA group. Therefore, we calculated the 
specificity, sensitivity, positive predictive value (PPV), negative 
predictive value (NPV), and the accuracy of acholic stool, GGT 
elevation, and absent or small gallbladder on USG for the dif-
ferential diagnosis of BA. The results are summarized in Table 3.

DISCUSSION
The North American Society for Pediatric Gastroenterology, Hep-
atology and Nutrition guideline for the evaluation of cholestatic 
jaundice in neonates and infants recommends that any neonate 
observed to be jaundiced at the 2-week well child visit should 
be evaluated for cholestasis (8). Early diagnosis of the various 
metabolic diseases that lead to cholestasis, such as sepsis, hy-
pothyroidism, panhypopituitarism, and galactosemia, can be life 
saving for babies (9). The earlier that BA can be diagnosed, the 
greater the chance of a successful Kasai procedure (10).

Despite advances in molecular biology, biochemistry, serology, 
and imaging techniques, no method by itself is sufficient to di-
agnose the cause of neonatal cholestasis. Indeed, diagnosis can 

only be established using all available methods (9). Our clinic 
is a reference center for cases with cholestasis. Large numbers 
of cases of cholestasis are referred to our clinic from the East-
ern Anatolia and Southeast Anatolia regions. We therefore saw 
large numbers of cases of biliary atresia over the 6 years. 

In Turkey, hepatobiliary scintigraphy is not available; therefore, 
because the histopathologies of BA and several other diseases 
that cause neonatal cholestasis are similar, we perform early 
intraoperative cholangiography whenever BA is suspected. BA 
was diagnosed in 34 of 44 cases by this method. The decision 
to perform intraoperative cholangiography is based on case 
history, physical examination, the presence of acholic stool, 
GGT elevation, and USG results. However, the decision to de-
cide whether to perform intraoperative cholangiography can 
remain problematic despite these tests; therefore, we aimed to 
investigate the sensitivity and specificity of these tests when 
used separately and in combination. 

Similar to our study, other researchers have determined that 
jaundice begins earlier in patients with BA (9,11,12). In our 
study, the presence of acholic stool and early onset jaundice 
were key features suggestive of BA, while parental consanguin-
ity and splenomegaly were suggestive of non-BA cholestasis. 
In the literature, acholic stool was present in 83%–94.7% of pa-
tients with BA compared with 45.7%–56.5% of patients with 
non-BA cholestasis (12-14). The specificity and sensitivity of 
acholic stool in cases of BA have also been reported at 74%–
86% and 83%–100%, respectively (11, 15, 16). Here, we report 
that acholic stool was present in all cases with BA and in 19 
(37%) of the non-BA cases, with a sensitivity of 97.1%, specific-
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	 BA	 Non-BA 
	 (n=34)	 (n=27)	 p

Time of onset of jaundice (days)	 11.1±7.2	 16.4±11.1	 0.002

Time of presentation to our clinic (days)	 58.5±31.6	 57.4±38.3	 0.50

Male/Female	 15/19	 14/13	 0.54

Acholic stool 	 34 (100%)	 10 (37%)	 0.001

Birth weight (g)	 2960±512	 2864±588	 0.50

Splenomegaly	 8 (24%)	 17 (63%)	 0.02

Hepatomegaly	 25 (74%)	 22 (82%)	 0.46

Consanguinity	 8 (24%)	 15 (56%)	 0.01

BA: biliary atresia; non-BA: non-biliary atresia

Table 1. Comparison of demographic characteristics and physical 
examination findings in the biliary atresia and non-biliary atresia cases 

	 BA	 Non-BA 
	 (n=34)	 (n=27)	 p

White cell, /mm3	 11710±5100	 11991±269	 0.936

Hemoglobin, g/dL	 10.2±1.5	 10.1±1.3	 0.227

Platelet, /mm3	 364647±140,721	 365814±196,744	 0.100

AST, IU/L	 284±260	 279±208	 0.690

ALT, IU/L	 140±98	 146±152	 0.309

T.Bil, mg/dL	 10.1±4	 10.3±4.5	 0.879

D.Bil, mg/dL	 6.7±2.8	 6.3±3.2	 0.282

ALP, IU/L	 889±656	 651±502	 0.182

GGT, IU/L	 606±561	 251±252	 0.001

Total protein, g/dL	 5.3±0.7	 5.3±0.8	 0.374

Albumin, g/dL	 3.3±0.4	 3.3±0.5	 0.628

Triglyceride, mg/dL	 185±59	 169±76	 0.381

Total cholesterol, mg/dL	 225±77	 198±68	 0.352

AST: aspartate aminotransaminase; ALT: alanine aminotransaminase; T. bil; total bilirubin; D. Bil: 
direct bilirubin; ALP: alkaline phosphatase; GGT: gamma glutamyl transferase 

Table 2. Comparison of biliary atresia and non-biliary atresia patients’ 
laboratory values 



ity of 55%, PPV of 78.9%, NPV of 91.7%, and an accuracy rate of 
81% in diagnosing BA.

The mean time to presentation at our clinic was 2 months, 
most being spent outside hospital, which contrasts with re-
ported presentations between 62 and 112 days in the literature 
(11-13, 17). This is late for the cases of BA and other treatable 
causes of cholestasis. Therefore, to improve the early diagnosis 
and treatment of BA, it is necessary to ensure a proper assess-
ment of stool color and jaundice at outpatients clinic checks 
in the first week after birth and during presentation to basic 
health services for vaccinations in the first and second months. 
Reports in the literature suggest that BA is diagnosed earlier 
with stool color cards and by instructing family and healthcare 
workers on their proper use (18).

No single biochemical test can be successfully used to differen-
tiate BA and non-BA cases. Indeed, clinical and laboratory find-
ings resemble those of BA in 10% of non-BA cases (19). Despite 
this, several studies have shown that GGT is the most reliable 
differentiating parameter (17, 20-22). For example, Liu et al. (20) 
reported an accuracy level of 85% for GGT levels above 300 U/L 
when BA presented before 10 weeks of age, while Tang et al. 
(21) reported a sensitivity of 83.1%, a specificity of 98.1%, and 
an accuracy level of 65.6% for GGT levels above 300 U/L. In this 
study, there was no statistically significant difference in the GGT 
levels between the BA and non-BA groups. GGT values above 
197 U/L exhibited 79.4% sensitivity, 65% specificity, 79.4% PPV, 
65% NPV, and an accuracy level of 74% for differentiating BA 
and non-BA cases.

Imaging techniques occupy an important place in the differen-
tial diagnosis of BA. Abdominal USG is an easily applied, non-in-
vasive, and economical technique in the differential diagnosis 
of neonatal cholestasis. Insufficient pre-procedural fasting, ex-
cessive intestinal gas, and operator experience can each affect 
the results. Under the appropriate conditions, abdominal USG 
can provide relevant information about the morphological ap-
pearance of the hepatic parenchyma, gallbladder, and intra- 
and extrahepatic bile ducts (23). The sensitivity of abdominal 
USG in the diagnosis of BA ranges from 50% to 86.7% in the 
literature, with a specificity of 71%–100%, PPV of 73.9%–90%, 

NPV of 56%–92%, and an accuracy level of 65.2%–95% (12, 16, 
24-26). In our clinic, abdominal USG is performed by members 
of the radiology department teaching staff. Nonetheless, we 
only determined a sensitivity of 67.6%, a specificity of 65%, a 
PPV of 76.7%, an NPV of 54.2%, and an accuracy of 66%, sug-
gesting the technique provided inadequate information for 
the differentiation of BA and non-BA in our cohort.

Although history, physical examination, and relevant tests can 
assist in making a diagnosis, as in this report, it may be difficult 
to differentiate the two diseases. Diagnosis also relies on the 
observations and experience of the clinician when combined 
with tests; however, we encountered no studies in the litera-
ture showing the sensitivity and specificity of such combina-
tions. However, we think that a better understanding of these 
combinations would be important when diagnosing BA. As 
shown in Table 3, the highest PPV and specificity was obtained 
for the following combination: GGT level >197, absent or small 
gallbladder on abdominal USG, and the presence of acholic 
stool. Moreover, the presence of acholic stool exhibited the 
highest sensitivity and accuracy in the diagnosis of BA.

One limitation of this study is that hepatobiliary scintigraphy, 
one highly important technique employed in the diagnosis of 
biliary atresia, has for many years been unavailable in Turkey. 
In addition, liver biopsy was not employed in every patient 
because we do not consider it as useful in the differential di-
agnosis of biliary atresia in neonatal cholestasis, and intraop-
erative cholangiography was performed in the early period in 
suspected cases of biliary atresia. 

In conclusion, although patients with and without BA exhibit 
various statistically significant diagnostic differences, we found 
that differentiation was problematic. Specifically, it remains 
difficult for the clinician to identify cases that should undergo 
intraoperative cholangiography. Exposing a newborn with 
cholestasis to unnecessary anesthesia and surgery is traumatic 
for both the baby and family. Therefore, we recommend that 
intraoperative cholangiography should be performed without 
waiting for further test results when a neonate or infant pres-
ents with acholic stool, high GGT values, and absent or small 
gallbladder on abdominal USG.
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	 Specificity	 Sensitivity	 PPV	 NPV	 Accuracy	 p  

GGT >197	 65	 79.4	 79.4	 65	 74	 0.001

Pale stool	 55	 97.1	 78.6	 91.7	 81	 0.000

USG	 65	 67.6	 76.7	 54.2	 66	 0.001

GGT and USG	 80.6	 55.9	 82.6	 51.6	 64	 0.000

GGT and pale stool	 85	 76.5	 89.7	 68	 79	 0.000

GGT and pale stool and USG	 95	 55.9	 95	 55.9	 70	 0.000

PPV: positive predictive value; NPV: negative predictive value; GGT: gamma-glutamyl transferase; USG: ultrasonography

Table 3. Acholic stool, GGT, USG, sensitivity, specificity, PPV, NPV, and accuracy levels in biliary atresia 
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