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BILIARY ATRESIA AND KASAI’S SURGERY - WHEN IS IT TOO LATE
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Introduction  
Biliary atresia (BA), a condition unique to infancy, is 

the end result of a destructive, idiopathic, inflammatory 
process affecting both intra and extra hepatic bile 
ducts, leading to fibrosis and obliteration of the biliary 
tract and to biliary cirrhosis. Cirrhosis and portal 
hypertension may appear as early as at 2 months 
of age, and without appropriate treatment most 
children die within the first 2 years of life. (1) BA is 
the most frequent surgically correctable liver disorder 
in infancy, as well as the most frequent indication for 
liver transplantation in paediatric age. Two forms of BA 
are described: a more common (90% of cases) peri or 
post natal isolated form, possibly virus related; and a 
less common (10% of cases) foetal or embryonic form, 
with a high frequency of associated malformations, 
such as BA splenic malformation syndrome (BASM), 
characterised by cardiovascular defects, polysplenia 
or asplenia, abdominal situs inversus, intestinal 
malrotation and positional abnormalities of the portal 
vein and hepatic artery. The cause of BA remains 
unknown. 

Epidemiology and pathogenesis  
BA is more common in Asia and the Pacific region 

than in the rest of the world. The reported incidence 
of BA varies between 1/3000 in French Polynesia 
to 1/20,000 in Holland and France. (2-9) Females 
are affected slightly more frequently than males. 
Some studies have suggested seasonal variation and 
clustering of BA cases (5-7), but this has not been 
confirmed in larger studies. (2,3,10,11). 

Studies of bile duct remnants removed at surgery 
and from serial sectioning and reconstruction of 
surgical and post mortem liver specimens indicate that 
BA in most cases arises from a sclerosing inflammatory 
process affecting previously formed bile ducts. (12) The 
cause of such inflammatory process remains elusive. 
It is conceivable that BA represents a common final 
phenotypic pathway of neonatal liver injury caused 
by diverse causes, including developmental, vascular 
or infectious factors, which may act antenatally or 
within the first three months of life, in a genetically 
predisposed individual. (13,14) Though BA is not an 
inherited disorder, since identical twins are usually 
discordant for the disease, and occurrence of BA within 
the same family is exceedingly rare, (15,16) it is possible 
that a genetic predisposition to an aberrant immune 
response against an exogenous agent or somatic 
mutations of genes regulating bile duct morphogenesis 
in foetal life are involved. (14) Whatever the initiating 
event, as bile flow increases perinatally, bile leakage 
from the abnormal ducts is likely to trigger an intense 
inflammatory reaction, with consequent obliteration 
of the biliary tree. Bile extravasated into periductal 
tissues would lead to protracted inflammation and 
fibrosis, causing secondary obliteration and obstruction 
of the more distal bile ducts. The detergent effect of 

the extravasated bile, however, cannot be the only 
explanation for liver damage, since the disease can 
progress also in those patients in whom the Kasai 
portoenterostomy surgical procedure has achieved 
adequate bile flow. Proposed etiological factors in 
BA include defective morphogenesis/genetic factors, 
vascular abnormalities, viral infection, exposure to 
toxins and immune mechanisms. (14) 

Clinical features and diagnosis  
Clinical features of BA are jaundice, pale stools and 

dark urine presenting at or soon after birth. Diagnosis 
is unfortunately often delayed, because physiological 
jaundice, which at variance to jaundice due to liver 
disease is characterised by unconjugated bilirubinemia, 
is common in babies, and because infants with BA have 
no major symptoms apart from jaundice in the first 
few weeks of life, when corrective surgery would be 
most effective. This is a particular problem for infants 
with the perinatal/acquired form of BA, whose stools 
may have some pigment in the first few weeks of life, 
before bile flow is completely obstructed. (12,17) The 
presence of initially pigmented stools not uncommonly 
leads inexperienced health professionals to reassure 
parents that complete bile duct obstruction is unlikely. 
All jaundiced infants with pale or acholic stools (i.e. 
stools that are not green or yellow) at whatever age 
should be referred promptly to specialized centres 
because early surgical treatment of BA is essential for 
a good outcome, while late surgery carries a severe 
prognosis, particularly in BASM syndrome. (18-20) 
Hence, it is of paramount importance for health 
professionals attending infants to check the colour of 
the urine and stools of all jaundiced babies, irrespective 
of their general health or age, and refer promptly those 
with dark urine and pale stools to the appropriate 
centres. (3,4,18) 

No satisfactory screening test for BA is available, 
though promising results using stool colour cards have 
been reported from Taiwan. (21) Physical examination 
and laboratory tests give little clue to the diagnosis of 
BA. Most of the affected infants have a mild degree of 
hepatomegaly and splenomegaly. Ascites or cutaneous 
signs of chronic liver disease are rarely detected in 
the early stages of the disease, when diagnosis is 
most important for effective surgical intervention. 
Biochemical findings are non specific, with levels of 
transaminases, gamma-glutamyl-transpeptidase and 
alkaline phosphatase similar to those found in other 
forms of neonatal cholestasis. Coagulopathy, if present, 
is responsive to intravenous vitamin K. An ultrasound 
scan revealing an absent or abnormal gallbladder with 
an irregular wall, (22) or, in older infants, the triangular 
cord sign (23), is suggestive of BA. However, a normal 
gallbladder or absence of the triangular cord sign, do 
not exclude BA. Histological examination of the liver 
by an experienced histopathologist leads to the correct 
diagnosis of BA in up to 90% of cases. (24) Typical 
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histological findings are edematous portal tracts with 
inflammatory changes, bile duct proliferation and bile 
plugs, but in very young babies these features can be 
much less obvious than in older infants. A scan with 
99 mTc-tagged iminodiacetic acid derivatives, such as 
methyl-brom-IDA, which have good hepatic uptake and 
relatively poor renal uptake, is often used in prolonged 
neonatal cholestasis in an attempt to differentiate 
BA from other forms of liver disease. Discrimination 
between BA and intrahepatic cholestasis is enhanced 
if the infant is pre-treated with phenobarbitone (5 
mg/kg/day for at least 3 days). Repeated imaging up 
to 24 hours after intravenous injection may be required 
to establish whether the isotope has reached the gut. 
Radionucleide studies, however, are only useful if the 
isotope is demonstrated in the gut, thereby excluding BA 
and avoiding an unnecessary and potentially dangerous 
laparotomy, but absence of excretion in the gut does 
not equate with biliary atresia. Daily observation of 
the stool colour and trends in serum bilirubin levels 
are essential even if patency of the bile ducts is 
demonstrated. If the stools remain acholic, the liver 
biopsy should be repeated, and further investigations 
are necessary to exclude late-onset biliary atresia. 
These include nuclear magnetic resonance (25,26) 
or endoscopic retrograde cholangiography (27-29) 
to assess the patency of the biliary system. If they 
are not informative, an explorative laparotomy with 
intraoperative cholangiography is required, but should 
be undertaken by an experienced surgeon, since 
hypoplastic extrahepatic ducts caused by a severe 
intrahepatic cholestasis may be interpreted as atretic, 
leading to an unnecessary and possibly damaging 
operation. (30) The diagnosis of BA should be always 
confirmed by histological examination of the excised 
biliary remnants. 

Management and prognosis  
The treatment of BA is surgical and aims at re-

establishing bile flow. There are three macroscopic 
forms of BA: type I, affecting the distal part of the 
common duct; type II affecting the common hepatic 
duct, but sparing the gallbladder and common bile duct; 
and type III affecting right and left hepatic ducts and 
the gallbladder. The most common form is type III (85-
90% cases), often referred to as ‘uncorrectable’, where 
the surgical reconstruction (porto-enterostomy) is most 
challenging. For these patients, the fibrous tissue at 
the porta hepatis is transected flush with the liver and 
a Roux-en-Y loop of jejunum is anastomosed around 
the fibrous edges of the transected tissue, forming a 
porto-enterostomy (Kasai procedure). (31,32) In the 
5-10% of infants who have a patent common bile duct 
containing bile in continuity with intrahepatic bile ducts, 
a biliary-intestinal anastomosis via a Roux-en-Y loop 
of jejunum usually allows satisfactory bile drainage. 
(33) 

The best preoperative predictor of a successful 
portoenterostomy is the age at surgery, emphasising 
the importance of early referral to a specialized 
centre. If the portoenterostomy is performed by an 
experienced surgeon good bile flow with normal serum 

bilirubin values can be achieved in more than 80% of 
children operated on by 60 days of age, but in only 
20-30% with later surgery. (3,18,34,35) Data from 
Japan show an advantage for infants operated on when 
younger than 30 days of age, no difference in outcome 
in those operated on between 30 and 90 days, and a 
significant disadvantage only for those operated on 
later than 90 days. (36) 

The success of the operation is judged by the 
appearance of pigment in the stools and clearance of 
jaundice. Reports from the UK show that the ultimate 
outcome of BA is improved by centralisation of care in 
specialised paediatric hepatology centres with expertise 
in both Kasai portoenterostomy and pediatric liver 
transplantation. (4,37) The importance of centralization 
of expertise for the successful management of BA has 
been confirmed in France. (38) If bilirubin returns to 
normal, a 90% 15-year survival has been reported 
(39), with a good quality of life in those who have 
reached the fourth decade. (40) If the bilirubin is 
not reduced by surgery, the rate of progression of 
cirrhosis is not slowed and survival beyond the second 
birthday is unusual. If partial bile drainage is obtained, 
development of end stage chronic liver disease may be 
delayed until puberty or early adult life. Eventually, 70-
80% of patients undergoing Kasai portoenterostomy, 
even if surgery is successful, will require liver 
transplantation or succumb to their disease due to 
progressive liver failure. (41) At the other hand of the 
spectrum, 11% of children with surgically corrected 
BA are free of clinical and biochemical signs of liver 
disease after ten-year follow up. (42) 

A serious postoperative complication is cholangitis, 
which occurs in over 50% of patients during the first 
two years after surgery, (43) and is due to a wide 
range of microorganisms. It is characterised by fever, 
recurrence or aggravation of jaundice, and frequently 
features of septicemia. Blood culture, ascitic aspirate 
or liver biopsy to identify the organism responsible 
should precede intravenous antibiotic therapy, which is 
continued for 14 days if a pathogen is identified. Often, 
however, the diagnosis of cholangitis is not obvious 
and unexplained fever may be the only symptom. 
Antibiotics are then started empirically, after taking 
a blood culture and assessing liver function tests, 
C-reactive protein and full blood count. If the fever 
responds to antibiotics, these are continued for 5 days. 
Should the fever recur after stopping antibiotics, a liver 
biopsy is performed for histological examination and 
culture. Long-term prophylaxis with rotating antibiotics 
may be indicated for recurrent cholangitis. (34) 

In an attempt to improve bile flow and postoperative 
cholangitis rate, corticosteroids post surgery have 
been advocated in some centres. (44) Reasons for 
their use are their ability to increase bile flow by 
inducing canalicular electrolyte transport (45,46) and 
their immunological and anti-inflammatory effects. 
(47) There is, however, no solid clinical evidence that 
steroids are of benefit. Most published studies are 
retrospective and uncontrolled. (48-51) There are 
only two published prospective studies. Petersen et 
al (52) used a high-dose steroid regimen to treat 20 
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consecutive patients after Kasai portoenterostomy 
and compared them with a historical control group, 
while Davenport et al (53) performed a prospective, 
double-blinded, randomized, placebo-controlled trial 
of low dose oral prednisolone in 71 children with BA. 
Neither study showed any difference in overall survival, 
liver transplant frequency, survival with native liver, or 
jaundice-free survival with native liver. 

Another complication, particularly in patients with 
BASM, is progressive hepatopulmonary syndrome, 
which at times becomes the primary indication for liver 
transplantation, as the hepatopulmonary symptoms 
slowly disappear after successful grafting. 

A degree of portal hypertension is present in 
almost all cases of BA at the time of portoenterostomy. 
Approximately 50% of all survivors aged 5 years, even 
those with normal bilirubin levels, have oesophageal 
varices, but only 10-15% have gastrointestinal 
bleeding, which needs to be treated with banding or 
injection sclerotherapy. (34) 

Liver transplantation  
Liver transplantation in BA remains complementary 

to portoenterostomy, except for infants who, because 
of delayed diagnosis, present with decompensated 

cirrhosis, i.e. with severely impaired liver synthetic 
function (persistent hypoalbuminemia, coagulopathy 
unresponsive to vitamin K, refractory ascites). For all 
other children, whatever the age at diagnosis, the Kasai 
procedure should be performed by an experienced 
surgeon, as in specialised centres good outcomes 
have been reported also in children operated on late. 
(19) Moreover, even if the portoenterostomy is only 
partially successful, it will allow the child to grow to 
a size more suitable for transplantation. A completely 
unsuccessful Kasai procedure, on the other hand, does 
not preclude early transplantation. The combination of 
Kasai portoenterostomy, followed by transplantation 
if complications arise, has considerably improved the 
survival of children with BA, with a 4-year actuarial 
survival with native liver of 51% and an overall (with 
native liver and post liver transplant) 4-year actuarial 
survival of 89%. (37) 

Liver transplantation is a standard therapeutic 
option for children with an unsuccessful Kasai 
portoenterostomy, or who develop progressive liver 
disease or hepatopulmonary syndrome despite 
successful surgery. Liver transplantation, however, 
remains a formidable procedure. The recipient is likely 
to have one or more life-threatening complications 

Algorithm for Management of Biliary Atresia (Fig 1) 
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in the perioperative or postoperative period. Lifelong 
immunosuppressive therapy is required, with a high risk 
of opportunistic and community-acquired infections, 
Epstein Barr virus associated lymphoproliferative 
disease, renal impairment, etc, necessitating close 
medical and surgical supervision. (54) Most of the 
survivors have a good quality of life and attend 
school, but significant learning issues have been 
reported in a considerable proportion of 823 paediatric 
liver transplant recipients, 34% requiring special 
education and 20% having to repeat grades. (55) The 
long-term medical and psychological effects of liver 
transplantation in childhood are as yet unknown. 

The supply of donors of suitable size and blood 
group, even after the introduction of liver reduction 
techniques and with an increased use of split grafts, 
where one donor liver is used for two recipients - usually 
one child and one adult - remains a major limiting 
factor in liver transplantation. Hence, segmental graft 
transplant from living relatives is currently frequently 
used, with survival rates in excess of 90% in infants in 
whom Kasai portoenterostomy had been unsuccessful. 
(54,56,57) This procedure, however, introduces ethical 
considerations and morbidity and mortality risks for the 
donor, who must to be very carefully assessed before 
donation. (54, 58) 

PRACTICE POINTS  
• Biliary atresia is a disease unique to infancy, in 

which bile duct damage can initiate before or after 
birth: hence pigmented stools after birth do not 
exclude it 

• Biliary atresia is the most common cause of severe 
liver disease in infancy, but at the time surgery 
is most effective (before 60 days of age) babies 
usually have no signs of ill health apart from 
persistent jaundice 

• Jaundice in babies is often ignored because 
unconjugated hyperbilirubinemia (physiological 
jaundice, with normal colour of urine and stools) 
is common in neonates 

• Biliary atresia should be suspected in all infants 
with acholic stools (i.e. not green or yellow) 
and pigmented urine (i.e. frankly yellow and 
staining the nappy), which indicate conjugated 
hyperbilirubinemia (i.e. liver disease), whatever 
their age and general health 

• Infants with suspected liver disease should 
be referred promptly to specialised paediatric 
hepatology centres, as early diagnosis and surgical 
intervention in biliary atresia is life saving 

•  Cholestatic babies must be treated promptly with 
fat-soluble vitamins (A, D, E and K) to avoid serious 
complications, particularly intracranial bleeding 
caused by vitamin K deficiency 

•  Kasai portoenterostomy followed by l iver 
transplantation in those patients in whom the Kasai 
procedure is unsuccessful results in survival rates 
approaching 90% 

•  Primary liver transplantation should be offered 
only to infants with decompensated cirrhosis at 
the time of diagnosis, i.e. those with persistent 

hypoalbuminemia, coagulopathy unresponsive to 
vitamin K, and refractory ascites 
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