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Introduction

Biliary atresia (BA) is a rare congenital obliterative cholan-
giopathy of the newborn. There is a marked geographical
variation in incidence with higher reported rates in Asian
countries, such as in Taiwan (1 in 5000 births)1 and Japan (1
in 8000).2 By contrast, the reported rates in Europe are
consistently lower3–6 and range from 1 in 14,000 (in Sweden)

to approximately 1 in 19,000 in France.We have described at
least four separate variants of BA with different etiological
origins and clinical features including isolated BA, syndromic
BA, cystic BA, and most recently cytomegalovirus (CMV)
immunoglobulin M positive (IgM þ ve) BA.7

Most infants without clinical evidence of end-stage liver
disease would be offered an attempt at restoration of bile
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Abstract Aim Biliary atresia (BA) remains a rare disease in Europe with an estimated incidence
of 1 in 15–20,000 livebirths. While the Kasai portoenterostomy (KPE) is regarded as the
standard operation for BA, there is no consensus on optimum adjuvant therapy. We
sought to determine the variation in therapy and opinion in centers known to have an
interest in pediatric hepatobiliary surgery across Europe.
Methods A survey of current pre- and postoperative practice was circulated to surgeons
and centers known to have an interest in BA. Data are quoted as median (range).
Results There were 19 completed center forms from 12 different countries. Annual
(new) caseload varied with 10 centers reported seeing �5 patients/year and 4 centers
>15 patients/year. The distribution of BA variants was isolated BA (80 [60–100]%),
syndromic BA (10 [3–35]%), cystic BA (5 [1–15]%), and cytomegalovirus (CMV)
immunoglobulin M (IgM)-positive BA (5 [0–15]% (CMV serology only formally tested
in 16 centers). The commonest age group at KPE was 51 to 60 days (n ¼ 8). All centers
performed an exclusively open KPE, although one used laparoscopy for diagnosis. A
steroid-based postoperative regimenwas used in 11/19 (58%) centers, but withmarked
variation in dose and duration. Commonest perioperative antibiotics were a combina-
tion of piperacillin-tazocin (n ¼ 7) and gentamicin (n ¼ 8). Oral prophylactic anti-
biotics, with varying duration (4–52 weeks) were used in 13/19 (68%) centers. If CMV
serology was positive, seven centers would treat with specific antiviral therapy. Other
postoperative medication included ursodeoxycholic acid (UDCA) (n ¼ 19), phenobar-
bitone (n ¼ 4), and cholestyramine (n ¼ 2). Self-declared clearance of jaundice in
centers varied from 30 to 40% (n ¼ 3) to > 60% (n ¼ 5).
Conclusion All surveyed European centers continue to perform an exclusively open
KPE, but there is no consensus on a standard adjuvant drug regimen. Self-declared
outcome post-KPE also appears to be variable though the reasons are obscure.
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flow and preservation of the native liver by a Kasai portoen-
terostomy (KPE). Although this approach would be regarded
as standard throughout the world, there is considerable
variation in the perceived efficacy and role of any other
adjuvant pharmacological therapy.

The aim of this study was to investigate variation in
perioperative management across Europe.

Methods

A standard questionnaire (►Supplementary Material, avail-
able in the online version) was designed focusing on possible
perioperative regimens including steroids, ursodeoxycholic
acid (UDCA), antibiotics, etc. Diagnostic methods, type of
operation, and self-reported assessment of annual caseload
and outcome were also ascertained.

The questionnaire was circulated to surgeons in European
centers known to treat BA. When there were multiple
respondents from a single center, a consensus or the most
senior respondent’s answers were taken. Data were quoted
as median (range).

Results

Centers
This was a European multicenter (n ¼ 19) study across 12
countries (►Fig. 1), with 1 to >15 new patients treated
per year. Ten centers reported seeing �5 patients/year and
four centers >15 patients/year.

Eighty (60–100) percent of infants were described as
isolated BA, 10 (3–35) % syndromic BA, 5 (1–15) % cystic
BA, and 5 (0–15) % CMV-positive BA.

Preoperative ultrasound was universal with others
performed including percutaneous liver biopsy (n ¼ 9; radio-
isotope liver scan [n ¼ 5], magnetic resonance cholangiopan-
creatography [MRCP] [n ¼ 3], endoscopic retrograde
cholangiopancreatography [ERCP] [n ¼ 1], and laparoscopic
cholangiogram[n ¼ 1]). Aviral serologypanelwas tested in16
centers (►Fig. 2). The modal age group at KPE was 51 to 60
(n ¼ 8) days, followed by 61–70 (n ¼ 6) days old. Two smaller
centers (<5/year) in Germany and Turkey suggested that their
average was >70 days.

All centers performed an open KPE, with some variation in
technique. Thus, three different variations could be observed:
originaldescriptionaccording toKasaiwith transectionmargin
resembling “ovoid” remnant (n ¼ 2), radical resection to limits
circumscribed tomargins of bifurcation of portal plate (n ¼ 7),
and radical resection involving dissection between anterior
and posterior right vascular pedicles (Rouviere’s fossa) to
dissectionwithinRex fossaon the left side (n ¼ 11). One center
also resected part of segment 4b as a routine.

Adjuvant Therapy

Steroids
Steroids were used in 11/19 (58%) centers although with a
marked variation in regimens. The commonest was oral
prednisolone/prednisone (n ¼ 8), which was preceded by

Fig. 1 Respondent centers (thumbnails). Countries with national centralization of biliary atresia management (in blue).
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intravenous methylprednisolone in six centers. The modal
dose of methylprednisolone was 3 to 5 mg/kg/day (n ¼ 4).
Prednisolone was given at a modal dose of 1 to 2 mg/kg/day
(n ¼ 2). Only three centers used high-dose prednisolone
(�4 mg/kg/day). Two centers used somewhat unusual ster-
oids, i.e., oral dexamethasone (0.3 mg/kg/day) and rectal
budesonide (no dose given).

Following a tapering regime, the steroids were prescribed
for a median of 13 (4–24) weeks. At the 4th week of follow-
up, following an initial positive response to a KPE (i.e.,
pigmented stools and fading jaundice), only five centers
would repeat a course of steroids if the infant’s stools became
pale, and the bilirubin started to rise. None would repeat
more than one course.

Choleretic Agents
All centers usedUDCA largely at�20mg/kg/day (n ¼ 9) or 15
to 19 mg/kg/day (n ¼ 7). Phenobarbitone (n ¼ 4) was given
at a modal dose of 4 to 5 mg/kg/day (n ¼ 2) and cholestyr-
amine (n ¼ 2) at 0.5 to 1 sachet/day (n ¼ 2).

A single choleretic agent was used in 13 centers, most
commonly UDCA. Dual choleretics were used in four centers
—UDCA and phenobarbitone (n ¼ 3) and UDCA and choles-
tyramine (n ¼ 1).

Antibiotics
All centers used perioperative antibiotics. The commonest
perioperative intravenous antibiotics were a combination of
piperacillin-tazobactam (Tazocin) (n ¼ 7) and gentamicin
(n ¼ 8). Thirteen centers subsequently prescribed oral pro-
phylactic antibiotics, with median duration of 24 (4–
52) weeks. Modal prophylactic antibiotic was co-trimoxa-
zole (n ¼ 7).

Antivirals/Others
If CMV-IgM was found to be positive, 7/15 (47%) centers
would treat with specific antiviral therapy, with the com-
monest being intravenous (IV) ganciclovir (n ¼ 6). This was
then changed to oral valganciclovir (n ¼ 2). The median

duration of treatment was 1 (1–3) months. Serial copies/
mL of CMV was measured (n ¼ 2) to guide therapy duration.
No centers used intravenous immunoglobulin (IVIG), tradi-
tional Chinese, or other herbal medicine.

Outcome
“Average” declared jaundice clearance at any point in time
varied from 30 to 40% (n ¼ 3) to >60% (n ¼ 5). The modal
group was 41 to 50% (n ¼ 6). Those with the poorest out-
comes were all from smaller centers (<5 cases/year). Con-
versely, those with reported clearance rates of >60% were
from centers seeing>5 cases/year, though even those centers
with >15 year did not necessarily have such high rates.

Discussion

Although BA is the most common cause of obstructive
jaundice in infancy, its rarity limits high-quality evidence-
based assessment of diagnostic tests and perioperative adju-
vant regimens.

There is little evidence for a “gold-standard” test that
confirms the diagnosis before laparotomy or laparoscopy.
Most simply opt-for exclusion of more “medical” diagnoses
such as α-1-antitrypsin deficiency, Alagille syndrome, and
familial cholestasis syndromes on biochemistry, genetic
studies, and clinical features with more detailed imaging
(typically ultrasound) failing to show any evidence of biliary
tract dilatation as the prelude to (mini)laparotomy and
confirmation on-table. Of the more invasive investigations,
there are still European units who advocate liver biopsy and
histology, but it is by no means widespread and its use
anecdotally appears to be in decline. Only a single center
opted for ERCP in the initial investigation strategy.

All centers in our survey currently perform an open KPE
though one had been an initial advocate for the alternative,
laparoscopic KPE during the 2000s.8,9 We tried to get an
impression of more subtle details on the actual performance
of the KPE operation by inquiring of depth of resection
offering a relatively simple dissection leaving an ovoid of

Fig. 2 Distribution of preoperative viruses tested. CMV, cytomegalovirus; Hep; hepatitis; IgG, immunoglobulin G; IgM, immunoglobulin M;
REO, reovirus.
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proximal remnant tissue aswas originally described by Kasai
comparedwith amore radical wider dissectionwhere all the
portal plate is denuded of remnant tissue in an around the
branches of the right and left portal veins as suggested by
Ohi, Kasai’s successor in the Sendai unit. Most surgeons
stated that they would do the more radical alternative.
Interestingly, there was one surgeon who deliberately
resected part of a liver segment in addition to the KPE,
something without any real published support.

Postoperative prescription of steroids has been routine in
some units since the 1990s to combat the proposed patholo-
gical role of inflammation. There have been two published
placebo-controlled randomized trials,10,11 two prospective
cohort-controlled open-label studies using high-dose ster-
oids,12,13 and a multiplicity of smaller uncontrolled studies.14

OurexperienceatKing’sCollegeHospitalwouldsuggest benefit
in terms of improved jaundice clearance and reduction in need
for transplant with a high-dose regimen (�4 mg/kg/day),10,13

and it is universal practice in the United Kingdom units. We
have previously shown that the effect of steroids is age-depen-
dent with an arbitrary limit of 70 days beyondwhich benefit is
difficult to show.15 Though most European units do use ster-
oids in one form or another though there appears to be no
agreement on choice of steroids (though oral prednisone was
the commonest) on drug dosage or on duration. Intravenous
methylprednisolone is relatively common, but seemingly fol-
lowed by a low-dose of prednisolone/prednisone for rather an
extended period of approximately 12 to 13 weeks.

UDCA is a hydrophilic bile acidmaking up only a small (1–
4%) proportion of total the bile acid pool in humans. It is
hypothesized that if one can increase this proportion, there
will be a reduction inmore “toxic” endogenous bile acids and
therefore better protection of native hepatocytes and cho-
langiocytes.16 It has trial-proven efficacy in some adult
cholestatic diseases, e.g., primary biliary cirrhosis and pedia-
tric liver dysfunction of cysticfibrosis and perhaps prolonged
parental nutrition associated jaundice,17 and there is single
crossover trial showing improvement in liver biochemistry
in children with stable post-KPE BA.18 Despite scarcity of
evidence in BA and in this age-group, use of oral UDCA was
universal in our survey. By contrast, older agents also advo-
cated at one time as protective of hepatocyte function (e.g.,
phenobarbitone) or able to reduce the bile acid pool by
intestinal sequestration (e.g., cholestyramine) have become
unfashionable.19

Postoperative cholangitis is common, bacterial in origin
and various antibiotic regimens have been utilized to try and

aid in its prevention.20 Still there are only four trials, but only
one of them was randomized and included a placebo
group.21,22 Evidence for continuation beyond the early post-
operative period is therefore weak, and there is not prima
facie evidence that long periods of oral offers any level of
greater protection.22 Nonetheless immediate postoperative
use of intravenous antibiotic was universal using agents,
such as gentamicin and piperacillin/tazobactam (Tazocin).
Most units also continue an oral antibiotic for long periods
(6 monthsþ) with the commonest one being the venerable
combination sulfamethoxazole/trimethoprim (Septrin).

A relatively newaddition to the post-KPE protocol appears
to be specific antiviral therapy. We and others have sug-
gested that CMV IgM þ ve BA is a distinct variant with a
worse prognosis.7,23 Some centers do not routinely test for
CMV serology, and many centers could not give any real idea
of the percentage affected in their referral case-mix. Still just
over half of thosewho domeasure CMV serologywould treat
patients found to be IgM positive or with high viral loads.

Both intravenous ganciclovir and more recently its oral
prodrug valganciclovirhavebeen shown to reduceprogression
of congenital CMV disease affecting children’s nervous sys-
tems.24 However, the published literature on its use in CMV-
IgMpositive BA patients is small and involves only a handful of
cases.25Our unpublishedexperiencewith both antiviral agents
seems to suggest that either is efficacious in improving out-
come in this select group.Nonetheless someEuropean authors
would contest the actual influence of being “viral positive”
(using an extended panel of viruses, not just CMV) as they
could not show any difference in outcome.26 Still, native liver
survival was relatively poor in both groups.

IVIG is an established treatment in multiple immune-
related inflammatory conditions and has been used to
reduce inflammatory cytokines and increase anti-inflamma-
tory T helper cells. In North America, a study of IVIG is
currently underway (Post Portoenterostomy in Infants with
Biliary Atresia [PRIME]). This was not used in any European
center. Finally, traditional Chinese medicine Inchin-ko-to,27

Artemisia derivatives, and glycyrrhizin have been reported in
the Japanese and Chinese literature and are currently widely
prescribed there. Actual evidence is minimal though and
they have yet to be used in Europe in any systematic fashion.

This survey can only report self-declared outcome statis-
tics, but even so the range was wide with some centers
suggesting clearance rates of <40% despite very reasonable
average ages at KPE. Published contemporary European out-
comes (►Table 1)20,28–30 do show significant variation from

Table 1 Recent national studies of outcome in biliary atresia

n Period Age at surgery Clearance of jaundice

National series

England and Wales 439 1999–2009 54 days 55%

Finland, Sweden, Norway, and Denmark 148 2005–2016 64 days 64%

The Netherlands 104 1998–2008 59 days 38%

France 339 2003–2009 59 days 36%

European Journal of Pediatric Surgery Vol. 29 No. 1/2019
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a reported clearance rate of 36% in France to one of 64% in the
Nordic countries. Our survey reflects this variation. Of note,
six of our survey centers were in “centralized” units in their
respective countries.

We report the first survey of post-Kasai management
from across Europe. Practice surveys are an effective tool
for data gathering on the views, practice, andmanagement of
pediatric surgeons, particularly for rare conditions. However,
surveys have obvious and known limitations. The reliability
depends on several factors: answers may not be honest and
accurate; by responding, there is an intrinsic selection bias
(non-respondents may have answered differently), and
options may be interpreted differently by different respon-
dents from the same center.31

Conclusion

In conclusion, we have shown that there is a wide variability
of postoperative adjuvant regimens in use across Europe.
This reflects the multiplicity of languages and cultures
within Europe, but is probably not the best environment
for progress and achievement of the best results following
KPE. Actual centralization requires political will, but adop-
tion of common protocols does not. We would suggest
adoption of more consistent guidelines across institutional
and national boundaries. Self-reported outcomes also
appear to be highly variable, and it is not obvious why
this should be so. The creation of national prospective
databases should be encouraged to help to identify areas
where improvements could be made and areas of weakness
identified.
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