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INTRODUCTION
Extrahepatic biliary atresia is a progressive disorder characterised 
by fibroinflammatory obliteration or stenosis of a segment or 
all of the extrahepatic biliary tree leading to obstruction of bile 
flow and cholestatic jaundice [1-3]. Extrahepatic biliary atresia 
is the most common cause for cholestasis in newborn [4] and 
accounts for 25-30% of the neonatal cholestasis cases [1]. The 
incidence varies from 1 in 5000 to 1 in 18,000 live births [1]. 
Classically infants present with jaundice and alcholic stools [1]. 
Clinically it presents as 2 forms - The perinatal form and the 
fetal or embryonic form [1]. The perinatal form accounts for 
majority of the cases [1,5,6] and its aetiology includes genetic, 
toxic, vascular and infectious causes [6]. The embryonic or fetal 
form accounts for 10-20% of the cases and is associated with 
congenital abnormalities [1,6]. Duct plate malformation is involved 
in its aetiopathogenesis [6]. The fetal group has very severe 
disease and worst outcomes even when surgical intervention is 
done in early course of disease [6]. Cholecintigraphy with HIDA 
(Hepatobiliary Imidoacetic Acid) shows lack of bile excretion and 
liver biopsy shows evidence of extrahepatic obstructive liver 
disease with extensive bile duct proliferation and biliary fibrosis [7].  
The primary treatment of choice for extrahepatic biliary atresia 
is kasai’s portoenterostomy [8]. The overall 5-year and 10-year 
survival rates following kasai’s portoenterostomy are about 50 
and 30% respectively [5]. However, before reaching adulthood, 
chronic liver disease develops in 67% of patients and many will 
ultimately need liver transplantation [9]. 

 

 

AIm
The purpose of this study was to analyse the significance of the 
various histopathological features in diagnosis and prognosis of 
extrahepatic biliary atresia from liver biopsy specimens.

mATERIALS AND mETHODS
This study included 43 cases of extrahepatic biliary atresia 
diagnosed and treated at a tertiary care hospital between January 
2010 to December 2014. The diagnosis of extrahepatic biliary 
atresia was confirmed by histopathological examination of the liver 
biopsy specimen and intraoperative cholangiography taken during 
kasai’s portoenterostomy. Formalin fixed paraffin embedded 
tissues were processed by standard technique and the slides 
were stained with hematoxylin and eosin. All the histopathological 
slides were retrieved and re-evaluated for this study. The various 
histopathological features were graded by a semi-quantitative 
scoring system. The following histopathological features were 
evaluated in all the cases of extra-hepatic biliary atresia included 
in the study: (i) Lobular features such as cholestasis, hepatocyte 
giant cell transformation, extramedullary hematopoiesis; (ii) Portal 
tract features including portal fibrosis, bile ductular proliferation, 
portal and periportal inflammation and duct plate malformation.

All the cases were followed up for a period of 6 months which was 
done during the study period and were divided into three groups: 
(i) Alive (cases without any complications); (ii) Poor outcome (cases 
with recurrent episodes of jaundice, hospitilisation and developed 
secondary biliary cirrhosis); (iii) Died. 
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ABSTRACT
Introduction: Extrahepatic biliary atresia is a progressive 
disorder characterised by fibroinflammatory obliteration or 
stenosis of the extrahepatic biliary tree leading to obstruction 
of bile flow and cholestatic jaundice. It is the most common 
cause for cholestasis in newborn. Histopathological criteria for 
diagnosing biliary atresia from liver biopsy have not been clearly 
defined. 

Aim: This study was undertaken to analyse the significance of 
the various histopathological features in diagnosis and prognosis 
of extrahepatic biliary atresia from liver biopsy specimens. 

materials and methods: This was a retrospective study of 43 
cases of extra-hepatic biliary atresia diagnosed and treated at a 
tertiary care hospital between January 2010 to December 2014. 
Formalin fixed paraffin embedded liver biopsy tissues were 
processed by standard technique and the slides were stained 
with haematoxylin and eosin. All the slides were reviewed and 
graded by a semi-quantitative scoring system. Features such 
as increased age at kasai’s portoenterostomy, portal fibrosis, 
bile duct proliferation, cholestasis, portal inflammation and 

duct plate malformation were studied. Statistical analysis was 
worked out using SPSS 17.0 (statistical package for the social 
science software). Chi-square test was used to find association 
between various parameters with respect to mortality and 
Kaplan-Meier estimator was used for survival analysis of the 
population under study. 

Results: In this study comprising of 43 cases, only 6 cases 
(13.95%) were alive at the end of 6 months follow-up. Twenty 
patients who died and the 17 cases with poor survival had greater 
degrees of fibrosis, bile duct proliferation and cholestasis. Majority 
of the cases with duct plate malformation expired inspite of earlier 
surgical intervention. Thus proving the association of fibrosis, bile 
duct proliferation, cholestasis and duct plate malformation with 
the survival and prognosis of biliary atresia cases. Age at surgery 
did not show any correlation with prognosis as cases operated 
even at <60 days had poor survival. 

Conclusion: From this study it can be concluded that in extra-
hepatic biliary atresia patients, presence of duct plate mal-
formation, greater degrees of fibrosis, bile duct proliferation and 
cholestasis were strongly associated with poor prognosis.



Shenbagam Jeevakarunyam Muthukanagarajan et al., Significance of Various Histopathological Features www.jcdr.net

Journal of Clinical and Diagnostic Research. 2016 Jun, Vol-10(6): EC23-EC272424

STATISTICAL ANALySIS
Statistical analysis was worked out using SPSS 17.0 (statistical 
package for the social science software). Two sided Pearson 
chi-square test was used to find association between various 
parameters with respect to mortality. Kaplan-Meier estimator was 
used for survival analysis of the population under study. It is used 
to measure the fraction or number of subjects living for a certain 
period of time after an intervention.

The scoring system for grading the extent of fibrosis [3,10] 
includes:

1. Grade I (mild) fibrosis comprised cases with portal fibrous 
expansion to porto-portal bridging fibrosis involving less than 
50% of portal tracts. 

2. Grade II (moderate) fibrosis included cases with porto-portal 
bridging fibrosis involving greater than 50% of portal tracts 
without nodular hepatic architecture.

3. Grade III (severe) fibrosis ranged from porto-portal and porto-
central bridging fibrosis involving greater than 50% of portal 
tracts associated with nodular hepatic architecture. 

Bile duct proliferation refers to presence of greater than 5 bile ducts 
per portal tract and is graded according to a semi-quantitative 
scoring system [3,11].

1. Presence of 5 to 9 bile ducts per portal tract is graded as mild. 

2. Greater than or equal to 10 bile ducts per portal tract is 
graded as moderate.

3. An average number of bile ducts per portal tract greater than 
or equal to 10 but the ducts are elongated attenuated and 
angulated is graded as severe bile duct proliferation. 

Portal and periportal inflammation is graded as [6]: 

1. Mild if cells are present in less than one third of portal tracts.

2. Moderate if cells are present in more than one third to two-
thirds of portal tracts.

3. Severe when dense packing of cells present in more than 
two-thirds of portal tracts. 

Cholestasis was graded as [6]: 

1. Absent.

2. Mild (accumulation of bile in centrolobular hepatocytes).

3. Moderate (accumulation of bile in centrolobular and periportal 
hepatocytes or even in portal tracts).

4. Severe (shows presence of bile infarcts). 

Duct plate malformation is identified by presence of numerous 
unusual curved and concentric bile ducts arranged around a 
fibrous or a central vascular core in the portal tract [6]. Histo-
pathological examination of the biliary remnant will show 
fibroinflammatory obliteration of the duct, apoptotic degeneration 
of the residual bile duct epithelium and variable degrees of 
periductal inflammation [5].

RESULTS
Of the total 43 cases in the study period, 28 (65%) and 15(35%) 
cases were male and female patients respectively. At the end of 6 
months follow-up, 6 patients were alive without any complications, 
17 had poor outcome and 20 cases died. All the parameters 
considered in this study were analysed in these patients and is 
summarised in [Table/Fig-1].

The mean age at kasai’s portoenterostomy is divided in to 3 
groups [Table/Fig-1]. The cases with age at surgery <30 and >60 
days had grave prognosis. Among those operated between 30 
and 60 days only 6 (14%) cases are doing well and the rest had 
poor outcome. Thus age at surgery did not prove to have effect on 
prognosis as cases who had been operated earlier (<60 days) also 
had poor outcome and was found to be statistically insignificant.

clinicopathological factors

 number of patients (% of total )

alive 
Poor 

outcome died

Mean age at kasai’s 
portoenterostomy 
(in days)

<30 0 0 2(4.7%)

30-60 6(14%) 16(37.2%) 6(14%)

>60 0 1(2.3%) 12(27.9%)

Degree of fibrosis Grade I (Mild) 5(11.6%) 1(2.3%) 0

Grade II (Moderate) 1(2.3%) 8(18.6%) 4(9.3%)

Grade III (Severe) 0 8(18.6%) 16(37.2%)

Degree of bile duct 
proliferation

Grade I (Mild) 6(14%) 3(7%) 0

Grade II (Moderate) 0 9(20.9%) 5(11.6%)

Grade III (Severe) 0 5(11.6%) 15(34.9%)

Degree of 
cholestasis.

Grade I (Mild) 6(14%) 5(11.6%) 0

Grade II (Moderate) 0 12(27.9%) 18(41.9%)

Grade III (Severe) 0 0 2(4.7%)

Duct plate 
malformation

Negative 6 15(34.9%) 13(30.2%)

Positive 0 2(4.7%) 7(16.3%)

[Table/Fig-1]: Various clinicopathological factors and its survival outcome.

[Table/Fig-2]: Degree of fibrosis: A- mild, B- moderate, C and D- Severe.

[Table/Fig-3]: Degree of bile duct proliferation: A- Mild, B-Moderate and
C-Severe.

All the 43 cases had fibrosis and was graded as mild, moderate 
and severe [Table/Fig-1,2]. Of the patients alive, 5 out of the 6 
cases had mild fibrosis and are doing well. Most of the patients 
with grade II fibrosis had poor survival with recurrent episodes 
of jaundice and developed secondary biliary cirrhosis. Among 
the patients with severe fibrosis none are alive indicating that the 
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histopathological examination. Hence only those cases with good 
representative samples were studied and presented. Nevertheless 
the other cases had biliary atresia according to histological features 
of the liver biopsy specimen and intraoperative cholangiography. 
Among the 24 cases, 19 (44.8%) cases had variable degrees 
of fibrosis, periductal inflammation and a few showed apoptotic 
degenerative changes of the lining biliary epithelium [Table/Fig-5]. 
Only 5 among 24 cases showed complete fibroinflammatory 
obliteration of the biliary remnant. 

The Kaplan-Meier survival curves for the 4 histopathological 
attributes which had a statistically significant effect on prognosis 
of cases is presented in [Table/Fig-6]. 

From the above data, it is observed that fibrosis, bile duct 
proliferation, cholestasis are the three important histopathological 
features to have a consistent association with extrahepatic biliary 
atresia and presence of duct plate malformation, greater degrees 
of fibrosis, bile duct proliferation and cholestasis were strongly 
associated with poor prognosis.

DISCUSSION
Extrahepatic biliary atresia is the most common cause for 
cholestasis in newborn [4] and accounts for 25-30% of the neonatal 
cholestasis cases [1]. Various clinical features and laboratory tests 
like liver function tests, ultrasonography abdomen, HIDA scan 
and histopathological examination of liver can help us arrive at 
the correct diagnosis. In cases where the clinical, laboratory and 
radiological findings are inconclusive, histopathological study of 
the liver biopsy specimen is critical in making patient management 
decisions [12]. Histopathological findings of biliary atresia vary 
depending on whether the liver biopsy is taken during early or late 
course of the disease. Those cases in early stages of the disease 
show obstructive type of features such as lobular cholestasis, 
variable degrees of bile duct proliferation and portal odema. Other 
features like focal hepatocytic multinucleated giant cells may 
also be seen. Biopsy taken in late course of the disease shows 
less amount of ductular proliferation and many a times shows 
ductopenia [12]. The most consistent features of biliary atresia 
are the bile duct proliferation and portal fibrosis as said in various 
studies.

The overall accuracy of histopathological study of liver biopsy in 
diagnosing extrahepatic biliary atresia is 60-95%. Such variability 
is due to lack of strict histopathological diagnostic criteria for biliary 

greater the degree of fibrosis, the poorer the survival and was 
found to be statistically significant (p= <0.001).

Bile duct proliferation was present in all the cases in this study and 
was graded as mild, moderate and severe [Table/Fig-1,3]. There 
was direct correlation between the severity of bile duct proliferation 
and the poor outcome and was proven to be statistically significant 
(p= < 0.001).

Cholestasis was present in all the 43 cases [Table/Fig-1,4] of 
which cases with grade II and III cholestasis had worst outcome 
and higher degrees of cholestasis were associated with greater 
degrees of fibrosis and bile duct proliferation and was proven 
to be statistically significant (p= < 0.001). Among the 43 cases, 
giant cell transformation of hepatocytes was seen in 6 (13.95%) 
cases. Portal and periportal inflammation with neutrophils and 
lymphocytes was found in all the patients included in the study. 10 
(23.25%) cases had mild, 14 (32.56%) cases had moderate and 
19 (44.18%) cases had severe portal and periportal inflammation. 
The extent of morbidity and mortality in this study was not altered 
by the severity of portal inflammation. Though portal inflammation 
was found in all 43 cases in variable degrees, it was found to be 
statistically insignificant [Table/Fig-4].

Duct plate malformation [Table/Fig-1,5] was seen in 9 cases of 
which 7 cases died in the early postoperative period irrespective 
of age at surgery and the other 2 cases had very poor survival 
indicating that the presence of duct plate malformation points 
to poor prognosis which was found to be statistically significant 
(p=0.0064). None of the 43 cases showed extramedullary 
haematopoesis. 

Among the 43 cases, histological study of the biliary remnant 
could be done in 24 (55.82%) cases only. In rest of the cases the 
tissue obtained was flimsy or could not be excised properly for 

[Table/Fig-4]: A and B-shows feathery degeneration of hepatocytes, intracanalicular 
and intrahepatocyte cholestasis; B- shows focal hepatocyte giant cell transformation. 
C-shows ductular cholestasis (bile plugs); D-shows dense portal inflammation with 
neutrophils, lymphocytes and few eosinophils.

[Table/Fig-5]: A-shows duct plate malformation with numerous curvilinear
and misshapen bile ducts peripherally arranged around a central vascular core 
(arrow). B-shows the biliary remnant with fibroinflammatory changes, apoptotic 
degeneration of the residual bile duct epithelium and variable degrees of periductal 
inflammation

[Table/Fig-6]: Kaplan meier survival curves relating the severity of  various histo-
pathological factors with survival. A- Degree of fibrosis, B- degree of bile duct 
proliferation, C- degree of cholestasis and D- duct plate malformation. In A,B,C the 
labelling 1,2 & 3 refers to the grading of fibrosis, bile duct proliferation and cholestasis  
respectively and shows that cases with grade 1 of all the above parameters had 
better survival. In D- ‘0’ refers to absence and ‘1’ refers to presence of duct plate 
malformation and shows that those cases with absence of duct plate malformation 
had better survival.
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atresia [9]. This study is undertaken to analyse the significance of 
the various histopathological features in diagnosis and prognosis 
of extrahepatic biliary atresia from liver biopsy specimens. Features 
such as increased age at kasai’s portoenterostomy, portal fibrosis, 
bile duct proliferation, cholestasis, portal inflammation and duct 
plate malformation were said to have effect on prognosis in various 
studies. All these parameters were analysed in this study group 
comprising of 43 patients.

In this study, an increased incidence of EHBA was observed in 
male patients which was in contrast to other studies that stated 
EHBA occurs more commonly in females when compared to male 
patients [13-15].

There are many studies highlighting the age at kasai’s porto-
enterostomy as a critical factor in determining the long term 
survival and also the extent of biliary fibrosis on initial biopsy [3]. 
Higher the age at surgery worser the prognosis as documented 
by most authors [16-19]. Sanghai et al., in their study concluded 
that surgery before three months of age has good outcome [20]. 
Hung et al., demonstrated poor outcome in infants operated after 
120 days and noted a change in survival pattern based on the age 
at portoenterostomy [21]. Altman et al., have demonstrated no 
increased risk of failure between those operated before 49 days and 
the intermediate group operated between 50-70 days. But those 
patients operated by 71 days or more had significantly increased 
risk of failure when compared to the aforementioned groups [22]. 
Davenport et al., in their study have proven a reasonable medium-
term survival in about one-third infants operated at 100 days or 
more [23]. In this present study, age at surgery did not show any 
correlation with prognosis as cases operated even at <60 days 
had poor survival. 

Fibrosis is considered a progressive and an irreversible process 
and it impairs flow of bile leading to jaundice and worst outcome 
even after surgery [6]. According to the studies conducted by Arii 
et al., and Wildhaber BE et al., Biliary fibrosis at the time of surgery 
is an important prognostic factor in biliary atresia [24,25]. Bittmann 
et al., demonstrated the association between the presence of 
cirrhosis and poor prognosis and also it is an early indication for 
liver transplantation [26]. In this study we noted that high grade of 
fibrosis was uniformly associated with poor prognosis even when 
the cases presented early for surgery and did not have any other 
risk factors. 

Bile  duct  proliferation  is  one  of  the most important 
histopathological feature in diagnosing EHBA [27] and shows 
a constant association with it except in very early stages of the 
disease [28]. There are only a very few studies on the prognostic 
importance of bile duct proliferation in EHBA. Some studies 
states that severe bile duct proliferation is associated with worst 
prognosis [29]. In this study we noted that lesser the degree of bile 
duct proliferation better the prognosis. The association between 
the degree of biliary proliferation and the survival rate of children 
with EHBA was also reported by Santos et al., [30]. This study also 
demonstrated a direct correlation between the extent of biliary 
fibrosis and bile duct proliferation and an increase in the degree of 
fibrosis also increased the bile duct proliferation proportionately. 

Intrahepatic bile pigments (cholestasis) is said to be a consistent 
feature associated with biliary atresia [6,9] but not many studies 
speak on its prognostic significance. In the present study we found 
better survival in cases with lesser degree of cholestasis. 

Absence of portal inflammation is said to be associated with poor 
prognosis according to Kahn et al., [2]. The present study did not 
show any correlation between portal inflammation and prognosis 
in biliary atresia. Hepatocyte giant cell transformation is seen in 
20-50% of biliary atresia cases but is not as prominent as seen 
in neonatal hepatitis [1,4,31,32] and in our study it was present in 
13.95% of cases and it did not have any diagnostic or prognostic 
significance. 

Intrahepatic bile ducts develop from fetal duct plate by process 
of duct plate remodeling. Any disturbance in this orderly process 
gives rise to Duct Plate Malformation (DPM) as a result of which 
the ducts retain their fetal configuration. DPM has been associated 
with development of biliary atresia [3]. Awasthi et al., noted 
DPM in 51.29% of their cases [33] and various studies have 
demonstrated its incidence varying from 21-63% [34-36]. In this 
study we observed a mildly lower occurrence of DPM of about 
30%. This might be because of lack of strict diagnosing criteria for 
differentiating DPM from biliary proliferation. All the cases with DPM 
in our study had very severe fibrosis with nodular transformation 
of liver and also had increased biliary proliferation. Most of cases 
with DPM had grave outcome pointing to the poor prognosis due 
to the presence of DPM. 

CONCLUSION
From this study it can be concluded that in extrahepatic biliary 
atresia patients, presence of duct plate malformation, greater 
degrees of fibrosis, bile duct proliferation and cholestasis were 
strongly associated with poor prognosis.

REFERENCES
 Eyken PV, Fanni D, Faa G. Extrahepatic bile duct atresia from the pathologist’s [1]

perspective: pathological features and differential diagnosis. Journal of Pediatric 
and Neonatal Individualized Medicine. 2014;3(2):1-9.

 Kahn E. Biliary Atresia Revisited. [2] Pediatr Dev Pathol. 2004;7:109-24.
 Mukhopadhyay SG, Roy P, Chatterjee U. A histopathological study of liver and [3]

biliary remnants in the long-term survivors (>10 years) of cases of biliary atresia. 
Indian Journal of Pathology and Microbiology. 2014;57(3):380-85.

 Morotti RA, Jain D. Pediatric cholestatic disorders. Approach to pathologic [4]
diagnosis. Surg Pathol. 2013;6:205-25.

 Odze RD, Goldblum JR. Surgical pathology of GI tract, Liver, Biliary tract and [5]
Pancreas. 2nd edition. 2009.1250-53.

 Roy P, Chatterjee U, Ganguli M. A histopathological study of liver and biliary [6]
remnants with clinical outcome in cases of extrahepatic biliary atresia. Indian 
Journal of Pathology and Microbiology. 2010;53(1):101-05.

 Torbenson M, Wang J, Abraham S, Maitra A, Boitnott J. Bile ducts and ductules [7]
are positive for CD56 (N-CAM) in most cases of extrahepatic biliary atresia. Am J 
of Sur Pathol. 2003;27(11):1454-57.

 Gupta L, Gupta SD, Bhatnagar V. Extrahepatic biliary atresia: Correlation of [8]
histopathology and liver function tests with surgical outcomes. J Indian Assoc 
Pediatr Surg. 2012;17(4):147-52.

 Rashed YK, Saber MA, Tawfik M, Mourad WS. Histopathological features and [9]
accuracy for diagnosing biliary atresia by prelaparotomy liver biopsy in Egypt, 
Egyptian Pediatric Association Gazette. 2013;61:42-45.

 Weerasooriya VS, White FV, Shepherd RW. Hepatic fibrosis and survival in biliary [10]
atresia. J Pediatr. 2004;144:123-25.

 Lee WS, Looi LM. Usefulness of a scoring system in the interpretation of histology [11]
in neonatal cholestasis. World J Gastroenterol. 2009;15:5326-33.

 Mahjoub FE, Khairkhah RH, Sani MN, Irvanloo G, Monajemzadeh M, et al. CD 56 [12]
staining in liver biopsies does not help in differentiating extrahepatic biliary atresia 
from other causes of neonatal cholestasis. Diagnostic Pathology. 2008;3:10.

 Howard ER. Extrahepatic biliary atresia–review of current management. [13] Br J 
Surg. 1983;70:193-97.

 Suchy FJ, Balistreri WF. Cholestatic disorders of the infant. [14] Survey Digest Dis. 
1983;1:141.

 Alagille D. Cholestasis in the first three months of life. [15] Prog Liver Dis. 1979;6:471-85. 
 Langenburg SE, Poulik J, Goretsky M, Klein AA, Klein MD. Bile duct size does [16]

not predict success of portoenterostomy for biliary atresia. J Pediatr Surg. 
2000;35:1006-07.

 McKiernan PJ, Baker AJ, Kelly DA. The frequency and outcome of biliary atresia [17]
in the UK and Ireland. Lancet. 2000;355:25-29.

 Perlmutter DH, Shepherd RW. Extra hepatic biliary atresia: a disease or a [18]
phenotype? Hepatology. 2002;35:1297-304.

 Laurent J, Gautheir F, Bernard O, Hadchouel M, Odièvre M, Valayer J, et al. Long [19]
term outcome after surgery for biliary atresia. Study of 40 patients surviving for 
more than 10 years. Gastroenterology. 1990;99:1793-97. 

 Sanghai SR, Shah I, Bhatnagar S, Murthy A. Incidence and prognostic factors [20]
associated with biliary atresia in western India. Ann Hepatol. 2009;8:120-22.

  Hung PY, Chen CC, Chen WJ, lai HS, Hsu WM, Lee PH, et al. long term prognosis [21]
of patients with biliary atresia: A 25 year summary. J Pediatr Gastroenterol Nutr. 
2006;42:190-95.

 Altman RP,Lilly JR, greenfeld J, Weinberg A, van Leeuwen K, Flanigan L. A multi-[22]
variable risk factor analysis of the portoenterostoy (kasai) procedure for biliary 
atresia: Twenty five years of experience from two centers. Ann Surg. 1997;226: 
348-53.

 Davenport M, Puricelli V, Farrant P, Hadzic N, Mieli-Vergani G, Portmann B, et al. [23]
The outcome of older (> or = 100 days) infant with biliary atresia. J Pediatr Surg. 
2004;39:575-81.



www.jcdr.net Shenbagam Jeevakarunyam Muthukanagarajan et al., Significance of Various Histopathological Features

Journal of Clinical and Diagnostic Research. 2016 Jun, Vol-10(6): EC23-EC27 2727

 Arii R, Koga H, Arakawa A, Miyahara k, lane GJ, Okazaki T, et al. how valuable is [24]
duct plate malformation as a predictor of clinical course in postoperative biliary 
atresia patients? Pediatr Surg Int. 2011;27:275-77.

  Wildhaber BE, Coran AG, Drongowski RA, Hirschl RB, Geiger JD, Lelli JL, et al. [25]
The kasai portoenterostomy for biliary atresia: A review of 27-year experience 
with 81 patients. J Pediatr surg. 2003;38:1480-85

  Bittmann S. Surgical experience in children with biliary atresia treated with kasai’s [26]
portoenterostomy. Curr Surg. 2005;62:439-43.

 Ohya T, Miyano T, Kimura K. Indication for portoenterostomy based on 103 [27]
patients with Suruga II modification. J Pediatr Surg. 1990;25:801-04.

 Azar G, Beneck D, Lane B, Markowitz J, Daum F, Kahn E. Atypical morphologic [28]
presentation of biliary atresia and value of serial liver biopsies. J Pediatr 
Gastroenterol Nutr. 2002; 34:212-15.

 Tan CE, Davenport M, Driver M, Howard ER. Does the morphology of the extra [29]
hepatic biliary remnants in biliary atresia influence survival? A review of 205 
cases. J Pediatr Surg. 2004;29:1459-64.

 Santos JL, Kieling CO, Meurer L, Vieira S, Ferreira CT, Lorentz A, et al. The [30]
extent of biliary proliferation in liver biopsies from patients with biliary atresia 
at portoenterostomy is associated with the postoperative prognosis. J Pediatr 
Surg. 2009;44:695-701.

  
PartIcuLarS oF contrIbutorS:
1. Postgraduate, Department of Pathology, Institute of Pathology, Madras Medical College, Chennai, India.
2. Assistant Professor, Department of Pathology, Institute of Child Health, Madras Medical College, Chennai, India.
3. Scientist B, Department of Biostatistics, NIRRH Field Unit, ICMR, Chennai, India.
4. Professor, Department of Pathology, Institute of Child Health, Madras Medical College, Chennai, India.
5. The Director, Department of Pathology, Institute of Pathology, Madras Medical College, Chennai, India.

name, addreSS, e-maIL Id oF the correSPondIng author:
Dr. Shenbagam Jeevakarunyam Muthukanagarajan,
Plot No. 117/118, P.U. Chinnapa Nagar, Pudukottai, Tamilnadu - 622001, India.
E-mail: shenbajm9@gmail.com

FInancIaL or other comPetIng IntereStS: None.

Date of Submission: Feb 09, 2016
Date of Peer Review: mar 16, 2015
 Date of Acceptance: apr 07, 2016

Date of Publishing: Jun 01, 2016

 Davenport M, Tizzard SA, Underhill J, Mieli-Vergani G, Portmann B, Hadžić [31]
N. The biliary atresia splenic malformation syndrome: a 28-year single-center 
retrospective study. J Pediatr. 2006;149(3):393-400.

 Rastogi A, Krishnani N, Yachha SK, Khanna V, Poddar U, Lal R. Histopathological [32]
features and accuracy for diagnosing biliary atresia by prelaparotomy liver 
biopsy in developing countries. J Gastroenterol Hepatol. 2009;24(1):97-102. 

 Awasthi A, Das A, Srinivasan R, Joshi K. Morphological and immunohistochemical [33]
analysis of ductal plate malformation: correlation with fetal liver. Histopathology. 
2004;45:260-67. 

 Low Y, Vijayan V, Tan CE. The prognostic value of ductal plate malformation [34]
and other histologic parameters in biliary atresia: An immunohistochemical study.  
J Pediatrics. 2001;139:320-22.

 Raweily EA, Gibson AA, Burt AD. Abnormalities of intrahepatic bile ducts in extra [35]
hepatic biliary atresia. Histopathology. 1990;17:521-27.

 Terraciano L, Cathomas G, Vecchione R, Tomillo L, Gudat F, Bianchi L. Extra [36]
hepatic bile duct atresia associated with hyperplasia of the intrahepatic bile ducts 
(“early severe” form): high incidence in a South-Italian population. Pathol Res 
Pract. 1995;191:192. 


