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ABSTRACT
Background 
Biliary atresia (BA) is a cholestatic disease in infancy caused by obliteration of the biliary tract. In 
the past decades it has evolved from a uniformally lethal disease to a disease for which curative 
treatment is feasible. However, substantial morbidity and mortality still exists. Many controversies 
regarding diagnostic procedures and treatment have remained.

Data Sources 
Based on available scientific literature, we reviewed the current knowledge regarding the diagno-
sis and management of BA. Articles were retrieved from PubMed using the terms: biliary atresia, 
neonatal jaundice, diagnosis, outcome, etiology. Articles from 1959 onwards were used, with a focus 
on the most recent 5 years.

Results 
Much research has focused on the management of patients, clarifying the beneficial effects of early 
surgery and the importance of surgical expertise. Still, little is known about potential adjuvant treat-
ment strategies. The pathophysiology is still poorly understood, hampering the development of 
strategies to prevent disease development and progression.

Conclusion 
Screening tools to facilitate early diagnosis may further increase survival. More prospective research 
on the effects of nutritional support, ursodeoxycholic acid and prophylactic antibiotics is deman-
ded. As long-term survival is now feasible, research should focus on developmental and psycholo-
gical outcomes as well. 
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1. INTRODuCTION
Biliary atresia (BA) is a cholestatic disease presenting in infancy. The disease is characterized by 
obliteration of (parts of ) the extrahepatic bile duct. The incidence varies from 1:17,000 to 1:19,000 
life births in Western countries33,111,147,151, to between 1:7,000 and 1:3,300 life births in Taiwan, Japan 
and French Polynesia.20,128,179 Generally, three subtypes are distinguished (See figure 1).62 In type I 
(5-10% of cases), obstruction is located in the common bile duct. In type II (2-5%), the common 
hepatic duct is obstructed and may be associated with the formation of a ductal or biliary cyst. In 
type III, the most common variant (>90%) the entire extrahepatic bile duct is obstructed including 
the porta hepatis (Figure 1).60 The disease is not inheritable although case reports have described 
the concordant occurrence in twins, or mother and sib.85 There are reports of monozygotic twins 
of which one child developed BA and the other child was unaffected.73,168 Until now, there is no 
evidence for a higher incidence of BA in offspring of BA patients who have reached the childbearing 
age.88,103

2. ETIOlOgy
2.1 Current theories
About 20% of the BA patients have associated malformations and in this subgroup a  joint etiology 
is likely. Patients with BA and splenic malformations (asplenia or polysplenia) are considered a 
prognostic subgroup and the condition is termed Biliary Atresia Splenic Malformation syndrome 
(BASM). It occurs in up to 10% of BA patients.31,80,192 These patients frequently have other malforma-

Figure 1: Three subtypes of biliary atresia are distinguished.
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tions as well, such as situs inversus, intestinal malrotation, preduodenal portal vein, cardiac abnor-
malities, and absence of the inferior vena cava.31 
 The majority of BA patients however, have an isolated form. The current idea is that in 
these patients, a local immune reaction is triggered by an unknown cause, leading to the formation 
of fibrotic tissue with subsequent obstruction.105,157 A corresponding picture is seen in histologic 
examination of resected specimens.13,27 It is thought that the syndromic form develops early in 
pregnancy and is therefore termed the embryonic form. The isolated form is thought to develop 
shortly before or after birth and is called the perinatal form. Despite extensive research efforts, the 
exact etiopathogenesis of BA is currently still unknown. The cause is likely to be multifactorial and 
many factors have been suggested to be involved, such as genetic factors, perinatal infections, 
vascular insults, defective morphogenesis, disorders of immunity and toxic insults (Figure 2). The 
best evidenced factors will be discussed in the next sections.

Figure 2: Proposed factors to be involved in the pathogenesis of embryonic and perinatal biliary atresia.

2.1.1 Perinatal infections
A viral infectious genesis was first proposed by Landing.89 Moreover, some studies evidenced seaso-
nal variation or time/space clustering of BA cases suggesting an infectious or toxic origin of the 
disease, whereas others could not demonstrate clustering.67,167,197,210 A number of studies indeed 
showed evidence of reoviral RNA182, cytomegalovirus DNA and IgM46 and rotavirus RNA138 in up to 
50% of BA patients. Proving an infectious cause is difficult because tissue samples are obtained a 
substantial time after the suspected primary insult. One of the current theories is that autoimmunity 
is induced by viral proteins that show great similarity to proteins in bile duct epithelium, based on 
molecular mimicry. After clearance of the virus, the induced autoimmunity causes persistent inflam-
mation and injury.104,120

2.1.2 Autoimmunity
The principle of BA being an autoimmune disease has been supported by two studies. First, T-cells 
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from BA mice are able to induce bile duct inflammation in naieve severe combined immunodefici-
ency mice.105 Second, antibodies against the bile duct epithelial antigen α-enolase, derived from BA 
mice, have been shown to cross-react with proteins from RRV.102 As of yet, it is unclear whether these 
auto-immune processes are the eliciting factor in BA, or that they develop as by-effects in the course 
of disease. It is striking that the recurrence of BA after liver transplantation has not been reported, 
which would plead against a primary auto-immune cause.
 Other studies suggest that BA is rather a graft-versus-host-like disease, caused by the 
engraftment of maternal CD8+ T-lymphocytes that passed through the placenta. This is a naturally 
occurring phenomenon. However, without an adequate host immune-reaction, the maternal cells 
remain in the body of the offspring, causing maternal microchimerism. It has been shown that BA 
patients have higher levels of maternal chimeric cells in the liver compared to controls.86,122,170

2.1.3 Genetic factors
The susceptibility to BA has also been linked to immunogenetic factors. Several HLA-subtypes each 
have been shown to have a high frequency and linkage disequilibrium in distinct populations of 
BA patients. So far, however, the results have not been replicated in other cohorts.2,161,214 The largest 
study (101 patients), also the first study to apply molecular genotyping, focused on previously 
associated HLA alleles and could not confirm an association with BA.41 Genome-wide association 
studies in two Chinese cohorts revealed a susceptibility locus on 10q24.2, a gene involved in the 
metabolism of inflammatory mediators.50

 Furthermore, epigenetic modifications may also play a role in the development of BA. In 
zebrafish, hypomethylation appeared to cause biliary defects and activation of interferon-γ respon-
sive genes, which are features of human BA. Moreover, DNA methylation was reduced in bile duct 
cells from BA patients, compared to patients with other infantile cholestatic diseases.107 

2.2 Animal models for BA
The mouse model for BA was first described by Riepenhof-Talty and the model was further explored 
by Petersen et. al.137,139 Inbred Balb/c mouse pups are inoculated intraperitoneally with a specific 
viral strain, rhesus rotavirus MMU18006. Subsequently, depending on the dose utilized, 60-100% 
of the mice will develop a disease with clinical and pathological symptoms similar to human BA. 
It is intriguing that, for unknown reasons, not all mouse strains are equally susceptible for the 
disease. Furthermore, BA is only inducible in mice within one day after birth, suggesting a tempo-
rary window in immunity. In BA mice, the viral infection is typically eliminated within a few days, 
leaving an ongoing inflammatory response targeted at the bile duct epithelia. The BA mouse model 
thus supports the viral hypothesis. Until now, the mouse model has mainly been utilized to study 
elements of the immune cascade elicited by BA. These studies clarified the involvement of both the 
adaptive and innate immune system.105,157

3. ClINICAl ASPECTS
3.1 Presentation
BA patients present at a median age of 4-6 weeks of age. The most observed presenting symptoms 
include jaundice of skin and sclerae, and acholic, and thus discoloured stools, typically in term 
infants with normal birth weights. The first presentation may also be growth failure, or bleeding due 
to vitamin K deficiency. The latter may occur typically in breastfed infants who received no or low 
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dosages of vitamin K prophylaxis. In a study of 30 breastfed infants receiving 25 μg vitamin K daily, 
83% experienced vitamin K deficiency bleeding, and 43% had an intracranial hemorrhage.187 The 
first symptoms of BA are often not recognized by the parents and primary care givers, as jaundice is 
difficult to detect or is not considered alarming. The incidence of physiological jaundice and breast-
milk jaundice after birth is high, and it is very difficult to distinguish among those infants the few 
cases with underlying pathology requiring specific treatment. The paleness of stools may not be 
noted or regarded normal in (breastfed) newborns. 
 Other diagnoses which need to be considered in the diagnostic work-up of presumed BA 
are, among others, alpha-1 antitrypsin deficiency, Alagille syndrome, forms of progressive familial 
intrahepatic cholestasis, (idiopathic) neonatal hepatitis, metabolic disorders, storage diseases and 
choledochal cysts.163 

 A stool color card has been successfully introduced in Taiwan and Japan as a screening 
tool, aiding parents in recognizing abnormal stool color and thereby improving both the referral 
of cases to hospital and the 5-year transplant-free and overall survival rates.71,98  This simple but 
promising screening tool might be practicable in many health care systems.
 In some cases BA may be diagnosed in the antenatal period by ultrasound. In cystic BA 
the choledochal cyst can be visualized, or the absence of a gallbladder may be noted. Measurement 
of amniotic gamma-glutamyl transferase (GGT) levels may then help to distinguish BA from conge-
nital absence of the gallbladder, but amnioscentesis is then required, and the reference values are 
currently not well enough defined to allow for adequate discrimination.9

3.2 Diagnostic work-up
Ultrasonographic examination72, hepatobiliary scintigraphy, endoscopic retrograde cholangiopan-
creatography (ERCP)83,136,193, magnetic resonance cholangiopancreato-graphy (MRCP)95, duodenal 
tube tests (continuous aspiration via a nasoduodenal tube, to assess presence of bile)90, liver 
biopsy and laboratory investigations may aid in the diagnostic work-up. Yet, the gold standard for 
the diagnosis of BA is a peroperative cholangiography. However, ultrasonography may yield high 
accuracy (98%) in diagnosis upon careful evaluation of multiple features (gallbladder morphology, 
triangular cord sign, presence of common bile duct, liver size and echotexture, splenic appearance, 
vascular anatomy) by an experienced operator. It may therefore be a pre-selection tool before 
invasive diagnostic modalities are applied, but only in those centers where the case-load of infants 
with suspected BA is sufficiently large to become experienced.72

 The histological findings of liver biopsies from BA patients include bile ductular proli-
feration, portal and periportal inflammation, fibrosis and bile plugs.79 Biopsies from patients with 
alpha-1 antitrypsin deficiency, Alagille syndrome and cystic fibrosis may show an identical picture. 
In early presenting BA patients, there may be paucity of bile ducts rather than ductular proliferation, 
the former being a typical finding in Alagille’s syndrome. Serial biopsies may then aid in differenti-
ation between the two diseases.8 Periodic acid-Schiff staining preceded by diastase digestion may 
visualize alpha-1 antitrypsin deposits, but those are difficult to recognize in early infancy.97 Giant 
cell transformation is found in at least 25% of BA patients, particularly in early presenting patients, 
which makes differentiation with other causes of neonatal hepatitis difficult.8,79,163

 
3.3 Primary treatment and prognostic factors
BA is uniformally lethal when untreated. In 1959 the Japanese surgeon Morio Kasai described a novel 
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technique termed portoenterostomy, in which the fibrotic bile ducts are removed with transection 
of the porta hepatis to expose the remaining ductules. Subsequently, a Roux-en-Y bowel loop is 
constructed which is attached to the porta hepatis (Figure 3).82 Variants called choledochojejunosto-
my or hepaticojejunostomy can be utilized to treat type I and type II BA, respectively. 
 The development of Kasai portoenterostomy would prove to be a major breakthrough in 
BA treatment and has markedly improved the prognosis of the disease, with 4-year transplant-free 
survival rates of 40-50% nowadays in most Western countries.32,151,203 The success of treatment is 
measured by the rates of clearance of jaundice (normalization of bilirubin levels within 6 months 
post-surgery) and transplant-free survival. Complete clearance of jaundice and full restoration of 
excretory and synthetic liver functions are feasible, although inflammation and liver damage may 
continue despite adequate bile drainage.124 

 The most important potentially influenceable parameters determining the outcome of 
Kasai portoenterostomy have been shown to be age at surgery and center case-load. Most large 
series show concordantly that early surgery leads to better short-term survival.147,152,203 A true 
age threshold has not been determined, but most studies find better survival when surgery is 
performed before the age of 60 days. Some studies detected additional benefits when surgery is 

Figure 3: Schematic representation of the anatomical situation after the Kasai portoenterostomy procedure.

performed before 45 days, with a reported 4-year transplant-free survival of 75%, versus 33% when 
surgery is performed at 47-70 days.152 Even surgery performed before 30 days has been shown to 
be beneficial, with a 5-year transplant-free survival rate of 58% compared to 41% when surgery is 
performed at 31-45 days of age.152 In another study, a 4-year transplant-free survival rate of 49% 
was achieved when surgery was performed before 30 days, compared to 36% when surgery was 
performed between 31 and 90 days of age.147 However, other studies do not show a clear benefit 
of early surgery. In a study of 225 patients, the effect of age at surgery on clearance of jaundice and 
transplant-free survival was not significant in isolated BA, whereas increased age had significant 
negative effects in BASM and cystic BA (type I BA with cyst formation).26 In a study from Hong Kong, 
the one-year transplant-free survival rate was higher in patients operated on between 61 and 80 
days (81%) when compared to surgery performed before 60 days (54%).205

 It has been proposed that late presenting patients (>90 days) should be subjected to 
primary OLT rather than Kasai portoenterostomy. However, transplant-free survival rates of 20-40% 
after 10 years, and of 4% beyond 20 years are reported in children operated on >90 days. Based on 
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these numbers, it is advised to perform Kasai surgery first, even on late presenting patients.
The effect of centralization on the outcome after Kasai portoenterostomy was investigated in two 
studies (see Table 1). In England and Wales it was shown that centers performing at least five Kasai 
procedures a year had a higher 5-year transplant-free survival. Therefore, a government-induced 
centralization policy was instituted resulting in three BA treatment centers.32 In France, a decen-
tralized policy was introduced, where large treatment centers serve as a source of expertise for the 
smaller centers. From those two studies it was concluded that surgical treatment for BA should be 
centralized. Center size effects have also been studied in Canada, where beneficial outcomes in 
the large treatment center (>5 cases/year) were only demonstrated in the BA patients operated on 
between 45 and 90 days of age, and not before 45 days.146

 Patients with BA subtypes I and II tend to have better survival rates compared to those 
with subtype III.128,151 Mortality of patients with BASM was higher than that of isolated BA patients 
in three large cohorts, which has been speculated to relate with intrinsically worse liver disease, 
susceptibility to infections and increased progression to pulmonary hypertension.26,29,151,159,178 In 
smaller series, no differences could be detected between isolated BA and BASM.191,192 

3.4 Liver transplantation 
The second surgical breakthrough in the treatment of BA was the advent of orthotopic liver trans-
plantation (OLT), which could at first only be performed in older children but can now be perfor-
med successfully even in small infants. One-year patient survival rates after OLT for BA have risen to 
~90%, and 10-year survival to ~80%.10,47,184,195 OLT is indicated in BA patients with decompensated 
liver cirrhosis, failure to thrive, frequent cholangitis or hepatopulmonary syndrome. BA is the most 
common indication for OLT in childhood, accounting for ~50% of the cases.
 Novel transplant techniques such as reduced and split liver grafts and living donor grafts 
have increased the availability of donor organs, to counteract the waiting list. The outcome after use 
of these alternative allograft types has become similar compared  to the use of whole grafts.12,38,117 

The timing of OLT is very important. The pediatric end-stage liver disease (PELD) score (calculated 
from growth parameters, serum bilirubin and albumin levels, and the International Normalized 
Ratio) has been developed as an objective measure for the need for OLT in children with end-stage 
liver disease.108 The score has been shown to adequately predict waiting list mortality and post-
transplant mortality, and implementation of this scoring system has been shown to improve survi-
val rates.10,109,184

 The success of Kasai portoenterostomy and OLT as treatment modalities was facilitated 
by many advances in general medical treatment. These allowed for good quality of care in the 
pre-operative and post-operative phase, contributing to the ultimate outcome after Kasai and OLT.

3.5 Outcome of BA
Currently, the 20-year transplant-free survival of BA patients is ~25-30%. In a subset of these 
patients, the achieved restoration of bile flow may persist for many years thereafter. Only prolonged 
follow-up will reveal whether Kasai will be a definitive cure in these patients. However, the majority 
is expected to need OLT at some point.103 It is not known how the incidence of malignancies in 
BA patients relates to that of other causes of fibrosis and cirrhosis. Therefore, lifelong specialized 
follow-up is of importance for BA patients. There are indications that liver function may deteriorate 
substantially during pregnancy in female BA patients.88 
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Table 1: Outcomes of BA patients according to annual case load per treatment center

Case load 
(cases/center/year)

4-year transplant-
free survival

4-year overall 
survival

4-year transplant-
free survival

4-year overall 
survival

Before centralization After centralization

England, Wales 32

1999-2002
n=91 n=91 n=148 n=148

< 5
>5
≥20

14%*
61%*

91%*
75%*

51% 89%

France 151

1986-2002
n=438 n=465 n=252 n=270

≤2
3-5
≥20

34%
31%
48%

63%
61%
81%

33%
45%
48%

79%
87%
90%

                                                                                No centralization

Canada 146

1999-2002
n=299 n=299

>5
<5

44%
36%

83%
84%

*5-year survival rates reported

Generally, it is assumed that most BA patients manage to lead normal lives, but detailed analyses
concerning course of life and health-related quality of life are scarce. One study compared the 
quality of life of adolescent transplant-free BA patients from Japan and the UK with their respective 
reference groups and concluded that BA patients experience a normal quality of life.70 

 Studies in young (aged <2 years) BA patients revealed that language and gross motor 
skills are impaired in OLT candidates.19 One third of 40 studied BA patients was considered develop-
mentally delayed one year post-OLT.198 Even after an average post-OLT follow-up of 9.2 years, the 
working memory and visuo-spatial functions appeared to be deficient in a group of thirteen BA 
patients.213 Thus, the disease seems to have major developmental consequences. Currently, there 
are no detailed studies on the achievement of developmental milestones in BA patients on the 
longer term.
 
4. FuTuRE PERSPECTIVES
4.1 Screening
The major gain in the prognosis of BA may be achieved by getting the child under specialized medical 
attention early in order to assure timely surgery. Until now, there is no suitable mass screening tool. 
Conjugated bile acids in dried blood spots are elevated in children with BA.123 However, the consi-
derable overlap with healthy subjects makes the test unfit for mass screening. Sulfated bile acids 
measured in urine are not useful as a screening tool because of the high false positive rate, but may 
be used as a noninvasive diagnostic tool in jaundiced infants.121 As BA is a rare disease, it is important 
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that primary care givers are made aware of the importance of avoidance of diagnostic delay. Tools 
such as the stool color card may be very helpful. 

4.2 Adjuvant therapies
Problems encountered in a child with insufficient or borderline sufficient bile flow are fat malab-
sorption and fat-soluble vitamin deficiency. This may lead to growth failure, particularly when 
combined with an increased energy expenditure. Growth failure is related to poor outcome of BA 
and is therefore used as a selection criterium for OLT candidates.36,108 Furthermore, growth failure is 
correlated with developmental delay in BA patients.19,198 Early aggressive nutritional support seems 
warranted in patients with poor growth, but further studies should detail whether enhancement of 
growth and outcome is feasible. Plasma levels of fat soluble vitamins should be monitored regularly, 
and supplemented if necessary.158 
 Disturbances in essential fatty acid and cholesterol metabolism have been described even 
in BA patients with normal bilirubin levels after the Kasai procedure, but the clinical implications 
remain to be established.132,169

 BA patients are susceptible to cholangitis, particularly after Roux-en-Y enterostomy, 
caused by ascending gut flora. Cholangitis is thought to accelerate liver damage and can be life-
threatening in patients with end-stage liver disease. Prophylactic antibiotics are therefore often 
used post-Kasai, although the effects on outcome of different antibiotic regimens have never been 
studied in a randomized fashion.
 It is thought that the hydrophilic choleretic bile acid ursodeoxycholic acid (UDCA) may 
promote bile flow in BA patients. A study in 16 BA patients with  successful portoenterostomies 
showed that cessation of UDCA therapy resulted in a deterioration of liver biochemistry parame-
ters.204 The effects on outcome and effects in patients with insufficient bile flow have barely been 
studied.
 The use of steroids post-Kasai as inhibitors of inflammation and bile flow promoting 
agents has been studied quite extensively, with conflicting results. In the single randomized, 
double-blind placebo controlled trial performed, with a low dosage prednisolone (2 mg/kg/day), 
effects on clearance of jaundice and transplant-free survival were not detected.30 The same was true 
for an open-labeled study of high-dose methylprednisolone (10 mg/kg/day).135 However, due to the 
relative rarity of BA, these studies are typically underpowered and subtle effects can not be detec-
ted. A systematic review of 20 studies containing 1820 infants (1175 receiving steroids) showed an 
improvement of clearance of jaundice and survival with steroid therapy.207 Only large-scale studies 
can provide a definite answer.

5. CONCluSIONS
Despite extensive research efforts, the cause of BA remains largely unknown. More knowledge 
regarding the pathophysiological processes may provide new targets for screening, intervention 
and eventually disease prevention, for which the recent advances in the animal models may be of 
great utility. Due to the development of Kasai’s portoenterostomy and liver transplantation, this 
previously lethal disease has now reasonable survival rates. The focus has shifted towards impro-
ving transplant-free survival and the developmental consequences. Early detection of the disease 
is expected to improve the survival further. By current lack of a biochemical screening tool this 
may best be achieved by stool color cards. Furthermore, adjuvant therapies such as post-surgical 
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administration of prophylactic antibiotics and UDCA, and intensive nutritional support deserve 
more research to assess the potential benefits. As BA is a rare disease, studies should be performed 
on an (inter)national basis. 
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AIM OF THE THESIS
The aim of the thesis was twofold. First, to evaluate the treatment of BA in the Netherlands by the 
aid of the national NeSBAR (Netherlands Study group on Biliary Atresia Registry) database. This is a 
detailed database spanning two decades. As detailed data concerning outcomes in adulthood are 
scarce, we also studied the outcomes of a cohort of BA patients originally described in 1989, before 
NeSBAR was established.68 The Dutch treatment results were compared to those reported from other 
Western countries. Second, by the aid of these data we aimed to find strategies to further improve 
the outcome of BA. In this respect, we did not only focus on (transplant-free) survival parameters, 
but also studied functioning of BA patients who have reached adult age. Finally, we adopted the 
murine BA mouse model in order to study disease mechanisms and potential therapeutical targets.
 In the first three chapters, we focused on outcomes and prognostic factors in infancy and 
early childhood. In chapter 2, we examined the occurrence of pre-transplant mortality in Dutch BA 
patients and investigated how pre-transplant mortality might be prevented. As it was known from a 
previous study that breast-fed cholestatic infants in the Netherlands had a high incidence of vitamin 
K deficiency-related bleeding, we examined the incidence of vitamin K deficiency-related bleeding 
in cholestatic infants fed with hydrolyzed formula in chapter 3.187 Finally, an overall analysis of the 
clearance of jaundice, transplant-free survival and overall survival of BA patients in the Netherlands 
was performed in chapter 4. There is still considerable debate on when Kasai portoenterostomy 
should be performed, and very few studies have assessed the effects of adjuvant medicaments. 
Therefore, we set out to explore the effects of (among others) age at Kasai portoenterostomy, 
post-surgical antibiotic prophylaxis administration and post-surgical UDCA administration on the 
prognosis of BA patients by the aid of multivariate analyses.
 In the next three chapters, outcomes and prognostic factors of adult non-transplanted 
and transplanted BA patients were studied. The outcomes at 20 years post-surgery were analyzed 
in chapter 5. As little is known on the long-term course of BA after Kasai, we delineated the clinical 
condition of the transplant-free patients at the age of 20. Because long-term survival is now possible 
in a major part of BA patients, the impact of disease on patients’  lives become an important outco-
me measure as well. A detailed study on the health-related quality of life of young adult BA patients, 
both transplant-free and transplanted, was performed in chapter 6. By the aid of the RAND-36 
questionnaire, the results of BA patients were compared to those of a Dutch age-matched compa-
rison group. We aimed to identify patient groups at risk for health-related quality of life problems, 
and correlated quality of life to disease state. Very little is known about the impact of chronic liver 
disease with very early onset on course of life, i.e. the achievement of developmental milestones. 
As BA is a life-threatening disease, requiring major surgery, one might expect that it has major 
consequences on course of life. Therefore, we studied the course of life of young adult transplanted 
and non-transplanted BA patients in detail in chapter 7, and aimed to examine whether additional 
support is required in BA patients to normalize the course of life. For this purpose, the Course of Life 
questionnaire was used, and the results of the BA patients were compared to a Dutch age-matched 
comparison group.
 In other cholestatic diseases, it has been shown (both in several animal models and human 
liver tissue specimens) that the Hedgehog signaling cascade might be an important mechanism in 
the induction of liver fibrogenesis. In a pilot study described in chapter 8, we aimed to assess the 
presence of this signaling pathway in the disease process of the murine BA model, and to characte-
rize the changes in biliary epithelial cells which may be linked to Hedgehog signaling.
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For this purpose, we examined components of the Hedgehog signaling cascade and epithelial 
markers by mRNA expression levels and immunohistochemistry. Studies were performed in liver 
tissues of BA mice at different disease stages, and control mice.
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ABSTRACT
In order to further improve the outcome of BA, we characterized the mortality of biliary atresia (BA) 
patients who did not undergo liver transplantation (OLT) in The Netherlands, and compared our 
results to international data. For this purpose, we analyzed the causes of mortality of non-transplan-
ted BA patients before the age of five years, using the Netherlands Study group of Biliary Atresia 
Registry (NeSBAR) database. To evaluate trends in mortality, we compared the cohort 1987-1996 
(n=99) with 1997-2008 (n=111). We compared clinical condition at OLT assessment with available 
international data, using the Pediatric End-stage Liver Disease (PELD)-score. Mortality of non-trans-
planted BA children was 26% (26/99) in 1987-1996 and 16% (18/111) in 1997-2008 (p=0.09). Sepsis 
was the prevailing direct cause of death (30%;13/44). PELD-scores at the time of assessment were 
higher in non-transplanted BA patients (median 20.5; range 13-40) compared to international data 
(mean/median between 11.7 and 13.3). Based on our national data, we conclude that pre-transplant 
mortality of BA patients is still considerable, and that sepsis is a predominant contributor. Our results 
strongly indicate that the prognosis of patients with BA in The Netherlands can be improved by 
earlier listing of patients for OLT and by improving pre-transplant care.
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INTRODuCTION
Biliary atresia (BA) is an obstructive cholangiopathy of unknown aetiology, occurring in the perinatal 
period. The incidence varies from 1:15.000 to 1:19.000 live births in Western Europe.60,111,151 The initial 
treatment consists of the Kasai portoenterostomy, which aims to restore bile flow from liver to intes-
tine.82 Nevertheless, in the majority of cases, orthotopic liver transplantation (OLT) will be needed 
eventually, either within years after surgical correction or after prolonged follow-up.103,128,159,184 OLT is 
indicated early when surgical correction fails to clear jaundice, or when complications of end-stage 
liver disease develop due to biliary cirrhosis, which might be accelerated by repeated episodes of 
cholangitis.11,163 Worldwide, BA is responsible for 50-70% of the indications for OLT under the age of 
2 years (data from United Network for Organ Sharing and Eurotransplant).60,74,133 

 The postnatal age at which the Kasai procedure is performed has been negatively related 
to both successful clearance of jaundice and to postponement of OLT.21,81,128,152,163 Another important 
factor that might determine outcome is experience of the treatment center in the management of 
BA patients.32,110 Long-term overall outcome is influenced by accessibility to OLT.128

 Despite the availability of OLT in West-European countries, epidemiological studies on the 
prognosis of BA still report mortality in non-transplanted BA patients.110,147,151,159 The aim of this retro-
spective study is to assess whether improvement in the prognosis of BA patients is possible. For this 
purpose, we aimed to gain insight in the causes of mortality in BA patients, who had not had a trans-
plant at their time of death, and to identify clinical or demographic risk factors for pre-transplant 
mortality. To assess whether our national findings might be applicable for other countries as well, 
we set out to compare our findings with available data from other developed countries. We used 
the prospective NeSBAR (Netherlands Study group of Biliary Atresia and Registry) database from 
1987-2008. Because there were many developments in surgical, anesthesiological and pediatric 
disciplines within this period, we also assessed whether this has affected treatment outcome by 
comparing the cohort 1987-1996 to the cohort 1997-2008.
 
PATIENTS AND METHODS 
The database of NeSBAR is based on an ongoing joint effort of the Dutch Society for Pediatrics 
and the Dutch Society for Pediatric Surgeons. The prospective NeSBAR registry contains the patient 
data of all BA patients treated in the six specialised academic centers in which primary treatment 
(portoenterostomy according to Kasai or one of its variants) has been performed from January 1st 
1987 onwards. Follow-up also takes place in one of the six specialised academic centres. 
 Within these centers, one pediatric gastroenterologist and one pediatric surgeon guaran-
tee proper data collection. Data entry is yearly checked on site by one researcher using the pediatric 
and surgical patient files. Pediatric OLT has been concentrated in one national center. The Dutch 
pediatric OLT program started in 1982, and the living related liver transplantation program in 2004. 
The definitive diagnosis of BA was based on laparotomy and intraoperative cholangiography, and 
confirmed by the pathology of the resection specimen.
 For the present study, we included all BA patients born between January 1st 1987 and 31st 
of December 2008 who underwent surgical correction for BA. Subsequently, we selected the BA 
patients who died under the age of five years without OLT. This limit is arbitrarily chosen, however 
the vast majority of patients in whom restoration of bile flow fails do not survive beyond five years 
with native liver.21,81,110,163 Follow-up ended the 31st of December 2008.
 Original patient files, operative reports and office notes were reviewed on site by one 
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researcher (WdV) to obtain relevant demographic data and clinical characteristics. This study was 
performed according to the guidelines of The Medical Ethical Committee of the University Medical 
Center Groningen. 
 The following data were extracted from the database: date of birth, associated congenital 
anomalies, age at Kasai, age at assessment for OLT, Pediatric End-stage Liver Disease-score (PELD-
score)108,155,201 at date of OLT assessment, and cause and age of death. PELD-scores were calculated 
to assess the clinical severity of end-stage liver disease, using the PELD scoring system and Dutch 
growth charts.51,108

 Sepsis was defined as a systemic inflammatory response in combination with a positive 
blood culture.14 Cases in which fever (>37.5°C), leukocytosis (>12·109 cells/L) and no proven 
non-infectious cause of a systemic inflammatory response were present, were also considered as 
having sepsis. Patients were designated as having end-stage liver disease when a combination of 
complications of portal hypertension or compromised hepatic synthetic function was present, such 
as (variceal) hemorrhage with compromised clotting, hepatorenal or hepatopulmonary syndrome 
and encephalopathy.

Statistical analysis
The incidence of BA in The Netherlands was determined by calculating the number of diagnosed 
cases per number of live births, obtained from the Statistics Netherlands website (http://www.cbs.
nl). Analysis of categorical variables was performed by Fisher’s exact test or Mann-Whitney U-test, 
and of continuous variables with Student’s t-test or Mann-Whitney U-test as appropriate. Native liver 
survival rates of both cohorts were calculated with the Kaplan-Meier method with time between 
birth and pre-transplant mortality or OLT, and overall survival rates for all patients assessed for OLT 
with time between birth and death. Survival data were compared using the log-rank test. Two-tailed 
p-values below 0.05 were considered statistically significant.
 
RESulTS
Patients
In the Netherlands, between January 1, 1987 and December 31, 2008, 211 BA patients underwent 
surgical correction. Kasai portoenterostomy was carried out in 202 patients, 5 patients underwent 
a hepaticojejunostomy and 4 patients a choledochojejunostomy. One patient was lost to follow-up 
due to emigration before reaching the age of five, and had to be excluded from the study.
  Of 210 patients, 119 (57%) either died or were transplanted before five years of age. 
Forty-four patients (21%) died with their native liver before reaching the age of five years. Biliary 
Atresia Splenic Malformation syndrome (BASM), defined as the presence of malformations inclu-
ding polysplenia or asplenia in conjunction with BA31, was present in 2/44 deceased patients (5%), 
compared to 4/75 (5%) in the transplanted group and 12/210 (6%) in the whole study group. Morta-
lity of BA patients without OLT above the age of 5 was only 2% (4/210). The causes of death of these 
patients were: car accident, pericarditis, hepatopulmonary syndrome, and end-stage liver disease 
with sepsis.
 The numbers and specific causes of death of all 44 non-transplanted BA patients are 
depicted in Table 1. Sepsis was the major cause of death occurring in 13/44 (30%) of the patients. 
Progressive liver failure was the cause in 7/44 (16%) of the cases, congenital anomalies in 6/44 (14%), 
absence of parental consent for OLT and gastro-intestinal bleeding each in 4/44 (9%) of the cases 
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Table 1: Causes of mortality in 44 non-transplanted BA patients in the Netherlands between 1987-2008. 

Sepsis 30% (13/44)

Progressive liver failure 16% (7/44)

Congenital anomalies 14% (6/44)

Gastro-intestinal bleeding 9% (4/44)

No parental consent 9% (4/44)

Complications of Kasai 7% (3/44)

Miscellaneous 16% (7/44)

and 3/44 (7%) died from complications related to the Kasai portoenterostomy procedure. In Table 
2, the causes of death are listed separately for the two cohorts and phase of care. Eighteen of the 
44 (41%) non-transplanted patients had not been assessed for OLT. Four of these 18 not-assessed 
patients (22%) died due to sepsis. During assessment, six patients (14%) died, of whom four (67%) 
due to sepsis. After assessment, OLT was refused by parents in 2 cases, and 5 patients were not listed 
on medical grounds (together 16%). Finally, thirteen patients (30%) died while on the waiting list 
for OLT. An important cause of death was, again, sepsis (5/13; 38%). In all these cases, sepsis was 
superimposed on a certain degree of liver failure but was nevertheless considered the major direct 
cause of death. The source of the infection could be proven in 8 cases, namely: spontaneous bacte-
rial peritonitis in three cases, cholangitis in two cases, and urinary tract infection, throat infection 
and intra-venous central line infection in one case, respectively. In five other cases, the source of the 
infection remained obscure. Only one patient succumbed to sepsis caused by a micro-organism for 
which a vaccine became available thereafter (Haemophilus influenzae type B).
 Two of the 44 non-transplanted BA patients showed initial clearance of jaundice (total 
bilirubin < 17 μmol/L within 6 months post-surgery). The cause of death in these patients was not 
directly related to BA (namely, cardiomyopathy and cerebral herniation).

Demographic and clinical factors
Table 3 shows the demographic and clinical characteristics of patients who died without trans-
plantation during the two cohorts. The mean gestational age was shorter in the cohort 1997-2008 
compared to the cohort 1987-1996 (39.2±1.5 weeks vs. 36.9±3.3; p=0.006).
 About one quarter of the patients had associated anomalies. Ages at Kasai were not 
significantly different between the cohorts. The time elapsed between Kasai portoenterostomy 
and death was shorter in the cohort 1997-2008 compared to 1987-1996 (median 237 vs. 173 days, 
p=0.04). Three patients died within a month  post-surgery, one patient in the cohort 1987-1996 at 
day 22 post-surgery (cause of death, sepsis) and two patients in the cohort 1997-2008 at days 2 
and 3 post-surgery (causes of death, necrotic liver lobe, and abdominal compartment syndrome, 
respectively). On average, patients died at a younger age in the cohort 1997-2008, at a median age 
of 256 days versus 355 days in the cohort 1987-1996 (p=0.03). This difference is mainly attributable 
to the two patients dying very soon after Kasai portoenterostomy. The median time between assess-
ment for OLT and death was 79 days (range: 15-358) in the non-transplanted group. For comparison, 
median time between assessment and OLT was 125 days in BA patients of the same age who had 
been transplanted in our center (range: 16-585).
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Table 2: Causes of mortality in 44 non-transplanted BA patients according to cohort and phase of treatment.

1987 - 1996 1997 - 2008

Causes of not being assessed for OLT (n= 18) No parental consent 2 -

Severe congenital anomaliesa 2 1

Sepsis 4 -

Progressive liver failure 2 -

Death by other causesb 1 3

Complications of Kasai - 3

Causes of death during assessment for OLT (n = 6) Progressive liver failure - 1

Sepsis 1 3

Gastro-intestinal bleeding 1 -

Causes of refutation for OLT after assessment (n = 7) No parental consent 2 -

Severe malnutrition 1 1

Cardiomyopathy 2 -

Renal dysfunction 1 -

Causes of death during being listed for OLT (n = 13) Progressive liver failure 2 2

Sepsis 2 3

Gastro-intestinal Bleeding 1 2

Acute on chronic encephalopathy 1 -
a patient 1: combination of pulmonal dysplasia, cardiomyopathy, and an unspecified metabolic disorder; patient 2: Pierre Robin 
sequence, situs inversus and cardiac malformation; patient 3: a condition interpreted as ‘caudal regression syndrome’. 
b patient 1: lethal hemorrhage in a hepatoblastoma tumor; patient 2: cerebral herniation coinciding with status epilepticus of 
unknown cause; patient 3: cardiac failure; patient 4: congenital anomalies with unclarified deterioration of clinical condition.

PELD-scores
To determine whether the clinical condition of BA patients at the time of assessment differed from 
international data, we calculated PELD-scores retrospectively. The PELD-scores of non-transplanted 
patients were not different between cohorts 1987-1996 and 1997-2008 (median 16.0 (range -7-37) 
vs. 20.5 (13-40); see Table 4). For comparison, the PELD-scores of transplanted BA patients were 18.3 
(0-38) in cohort 1987-1996 and 13.4 (-2-32) in cohort 1997-2008. The PELD-scores of the non-trans-
planted patients were higher compared to transplanted BA patients in the cohort 1997-2008 
(p=0.01). The PELD-scores of the non-transplanted BA patients were markedly higher than those of 
comparable BA patients in the available international literature (mean/median between 11.7 and 
13.3).7,15,184 The 5-year overall survival of patients with PELD-scores at assessment ≤15 was 71%, and
survival of patients with PELD-scores > 15 was 41% (p=0.001).
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Table 3: Demographic and clinical data of 44 non-transplanted BA patients in the cohorts 1987-1996 and 1997-2008.

1987-1996
n=26

1997-2008
n=18

p-value

Average birth weight±SD (grams) 3178±691 2903±905 n.s.

Average gestational age±SD 
(weeks)

39.2±1.5 36.9±3.3 0.006

Male 10 (39%) 8 (44%) n.s.

Congenital anomalies None
Cardiac
Malrotation
Polysplenia/asplenia
Situs inversus
Intestinal Atresia

20 (77%)
1 (4%)
2 (8%)
1  (4%)

-
1 (4%)

13 (72%)
2 (11%)
2 (11%)
1 (6%)

2 (11%)
-

n.s.

Average age at Kasai±SD (days) 65±16 68±27 n.s.

Median time between Kasai and 
death (days)

237 (22-699) 173 (2-442) 0.04

Median  age of death (days) 355 (121-739) 256 (41-752) 0.03

Median time between assessment 
for OLT and death  (days)

88 
(range: 16-358)

50 
(range: 15-158)

n.s.

Death<5 yrs without OLT 26/99 (26%) 18/111 (16%) 0.09

OLT<5 yrs 25/99 (25%) 49/111 (44%) 0.004

Table 4: PELD-scores at time of OLT assessment according to outcome

Death<5 yrs 
without OLT
1987-1996

Death<5 yrs 
without OLT
1997-2008

OLT
1987-1996

OLT
1997-2008

England 7

2001-2005
Belgium 15

1994-2002
USA 184

1995-2003

BA diagnoses 100% 100% 100% 100% 100% 64% 100%

Median age
(months)

8.6 5 7.7 6.5 8 1.4 86.6%<5 
years

Bilirubin 
(mg/dL)

12.7 
(1.6-28.0)

25.8 (18.3-
28.8)

17.3 
(3.5-32.7)

14.0 
(1.5-34.2)

Albumin 
(g/dL)

3.1 (2.4-3.6) 2.6 (1.8-3.6) 3.3 (1.6-3.8) 2.7 (1.9-3.9)

INR (ratio) 1.4 (1.1-4.2) 1.5 (1.2-3.3) 1.8 (0.9-3.5) 1.3 (1.0-3.3)

PELD-score 16.0 (-7-37)b,d 20.5 (13-40)a,b 18.3 (0-38)c,d 13.4 (-2-32)a,c 12.9 13.3±9.7* 11.7*

Values expressed as median (range); a p=0.01; b p=0.11; c p=0.08; d p=0.58
*mean±SD
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Evolution in treatment outcome
Theoretically, the timing of referral of BA patients for OLT could have changed over time as the techni-
que became more accepted as a treatment option in young children. We compared non-transplant 
mortality in the cohort of patients born between 1987 and 1996, with the cohort born between 
1997 and 2008. The overall incidence of BA in the cohort 1987-1996 was 1:17,679 live births, the 
incidence in cohort 1997-2008 was 1:19,804 live births.
 Figure 1 shows the mortality rate of non-transplanted BA patients treated with Kasai in 
both cohorts. In 1987-1996, 26 out of 99 cases (26%) died with their native liver (2.6 cases/year). 
In 1997-2008, 18 out of 111 cases (16%) died with their native liver (1.5 cases/year, p=0.09). In 
cohort 1997-2008, fewer patients died without OLT assessment (7/111, 6%), compared with cohort 
1987-1996 (11/99, 11%). Also, fewer cases were refuted for OLT in the last cohort (1/111, 1%), compa-
red to the first cohort (6/99, 6%). The combined percentage of either “not assessed” or “not accep-
ted” significantly decreased by more than 50% over time (from 17/99 to 8/111 patients; p=0.03). 
The mortality during assessment or while listed for OLT was similar in the two cohorts. In cohort 
1997-2008 a limited number of patients were referred for assessment and eventual liver transplan-
tation to Belgium (n=12), partly because of the earlier availability of living-related OLT in Belgium. In 
1987-1996, 25 of 99 patients underwent OLT before the age of 5 (25%), this number increased to 49 
of 111 patients (44%) in 1997-2008 (p=0.004). 

Figure 1: Pre-transplant mortality in the different clinical stages prior to OLT: comparison between the cohorts 1987-1996 and 
1997-2008. Overall pre-transplant mortality, p=0.09. Combined ‘No OLT assessment’ and  ‘Not accepted OLT’ p=0.03. Transplanted 
patients, p=0.04.

In Figure 2, the percentages of pre-transplant mortality and OLT are depicted in survival curves. 
Pre-transplant mortality occurred mainly in the first 2 years of life, and the age distribution of morta-
lity was not different between the cohorts.
 
DISCuSSION
We aimed to assess whether improvement in the prognosis of BA patients is possible. For this 
purpose, we quantified and analyzed the mortality of all Dutch BA patients who had not under-
gone OLT. Although the rate of OLT in the BA patients has increased during the past 2 decades, the 
pre-transplant mortality has not decreased significantly and is relatively high when compared 
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to published international data. The most prevalent cause of death was sepsis. Comparison of 
retrospectively calculated PELD-scores reveals that the patients with pre-transplant mortality were 
already in a more advanced state of disease when they were assessed for OLT when compared to 
international data.
 Although the percentage of patients dying without OLT tended to decrease from 26% 
between 1987-1996 to 16% between 1997-2008, this difference is not significant. In the period 
1997-2008 the percentage of all BA patients below five years of age who had undergone OLT had 
significantly increased to 44%, from 26% in 1987-1996. Thus, despite an increase of the fraction 
of patients transplanted before five years of age, the pre-transplant mortality failed to decrease. 
Moreover, the pre-transplant mortality is at least twice as high as national data from France (7.5%; 
cohort 1997-2002)7,151 and from England and Wales (4.2%; cohort 1999-2002).32 Pre-transplant 
mortality was very limited above the age of five (in our data 2%). 
 Present data show that in the majority of non-transplanted BA patients who died (59%), 
the cause of death was directly or indirectly related to end-stage liver disease such as sepsis, liver 
failure, gastro-intestinal bleeding or severe malnutrition. The prevalence of BASM reported from 
England and Wales is higher than the prevalence we found (10.2% vs 6%, respectively).32 The 
prevalence of BASM in the non-transplanted group reported in the current study was not diffe-
rent compared to the rate in the transplanted patients or in our whole BA population. We cannot 
exclude structural under detection of splenic abnormalities, particularly in the beginning of the 
study period. Congenital heart disease had been reported previously as an important contributor 
to pre-transplant mortality.31 In contrast, heart disease was the major contributor in 7% of deaths, 
another 7% died because of severe other congenital anomalies combined with heart disease in our 
series.
 Sepsis was the most important direct cause of death (13/44 patients; 30%). Theoretically, 
sepsis could be related to post-operative cholangitis. However, the median age of death was consi-
derably higher than the age at Kasai surgery, and therefore variation in the immediate post-opera-
tive antibiotic treatment is not likely to exert a dominant effect on this parameter. Recently it was 
shown that infections are common in the month before OLT, especially when biliary problems are 
the cause of end-stage liver disease.18 Currently, there is no nationwide consensus about antibiotic 

Figure 2: Kaplan Meier curves showing the percentage of pre-transplant mortality (panel A) and OLT (panel B) at five-year follow-up 
for the cohorts 1987-1996 (continuous line) and 1997-2008 (dashed line). Panel A, p=0.09; panel B, p=0.004)
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prophylaxis post-Kasai or in case of liver failure in The Netherlands. Based on the identified causative 
agents in this study, it is not likely that recent expansions of the National Vaccination Program are to 
prevent those life threatening infections. 
 The reasons why patients with BA did not undergo OLT changed over time. In the period 
1987-1996, when OLT for small children was still relatively new, 42% of the patients who died without 
OLT, had not been evaluated for OLT. Especially in the beginning of the cohort, both specialists and 
parents were probably still relatively hesitative to refer a child for OLT assessment. In the most recent 
cohort the numbers of patients assessed for OLT and the fraction of patients that were transplanted 
had considerably increased. With six specialized centers involved in the treatment of BA patients in 
The Netherlands, it is obvious that the case-load per center is low in our country. Some deaths early 
after Kasai may relate to surgical technique, and centralization is likely to overcome this problem.
 The condition in which BA patients are referred for OLT likely contributes to the mortality. 
The Pediatric End-stage Liver Disease-score (PELD-score) has come into use to identify pediatric 
end-stage liver disease patients with the highest risk of mortality.48,109,155,184 An increase in PELD-
score is associated with an increased mortality, and with a worse outcome after OLT.25,109,184 Indeed, 
we showed that PELD-scores of the non-transplanted children in our study were markedly higher 
than those of the transplanted BA patients, and higher than PELD-scores from international 
reports with similar patients groups, where means and medians of 11.7-13.3 are reported.7,15,184 This 
supports the presumption that a subset of BA patients under five years of age in The Netherlands 
was assessed for OLT in an already too advanced state of disease, contributing to pre-transplant 
mortality. Furthermore, we showed a significantly worse overall survival of children assessed with a 
PELD-score > 15.
 Throughout the studied period, referral for OLT assessment was based on each doctor’s 
individual judgement rather than objective clinical parameters such as the PELD-score. This might 
explain the late referral for a therapy which has in itself a good outcome in our country, around 90% 
1-year survival nowadays. Despite the utilisation of the split-liver technique in ~20% of pediatric 
OLT’s in our country, lack of a suitable donor organ may demand a long waiting list time in some 
cases. The prioritization of donor livers has been based on objective clinical parameters: until 2006 
the Child-Pugh score was used. From 2007 onwards the ‘pediatric MELD-score’ was instituted, a 
system in which every child below 12 years of age receives a MELD of 28, or more when the calcula-
ted MELD is higher. We expect that the increasing utilisation of living donors (program running since 
2004) will help to relieve the problem of suitable donor organ shortage. Our data thus indicate that 
the relatively high mortality without OLT in The Netherlands is mainly due to late consideration and 
subsequent listing for OLT in our patients.
 Collectively, our results offer several possibilities to improve the prognosis of patients with 
BA. First, an increased awareness of the susceptibility of (end-stage) BA patients for infections and 
sepsis should be advocated in a national protocol combined with a more aggressive preventive and 
therapeutic antibiotic strategy for these patients. Second, the survival of BA patients is expected 
to increase when they are referred early to the national transplant center, especially when it has 
become apparent that there is no clearance of jaundice. Close monitoring of post-surgical bilirubin 
levels, growth and the PELD-score should be helpful in this respect and these parameters are now 
included in a guideline offered by the national transplant center. Furthermore the transplant center 
started a ‘reach-out’ program, in which potential OLT candidates from the BA treatment centers are 
discussed at regular intervals.  Third, patients listed for OLT should be transplanted within a reaso-
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nable timeframe. Therefore, efforts should be made to increase the availability of donor organs and 
the utilisation of living donors, as the amount of patients surviving until OLT will increase. Overall, 
centralization of care for BA may be the most important factor in reducing pre-transplant mortality. 
The outcome of the Kasai procedure can be maximized in this way, which reduces the need for OLT. 
Second, post-surgical care and referral for OLT are optimized more easily.32 
 Our present study underlines that the prognosis of a disease with a very low prevalence 
can be analyzed to provide targets for improvement. Only scrutinous database efforts could reveal 
that even in a Western country, substantial preventable mortality exists. We feel that it is rather 
likely that the important lesson we learned from BA in The Netherlands bears significance for other 
countries where collaborations exist between (regional) pediatricians, pediatric surgeons, and a 
centralized care for rare diseases. Therefore, the results in this report show the importance of nation-
wide databases in gaining insight in possibilities to (further) increase the prognosis of patients with 
rare diseases. The national character and long time span largely exclude chance and regional varia-
tion. Concentration on a specific subgroup of treatment failures unveils specific characteristics of 
this group, what otherwise would have remained obscure. 
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ABSTRACT
Background
Vitamin K deficiency may cause life threatening haemorrhages in infancy. In contrast with breastfed 
infants, who receive multiple doses of vitamin K to prevent VKDB after the first week of life (late 
VKDB), formula fed infants rely on the protection offered by formula. In this study we assessed 
whether the risk of VKD(B) in formula fed cholestatic infants is associated with certain formula types, 
in particular hypoallergenic formula.

Methods
Infants born in the Netherlands between January 1991 and December 2006 with cholestatic jaundi-
ce due to biliary atresia (BA) and alpha-1-antitrypsin deficiency (A1ATD) were identified through 
the Netherlands Study group for Biliary Atresia Registry (NeSBAR) and the Dutch A1ATD registry, 
respectively. The relative risk of VKD(B) for each type of formula used was calculated. The influence 
of partial breastfeeding was also assessed. 

Results
Of 118 formula fed infants, 8 infants presented with VKD. Six (75%) of these infants received hypoal-
lergenic formula (whey based hydrolysate in 4, casein based hydrolysate in 1, soy based in 1). Only 2 
received regular feeding. One infant on whey based hydrolysed formula presented with VKDB. Risk 
factor analysis revealed that infants on hydrolysed, in particular whey based, formula, had a strongly 
increased risk of VKD (Relative Risk 25.0 (6.4-97.2), p<0.001) compared with infants receiving regular 
formula. 

Conclusion
Cholestatic infants receiving (whey based) hydrolysed formula are at risk of developing VKD, which 
may lead to overt bleeding. Therefore, infants on whey based hydrolysed formulas might need 
additional vitamin K prophylaxis, similar to breastfed infants.  
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INTRODuCTION
Vitamin K deficiency (VKD) causes life threatening hemorrhages in infancy, known as vitamin K 
deficiency bleeding (VKDB). To prevent VKDB, all newborns receive vitamin K directly after birth. 
Formula fed infants, in contrast with breastfed infants, do not receive additional doses of vitamin K 
in the first months of life and thus depend on the protection offered by formula feeding. 
 Although the degree of protection offered by formula feeding is generally very high,187 

this may not be true for all types of formula.112,172 The majority of formula fed infants that developed 
a VKDB received hypoallergenic soy- or hydrolysed formula. 112,118,134,172 These observations suggest 
a suboptimal protection against VKDB by these types of formula, but do not warrant more definite 
conclusions. Insight into this putative risk factor has gained importance in view of the increased use 
of hydrolysed formulas to reduce the risk of allergic disease.66

 We recently reported the use of national registries for the two most prevalent causes of 
cholestatic jaundice in infancy (BA and A1ATD) to delineate the risk of VKDB in cholestatic infants 
under various prophylactic regimens.187,188 While more than 80 percent of exclusively breastfed 
infants presented with VKDB, biochemical VKD was absent in the vast majority of (partially) formula 
fed infants. However, VKD did occur in formula fed infants. Interestingly, the degree of deficiency in 
those formula fed infants presenting with VKD was significant and even resulted in VKDB.187

 We hypothesized that the occurrence of VKD in formula fed cholestatic infants could be 
explained by the use of hypoallergenic formula. Here, we combined data from the Dutch registries 
for BA and A1ATD to compare the risk of VKD(B) in infants on hypoallergenic formula with those 
on regular infant formula. Furthermore, we evaluated whether the vitamin K content of various 
commercially available formulas could serve as an explanation for such an increased risk of VKD(B).
 
METHODS
Patients
Infants born in the Netherlands between January 1991 and December 2006 with cholestatic jaundi-
ce due to BA and A1ATD were retrieved from the Netherlands Study group for Biliary Atresia Registry 
(NeSBAR) and the databases from the five laboratories in the Netherlands which perform alpha-1-
antitrypsin phenotyping/genotyping, respectively.187,188 Inclusion criteria were 1) cholestatic jaundi-
ce (defined as a conjugated bilirubin>30 mcmol/l; conjugated fraction>20%), 2) gestational age 
above 37 weeks, birthweight above 2000 grams, 3) born in the Netherlands, 4) documented feeding 
type, 5) age at diagnosis of cholestasis after the age of 8 days and before 6 months of age. Infants 
with A1ATD who had an older sib with A1ATD were excluded because this knowledge should lead 
to an intensified vitamin K prophylaxis.
 Patient files were reviewed to obtain relevant clinical and biochemical characteristics. In 
addition, the type of feeding and clinical and biochemical indications for a VKD were documented 
at the time cholestatic jaundice was first recognized, as described previously.188

Type of feeding 
Types of formula were defined based on the feeding received at the time cholestasis was first 
diagnosed and were divided as follows. Regular formula - all cow milk based formulas, including 
those for hungry babies; hydrolysed formula - all formulas containing partially or extensively hydro-
lysed milk proteins (subdivided in whey and casein based) and soy based formula. Since partial 
breastfeeding may increase the risk of VKD additional risk factor analysis was performed on the use 
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of breastfeeding; any combination of breastfeeding and formula, a recent switch from breastfee-
ding (<2 weeks before presentation), and formula for at least 2 weeks. 

Vitamin K deficiency
The Prothrombin ratio (PR) was used to assess the presence of a VKD, as described previously.8 
When prothrombin time (PT) expressed in seconds was available the PR was determined as follows: 
PR = PTpatient: PTcontrol. If a PTcontrol was not determined by the laboratory, it was defined as 
the mean of the provided reference range. Otherwise, the International Normalized Ratio (INR) was 
used as PR. In line with our previous study VKD was defined as a PR above 1.5, while a PR of more 
than 4 was designated as severe VKD.187 VKDB was defined in line with an established case defini-
tion as bruising, bleeding or intracranial hemorrhage in combination with a PR more than 4 in any 
infant between 8 days and six months of age not due to an inherited coagulopathy or disseminated 
intravascular coagulation.171

Vitamin K determination in commercially available formulas
The amount of vitamin K species (vitamin K1, MK4, MK5, MK7) in the 9 different formulas (2 regular, 
4 whey based (2 partially hydrolysed, 2 intensively hydrolysed), 2 casein based, 1 soy) was measured 
using reversed phase HPLC as described previously.148 All samples were measured in duplicate.

Statistical analysis
SPSS 15.01 was used for statistical analysis. Risk factor analysis in the combined population of 
cholestatic infants was performed by calculating relative risks and 95% confidence intervals and 
corresponding p-values. 
 
RESulTS
Patients
A total of 222 infants with BA (166) and A1ATD (56) were identified. Forty three infants were exclu-
ded because of a place of birth outside the Netherlands and hence exposure to a different Vitamin 
K profylactic regimen (8), a positive family history for A1ATD (7), prematurity (6), a diagnosis of 
cholestasis before age 7 days (15), and incomplete documentation on type of feeding given (7). 
Sixty-one infants were exclusively breastfed and were also excluded. Of the remaining 118 infants 
that were (partially) formula-fed VKD was documented in 8 infants (6.8%) and manifested as a VKDB 
in one (0.8%). 

Risk of VKD in infants on hypoallergenic formula compared with regular formula. 
To assess the risk of VKD in infants on hypoallergenic formulas we calculated the relative risk (RR) 
of each type of formula compared with regular formula. Risk factor analysis was restricted to the 
59 infants in whom detailed information on the formula type used could be retrieved. As shown in 
table 1, the absolute risk of VKD in infants on hydrolysed formula was 5/6 (83%), significantly higher 
than found in infants on regular formula (2/50: 4%), RR 20.8 (95% CI 5.1-84.8). Whey based hydroly-
sate was associated with the highest risk of VKD as well as the highest absolute PR values (figure 1). 
VKDB was found in 1/4 of these infants (p=0.07, compared with regular formula). Soy based formula 
was associated with VKD in 1/3 infants.
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Table 1: Risk of viatmin K deficiency in infants with BA and A1ATD on hypoallergenic formulas compared with infants on 
regulasr formula

VKD 
(n%)

RR 
(95% CI)

p-value Severe VKD 
n (%)

p-value VKDB 
n (%)

p-value

Regular (n=50) 2 (4) 1.0 0 (0)

Hydrolysed (n=6) 5 (83) 20.8 (5.1-4.8) <0.001 2 (33) 0.01 1 (17) 0.11

Whey based (n=4) 4 (100) 25.0 (6.4-7.2) <0.001 2 (50) 0.004 1 (25) 0.07

Casein based (n=2) 1 (50) 12.5 
(1.8-87.0)

0.11 0 (0) 0 (0)

Soy-based (n=3) 1 (33) 8.3 (1.0-67.9) 0.16 0 (0) 0 (0)

Total (n=50) 8 (13) 2 (3.3) 1 (1.7)

The risk in infants on regular formula was used to determine the RR in infants on different types of hydrolysed formula. 
p-value was determined by Fisher exact test (2-sided).

To our surprise, partial breastfeeding was not significantly associated with VKD(B) (table 2). However, 
a significant association with VKDB was found when breastfeeding was combined with a (whey 
based) hydrolysate (p=0.02).

Figure 1: Protthrombin ratio in infants 
with BA or A1ATD at initial presentation by 
formula type
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Table 2: Risk of viatmin K deficiency in infants with BA and A1ATD with a positive breastfeeding history

VKD 
(n%)

RR 
(95% CI)

p-value Severe VKD 
n (%)

p-value VKDB 
n (%)

p-value

Negative breastfeeding 
history (n=28)

2 (4) 1.0 0 (0)

Positive breast-feeding 
history (n=31)

5 (83) 20.8 
(5.1-4.8)

<0.001 2 (33) 0.01 1 (17) 0.11

Partial 
breastfeeding(n=9)

4 (100) 25.0 
(6.4-7.2)

<0.001 2 (50) 0.004 1 (25) 0.07

Switch from   breastfee-
ding < 2   wks (n=7)

1 (50) 12.5 
(1.8-87.0)

0.11 0 (0) 0 (0)

Switch from breastfee-
ding > 2 wks (n=15)

1 (33) 8.3 
(1.0-67.9)

0.16 0 (0) 0 (0)

The risk in infants on regular formula was used to determine the RR in infants on different types of hydrolysed formula. p-value was 
determined by Fisher exact test (2-sided).

Comparison of the Vitamin K content of regular and hypoallergenic formulas
It has been suggested that the association between hypo-allergenic formulas and VKDB is related 
to a lower vitamin K content of these formulas.113 Therefore, we analysed the vitamin K content in 
9 different commercially available formulas. All but one formula contained 50µg/L of vitamin K1 or 
more, arguing against this explanation (Table 3). In addition, the other analysed vitamin K species, 
with similar biological properties, were found to be present in comparable quantities, and therefore 
can not explain the differences observed between the relative risk of different fomulas. 

DISCuSSION
The present data indicate that the use of hydrolysed formula, in particular whey based hydrolysed 
formula, is a significant risk factor for VKD in infants with unrecognized cholestatic jaundice. More 
than 80 percent of infants on hydrolysed formula presented with VKD, contrasting with only 4% of 
infants fed regular formula. The discrepant risk of VKD could not be explained by a lower vitamin 
K content of commercially available hypoallergenic formulas as compared with regular formulas. 
 For this study we combined data from national registries for the two most prevalent 
causes of cholestatic jaundice in infancy in the Netherlands (BA and A1ATD), from a birth cohort 
of more than 3 million live borns. The lack of efficacy of the Dutch prophylactic regimen (which 
remained unchanged since its introduction in 1990) in cholestatic infants,187,188 enabled us to study 
the protection offered by hypoallergenic formulas. 
The exact formula type was unknown in a significant proportion of infants, a problem associated 
with the retrospective design of our study. We conservatively excluded infants in whom the formula 
type was not clearly stated from risk factor analysis. Since none of the infants on ‘unknown formula’ 
had VKD this may have led to an underestimation of the true risk posed by hydrolysed formula. 
Although we cannot exclude the possibility that hypoallergenic formula served as a confounder for 
allergic enteritis, it seems more likely that the poor growth commonly associated with fat malab-
sorption due to cholestasis induced changes in type of feeding and formula. 
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Table 3: Vitamin K content in commercially available regular and hypoallergenic formula’s

Whey Casein Vitamin K1 (μg/L) MK4 (μg/L) MK5 (μg/L) MK7 (μg/L)

Regular formula A 65.4 1.5 9.3 0.0

Regular formula B 68.0 1.7 7.3 3.6

Partially hydrolysed A + + 128.2 57.0 1.7 0.0

Partially hydrolysed B + 59.3 2.2 6.7 0.0

Intensively 
hydrolysed A

+ 66.1 13.1 9.6 0.0

Intensively
hydrolysed B

+ 101.0 3.3 12.1 0.0

Very ntensively hydrolysed A + 73.3 2.9 5.7 4.2

Very intensively hydrolysed B + 38.3 0.3 0.9 0.0

Soy 72.4 1.8 12.5 1.5
 
Previous, mostly casuistic, reports have suggested an association between hypoallergenic formula 
and VKDB. 112,113,118,172 The rarity of these events, however, precluded more definite conclusions. In 
this study we hypothesized that biochemical VKD, although harmless in itself, could be viewed as a 
marker for an increased risk of VKDB, which may potentially be life threatening. We used a prothrom-
bin ratio above 1.5 as an index for probable VKD. As described previously, a PR above 1.5 after the 
first week of life is unlikely to stem from other causes than VKD.5 By using this strategy in a large 
birth cohort, we were able to underpin hydrolysed formula as a risk factor for VKD in infants with 
unidentified cholestasis. 
 In view of the high risk of VKDB in exclusively breastfed infants the lack of association 
between VKD and the use of (partial) breastfeeding is surprising. Most likely, this highlights the 
protection offered by regular formula, even when used for short periods of time or in combination 
with breastfeeding. Our data suggest that when such a protective effect is absent - as appears to be 
the case for hydrolysed formula - coagulation abnormalities associated with the use of breastfee-
ding are not resolved, may get worse and may even result in a VKDB. 
 The explanation for the higher risk of VKD in infants on hypoallergenic formula remains 
elusive. We did not find support for a previous suggestion that this can be explained by a lower 
vitamin K content.134 We suspect that hydrolysed formulas decrease the absorption of vitamin K. 
First, the shortened transit time observed in infants on hydrolysed formula116 has been associated 
with decreased vitamin K absorption in experimental studies.64 Secondly, hydrolysation of the 
protein content of formula might reduce absorption of vitamin K by impeding emulsification.162 

 In conclusion, cholestatic infants recweiving hydrolysed, especially whey based, formula 
are at a substantial risk of developing VKD(B). These data suggest that infants fed with hydrolysed 
formula, especially when combined with breastfeeding, should receive additional doses of vitamin K. 
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ABSTRACT
Objective 
To determine the outcome of biliary atresia, and to identify prognostic factors, using a national 
database.

Study design 
All children born between January 1987 and December 2008 who underwent Kasai surgery for 
biliary atresia were retrieved from the NeSBAR (Netherlands Study group on Biliary Atresia Regis-
try) database. Outcomes were measured in terms of clearance of jaundice (bilirubin <1.17 g/dL (20 
μmol/L) within 6 months post-surgery) and 4-year transplant-free survival. The cohorts 1987-1997 
and 1998-2008 were compared. Survival rates were determined using Kaplan Meier, and prognostic 
factors using univariate and multivariate analyses.

Results 
Since 1987, 214 patients underwent Kasai surgery for biliary atresia. Four-year transplant-free survi-
val has been 46±4%, and 4-year overall survival 73±3%. Clearance of jaundice, surgery ≤60 days and 
post-operative antibiotic prophylaxis use were independently associated with increased transplant-
free survival. The yearly case-load per center (range 0.5-2.1) was not correlated with transplant-free 
survival (r=0.024, p=0.73).

Conclusions 
During the past 2 decades, outcome parameters have remained constant and
were comparable to those reported from other Western countries, despite a relatively low annual 
case-load per center. Timely surgical correction and postoperative antibiotic therapy were associa-
ted with a higher transplant-free survival rate.
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INTRODuCTION
Biliary atresia is an important cause of cholestasis in infancy. It is the consequence of a destructive 
inflammatory process that results in fibrosis and obliteration of the biliary tract. When untreated 
it leads to cirrhosis-related death within one year in 50 to 80% of the patients.163 Three types of 
biliary atresia can be distinguished, depending on the anatomical site of obstruction. In type I, the 
common bile duct is obstructed, whereas in type II, the obstruction is located at the level of the 
common hepatic duct. In type III, the most prevalent subtype (~90% of all cases), the entire biliary 
tree is obstructed including the porta hepatis.84 Also, a syndromic form of biliary atresia has been 
characterized termed biliary atresia splenic malformation syndrome (BASM). In this variant, biliary 
atresia is associated with polysplenia or asplenia. Heterotaxy, cardiac and venous anomalies, and 
intestinal malrotation are also often found in BASM. The prognosis is considered worse compared to 
non-syndromic biliary atresia.29,31,60

 Treatment for biliary atresia is primarily surgical, and consists of Kasai porto-enterostomy 
in type III, or its variants, choledochojejunostomy in type I, and hepaticojejunostomy in type II.82 
Liver transplantation (OLT) is the only therapeutic option when bile flow is not adequately restored, 
and liver fibrosis and cirrhosis progress with subsequent decompensation. Even when bile flow is 
sufficient, an ongoing inflammatory process may cause progressive fibrosis eventually necessitating 
liver transplantation.127 Biliary atresia constitutes 50-75% of pediatric OLT indications throughout 
the Western world.60,126,143 
 Centralization of surgical treatment has been shown to increase the outcomes in England/
Wales and France.32,151 A few studies have investigated whether post-surgical administration of 
medicaments such as antibiotic prophylaxis, immunosuppressants and ursodeoxycholic acid 
(UDCA) could improve the post-surgical outcome of biliary atresia, but until now the effects have 
remained a matter of controversy.17,30,135,189,204 

 The outcome of biliary atresia was analyzed for the last time in The Netherlands in 1989.68 
The first aim of this study was to determine the short-term outcome of biliary atresia in The Nether-
lands, a country in which, as yet, treatment has not been centralized. We compared our results to 
those of other national studies. Secondly, we aimed to identify pre- and post-surgical prognos-
tic factors for clearance of jaundice and transplant-free survival at the age of 4 years, including 
post-surgical administration of antibiotics, UDCA and high-dose prednisolone. Furthermore, we 
examined pre-OLT prognostic factors for the 4-year post-transplant survival, as data about biliary 
atresia specific prognostic factors are scarce.25,184

 
PATIENTS AND METHODS 
The Netherlands Study group on Biliary Atresia Registry (NeSBAR) database is based on an ongoing 
joint effort of the Dutch Society for Pediatrics and the Dutch Society for Pediatric Surgeons. The 
registry contains the patient data of all biliary atresia patients treated in the six specialized academic 
centers in the Netherlands. Each center is independent and offers extensive diagnostic work-up 
for neonatal cholestasis, primary surgical treatment (classical portoenterostomy according to Kasai 
or one of its variants) and subsequent follow-up. The Kasai procedure is exclusively performed by 
pediatric surgeons, and in each center one senior pediatric surgeon is appointed who supervises all 
procedures. Pediatric OLT is concentrated in one national center, in Groningen. Within these centers, 
one pediatric gastroenterologist and one pediatric surgeon guarantee proper patient inclusion. 
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Data entry is checked annually by one researcher by reviewing patient files, surgical reports and 
office notes on-site. 
 Collected data include date of birth, sex, congenital anomalies, date of referral to a treat-
ment center, imaging studies done, results of biopsies, preoperative laboratory values, date of surgi-
cal correction, operative report, post-operative medications, laboratory values and medication use 
at follow-up, date of OLT, date of last follow-up and final outcome. In each patient, the diagnosis 
of biliary atresia was confirmed by intraoperative cholangiography (or by impossibility to perform 
cholangiography due to atretic gallbladder and/or bile ducts) and by pathology of the resection 
specimen. 
 For the present study, we retrieved all biliary atresia patients born between January 1st 

1987 and December 31st 2008 from the NeSBAR database. The study was performed according to 
the guidelines of the Medical Ethical Committee of the University Medical Center Groningen. 

Medication 
During the study period, a wide variety of antibiotic regimens were applied. To allow analyzing the 
contribution of antibiotics in general, we simplified the analysis by categorizing patients according 
to whether they had received postoperative antibiotic prophylaxis of any kind and duration or 
not. When UDCA was administered after Kasai surgery, the dosage was 20 mg/kg/day. In case of 
insufficient bile drainage (defined as a less than 50 percent decrease in bilirubin levels), UDCA was 
discontinued after 1 month to avoid potential toxic effects. When corticosteroids were administe-
red, the following dosage regimen was used: starting with 20 mg/kg/day prednisolone at the first 
post-surgical day and every subsequent day a reduction of 2.5 mg/kg/day. On day 6 the dosage was 
tapered to 2 mg/kg/day for 5 consecutive days, then 1.5 mg/kg/day for 5 days, 1.0 mg/kg/day for 5 
days and 0.5 mg/kg/day for 5 days. Corticosteroids were not administered to patients with signs of 
an active viral infection in the liver biopsy specimen.

Outcome parameters 
The outcome was analyzed in terms of clearance of jaundice, defined as bilirubin levels below 1.17 
mg/dL (or 20 μmol/L) within 6 months after surgical correction; transplant-free survival, defined as 
the time between birth and OLT, death or last follow-up; and overall survival. Of the transplanted 
patients, the 4-year post-transplant survival rates were analyzed. Pediatric End-stage Liver Disease 
(PELD) scores were calculated retrospectively using Dutch growth charts.108 In order to study basic 
patient characteristics and evolution of treatment outcome in time, we compared the cohort 
1987-1997 (Cohort A) to the cohort 1998-2008 (Cohort B). Results are presented for the study group 
as a whole. In case of significant differences between the 2 cohorts, these results are mentioned in 
the text. 

Statistical analysis
The incidence of biliary atresia in the Netherlands was determined by calculating the number of 
diagnosed cases per number of live births, obtained from the Statistics Netherlands website (http://
www.cbs.nl). Patient characteristics of cohort A and B were compared using Mann-Whitney U-test 
for continuous data, and Fisher’s exact test for categorical variables. Four-year survival rates were 
calculated using Kaplan Meier survival analysis and expressed as calculated survival rate with 95% 
confidence interval. Univariate analyses were done using χ2-tests and log rank tests, multivariate 
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analyses were done using logistic regression analysis for clearance of jaundice and Cox’s regression 
analyses for transplant-free survival and post-transplant survival. The proportional hazards assump-
tion was verified graphically. The variables used in the respective multivariate models were chosen 
based on literature findings and on univariate analyses.17,30,31,33,108,128,151,189,204 All variables used in the 
univariate analyses were subsequently used in a multivariate model. The relationship between 
case-load and transplant-free survival was examined using Pearson’s correlation analysis.32,146 All 
significance tests were 2-tailed, p-values <0.05 were considered statistically significant. Statistics 
was performed using PASW 18.0.
 
RESulTS 
Patients 
From January 1st 1987 until December 31st 2008, 231 infants (114 females, 49.4%) were diagnosed 
with biliary atresia in the Netherlands. Three patients from overseas (Dutch Antilles) had been 
operated on in the ‘continental’ Netherlands, but excluded from further analysis because the first 
presentation and follow-up were beyond close accessibility for analysis. The overall incidence of 
biliary atresia in the Netherlands was 1:18.619 live births. No patients were lost to follow-up and 
the median follow-up of all patients was 6.9 years (range: 0.1-21.9), of survivors 9.7 years (range: 
0.5-21.9). 
 Four patients did not undergo surgery, in two cases because curative surgery was 
contraindicated as a consequence of severe cardiac anomalies, one patient died because of a severe 
intracranial hemorrhage due to vitamin K deficiency and one late presenting (133 days of age) 
patient underwent OLT without prior exploration. Ten patients underwent an explorative laparo-
tomy without corrective surgery. In six patients corrective surgery was not performed, because in 
the beginning of the study period, it was presumed that OLT without prior corrective surgery might 
result in a better outcome.206 Corrective surgery was not performed in two patients because the 
neurological outcome of a severe intracranial hemorrhage was awaited, in one case because an 
anomalous portal vein branched into the porta hepatis, and in one case because exploration revea-
led a completely cirrhotic porta hepatis. All these ten patients were subsequently assessed for OLT 
and primary OLT was performed in six patients.
 A total of 214/231 (93%) patients underwent surgical correction and were included for 
further analysis. The patient characteristics of these patients are summarized in Table 1. The age at 
surgical correction was not significantly different in cohort A and B: 120/214 (56%) of the patients 
were operated on ≤60 days of age. Late surgery (≥90 days of age) was performed in 8% (18/214) of 
the patients. Type I biliary atresia was diagnosed less frequently in cohort B (3/104 cases) compared 
to cohort A (11/109, p=0.05). The case load of the treatment centers for Kasai surgery for biliary 
atresia ranged from 0.5 to 2.1 cases per center per year. 
 The transplantation rate of biliary atresia patients before the age of four increased signifi-
cantly from 28/110 (27%) in cohort A to 41/104 (39%) in cohort B (p=0.04). Six patients were referred 
to neighboring countries for assessment and eventual OLT in cohort B, partly because of the earlier 
availability of living-related OLT there. These six patients were excluded from overall survival and 
post-transplant survival analyses. Median age at OLT in the Netherlands was 1.7 (range 0.5-4.0) years 
in cohort A and 0.9 (range 0.3-4.0) years in cohort B (p=0.04). In cohort B, corticosteroids were given 
more frequently as a postsurgical therapy compared to cohort A, 27/104 (26%) vs. 12/110 (11%; 
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Table 1: Characteristics of patients undergoing surgical correction for biliary atresia (BA)

Period
1987-2008

n (%)

Number of BA patients 214

Female 104 (48.6%)

Type BA Type I 14 (6.5%)

Type II 27 (12.6%)

Type III 172 (80.4%)

Undetermined 1 (0.9%)

Anomalies No anomalies 170 (79.4%)

BASM 10 (4.7%)

Other 34 (15.9%)

Median age referral 47.0 (range 1-165)

Median age surgery 59.0 (range 20-210)

Age at surgery ≤ 45 days 41 (19.1%)

46-60 days 79 (36.9%)

61-89 days 76 (35.5%)

≥ 90 days 18 (8.4%)

OLT < 4 yrs 69 (32.2%)

4 year post OLT survival, OLT < 4 yrs 1987-1997 79% [95% CI 63-95]

1998-2008 78% [95% CI 63-93]

Corticosteroids 39 (18.2%)

UDCA 67 (31.3%)

Antibiotics All 127 (59.3%)

Neomycin/colistin/nystatin 20 (16.0%)

Ciprofloxacin 19 (15.2%)

Co-trimoxazole 55 (44.8%)

Other 31 (24.8%)

p=0.005). The number of patients receiving UDCA and/or antibiotics did not change significantly 
in the two cohorts. The type of antibiotics used was unknown in two patients. In the group treated 
with antibiotic prophylaxis, 77 out of 124 patients had at least one episode of cholangitis, whereas 
in the non-antibiotic prophylaxis group, 41 out of 80 patients experienced cholangitis (p=0.15). The 
median duration of UDCA treatment was 702 days (range: 41 days-22 years).   Outcome after surgical 
correction Four-year transplant-free survival has been 46±4%, and 4-year overall survival 73±3%. 
The outcome parameters in terms of clearance of jaundice, transplant-free survival and overall survi-
val did not change significantly between cohort A and cohort B (Table 2). 
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Because the outcomes did not change significantly over the two time periods, univariate analyses 
were performed over the whole study period. 

Table 2: International data available on the outcome of biliary atresia

Country Period Number of 
patients

Median 
Age Kasai

Overall survival 
(4 year)

Transplant-free 
survival (4 year)

Clearance of 
jaundice#

Percentage 
[95% CI]

Percentage 
[95% CI]

England 32 1999-2002 148 54 89% [82-94] 51% [42-59] 57%

France 151 1997-2002 271 57 87.1% [82.6-91.6] 42.7% [35.6-49.8] 39.5%

Canada 146 1996-2002 150 55 82% [75-88] 39% [30-47] n.r.

Switzerland 203 1994-2004 48 68 91.5±4.1% 37.4±7.9% 39.5%

Japan 128 1989-1999 1381 75.3%* 59.7%* 62%**

The Netherlands 
(present study)

1998-2008
1987-1997

104
110

59
59.5

76% [68-85]
69% [60-78]

42% [32-52] 
49% [40-59]

38%
33%

# bilirubin <20 μmol/L within 6 months post-surgery 
* 5-year survival values
** defined as bilirubin <2 mg/dL (equivalent to 34.2 μmol/L)

Clearance of jaundice 
Type I and II biliary atresia, postoperative administration of UDCA and administration of antibiotics 
were each significantly associated with a higher clearance of jaundice rate in the univariate analysis. 
None of the investigated variables was significantly associated with clearance of jaundice in the 
multivariate logistic regression model (see Table 3). Neither was clearance of jaundice associated to 
annual case-load (r=-0.002, p=0.97).

Transplant-free survival
The performance of surgery ≤60 days, subtype I/II biliary atresia, clearance of jaundice, and adminis-
tration of antibiotics were each significantly associated with higher four-year transplant-free survi-
val rates (univariate analysis, Table 4). Surgery performed before 45 days of life did not show further 
benefit on the 4-year transplant-free survival compared to surgery performed between 45 and 60 
days (54±8% vs. 56±6% respectively; p=0.99, see Figure 1). The transplant-free survival of type I/II 
biliary atresia was significantly lower in cohort B (44±12%) compared to cohort A (71±9%; p=0.04). 
In cohort A, 8/24 (33%) patients with these subtypes underwent hepaticojejunostomy or chole-
dochojejunostomy and 16 patients classical Kasai portoenterostomy. In cohort B, only 2/17 (12%) 
underwent hepaticojejunostomy or choledochojejunostomy and the other 15 patients classical 
Kasai portoenterostomy (p=0.2). The transplant-free survival of the BASM patients was not signi-
ficantly different. BASM patient characteristics are shown in Table 5. The annual caseload of the 
treatment centers was not correlated to the transplant-free survival (r=0.024, p=0.73).
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Table 3: Univariate and multivariate analysis of clearance of jaundice of biliary atresia (BA) 
patients born between 1987-2008

Univariate analysis Logistic regression analysis*

n Clearance 
of jaundice

p-value n Odds ratio 
[95%CI]

p-value

Age at surgery

≤ 60 days 117 39% 0.31 199 1 0.23

> 60 days 94 31% 0.7 [0.4-1.3]

Subtype BA

Type I/II 39 51% 0.03 1 0.19

Type III 171 32% 0.6 [0.3-1.3]

BASM

Yes 10 40% 0.75 1 0.99

No 198 36% 1.0 [0.3-3.9]

Cohort

1987-1997 108 39% 0.39 1 0.66

1998-2008 103 33% 0.9 [0.5-1.6]

Cholangitis

Yes 86 35% 0.56 1 0.74

No 116 40% 1.1 [0.6-2.0]

Corticosteroids

Yes 39 39% 0.72 1 0.11

No 172 36% 0.4 [0.1-1.2]

Antibiotics

Yes 125 43% 0.009 1 0.10

No 86  26% 1.8 [0.9-3.6]

UDCA

Yes 67 46% 0.045 1 0.09

No 144 31% 2.2 [0.9-5.4]

n reflects the number of complete datasets available for analysis
*Odds ratio’s express the likelyhood that clearance of jaundice is achieved compared to the 
reference category
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Table 4: Univariate and multivariate analysis of transplant-free survival of biliary atresia (BA) patients born between 
1987-2008

Univariate analysis Cox’s regression analysis

n 4-year survival
Mean [95% CI]

p-value n Hazard ratio 
[95%CI]

p-value

Age at surgery

≤ 60 days 119 56% [46-65] 0.003 199 1 0.001

> 60 days 95 34% [25-44] 2.1 [1.4-3.1]

Subtype BA

Type I/II 41 60% [44-76] 0.049 1 0.23

Type III 172 42% [34-50] 0.7 [0.4-1.3]

BASM

Yes 10 40% [6-75] 0.57 1 0.15

No 200 46% [39-53] 0.5 [0.2-1.3]

Cohort

1987-1997 110 49% [40-59] 0.20 1 0.13

1998-2008 104 42% [32-52] 0.7 [0.5-1.1]

Clearance of jaundice

Yes 76 92% [85-98] <0.0001 1 <0.0001

No 135 18% [12-25] 0.05 [0.02-1.2]

Cholangitis

Yes 118 49% [40-58] 0.46 1 0.48

No 86 47% [36-58] 1.2 [0.8-1.8]

Corticosteroids

Yes 39 45% [28-62] 0.88 1 0.25

No 175 46% [38-54] 0.6 [0.3-1.4]

Antibiotics

Yes 127 54% [45-63] 0.001 1 0.04

No 87  34% [24-44] 1.6 [1.0 -2.6]

UDCA

Yes 67 52% [39-65] 0.08 1 0.44

No 147 43% [35-51] 1.3 [0.7-2.6]

n reflects the number of complete datasets available for analysis
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The performance of surgery ≤60 days, clearance of jaundice and administration of antibi otics 
appeared to be associated independently with 4-year transplant-free survival in the Cox’s regres-
sion analysis (Table 4).  

Post-transplant survival
Full size OLT was performed in 15% (9/62) of biliary atresia patients, reduced grafts were utilized in 
45% (28/62), split grafts in 21% (13/62) and living donor grafts in 5% (3/62) of biliary atresia patients. 
Fifteen percent (9/62) of the patients underwent early re-transplantation (within one week) because 
of graft dysfunction, vascular thrombosis or acute rejection, often with different graft types.
A PELD-score ≤15 at assessment was significantly associated with a better 4-year post-transplant 
survival of transplanted patients, whereas age ≤1 year and cohort B were not (univariate analysis, 
Table 6). In the multivariate model, however, none of the variables was significantly associated with 
4-year survival (Table 6).

Figure 1: Transplant-free survival of biliary atresia patients according to age at Kasai surgery
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DISCuSSION 
We analyzed the outcome of a national cohort of biliary atresia patients, with the aim to identify 
prognostic and potentially modifiable factors for survival. Our national results of the Netherlands 
are comparable to those of other Western countries (France, England and Wales) and remarkably 
constant over time: the transplant-free survival was similar to the previous Dutch cohort analysis.68 

It is striking that, although general health care underwent many developments, the transplant-free 
survival has remained that constant over the past three decades. The overall survival has increased 
slightly, which, most likely, can be attributed to an increased transplantation rate. This illustrates 
that effort needs to be put forward to improve the outcome.
 The age at the time of Kasai surgery is a potentially modifiable factor which has been 
shown in multiple studies to correlate negatively with transplant-free survival. The current study 
confirms this finding with respect to surgery before or at 60 days of age in the multivariate model. 
We could not find an additional benefit of very early surgery (<45 days) compared to surgery 
between 45 and 60 days, in contrast to reports by others.147,152 It is possible that this can be attri-
buted to power limitations. The exact optimal timing of surgery remains to be determined, but our 
report indicates that all efforts should be directed to perform surgery at least before 60 days of age. 
Infant health care in the Netherlands is rather strictly organized, including several visits to health 
care professionals during the first months of life. Nevertheless, 44% of the patients is operated on 
after the age of 60 days which suggests that many biliary atresia patients are not recognized early. 
We cannot completely exclude that these late operated children had a later onset of disease, rather 
than a doctor’s delay. However, their worse survival would rather suggest that it is mostly due to 
insufficient recognition of the early symptoms of neonatal cholestasis. Therefore, we argue that 
better information towards both infant health care professionals and parents should attempt to 

Table 6: Univariate and multivariate analysis of 4-year post-OLT survival of biliary atresia patients transplanted 
between 1987-2008

Univariate analysis Cox’s regression analysis 

n 4-year survival
mean [95% CI]

p-value n Hazard ratio [95%CI] p-value

Age at OLT

≤ 1 year 36 71% [56-87] 0.10 59 1 0.38

> 1 year 27 89% [76-101] 1.8 [0.5-7.1]

PELD-score at assessment

≤15 24 90% [78-102] 0.04 1 0.07

>15 35 69% [52-87] 0.3 [0.07-1.1]

Cohort OLT

1987-1997 22 77% [59-96] 0.87 1 0.52

1998-2008 41 80% [67-93] 1.5 [0.4-5.2]

n reflects the number of complete datasets available for analysis
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increase their awareness. An updated guideline on jaundice in infants has recently been adopted in 
the Netherlands, which includes that the conjugated serum bilirubin fraction should be measured 
in any infant who is (still) jaundiced at the age of 3 weeks. An effective and discriminative approach 
would be the stool color card as used in Taiwan.71,98 Furthermore, minimizing the delay between 
median age at referral and at surgery (now 12 days) may contribute to earlier surgery and improved 
transplant-free survival rates.
 In the univariate analysis we found higher survival rates for those patients having biliary 
atresia type I or II, which has been reported by others.31,128,151 More detailed analysis showed that the 
“beneficial” effect associated with these subtypes disappeared in cohort B, coinciding with a decre-
ased utilization of the appropriate variants of Kasai’s portoenterostomy. The patient numbers in the 
presented cohort are very small. Due to the retrospective design of the study, we cannot completely 
exclude incorrect subtype diagnosis or inappropriate surgical procedures. Thus, this matter should 
be assessed further in order to establish whether adaptation of the mode of surgery according to 
the subtype has an effect on the survival rates.
 We did not find a significant worse survival of BASM patients, as has been demonstra-
ted before, other studies have shown that the survival is decreased compared to isolated biliary 
atresia.31,80,192 Our study contains only 10 BASM patients, producing a very large 95% confidence 
interval for survival. Therefore we do not draw conclusions about the survival of the BASM patient 
group. However, our data do demonstrate that individual BASM patients might have a favorable 
outcome.
 Age at surgery, clearance of jaundice and antibiotic administration were each indepen-
dently associated with 4-year transplant-free survival in the multivariate model. Antibiotic 
prophylaxis and UDCA use were the only factors significantly associated with clearance of jaundice 
in a univariate model. Both antibiotics and UDCA are used on a wide scale in biliary atresia patients, 
but the effects on postoperative outcome parameters are barely studied in biliary atresia. The 
beneficial effect of UDCA on biochemical parameters in biliary atresia has been shown in a prospec-
tive case-control study in 16 patients, but these were all patients with resolution of jaundice after 
surgery (defined as conjugated bilirubin ≤34 μmol/L), and long-term outcome measures were not 
studied.204 In a randomized, double blind trial with primary biliary cirrhosis patients, a decreased risk 
of death or OLT requirement was observed in patients using UDCA, when compared to those using 
placebo.99 Contrary effects of high-dose UDCA were found in a randomized, double blind trial with 
primary sclerosing cholangitis patients, where patients on UDCA had an increased development of 
oesophageal/gastric varices and OLT requirement compared to those using placebo.101 In a small, 
double blind, randomized, placebo-controlled trial in 23 biliary atresia patients, no effect of UDCA 
administration was found on transplantation rate at ~14 months of age.1 As disease mechanisms 
of the mentioned cholestatic diseases are poorly understood, as well as the mechanisms of action 
of UDCA, it is very difficult to predict whether UDCA might have beneficial or detrimental effects in 
biliary atresia. Since UDCA is currently used in biliary atresia patients, this matter deserves further 
study.
 In a previous study, the post-operative administration of neomycin was shown to increase 
the survival. However, the control group in this study consisted solely of patients with cholangi-
tis.17 Comparison of a neomycin treated group to a group of biliary atresia patients regardless of 
cholangitis status might offer more insight in the effects of neomycin on biliary atresia patients in 
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general. Antibiotic prophylaxis might have a beneficial effect by reducing episodes of overt cholan-
gitis, which are associated with a decrease in transplant-free survival.17,189 In the presented study, the 
incidence of cholangitis was not lower in the patients on antibiotic prophylaxis. We speculate that 
low-grade infection of bile ducts, which might be a trigger for fibrosis formation, might be reduced 
by prophylactic antibiotic use. On the other hand, the development of microbial resistance or 
overgrowth of insensitive species might cause an increase of cholangitis episodes. The discrepancy 
with a previous study, where no effects of antibiotic prophylaxis were found, might be explained 
by the types of antibiotics used, the prevalence of microbial resistance in the general population 
and the definition of a good outcome (bilirubin <6.0 mg/dL at 2 years, vs. 4-year transplant-free 
survival).159 In the present study, median treatment durations could not be analyzed, and an analysis 
on specific antibiotic subtypes could not be performed. Therefore, we want to emphasize that the 
set-up of the study does not allow drawing firm conclusions regarding the most favorable post-
surgical medicamental regimen. It may be that other (unknown) factors had an effect on survival 
rather than the antibiotics itself. Side-effects of frequently used antibiotics include nausea, diarrhea 
and anorexia, which may aggravate malnutrition in biliary atresia patients. Nevertheless, the results 
show an interesting tendency and should evoke initiatives towards more prospective and randomi-
zed clinical research.
 The regimen of high-dose prednisolone used in a subset of the patients did not show any 
effect on clearance of jaundice or transplant-free survival. A randomized, double-blind, placebo-
controlled trial in 73 patients using low-dose prednisolone (starting dose in that study was 2 mg/kg/
day, in contrast to the 20 mg/kg/day used in patients in the present study) demonstrated a reduc-
tion in bilirubin levels within the first two months post-surgery, but not in the need for OLT within 
six and 12 months.30 An open labeled pilot study on 49 biliary atresia patients using methylpredni-
solone (starting dose of 10 mg/kg/day) failed to show beneficial effects of corticosteroids on the 
transplant-free survival after six months and two years. Notably, in the latter study, patients received 
methylprednisolone, and patients in the study and control group received UDCA (dosage 25 mg/
kg/day) and antibiotic prophylaxis as well.135 The results of a presently ongoing large trial in the 
United States using prednisolone in a dosage of 4 mg/kg/day for three weeks, which is subsequently 
tapered over 13 weeks, are awaited (www.clinicaltrials.gov). 
 It is not clear, to what extent pre-OLT factors such as the PELD-score can serve as prognos-
tic factors for biliary atresia patients specifically.25,184 The univariate analysis on 4-year post-trans-
plant survival revealed that a PELD-score ≤15 at assessment for OLT is significantly associated with 
a better post-transplant survival. In the multivariate analysis, however, this was not significant. It 
should be realized, however, that this multivariate analysis is limited by the low number of patients 
that could be included. In another study, the PELD-score was not a prognostic factor for post-trans-
plant survival in biliary atresia patients.184 Knowledge of the pre- and post-transplant prognostic 
value of (among others) the PELD-score is important for OLT policies. Based on the present data 
we feel that proper timing of OLT is important to increase post-transplant survival, possibly inclu-
ding specialized post-Kasai follow-up. Recently we demonstrated that late referral to a transplant 
center contributed to pre-transplant mortality in biliary atresia patients.33 In our present analysis we 
observed the discrepancy between relatively good transplant-free survival rates, but less favorable 
overall survival rates (in the low range compared to other Western countries). Much emphasis in 
biliary atresia literature has been rightfully placed upon the timing of Kasai surgery and short-term 
post-surgical variables. Our present data indicate that the importance of the medical post-Kasai 
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follow-up should not be underestimated with respect to overall prognosis, particularly when the 
follow-up is not provided by professionals involved in OLT-programmes. 
 Our results were achieved without efforts to centralize treatment. Case-load per centre is 
very low for Kasai portoenterostomy in our country. However, we do not think it can be concluded 
from our data that surgical caseload has no effect on transplant-free survival. Schreiber et al. found 
no significant effects of center size on transplant-free survival in Canada.146 However, the largest 
treatment center in the latter study has still a moderate case-load (78 portoenterostomies in 10 
years) compared to the large centers in France, and England and Wales. The largest center in Canada 
tends to perform surgery later (38% ≤60 days) than the smaller centers (48% operated on ≤60 days), 
which may interfere with the center-size effect. In a German study, the 2-year transplant-free survi-
val of patients operated on in larger (≥ 5 cases) was 26.4% compared to 7.7% in the centers treating 
less than 5 patients annually (p=0.015).135 The OLT rates were high in that study, 60-70% of biliary 
atresia patients had been transplanted after 2 years. In small countries, or large countries with a low 
population density, the maximum achievable caseload per center is limited. It is therefore important 
that the minimum caseload volumes beneficial in biliary atresia treatment are determined.
 The presented results should encourage efforts to diagnose and refer biliary atresia 
patients in a timely manner. A beneficial effect for post-operative antibiotics and UDCA administra-
tion is suggested by retrospective analysis, but prospective data are needed for substantiation of 
this observation. Surgical Kasai treatment centers with a small case-load do not necessarily produce 
unfavorable transplant-free survival rates. Centralization of post-surgery care and follow-up may be 
important to improve the overall prognosis, for example by appropriate timing of the screening and 
listing of patients for OLT. However, the minimum beneficial case-load remains to be determined.
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ABSTRACT
Background & Aims
Surgical treatment with Kasai portoenterostomy has improved the prognosis for patients with 
biliary atresia, although most ultimately require liver transplantation. Well-described patients with 
long-term, transplant-free survival are scarce; we assessed liver status and health perception among 
Dutch patients who survived 20 years after therapy and investigated whether rate of transplant-free 
survival increases with time.

Methods
Using the Dutch national database for biliary atresia, we identified 104 patients, born from 1977 to 
1988. We collected data on clinical characteristics, liver biochemistry, and ultrasonography from all 
transplant-free patients who were alive at an age of 20 years (n=28, 27% of the patients). General 
health perception data (RAND-36) were collected at the last examination.

Results
The 20-year transplant-free survival rate increased from 20% (10/49) in the 1977–1982 cohort to 
32% (18/55) in 1983–1988 cohort (P=.03). Twenty-one percent of the long-term survivors (6/28) had 
normal liver biochemistry test results and no clinical or ultrasonographic signs of cirrhosis. General 
health perception of female, but not male patients, was lower, compared with controls (RAND-36 
score, 54±14 vs 74±18; P=.005).

Conclusions
More than 25% of patients with biliary atresia survive at least 20 years without liver transplantation 
in The Netherlands. Female patients with biliary atresia have a reduced perception of their health, 
compared with control patients. Twenty percent of long-term survivors are symptom-free, without 
clinical or ultrasonographic signs of cirrhosis or portal hypertension.
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INTRODuCTION
Biliary atresia (BA) is an important cause of cholestasis in infancy, caused by a destructive inflam-
matory process resulting in fibrosis and obliteration of the biliary tract. Before the development of 
surgical treatment, death from cirrhosis occurred in 50-80% of the patients within one year.163 
 Three subtypes of BA are distinguished, classified according to the level of most proximal 
biliary obstruction. In type I, bile ducts are patent from the porta hepatis to the common bile duct 
and cystic duct, and in type II to the common hepatic duct. These types account for ~10% of BA 
patients. In type III, the most prevalent type (~90%), the obstruction of the extrahepatic biliary tract 
extends into the porta hepatis.60 In ~20% of the BA patients anatomical variants are found, inclu-
ding splenic malformation in the Biliary Atresia Splenic Malformation syndrome (BASM). Venous and 
cardiac malformations, heterotaxy, and intestinal malrotation are also found in BASM.31,60

 Initial treatment of BA is mainly surgical, consisting of hepaticojejunostomy or choledo-
chojejunostomy in type I and II, and Kasai portoenterostomy in type III.82 When bile flow can not be 
restored or when, despite a successful restoration of bile flow, liver fibrosis progresses and compli-
cations of cirrhosis occur, orthotopic liver transplantation (OLT) is necessary. OLT is a technically 
challenging procedure in small children. Nowadays, BA accounts for ~50% of the indications for 
pediatric OLT throughout the Western world.108 
 With surgical treatment of BA, transplant-free survival is possible. Many reports describe 
the results between 1 and 5 years after surgery. However, data on the long-term survival rates (≥20 
years after surgical correction) and especially the clinical condition of those who survived beyond 
20 years without OLT are scarce.57,103,154 Furthermore, only limited information is available on health 
or health-related problems in this patient group. We, therefore, evaluated the clinical condition of a 
cohort of Dutch BA patients, who were transplant-free at the age of 20 years, and we assessed the 
general health perception (GH) of these patients at latest follow-up. 
 
PATIENTS AND METHODS
Between January 1st 1977 and December 31st 1988, 106 patients were diagnosed with BA in the 
Netherlands. The diagnosis of BA was confirmed in all patients by intraoperative cholangiography 
and pathology of the liver and biliary remnants. Surgery was performed in one of the six Dutch 
university medical centers specialized in pediatric surgery. The short-term results of the majority 
of this cohort were described in 1989.68 The Dutch OLT programme started in 1979 in adults and in 
1982 in children.
 Thirteen patients had a type I or II BA; nine underwent a hepaticojejunostomy or a chole-
dochojejunostomy. In four cases, a portoenterostomy was performed. Eighty-three patients were 
classified as type III BA and underwent the classic Kasai portoenterostomy. 

Follow-up
We examined transplant-free survival 20 years after surgical correction, and at last follow-up. Data 
were collected from patients’ hospital records, including biochemical evaluation of liver function 
(total bilirubin, aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), γ-glutamyl 
transferase (γGT), albumin, prothrombin time (PT)) and abdominal ultrasound to assess cirrhosis 
and portal hypertension, as well as oesophagoscopy to assess oesophageal varices and portal 
hypertension. Portal hypertension was considered present when at least one of the following 
characteristics was present, apart from a liver with cirrhotic aspect: decreased velocity or reversal 
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of the direction of blood flow in the portal vein, presence of collateral veins and enlargement of the 
spleen at ultrasound, presence of oesophageal varices at oesophagoscopy. 
 Biochemical parameters were considered normal within the following ranges: total biliru-
bin <17 μmol/L; ASAT <40 U/L; ALAT <45 U/L; γGT <55 U/L in males and <45 U/L in females; albumin 
>3.5 g/dL; INR below 1.1. During the most recent follow-up, patients were asked to provide informa-
tion on current employment or education. Additionally, they completed the five items concerning 
GH of the RAND-36 questionnaire, which has been validated in the Dutch population.190 The study 
was performed according to the guidelines of the Medical Ethical Committee of the University 
Medical Center Groningen. 
 The GH of BA patients was compared with that from an age-matched comparison group 
and gender differences were evaluated.154 To assess a possible relationship with clinical condition, 
GH was correlated to serum total bilirubin and ASAT values and presence of portal hypertension and 
cirrhosis as measures of cholestatic disease severity.

Statistics
Survival rates were analyzed with the Kaplan-Meier method and compared using the log-rank test. 
Continuous data were compared using Mann-Whitney U test. Comparison of GH scores of patients 
to the comparison group was performed by unpaired t-tests. To assess the clinical relevance of diffe-
rences in health perception, effect sizes were calculated by dividing the difference between means 
by the pooled standard deviation.24 Effect sizes between 0.20-0.49 were considered small, 0.50-0.79 
medium and ≥0.80 large. Pearson’s correlation analyses were performed to examine relationships 
between variables. All tests were two-tailed. Differences and relationships were considered signifi-
cant at a p-value <0.05. Analyses were performed using SPSS 16.0 
 
RESulTS
Twenty-year survival after surgical correction
Of the 106 children (62 girls), two were lost to follow-up at the ages of four (address not found) and 
six years (moved abroad). Twenty-eight of the 104 patients (27%) survived for 20 years without OLT 
(Table 1). Sixteen of these patients were female (57%). Overall 20-year survival with and without 
OLT was 43% (45/104). OLT was performed in 23% (24/104) of the patients before the age of 20. The 
survival after OLT was 71% (17/24). Fifty percent (52/104) of the patients died without OLT, mainly 
because the technique was not yet available in small children at that time.
 Transplant-free 20-year survival increased markedly over time. In the 1977-1982 cohort, 
20% (10/49) survived for 20 years without OLT, and 33% (18/55) in the years 1983-1988 (p=0.03, 
table 1). In table 2, the 20-year survival data are compared to available international data. 
 Twelve percent (12/104) of the patients had type I or II BA (Table 3). Survival of type I/II and 
type III was not statistically different (p=0.15). Seven percent (7/104) of all patients had characteris-
tics of BASM (1 type I/II BA, 6 with type III), of whom 29% (2/7, both type III) survived beyond the age 
of 20 without OLT being necessary. 
 In Figure 1, the twenty-year transplant-free survival rates are shown for the different age 
groups at Kasai portoenterostomy. Survival was significantly lower when patients were operated on 
after 75 days of age when compared to 60-75 days of age (11±6% vs. 42±10% respectively, p=0.03). 
Two of the long-term survivors (7%) underwent surgery after the age of 90 days (96 and 113 days).
The peroperative liver biopsy reports of some of the long-term survivors indicated severe cholesta-
sis and fibrosis. 
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Table 1: Outcome of BA patients at 20 years after surgical correction in two cohorts

Overall number of patients
1977-1982

n=49
1983-1988

n=55
p-value

Median age at surgery (day) 60 (25-222) 58 (35-126) 0.48

Type I/II (%) 3 (6%) 9 (16%) 0.13

BASM (%) 4 (8%) 3 (5%) 0.70

Alive with native liver at 20 years 10 (20%) 18 (33%) 0.03

OLT < 20 years 8 (16%) 16 (29%) 0.16

Death 31 (63%) 21 (38%) 0.04

Table 2: International data on long-term transplant-free survival of BA patients

Period Number of patients 
with surgical 

correction

Transplant-free 
survival (20 years)

OLT before the 
age of 20 years

Overall 
survival (20 

years)

France 103 1968-1983 271 23% 32 (12%) -

Japan 128 1970-1986 80 44% 5 (6%) 49%

Sendai, Japan 129 1953-1993 289 22 (8%) - -

The Netherlands 
(present study)

1977-1982
1983-1988
1977-1988

49
55

104

10 (20%)
18 (32%)
28 (27%)

8 (16%)
16 (29%)
24 (23%)

17 (35%)
28 (51%)
45 (43%)

Table 3: Outcome the different BA subtypes at 20 years after surgical correction

Overall number of patients
Type I/II
12 (12%)

Type III
92 (88%)

p-value

Alive with native liver at 20 years 5 (42%) 23 (25%) 0.15

Alive with native liver and normal serum 
bilirubin (< 17 μmol/L) 

3 (25%) 13 (14%) 0.18

OLT < 20 years 1 (8%) 23 (25%) 0.28

Death 6 (50%) 46 (50%) 1.00

Median age at surgery (day) of patients alive 
with native liver at 20 years

60 (48-68) 57 (35-113) 0.95
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Six of the 28 patients (21%) did not have any clinical or ultrasonographic signs of liver cirrhosis 
(median age at surgery 56 days, range 35-68, two were on UDCA). Four of these six patients had 
normal liver biochemistry, one patient had a transient slight elevation of transaminases and 
one patient had isolated elevated γGT levels (~65 U/L). Two patients had an intrahepatic lesion, 
probably an adenoma, which had been stable in size for many years and was not associated with 
portosystemic shunting. The levels of alpha-fetoprotein were not elevated. Thirteen patients (46%) 
experienced one or more episodes of cholangitis during their lives. Seven of these patients (54%) 
had disturbed liver biochemistry. Of the patients without documented cholangitis, 73% (11/15) had 
disturbed liver biochemistry.
 
Liver condition at 20-year follow-up.
At the age of 20 years, 36% (10/28) of the patients with 20 years transplant-free survival had normal 
total serum bilirubin, transaminase and γGT levels (Table 4). In 21% (6/28) of the patients total serum 
bilirubin levels were within normal limits with slightly elevated transaminase and/or γGT levels. In 
the other 12 patients, total serum bilirubin levels were elevated (range: 19-107 µmol/L) combined 
with elevated serum transaminase and γGT levels in 11 patients (range: ASAT 46-160 U/L; ALAT 
47-177 U/L; γGT 68-392 U/L. Prothrombin time was slightly increased in 6 patients, together with 
hyperbilirubinemia in 4 patients. However, the International Normalized Ratio did not exceed 1.2 in 
any of the patients. The serum albumin level was below 3.5 g/dL in one patient, in combination with 
increased total bilirubin levels (97 µmol/L). Six of the 28 patients were using ursodeoxycholic acid at 
the age of 20 (21%), of whom four had normal liver biochemistry parameters.

Figure 1: Twenty-year transplant-free survival of BA patients according to age at Kasai portoenterostomy. Log-rank test, <45 vs. 45-60 
days, p=0.24; 45-60 vs. 60-75 days, p=0.62; 60-75 vs. >75 days, p=0.03, <45 days vs. 60-75 days, p=0.18.
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Table 4: Clinical characteristics at the age of 20 of the 28 transplant-free BA patients

Condition  Number of patients Percentage

Normal bilirubin (< 17 umol/l) 16 57%

Normal bilirubin, ASAT, ALAT, γGT 10 36%

Absent signs cirrhosis 6 21%

Cholangitis 13 46%

Portal hypertension 13 46%

Spleen enlargement 15 54%

Oesophageal varices; bleeding 10; 2 36%; 7%

Completed regular education 25 90%

Portal hypertension
Signs of portal hypertension were present in 46% (13/28) of the patients (Table 4). Eleven of them 
had elevated serum transaminase and γGT levels. Oesophagoscopy was performed in all patients 
with signs of portal hypertension on ultrasonography. Varices were detected in 77% of the patients 
(10/13); two of them experienced one episode of variceal bleeding. Unfortunately, the age of onset 
of portal hypertension was not documented in most cases.

Outcome at last follow up
At the most recent follow-up, 26 of the 28 BA patients described in this report were still alive with 
their native liver. The median age at latest follow-up was 23.8 years (range: 20.2-31.4). Two of the 
patients (7%) underwent OLT at the ages of 20 and 24 years. OLT had become necessary because 
of end-stage liver disease and frequent cholangitis, and because of hepatopulmonary syndrome, 
respectively. Presently, one patient is listed for OLT. Another patient with BASM (situs inversus, 
polysplenia and malrotation) was diagnosed with non-compaction cardiomyopathy at the age of 
25, a condition which can be associated with heterotaxy.200 The other patients did not show clear 
progression of liver damage or cirrhosis at last follow-up as compared with the evaluation at 20 
years of age.

Functioning
Information on status of employment or education was available for 25 patients. Twenty-two (88%) 
are employed or attending college. Two patients (8%) are physically and mentally compromised 
and need specialised care, one because of infantile encephalopathy with unknown cause, the other 
secondary to a vitamin K deficiency intracranial hemorrhage at the age of six weeks. Another patient 
(4%) is attending specialised education. One patient has a relapsing addiction to various substances 
but is currently employed. Three patients are known with complaints of joint pain and fatigue for 
which, after extensive investigations, no explanation was found. At the time of writing, one female 
patient had given birth to a healthy baby and two were pregnant. So far, no deterioration of the 
clinical condition has been detected during pregnancy.
 At last follow-up, twenty-four of the 26 transplant-free patients were invited to complete 
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the GH items of the RAND-36. Two patients were mentally compromised and not invited. Nineteen 
patients (79%) responded. The mean score of patients was 64±18 compared to 75±17 in the compa-
rison group (p=0.01; effect size 0.63; Table 5). Women, but not men, scored significantly lower than 
their counterparts in the comparison group with a large effect size (p=0.005; effect size 1.15). GH did 
not correlate with total serum bilirubin or ASAT values, presence of cirrhosis or portal hypertension 
(r=-0.007, p=0.98; r=0.093, p=0.72; r=0.119, p=0.672 and r=-0.05, p=0.853, respectively).

Table 5: Scores (mean±SD) of BA patients on general health perception items of the RAND-36

BA patients n Comparison 
group154

n p-value Effect size

Age (years) 24.8±2.7 24.2±3.8

all 64±18 19 75±17 500 0.01 0.63

female 54±14 11 74±18 238 0.0005 1.13

male 78±13 8 76±16 262 0.68 0.12

DISCuSSION 
Since 1977, the transplant-free 20-year survival of BA patients treated with surgical correction 
has increased from 20% to 33% in The Netherlands. The 20-year survival rate was not significantly 
associated with the age at surgical correction. Interestingly, one fifth of the 20-year transplant-free 
survivors had no signs of liver cirrhosis and a normal liver biochemistry. Female, but not male, 
transplant-free BA patients had a lowered GH when compared to a reference group.
 The 20-year transplant-free survival rates in the cohort 1977-1982 presented in this report 
were similar to those reported from France in the same period, 20% vs. 23%, respectively. In the 
cohort 1983-1988 transplant-free survival had increased to 32%. However, survival remained lower 
than that reported from Japan (58%).103,154 

 Increased surgical experience and improved perioperative management might in part 
explain the improved transplant-free survival. The first Kasai portoenterostomy in The Netherlands 
was performed in the early seventies and therefore a rather novel technique at the beginning of 
the study period. The use of prophylactic antibiotic treatment to prevent ascending cholangitis and 
subsequent deterioration of liver function has been suggested.69 However, as its effectiveness was 
unclear and as it was shown to cause microbial resistance43, prophylaxis was not generally used in 
the present cohort. By the end of the study period, some novel treatment strategies were described 
which might account in part for the increased transplant-free survival rate of patients born in that 
period: ciprofloxacin and ursodeoxycholic acid.69,183 Unfortunately, due to lack of detailed data on 
medication use in the present patients, analysis of effectiveness was not possible. Postoperative 
corticosteroids were not used in the current study population.
 Another factor that likely contributed to the increased survival is the improved manage-
ment of portal hypertension. Rubber band ligation has become available in the 90s as an alterna-
tive to sclerotherapy with fewer complications. Since 1980 it has become clear that propanolol can 
prevent variceal bleeding but the effects in children are still not objectivated.114 Unfortunately, we 
do not have data on the longitudinal management of portal hypertension. Most patients with portal 
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hypertension are managed by surveillance endoscopy and propranolol is used in selected cases. 
Early surgical correction is associated with a better outcome in terms of clearance of jaundice and 
survival with native liver.26,60,128 In our study, late surgery (>75 days) indeed had a worse outcome. 
In our study we identified patients operated on at the ages of 96 and 113 days respectively, who 
were transplant-free at the age of 20. This observation confirms previous reports that portoente-
rostomy can be a successful initial step in treatment, even in late presenting patients.20,27 We could 
not demonstrate a beneficial effect of surgery <45 days, but this may be attributable to the low 
statistical power as the group consisted of 14 patients. Other factors that might be of importance 
are an increased technical difficulty in very small infants in combination with a rather novel techni-
que, or rapidly progressive disease in early presenting infants.
 We analyzed transplant-free survival in the various subtypes of BA. Survival rates tend to 
be higher in patients with type I or II BA (42% in type I-II; 25% in type III). These figures are compara-
ble to those form a large French cohort, but inferior to numbers from Japan, who reported a 100% 
20-year transplant-free survival 7 patients.103,154

 Controversy exists in the literature regarding the survival of patients with BASM. Some 
papers report a survival similar to the non-syndromic form of BA,4,147 others report a worse progno-
sis.30 Of note, in our study group, two of the nine BASM patients were transplant-free at the age 
of twenty, with normal serum bilirubin levels. One of those patients has polysplenia, situs inversus, 
intestinal malrotation, and developed non-compaction cardiomyopthay at the age of 25. The other 
patient had polysplenia, intestinal malrotation and a preduodenal portal vene. Thus, the presence of 
BASM does not exclude a favourable outcome. Furthermore, signs of severe cholestasis and fibrosis 
in the peroperative liver biopsy specimen are not necessarily indicative of a poor prognosis; as such 
features were encountered in some of the current long-term survivors. 
 Interestingly, a rather substantial number of the patients (6/28; 21%) did not have abnor-
mal liver biochemistry or signs of liver cirrhosis at the age of 20. All these patients still had normal 
biochemistry and a normal liver on ultrasound at latest follow-up, the oldest of these patients now 
being 28 years old. Only prolonged follow-up will reveal whether Kasai portoenterostomy is a defini-
tive cure in this subset of patients (~5% of all BA patients). OLT may become necessary in the longer 
term in patients who currently have mild to moderate liver biochemistry disturbances. 
 The risk and prevalence of cirrhosis-related tumours in BA patients is still unknown.60,176 

Only follow-up of long-term transplant-free survivors and systematic investigation of explanted 
livers might elucidate the incidence of hepatic malignancies. The development of potentially life-
threatening complications of cirrhosis, such as oesophageal varices and hepatopulmonary syndro-
me, need to be monitored also.60,176 We argue that all long-term transplant-free BA survivors require 
regular (probably at 6 or 12 months intervals) review with abdominal ultrasound scans, as is recom-
mended in the AASLD practice guideline on hepatocellular carcinoma, until the true prevalence of 
tumours after BA is known and the effect of surveillance can be assessed.16 Gallstones (intrahepatic 
hepatolithiasis, or stones in the gallbladder remnant) have been described as a frequent finding in 
BA patients but did not occur in our study population, neither did other comorbidities.103,129,174

 Quality of life remains a general concern in patients with chronic liver disease. In our study, 
the majority of the patients either had paid employment or was attending college. Nevertheless, 
measurement of GH showed that women report having a lowered GH than a comparison group, 
whereas the GH in men was not deviant. We speculate that the lowered GH in females of this specific 
age group may be caused by concerns regarding fertility and pregnancy. In a previous study, the 
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GH of Japanese BA patients was lowered compared to normative data. Gender differences were not 
evaluated in that study.70 Due to the small number of patients participating in our study, the data 
need to be interpreted with caution. Further investigation of the psychological outcome is needed 
to adjust patient care to the needs of this specific patient group.
 In conclusion, we showed that more than 25% of BA patients survive at least 20 years 
with native liver in The Netherlands. One fifth of the long-term survivors was symptom-free and did 
not have clinical or radiological signs of cirrhosis or portal hypertension. It is tempting to speculate 
that a small percentage of BA patients is cured after portoenterostomy, but prolonged follow-up is 
needed to verify this speculation.
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ABSTRACT
Introduction
Biliary atresia (BA) is a rare cholestatic disease of infancy. Kasai portoenterostomy and liver trans-
plantation (OLT) are the two sequential treatment options. An increasing number of patients 
survive into adulthood. Little is known about their health-related quality of life (HRQOL). We 
examined HRQOL in young adult BA survivors.

Patients and methods
RAND-36 and Liver Disease Index Score (LDSI) questionnaires were sent to all eligible adult BA 
patients. Clinical characteristics were obtained from the NeSBAR (Netherlands Study group on 
Biliary Atresia Registry) and the national pediatric OLT databases. RAND-36 domain and summary 
scores were compared to those of an age-matched Dutch comparison group (ANOVA). Pearson 
correlations and t-tests were performed to examine effects of several variables on HRQOL.

Results
Mean RAND-36 domain and summary scores of transplanted (n=25) and non-transplanted (n=15) 
BA patients (response 74%) were similar to those of the comparison group, with the single excep-
tion of a decreased general health perception (p=0.0004) in non-transplanted females (63±21 vs. 
75±17). RAND-36 domain and summary scores were not significantly correlated to age at OLT, 
time since OLT, serum bilirubin, ASAT or albumin levels, but were moderately to strongly correla-
ted to LDSI total scores (r-values between 0.35-0.77).

Conclusion
Overall, young adult BA patients have a HRQOL similar to an age-matched comparison group. 
However, general health perception of non-transplanted females was decreased. HRQOL is 
correlated to liver disease symptoms but not to liver biochemistry parameters. Non-transplanted 
females and patients suffering from liver disease associated symptoms may be a target for tailored 
supportive interventions.
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INTRODuCTION
Biliary atresia (BA) is a rare cholestatic disease in infants, with an unknown origin. The prognosis 
is fatal when untreated. With the development of the portoenterostomy according to Kasai since 
1959, the survival has improved markedly.82 However, in most cases the liver is already severely 
fibrosed at the time of Kasai surgery. Even when restoration of bile flow is achieved, problems may 
arise because of ongoing liver fibrosis. The second treatment option is orthotopic liver transplanta-
tion (OLT), which was introduced in the early 1970’s in adults and gradually also in infants. Currently, 
ten-year survival rates of 75-80% are achieved after OLT.42,47 Approximately a fifth of BA patients 
reach adulthood without OLT.103 As a result of these two treatment modalities, BA is currently a 
disease with an increasing number of patients reaching adulthood.103,154 
 Most patients with a transplanted liver need to take life-long immunosuppressive drugs 
and may experience drug side effects and recurrent infections. Chronic rejection of the liver may 
also ensue.42,150 About 20% of adult non-transplanted BA patients exhibit normal liver biochemistry 
tests, while in the majority liver damage is (slowly) progressive.34,103,154 Most studies on the outcome 
of BA have focussed on mortality and morbidity, but with increasing survival health-related quality 
of life (HRQOL) becomes an important outcome measure as well.32,147,151

 The HRQOL of patients with chronic liver disease or with a transplanted liver has been 
studied rather extensively.42,55,75,106,211,212 However, most patient groups were heterogeneous with 
respect to etiology and most studies were performed in either children or middle-aged adults.3,180 
BA patients are usually underrepresented in these studies. To our knowledge, only one study measu-
red the HRQOL of non-transplanted adolescent BA patients.70 In that study, HRQOL was found to be 
marginally lowered in BA patients from Japan and normal in those from the United Kingdom when 
compared to the respective reference groups. Knowledge of the HRQOL of specific subpopulations 
of patients allows fine-tuning of patient care and may influence treatment choices in individual 
patients.
 The first aim of the current study was to examine the HRQOL in young adults surviving 
BA in a national cohort, by comparing their HRQOL to that of an age-matched comparison group 
derived from a previous Dutch study.164 Our expectation is that BA patients have a decreased 
HRQOL as compared to young adults who are not confronted with a serious condition such as BA. 
Secondly, we hypothesize that transplanted patients’ HRQOL is increased as compared to that of 
non-transplanted BA patients. Finally, we examined the effect of several sociodemographic and 
clinical factors on HRQOL such as gender, age at OLT, serum liver biochemistry parameters and liver 
disease symptoms to investigate which patients are more at risk for HRQOL problems.
 
PATIENTS AND METHODS 
Patients and procedure
All BA patients born between January 1977 and January 1992, treated in the Netherlands, currently 
alive at an age of at least 18 years and were eligible. BA patients with psychiatric illness or mental 
retardation were excluded. In each patient, the diagnosis of BA was confirmed by intraoperative 
cholangiography and pathology of the resection specimen.33 Portoenterostomy was performed in 
one of the six participating Dutch university medical centers specialized in pediatric surgery, and 
OLT was performed in the national pediatric OLT center in Groningen.
 Clinical patient data were retrieved from the NeSBAR (Netherlands Study group on Biliary 
Atresia and Registry) database and the national pediatric OLT database. Data included gender, birth 
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date, age at portoenterostomy, age at OLT, comorbidities, and recent serum bilirubin, aspartate 
amino transferase (ASAT) and albumin measurements.
 The study was performed according to the guidelines of the Medical Ethical Committee 
of the University Medical Center Groningen. A letter explaining the goal of the study, the question-
naires, an informed consent form and a prepaid return envelope were sent by post to all eligible 
patients. 

Instruments
All patients completed the Dutch version of the RAND-36 and the Liver Disease Symptom Index 
2.0 (LDSI). Both questionnaires have been validated in the Dutch population.185,190 The RAND-36 is a 
generic 36-item questionnaire, of which the reliability and validity have been supported in a wide 
number of studies.190 It covers eight domains: physical functioning (Crohnbach α in this study: 0.89), 
social functioning (α:0.73), role limitations due to physical health problems (α:0.92), role limitati-
ons due to emotional problems (α:0.86), mental health (α:0.78), vitality (α:0.86), bodily pain (α:0.79) 
and general health perception (α:0.79). The raw scores were converted to a 1-100 scale, with higher 
scores indicating higher levels of functioning or well-being. Summary scores report physical functi-
oning and mental functioning and were standardized to a mean of 50 and a standard deviation of 
10. Results where compared to those of an age-matched comparison group.164 
 The LDSI 2.0 consists of 18 original items and six items developed by the board of the NLV 
(Dutch Liver Patient Association).185 Nine items measure the severity of ‘itch’, ‘joint pain’, ‘pain in the 
right upper abdomen’, ‘sleepiness during the day’, ‘worry about family situation’, ‘decreased appetite’, 
‘depression’, ‘fear of complications’, and ‘jaundice’. Nine additional items measure the hindrance of 
these symptoms to daily activities. ‘Fear of complications’ has no accompanying hindrance item, 
whereas ‘itch’ has two hindrance items, namely hindrance of itch during the day and during sleep. 
The NLV items included ‘memory problems’, ‘change of personality’, ‘hindrance in financial affairs’, 
‘involuntary change in use of time’, ‘decreased sexual interest’ and ‘decreased sexual activity’. All LDSI 
and NLV items were scored on a 5-point Likert scale ranging from ‘not at all’ (1) to ‘to a high extent’ 
(5). The LDSI and NLV item scores were summed) to obtain total LDSI scores.

Statistical analysis
Demographic and clinical characteristics of responders and non-responders were compared 
using Mann-Whitney U-test and Student’s t-test to detect possible confounders. Differences in 
the RAND-36 domain and summary scores between the non-transplanted patients, transplanted 
patients, and the comparison group were tested using ANOVA’s. 
 Effect sizes according to Cohen were calculated by dividing the difference in mean score 
between BA patients and the comparison group by the pooled standard deviation of both groups.24 

Effect sizes between 0.20-0.49 were considered small, between 0.50-0.79 medium and ≥0.80 large. 
Gender differences were tested using Mann-Whitney U-test. Associations between serum liver 
biochemistry, age at OLT, current age and LDSI scores with RAND-36 summary and domain scores 
was examined using Pearson’s correlational analysis. Correlations with a coefficient <0.30 were 
considered weak, between 0.30-0.50 moderately strong, and >0.50, strong.24 Scores of the LDSI of 
transplanted and non-transplanted patients were compared using Mann-Whitney U-test. All tests 
were two-tailed, and p-values <0.05 were considered significant.
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RESulTS
Patient characteristics
Fifty-four BA patients were eligible and asked to participate. Of those, 40 patients agreed (response 
rate 74%). One patient had to be excluded because of a major depression. Characteristics of respon-
ders and non-responders are shown in Table 1. One included non-transplanted patient had cystic 
fibrosis. Two of the patients (both responders) underwent an explorative laparotomy without 
portoenterostomy, and subsequently an OLT at the ages of 0.8 and 2.6 years, respectively. Recent 
laboratory measurements from one transplanted patient (responder) who received follow-up care 
in another adult OLT center were unavailable.

Table 1: Demographic and clinical characteristics of the study group.

BA non-transplanted BA transplanted

Responders Non-responders p-value Responders Non-responders p-value

Number 25 5 15 9 0.08*

Gender (% male) 52% 40% 1.0 67% 22% 0.09

Age at survey (years) 23.2 (18.9 
-30.4)

23.6 (20.1-32.2) 0.49 22.4 (18.9-30.8) 22.3 (18.9-32.2) 0.82

Age at surgery (days) 58 (35-117) 64 (48-68) 0.83 60 (43-126) 46 (32-175) 0.17

Age OLT (years) NA NA 5.2 (0.7-17.1) 11.7 (0.8-15.0) 0.61

Comorbidities 1# - - -

Current bilirubin (µmol/L) 17 (5-71) 14 (6-46) 0.72 17 (5-36) 16 (5-23) 0.31

Current ASAT (U/L) 27 (6-160) 77 (20-101) 0.06 30 (16-96) 40 (23-77) 0.17 

Current albumin (g/L) 41 (36-54) 40 (39-40) 0.19 47 (42-49) 43 (30-47) 0.02 

Data expressed as median (range); *χ2 test of the distribution of responders and non-responders over the two study groups; #Cystic 
fibrosis; NA, not applicable.

Health-related quality of life
The mean scores on seven of the eight dimensions of the RAND-36 and the physical and mental 
summary scores were not significantly different between the three groups (Table 2). A significant 
effect of group was found in general health perception (p=0.004). Consequent analysis revealed 
that non-transplanted patients had significantly lower scores on general health perception than 
transplanted BA patients and to the comparison group (Table 2). The effect of group on physical role 
functioning just failed to reach significance (p=0.05), and comparison between the non-transplan-
ted patients and the comparison group revealed a medium effect size (0.32). Univariate analyses 
showed no significant relationships between age and the RAND domain or summary scores (r varied 
between 0.002 and 0.31). Moderately strong correlations were found with pain (-0.30) in non-trans-
planted patients, and with emotional role-functioning (0.31) and pain (0.31) in transplanted patients. 
An effect of gender was only detected in general health perception of non-transplanted patients: 
women scored significantly lower than men (52±15 for females vs. 74±21 for males; p=0.0004). 
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Table 2: Descriptives of the RAND-36 of non-transplanted and transplanted BA patients and an age-matched comparison group.

Effect size

BA 
non-OLT

n=25

BA
OLT

n=15

Comparison 
group164

n=500

p-value* Non-OLT vs. 
comparison

OLT vs. 
comparison

Non-OLT 
vs. OLT

Age 23.5±3.3 23.2±4.0 24.2±3.8 0.41

Physical Functioning 91±17 96±6 93±14 0.60 0.14 0.19 0.37

Social functioning 88±19 88±16 87±18 0.97 0.03 0.05 0.02

Physical role-functio-
ning

73±40 85±35 87±27 0.05 0.50 0.07 0.32

Emotional role-
functioning

81±35 91±27 87±29 0.51 0.21 0.13 0.31

Mental health 76±17 81±11 76±15 0.48 0.03 0.32 0.35

Vitality 64±23 72±19 65±17 0.34 0.05 0.39 0.34

Bodily pain 84±19 91±18 87±19 0.52 0.17 0.20 0.38

General health 63±21 75±15 75±17 0.004 0.69 0.01 0.63

Mental summary score 51±10 53±6 50±10 0.57 0.04 0.28 0.28

Physical summary score 50±9 54±6 50±10 0.39 0.02 0.36 0.42

Data expressed as mean±SD; *ANOVA. Effect size was calculated as the difference in mean score divided by the pooled standard 
deviation. 

Liver disease symptoms
The mean scores of the LDSI questionnaire and NLV items did not exceed 2.4. However, individual 
patients scored maximum at a number of items (Table 3). 
 Female non-transplanted BA patients had more ‘pain in the right upper abdomen’ (2.1±1.3 
vs 1.0±0.0, p=0.005) and ‘hindrance of pain in the right upper abdomen’ (1.6±1.0 vs 1.0±0.0, p=0.03) 
compared to their male counterparts. Finally, female transplanted BA patients reported significantly 
more ‘hindrance in financial affairs’ than transplanted males (3.6±1.7 vs. 1.7±1.3, p=0.03). No further 
gender differences were detected. Total LDSI scores were not significantly correlated to serum total 
bilirubin, ASAT, or albumin levels (r varied between 0.08 and 0.35 and was moderately strong for 
serum bilirubin (-0.30) in non-transplanted patients, and for serum albumin (0.35) in transplanted 
patients).

Correlations between clinical factors and HRQOL
Moderately strong to strong significant associations between LDSI and RAND-36 domain and 
summary scores were found in the non-transplanted and transplanted patients with one exception: 
the correlation between emotional role functioning and LDSI scores in transplanted BA patients 
was not significant (r=0.06, p=0.8, Table 4). There were no significant correlations between RAND-36
domain or summary scores of non-transplanted or transplanted BA patients with serum ASAT, biliru-
bin or albumin levels, age at OLT or time elapsed since OLT (r varied between 0.000 and 0.43).
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Table 3: Liver Disease Symptom Index 2.0 scores of young adult transplanted and non-transplanted BA patients.

BA non-transplanted
n=25

BA transplanted
n=15

Mean±SD Median (range) Mean±SD Median (range) p-value*

Itch 1.9±1.2 1(1-5) 1.6±0.9 1(1-4) 0.62

Hindrance itch during day 1.3±0.7 1(1-4) 1.1±0.4 1(1-2) 0.54

Hindrance itch during sleep 1.4±1.0 1(1-4) 1.0±0.0 1(1-1) 0.07

Joint pain 1.7±1.2 1(1-5) 1.9±1.2 1(1-4) 0.54

Hindrance joint pain 1.5±1.0 1(1-5) 1.3±1.0 1(1-4) 0.73

Pain right upper abdomen 1.5±1.0 1(1-5) 1.3±1.0 1(1-3) 0.79

Hindrance pain right upper abdomen 1.3±0.7 1(1-4) 1.0±0.0 1(1-1) 0.11

Sleepiness during day 2.4±1.2 2(1-5) 1.9±0.9 2 (1-4) 0.21

Hindrance sleepiness during day 1.9±1.2 1(1-5) 1.4±0.7 1(1-3) 0.17

Worry about family situation 1.3±0.7 1(1-4) 1.7±1.2 1(1-4) 0.57

Hindrance worry about family 
situation

1.2±0.6 1(1-4) 1.2±0.6 1(1-3) 0.61

Decreased appetite 1.3±0.7 1(1-4) 1.5±0.9 1(1-4) 0.27

Hindrance decreased appetite 1.1±0.3 1(1-2) 1.5±0.7 1(1-3) 0.04

Depression 1.4±0.7 1(1-4) 1.1±0.3 1(1-2) 0.10

Hindrance depression 1.1±0.6 1(1-4) 1.0±0.0 1(1-1) 0.44

Fear of complications 1.3±0.7 1(1-4) 1.3±0.6 1(1-3) 0.97

Jaundice 1.1±0.4 1(1-3) 1.0±0.0 1(1-1) 0.27

Hindrance jaundice 1.0±0.0 1(1-1) 1.0±0.0 1(1-1) 0.99

Memory problems 1.5±1.0 1(1-5) 1.1±0.3 1(1-2) 0.96

Change of personality 1.2±0.5 1(1-3) 1.8±1.2 1(1-5) 0.03

Hindrance in financial affairs 1.5±0.9 1(1-4) 2.3±1.7 1(1-5) 0.10

Involuntary change in use of time 1.5±0.9 1(1-4) 1.7±1.3 1(1-5) 0.92

Decreased sexual interest 1.1±0.4 1(1-3) 1.0±0.0 1(1-1) 0.43

Decreased sexual activity 1.1±0.4 1(1-3) 1.0±0.0 1(1-1) 0.43

*Mann-Whitney U test
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Table 4: Pearson’s correlational analysis of RAND-36 domain scores, and total Liver Disease Symptom Index 2.0 (LDSI) scores.

Total LDSI score

BA non-transplanted
n=25 

BA transplanted
n=15

r p-value r p-value

Physical Functioning -0.47 0.02 -0.56 0.03

Social functioning -0.65 <0.0001 -0.69 0.004

Physical role-functioning -0.77 <0.0001 -0.49 0.07

Emotional role-functioning -0.66 <0.0001 0.06 0.83

Mental health -0.35 0.09 -0.47 0.08

Vitality -0.57 0.003 -0.69 0.005

Bodily pain -0.76 <0.0001 -0.47 0.08

General health -0.40 0.05 -0.37 0.18

Physical summary score -0.62 0.001 -0.63 0.01

Mental summary score -0.54 0.006 -0.43 0.11

DISCuSSION
Overall, this study shows that HRQOL of young adult transplanted and non-transplanted BA patients 
is comparable to that of an age-matched comparison group in seven of the eight domains tested. 
This is contrary to our expectation. The single exception was in general health perception which is 
perceived as decreased by young adult non-transplanted female BA patients as compared to the 
other two groups. The RAND-36 subscale and summary scores were independent of age and liver 
biochemistry. Strong to moderately strong correlations were found between the RAND-36 summary 
and subscale scores and the total liver disease symptom scores, with the exception of emotional role 
functioning and the LDSI in transplanted patients.
 Due to the low number of eligible patients, this study has a low statistical power, a reason 
why we chose not to focus on p-values only, but to focus on the clinical relevance of differences 
(effect sizes) as well. The non-transplanted patients in the current study showed a tendency towards 
lower physical role functioning as compared to the comparison and transplanted patient groups 
which just failed to reach significance, but with an effect size which suggests clinical relevance. 
Furthermore, the non-transplanted females had a significantly lower health perception. It is rather 
surprising that patients with a longstanding chronic disease with impact on several body functions, 
including major surgery, and lifelong follow-up and medication use, report an HRQOL almost similar 
to that of an age-matched comparison group. The fact that non-transplanted patients in our study 
did not require an OLT before reaching adult age indicated, by inference, that the disease had a 
relatively benign course. Individual patients could even be considered ‘cured’ based on biochemical 
and clinical parameters, which may explain the relatively high HRQOL compared to other cholesta-
tic patient groups.34,106,211,212
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Transplanted BA patients showed an HRQOL similar to the comparison group. Upon detailed analy-
sis, the scores of several domains were slightly higher in transplanted compared with non-trans-
planted patients, but did not reach significance. This has also been observed in other young adult 
patient groups, such as childhood cancer survivors and oesophageal atresia survivors.37,164 It might 
be explained by the phenomenon of response shift, i.e. a change in one’s perception of the quality 
of one’s life to accommodate to illness.149 It has been proposed that this mechanism is particularly 
relevant for relatively severe diseases and/or treatments.164 This assumption might contribute to the 
(non-significantly) higher scores of the transplanted patients, who have experienced a period of 
severe illness and a challenging treatment, when compared to those of the comparison group. The 
comparison of non-transplanted and transplanted patients demonstrates small to moderate effect 
sizes in all domains, with the exception of the domain of social functioning. The effect sizes suggest 
that the difference in HRQOL in non-transplanted and transplanted patients might be considered of 
clinical relevance, although it is much less pronounced than could be anticipated. 
 Based on liver biochemistry data, the non-responding patients could have a slightly worse 
clinical condition than the responders. It could therefore not be excluded that the RAND-36 scores 
might have been slightly lower if these patients had participated. However, liver biochemistry did 
not significantly correlate with RAND-36 or total LDSI scores in the responding patient population. 
More specifically, the non-significant relationships between RAND-36 scores and liver biochemistry 
showed a higher HRQOL together with worse liver biochemistry, and were therefore pointing in 
the opposite direction than we hypothesized. We have chosen not to exclude patients with major 
comorbidities unrelated to BA to avoid selection bias. Exclusion of the one patient with cystic fibro-
sis would not have changed the results. We could not detect a correlation between age at OLT and 
HRQOL, which might be a consequence of the small sample size and the non-homogeneous distri-
bution in the ages at transplantation.
 In general, females tend to report lower HRQOL than males.6,53,119,202 This was also observed 
in the comparison group utilised in the current study.164 General health perception was the only 
domain where we detected a gender difference in BA patients. This finding is striking because in the 
comparison group no gender effect was reported on this domain.164 The detection of little gender 
effects might be explained by (again) the relatively low number of adult patients with BA available 
for study, and the underrepresentation of females in the transplanted responders. 
 It is tempting to speculate on the origin of the lowered general health perception in 
non-transplanted females. The clinical condition and the overall LDSI scores of female non-trans-
planted patients was comparable to that of the males, and they did not have higher total LDSI scores 
compared to males. Females reported more pain in the right upper abdomen than non-transplanted 
males. Perhaps the abdominal pain raised concern in the non-transplanted patients, as they might 
perceive themselves as having a ‘diseased’ liver in situ. In the current study, the patients’ concerns 
regarding fertility have not been investigated, but these could play a more dominant role in health 
perception of young adult women. As of yet, the consequences of pregnancy for female BA patients 
are unclear. There have been reports that liver function in BA patients can deteriorate markedly 
during pregnancy.88 In the Netherlands, pregnancy in BA patients is not discouraged unless there 
are contraindications. However, patients are informed about putative risks and are advised to be 
under close monitoring when pregnant. 
 We found a significant correlation between the physical and mental summary scores and 
most domain scores with the total scores of the LDSI. Therefore, liver disease associated symptoms 
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seem to be an important determinant of HRQOL, irrespective of disease state. In order to maintain 
or improve the HRQOL of the individual BA patient, it thus seems important for the physician to 
focus treatment on the various liver disease-associated problems. Questionnaires such as the LDSI 
might help to gain insight into the presence of problems in each patient in an outpatient setting. 
Ongoing disease-associated complaints are difficult to manage and could increase the risk that 
both patient and physician inappropriately medicalize the complaint. A screening questionnaire 
may help recognize non-directly medical problems such as hindrance in financial affairs and decre-
ased sexual interest.181 The expertise of paramedical and psychosocial disciplines such as physio-
therapists, dieticians, social workers and psychologists may help patients cope with the sequelae 
of their disease. In the Netherlands, BA patients awaiting OLT are already managed by a multidisci-
plinary team. However, many BA patients are transplanted in childhood, and novel problems may 
arise many years after OLT when the transition into adulthood is to be made. Non-transplanted 
BA patients are not routinely managed in a multidisciplinary fashion and could be considered an 
ignored patient group in this respect. 
 It should be realized that the RAND-36 questionnaire focuses on the functional aspects 
of HRQOL, and does not measure the patients’ satisfaction with functioning.186 Educational and 
professional achievements and emotional distress are further important parameters which were 
beyond the scope of the present study, but which remain to be investigated to gain more insight 
into disease effects.
 A limitation of this study is its cross-sectional design, which precludes analysis of the 
effects of progression of disease or OLT on HRQOL. Indeed, HRQOL was impaired in some domains 
in non-transplanted patients in contrast to the transplanted patients. However, we did not aim to 
evaluate a therapeutic intervention but to assess HRQOL in an understudied patient group. Despite 
the fact that we had been able to acquire data from a national cohort over many years, the number 
of adult patients is limited in this study due to the relative low prevalence of BA. We are aware the 
study consists of a single measurement in young adult life. This feature has the inevitable risk of 
introducing bias and unknown confounders. The presented results should be validated in other 
cohorts of young adult BA patients. A longitudinal approach may allow for determination of the 
magnitude of a possible response shift. It would be interesting to investigate the effects on HRQOL 
of other factors such as coping style, personality and social support.42,56,164,216

 To our knowledge, the present study is the first to determine the HRQOL of a national 
cohort of both transplanted and non-transplanted BA patients. With the current study design 
we were able to compare BA patients to an age-matched comparison group within our country, 
thereby avoiding age-induced, social, cultural and economic differences. The results of the present 
study show that, when BA patients manage to overcome the medical challenges involved with 
Kasai portoenterostomy and/or OLT, they can achieve a HRQOL similar to age-matched peers. The 
HRQOL is correlated to liver disease symptoms and not to biochemical markers of clinical condition. 
Non-transplanted females and patients suffering from liver disease associated symptoms are the 
groups at risk for HRQOL problems. Management of symptoms by tailored supportive interventi-
ons of (para)medical and psychosocial disciplines may be a key factor in maintaining or improving 
HRQOL in individual BA patients, regardless of disease state.
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ABSTRACT
Background
Children who are growing up with a chronic disease often have delayed developmental milesto-
nes. Little is known regarding the achievement of developmental milestones (“course of life”) into 
adulthood of patients with biliary atresia (BA), with or without orthotopic liver transplantation (OLT)

Aim of the study
To determine the course of life of young adults who had been diagnosed with BA in infancy. 

Methods
All patients from the Dutch nationwide BA registry, aged between 18 and 30 years, were invited 
to complete a validated Course of Life Questionnaire. This questionnaire is designed to assess the 
course of life of young adults who grew up with a chronic or life-threatening disease. It consists 
of developmental milestones (autonomy, psychosexual and social development) and risk behavior 
(antisocial behavior, substance use and gambling). Data from transplanted and non-transplanted 
adult BA patients were compared with existing data from an age-matched Dutch reference group 
(n=508).

Main results
Forty BA patients (23 males) completed the questionnaire (response rate 74%). Mean age was 
23.4±3.5 years. Twenty-five were not transplanted, while fifteen underwent OLT. No significant 
differences were found in the achievement of developmental milestones and antisocial behavior 
between the three groups. Substance use and gambling, especially lesser use of alcohol, were signi-
ficantly less prevalent in the transplanted patients compared to the reference group (p=0.01), but 
not compared to the non-transplanted patients.

Conclusions
As opposed to most patients growing up with chronic diseases, BA survivors are not delayed in the 
achievement of developmental milestones compared with the reference group. Transplanted BA 
patients report less risk behavior.
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INTRODuCTION
Biliary atresia (BA) is a cholestatic disease of infancy, which is universally fatal if left untreated. Due 
to obliteration of the bile ducts a profound cholestasis develops in the first weeks of life. It is a rare 
disease, with a prevalence varying from 1/15.000 to 1/19.000 live births in Western Europe and the 
USA.22,67,111,210 The last few decades it has changed from being fatal to a disease for which treatment is 
available. The current treatment is a Kasai portoenterostomy, in which the extra-hepatic fibrotic bile 
ducts are resected and a portoenterostomy is constructed, aiming to restore bile flow.82 However, 
even if the Kasai procedure has been successful, liver fibrosis often progresses due to damage of the 
intrahepatic bile ducts. Ultimately, the vast majority of BA patients will have to undergo liver trans-
plantation due to the development of liver cirrhosis.60,103 Patients with BA are at risk for complicati-
ons such as cholangitis, or for cirrhosis associated complications as oesophageal varices bleeding, 
which may require frequent hospitalization.103  Furthermore, chronic liver disease may be associated 
with fatigue and pruritus.76,87 
 BA may have a substantial impact on course of life (COL). COL, described as fulfilling 
developmental tasks and achieving developmental milestones, is important in the adjustment to 
adult life.49,96 Development of autonomy, a developmental milestone, is positively related to both 
ego development and general health outcomes.40 Thus, retardation in development may have signi-
ficant consequences for later functioning.
 With the novel treatment options for children with BA becoming available, more and 
more children will reach adulthood and physicians will therefore encounter an increasing number 
of young adult patients surviving BA. From recent studies it is known that the COL of adolescents 
who grew up with a chronic disease is often delayed. In general, children with a chronic disease 
have reached fewer milestones, or fulfilled these milestones at an older age, when compared to the 
general population.166 Yet, significant differences have been observed between diseases.166 Patients 
with severe and life-threatening diseases, such as childhood cancer and end-stage renal disease, 
achieved fewer milestones in all domains. In contrast, COL of patients with esophageal atresia is 
comparable to that of the reference group. Risk behavior, in terms of ‘trying out’, can be seen as part 
of the development from teenager to becoming an adult. It is possible that young adults who grew 
up with a chronic disease are more aware of the vulnerability of their health and thus show less risk 
behavior.199 Therefore, risk behavior is relevant from a developmental psychological point of view.165 
 As yet, no information is available regarding COL in children or adults surviving BA with 
or without native liver. Information on COL is valuable to gain insight in the extent to which BA 
patients reach several developmental milestones and to determine if and which interventions are 
needed to minimize developmental delay in BA patients. The aim of this study was to examine the 
COL in young adults with BA. We hypothesized that COL is delayed in adults with BA with or without 
orthotopic liver transplantation (OLT) when compared to an age-matched reference group from the 
general population. It is important to distinguish non-transplanted and transplanted BA patients, as 
these patients suffer from a different course of their disease. We expected that survivors of BA have 
reached less developmental milestones and tasks than their peers and show less risk behavior.

METHODS
Patients
All Dutch BA patients who underwent a Kasai portoenterostomy for BA between 1977 and 1991, and 
who where over 18 years of age at the time of the study were eligible (n=54). Data of these patients 
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were retrieved from the NeSBAR (Netherlands Study group on Biliary Atresia Registry) database and 
the Groningen pediatric OLT database. In each patient, the diagnosis of BA was confirmed in infancy 
by intra-operative cholangiography and pathology of the resection specimen. Patients were treated 
in one of the six centers specialized in pediatric surgery and in the single Dutch pediatric OLT center 
located in Groningen. Patients suffering from psychiatric disorders were excluded (one patient). 
Clinical patient data included most recent laboratory measurements (aspartate aminotransferase 
(ASAT), bilirubin, and albumin), gender, age at OLT, current age and comorbidities. The study was 
performed according to the guidelines of the local medical ethical committee.

Questionnaires
All eligible patients received a letter of invitation explaining the goal of the study by mail. This 
letter included the Course of Life Questionnaire (COLQ), an informed consent form and a prepaid 
envelope. The COLQ has been developed to investigate the COL of young adults who have grown up 
with a chronic or life-threatening disease.54 It consists of five subscales: 1) autonomy development 
(6 items), 2) psychosexual development (4 items), 3) social development (12 items), 4) antisocial 
behavior (4 items), and 5) substance use and gambling (12 items). Higher scores on the first three 
scales indicate the accomplishment of more developmental milestones, while higher scores on the 
last two scales imply an increase in risk behavior. Questions in the COLQ retrospectively ask whether 
the respondent achieved certain milestones or at what age these milestones were reached. The 
psychometric qualities of this instrument have been reported to be good to satisfactory.165 
The reference group consisted of a random cohort of 508 patients between 18 and 30 years of age, 
who were randomly retrieved from general practitioners in the Netherlands. The results of this 
group were described previously.165 They filled in the COLQ in 2000 and 2001.  

Statistical analysis
Demographics and clinical characteristics of responders and non-responders were compared to 
detect possible confounders, using the Chi-square test or Fisher’s exact test for categorical data 
and the Student’s T-test or Mann-Whitney U test for continuous data. ANOVA was used to examine 
possible differences in mean scores between the two BA patient groups and the reference group. 
For categorical variables with large samples (≥ 5) the Chi-square test was used. The Fisher exact test 
was used for categorical variables with smaller samples. For all analyses the Statistical Package for 
the Social Sciences (SPSS Inc., Chicago, Illinois) version 16.0 was used. 

RESulTS
Patients
Of the 54 eligible patients, 40 patients returned the questionnaire (response rate 74%): 25 patients 
had not received transplantation and 15 patients underwent OLT. One BA patient in the non-trans-
planted group also had cystic fibrosis. Excluding the patient with cystic fibrosis had no effect on the 
outcome of all results.
 Table 1 compares demographics and clinical characteristics of responders and non-respon-
ders. Non-responders in the transplanted group had a significantly lower serum albumin compared 
to responders (p=0.02). None of the responders were below the reference value for serum albumin 
of 35 g/L. Of the transplanted non-responders, one patient was below the reference value, with a 
serum albumin of 30 g/L. There were no differences between the study groups and the reference 
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group in age (p=0.19) and gender (p=0.20).

Table 1: Demographics and clinical characteristics of responding and non-responding BA patients and comparison between the 
two study groups.

BA non-transplanted BA OLT Reference 
Group

Responders Non-responders P-value Responders Non-responders P-value

Number 25 5 15 9 0.08* 508

Gender (% female) 48% 60% 1.0 33% 78% 0.09 53%

Age at survey (years) 23 (19-30) 24 (20-32) 0.49 22 (19-31) 22 (19-32) 0.82 24 (18-31)§

Age at Kasai (days) 58 (35-117) 64 (48-68) 0.83 60 (43-126) 46 (32-175) 0.17 NA

Age OLT (years) NA NA - 5 (1-17) 12 (1-15) 0.61 NA

Second OLT NA NA - none none - NA

Current bilirubin 
(μmol/L)

17 (5-71) 14 (6-46) 0.72 17 (5-36) 16 (5-23) 0.31 NA

Current ASAT (U/L) 27 (6-160) 77 (20-101) 0.06 30 (16-96) 40 (23-77) 0.17 NA

Current albumin (g/L) 41 (36-54) 40 (39-40) 0.19 47 (42-49) 43 (30-47) 0.02 NA

Additional congenital 
malformations

none none - none none - NA

Data expressed as median (range). *χ2-test of the distribution of responders and non-responders over the two study groups. NA: not 
applicable.  §expressed as mean (range).

COL subscales
Table 2 shows the scores on the five subscales of the COLQ. ANOVA showed one significant diffe-
rence between the three groups, namely in substance use and gambling. Consequent analysis 
showed that transplanted BA patients reported significantly less substance use and gambling than 
the reference group (p=0.01). 

Table 2: Subscales of the COLQ in adult non-transplanted and transplanted BA patients and in the reference group

Scales mean (SD) BA non-transplanted 
n=25

BA OLT 
n=15

Reference group
n = 449

F p-value

Autonomy development 9.5 ± 1.7 8.7 ± 1.8 9.4 ± 1.5 1.26 0.20

Psycho-sexual development 7.2 ± 1.3 6.5 ± 1.4 7.2 ± 1.1 2.84 0.06

Social development 21.7 ± 2.2 19.9 ± 3.2 21.0 ± 2.5 2.41 0.09

Antisocial development 5.0 ± 1.1 4.4 ± 0.6 4.7 ± 1.0 1.81 0.17

Substance use and gambling 14.2 ± 3.0 13.4 ± 2.0 15.1 ± 2.6 4.34 0.01*

*Significant difference between BA OLT and the reference group (p=0.01).

Developmental milestones, item level
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Comparison of the scores of the developmental milestones on item level showed three differen-
ces (Table 3). Transplanted patients were older at the time they had their first girlfriend/boyfriend 
(p=0.01) and fewer were member of a sports club at primary school (p=0.01) than young adults in 
the reference group. There was a significant difference between the three groups in going out to a 
bar or disco at secondary school, but not between two separate groups.

Table 3: Developmental milestones in adult non-transplanted and transplanted BA patients and in a reference group, and 
comparison of the study groups. Data depict absolute number (percentage).

BA non-transplanted 
(n=25)

BA OLT
(n=15)

Reference group
(n=508)

P-value

Autonomy development

Regular job in your family, primary school

Yes 12 (52) 4 (27) 233 (46) 0.27

No 11 (48) 11 (73) 273 (54)

Paid jobs, primary school

Yes 11 (46) 7 (47) 170 (34) 0.33

No 13 (54) 8 (53) 326 (66)

Regular job in your family, secondary school

Yes 16 (64) 7 (47) 304 (60) 0.53

No 9 (36) 8 (53) 201 (40)

Paid jobs, secondary school

18 or younger 18 (78) 11 (73) 443 (87) 0.14

19 or older/never 5 (22) 4 (27) 64 (13)

On holiday without adults

17 or younger 13 (52) 5 (33) 268 (53) 0.33

18 or older/never 12 (48) 10 (67) 239 (47)

Leaving your parents place

Not living with parents 14 (56) 7 (47) 328 (65) 0.26

Still living with parents 11 (44) 8 (53) 180 (35)

Psychosexual development

First girlfriend/boyfriend

17 or younger 18 (72) 8 (53) 407 (80) 0.03*

18 or older/never 7 (28) 7 (47) 99 (20)

Falling in love for the first time

18 or younger 23 (92) 14 (93) 462 (92) 0.97

19 or older/never 2 (8) 1 (7) 42 (8)
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Table 3, continued

Sexual intimacy for the first time

18 or younger 21 (84) 10 (67) 421 (83) 0.24

19 or older/never 4 (16) 5 (33) 84 (17)

For the first time sexual intercourse

18 or younger 18 (72) 6 (40) 296 (58) 0.14

19 or older/never 7 (28) 9 (60) 210 (42)

Social development

At least one year of membership in a sports club, primary school

Yes 20 (80) 9 (60) 427 (84) 0.04**

No 5 (20) 6 (40) 80 (16)

Number of friends in first-third grade, primary school

< 4 8 (32) 6 (40) 187 (37) 0.85

≥ 4 17 (68) 9 (60) 319 (63)

Number of friends in fourth-sixth grade, primary school

< 4 7 (28) 6 (40) 156 (31) 0.71

≥ 4 18 (72) 9 (60) 349 (69)

Best friend, primary school

Yes 22 (88) 11 (73) 377 (74) 0.30

No 3 (12) 4 (27) 131 (26)

Most of the time playing with ... , primary school

Friends 22 (92) 13 (87) 436 (88) 0.83

Brothers, and/or sisters, 
parents, on your own

2 (8) 2 (13) 62 (12)

Member sports club, secondary school

Yes 18 (72) 9 (60) 373 (74) 0.50

No 7 (28) 6 (40) 134 (26)

Number of friends, secondary school 

< 4 4 (17) 3 (20) 154 (30) 0.25

≥ 4 20 (83) 12 (80) 352 (70)

Best friend, secondary school

Yes 22 (92) 10 (67) 372 (74) 0.11

No 2 (8) 5 (33) 134 (26)

Belonging to a group of friends, secondary school

Yes 21 (87) 9 (60) 403 (81) 0.09

No 3 (13) 6 (40) 97 (19)
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Table 3, continued

Leisure time, mainly with ... , secondary school

Friends 22 (92) 12 (80) 430 (85) 0.57

Brothers/sisters/parents 2 (8) 3 (20) 75 (15)

Going out to a bar or disco, secondary school

Sometimes/often 18 (72) 10 (67) 430 (85) 0.05

Never 7 (28) 5 (33) 77 (15)

Member sports club, after secondary school

Yes 13 (52) 6 (40) 243 (49) 0.75

No 12 (48) 9 (60) 254 (51)

The sums of each milestone may be less than the total of patients due to missing data. Chi square test or Fisher’s exact test 
used as appropriate.
* Significant difference between BA OLT vs. reference (p=0.01).
** Significant difference between BA OLT vs. reference (p=0.01).

Risk behavior, item level
Comparison of items of the two risk behavior subscales (antisocial behavior and substance use and 
gambling) showed eight differences (Table 4).  More non-transplanted BA patients had been suspen-
ded from secondary school because of misbehavior compared to the reference group (p=0.01) and 
the transplanted group (p=0.01). Transplanted BA patients drank significantly less often alcohol 
at secondary school compared to the reference group (p=0.01). Both the non-transplanted and 
transplanted BA patients drank less often alcohol after secondary school compared to the reference 
group. At secondary school, non-transplanted BA patients gambled less often than the reference 
group (p=0.02), and both the transplanted and non-transplanted BA patients gambled less often 
than the reference group after secondary school (both p=0.01). 

Table 4: Risk behavior in adult BA patients with native liver or after liver transplantation and in a reference group, and comparison 
of the study groups. Data depict absolute number (percentage).

BA native liver
n=25

BA OLT
n=15

Reference group 
n=508

P-value difference 
between groups

Antisocial behavior

Ever been suspended because of misbehavior at school, primary school

Yes 2 (8) 0 (0) 35 (7) 0.55

No 22 (92) 15 (100) 473 (93)

Got into trouble with the police or law, secondary school

Yes 3 (12) 2 (13) 84 (17) 0.79

No 22 (88) 13 (87) 423 (83)
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Table 4, continued

Ever been suspended because of misbehavior at school, secondary school

Yes 8 (32) 0 (0) 66 (13) 0.01*

No 17 (68) 15 (100) 441 (87)

Ever been refused to lessons, secondary school

Yes 12 (48) 4 (27) 174 (34) 0.30

No 13 (52) 11 (73) 333 (66)

Substance use and gambling

Alcohol, secondary school

Often/very often 3 (12) 0 (0) 138 (27) 0.02**

Never/occasionally 22 (88) 14 (100) 368 (73)

Smoking, secondary school

Yes 8 (32) 5 (33) 201 (40) 0.92

No 17 (68) 10 (67) 363 (60)

Soft drugs, secondary school

Occasionally/
often/very often

7 (28) 4 (27) 149 (29) 0.96

Never 18 (72) 11 (73) 357 (71)

Psychedelic drugs, secondary school 

Occasionally/
often/very often

2 (8) 0 (0) 19 (4) 0.41

Never 23 (92) 15 (100) 488 (96)

Hard drugs, secondary school

Occasionally/
often/very often

2 (8) 0 (0) 10 (2) 0.11

Never 23 (92) 15 (100) 497 (98)

Gambling, secondary school

Occasionally/
often/very often

1 (4) 1 (7) 112 (22) 0.04***

Never 24 (96) 14 (93) 393 (78)

Alcohol, after secondary school

Often/very often 4 (16) 0 (0) 246 (50) 0.00#

Never/occasionally 21 (84) 15 (100) 245 (50)

Smoking, after secondary school

Yes 10 (40) 3 (20) 238 (48) 0.08

No 15 (60) 12 (80) 258 (52)
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Table 4, continued

Soft drugs, after secondary school

Occasionally/
often/very often

10 (40) 3 (20) 145 (29) 0.37

Never 15 (60) 12 (80) 352 (71)

Psychedelic drugs, after secondary school

Occasionally/
often/very often

2 (8) 1 (7) 43 (9) 0.96

Never 23 (92) 14 (93) 456 (91)

Hard drugs, after secondary school

Occasionally/
often/very often

3 (12) 1 (7) 33 (7) 0.58

Never 22 (88) 14 (93) 466 (93)

Gambling, after secondary school

Occasionally/
often/very often

4 (16) 1 (7) 190 (38) 0.01##

Never 21 (84) 13 (93) 308 (62)

The sums of each milestone may be less than the total of patients due to missing data.
* Significant difference between BA native liver vs. reference (p=0.01) and BA native liver vs. BA OLT (p=0.01).
** Significant difference between BA OLT vs. reference (p=0.01).
*** Significant difference between BA native liver vs. reference (p=0.02).
# Significant differences between BA native liver vs. reference (p=0.00) and BA OLT vs. reference (p=0.00).
## Significant differences between BA native liver vs. reference (p=0.01) and BA OLT vs. reference (p=0.01).

Other factors
No significant differences were found for living with parents, marital status, educational level, or 
employment status between the three groups (Table 5).
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Table 5: living situation, educational level, marital and employment status in adult BA patients with native liver or 
after liver transplantation and a reference group, and comparison of the BA groups with the reference group. Data 
depict absolute number (percentage).

BA native 
liver 

n = 25

BA OLT 

n = 15

Reference group 

n = 508

P-value difference 
between groups

Living with their parents

No 13 (52) 7 (47) 328 (65) 0.17

Yes 12 (48) 8 (53) 180 (35)

Marital status

Married/living together 7 (28) 5 (33) 192 (39) 0.49

Single 18 (72) 10 (67) 299 (61)

Educational level

Low 6 (25) 5 (36) 143 (29) 0.59

Middle 15 (63) 5 (36) 246 (51)

High 3 (12) 4 (27) 97 (20)

Employment status

Employed 12 (96) 7 (93) 295 (93) 0.87

Student 11 6

Not employed 1 (4) 1 (7) 22 (7)

DISCuSSION
To our knowledge, this is the first study examining course of life (COL) in a nationwide cohort of 
young-adult patients who had been diagnosed with BA in infancy. It is not only important to gain 
knowledge on the medical status of BA patients, but also on the psychosocial consequences since 
BA is often considered to be a chronic disease. In general, the present study shows that BA patients 
seem to reach developmental milestones equally well as young individuals not confronted with a 
serious physical condition. The only significant difference on subscale level is in risk behavior. Trans-
planted BA patients reported less substance use and gambling than the reference group.
 While on subscale level non-transplanted and transplanted BA patients seem to reach 
developmental milestones at the same age as the reference group, on item level two differences 
were found. Transplanted patients were older at the time they had their first girlfriend/boyfriend 
and fewer were member of a sports club at primary school. 
 On item level, to our surprise, patients surviving BA into adulthood with native liver repor-
ted increased risk behavior. These patients were suspended more often because of misbehavior at 
secondary school as compared to the reference group. Furthermore, it is noteworthy that there is 
no difference between patients with BA and the general population in use of alcohol at secondary 
school. This is a rather worrisome finding since BA is a chronic liver disease that often ends in liver 
transplantation. Therefore, one would expect that alcohol use in BA patients is lower compared to 
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the reference group. This risk behavior of the non-transplanted group could be the consequence 
of the limitations posed by their disease in early childhood. In this line of reasoning, the increased 
risk behavior can be seen as compensatory.165 Previous studies on this matter concerning smoking 
in survivors of cancer are equivocal. Some report that children surviving from cancer are less likely 
to start smoking, but once having started, are at similar risk for becoming persistent smokers as 
controls.61,175 Others report that smoking habits of children surviving cancer were comparable with 
the general population.65,194

 After secondary school, non-transplanted BA patients did use significantly less alcohol 
compared to the reference group. Transplanted BA patients used significantly less alcohol during 
secondary school and after secondary school compared to the reference group. It is common 
practice in our country to advise against regular alcohol consumption in patients with chronic liver 
disease. Transplanted BA patients seem to behave more conform this advise than the non-trans-
planted patients. Furthermore, non-transplanted BA patients were less likely to gamble at secon-
dary school, and both non-transplanted and transplanted BA patients were less likely to gamble 
after secondary school compared to the reference group. 
 Based on our results we have to reject our hypothesis that transplanted and non-trans-
planted BA survivors have a delayed COL compared to the reference group. No significant diffe-
rences were found on subscale level between the two groups and the reference group, except in 
decreased substance use and gambling in the transplanted BA patients.
 BA is a chronic disease for which major surgery is necessary and patients need a life lasting 
follow-up. Young adults surviving BA into adulthood with native liver seem to fare better when 
compared to young adults having been confronted with other pediatric diseases, such as childhood 
cancer or other congenital diseases such as anorectal malformations or Hirschsprung’s disease.166 
 In esophageal atresia gastrointestinal continuity can be restored shortly after birth, but 
this does not ensure normal functioning.165,166 If treated in time this is not a life-threatening disease, 
as opposed to BA. In contrast to the children with other conditions, in BA patients no significant 
differences with the reference group were found on the COL developmental subscales. We do not 
have a clear explanation for this finding. As described above, BA patients may also be admitted to 
hospital for complications such as cholangitis or cirrhosis associated complications such as oesopha-
geal varices bleeding.103 It can be assumed that BA patients reaching adulthood without OLT have 
a relatively benign course of their disease and are therefore less likely delayed in COL. Furthermore, 
a fifth of patients surviving BA without OLT have normal liver biochemistry up to twenty years and 
have no clinical or ultrasonographic signs of liver cirrhosis.34,103 A benign course of disease could 
partly explain the results of the current study since the remaining 80% of non-transplanted BA 
survivors suffer mild to moderate disturbances in liver biochemistry. The transplanted patients had 
a worse course of disease culminating in life-threatening liver failure. It could be that a good clinical 
outcome after OLT, especially in very young children who do not remember the OLT, leads to a 
relatively undisturbed COL. This could even mean that these patients are less hampered in COL 
than non-transplanted BA patients. However, most transplanted patients are bound to life-lasting 
immunosuppression, which carries its own side effects and morbidity. Still, these groups report a 
COL that is comparable to that of the reference group. 
 This study has a few limitations. Because of the high mortality of BA patients, especially 
more than 20 years ago, and the low prevalence of BA, only 54 patients were eligible for this study. 
Despite a reasonably good response rate (74%) and a nationwide cohort spanning 15 years, the 
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eligible study population is relatively small. An international study will be necessary to make more 
firm statements about the COL of BA patients and possible differences between those living with 
their native liver and those living after OLT. A larger study population will mean more statistical 
power. Differences not significant in the present study may become revealed in a study with more 
power.
 Our study could also be subject to recall bias, because it is a retrospective study. It is 
possible that the patients over- or underestimated their achievement of developmental milestones. 
However, the recall bias is expected to be similar in the reference group. A prospective study design 
would rule out this type of bias.
 We recommend it could prove worthwhile to more actively discourage use of alcohol in 
non-transplanted patients at secondary school. A decreased use of alcohol in BA patients can be 
seen as adaptive behavior, especially in children with chronic liver disease. Transplanted BA patients 
seem to be well informed about the risks of alcohol in their situation. The results of the present study 
are rather reassuring for patients and their caregivers. Based on our results it is not necessary for 
physicians to have an extra focus on COL in developing children with BA, except on use of alcohol. 
An interesting subsequent research topic would be to investigate the age at which BA survivors 
reach their developmental milestones in comparison with a reference group. Longitudinal research 
in younger BA patients would be necessary to gain more insight in the age at which developmental 
milestones are achieved. Information about the quality of life of BA survivors would also be of value 
to inform parents about the prognosis of their child.
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ABSTRACT
Introduction
The rhesus rotavirus (RRV)-induced murine biliary atresia (BA) model demonstrates many key 
features of human BA, including T-cell mediated inflammation of the biliary epithelium, obstruction 
of the biliary lumen, and progressive cholestasis. Hedgehog (Hh) signaling is a candidate promo-
ter of epithelial mesenchymal transition (EMT). This process may attribute to the loss of bile duct 
epithelium, and the formation of fibrogenic cell types. In this pilot study we aimed to study the 
presence of loss of bile duct epithelium, the occurrence of fibrosis and the presence of Hh signaling.

Methods
Balb/c mice were inoculated i.p. with 10*6 pfu of RRV strain MMU1006 within 15 hours after birth, 
controls were injected with saline. Mice were weighed daily and assessed for signs of cholestasis. 
At day 7 and 14, mice were sacrificed. Whole liver mRNA expression levels of inflammation markers 
IFN-γ and TGF-β, the epithelial marker E-cadherin and the mesenchymal marker N-cadherin, and 
Hedgehog signaling pathway components IHh, Gli-2 and Ptc were measured by qRTPCR. Liver 
immunohistochemistry was performed using antbibodies against epithelial markers CK7 and CK19, 
fibrosis marker α-SMA, and IHh, Gli-2 and Ptc.

Results
IFN-γ but not TGF-β mRNA levels were induced in BA mice compared to controls at day 7 and 14. 
Both E-cadherin and N-cadherin mRNA levels were induced in BA mice at day 7. IHh and Ptc were 
induced at day 14 compared to day 7 in BA mice. On immunohistochemistry, an increase in CK7 and 
CK19 staining was seen in BA mice at day 7, whereas at day 14 staining had largerly disappeared. 
There was no increased staining of α-SMA in BA mice. In cells surrounding bile ductules, staining of 
IHh, Gli-2 and Ptc seemed to be increased slightly.

Conclusions
Murine BA is characterized by loss of cells expressing epithelial markers, of which EMT might be 
one of the possible underlying mechanisms. Hh signaling seems upregulated in BA livers, but it 
remains to be determined whether this involves bile duct epithelial cells. The presence of EMT and 
Hh signaling in bile duct epithelium in BA need to be studied in more detail to assess its role in BA 
pathophysiology.
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INTRODuCTION
Biliary atresia (BA) is a devastating cholestatic disease of infancy. It is characterized by an inflamma-
tory and fibrosing obstruction of the bile ducts with an unknown cause. The only primary treatment 
option is a Kasai portoenterostomy, after which approximately one quarter of the patients achieve 
long-term (>20 years) restoration of bile flow.103 Progression of fibrosis in BA is rapid, and inflam-
mation and progression of fibrosis often persist even after successful restoration of bile flow. In case 
of decompensation of cirrhosis, liver transplantation is the secondary treatment option.60 
 The rhesus rotavirus (RRV)-induced murine BA model demonstrates many key features 
of human BA, including T-cell mediated inflammation of the biliary epithelium, obstruction of the 
biliary lumen, and progressive cholestasis.105,137,156 The coordinated expression of pro-inflammatory 
genes, with high levels of interferon-γ (IFN-γ), and oligoclonal expression of T-cells suggest that 
the disease is immune mediated.115 Due to the inflammatory response, hepatobiliary transport is 
downregulated, leading to intrahepatic cholestasis before complete obstruction of the extrahepatic 
biliary tract.208

 During the process of fibrosis, epithelial cells acquire a mesenchymal phenotype (epitheli-
al-mesenchymal transition (EMT)) and this process may be one of the primary sources of liver fibro-
blasts during cholestasis.23,142 It is not known which liver cell types are the main source of fibroblast 
formation via EMT. Stellate cells, bone marrow-derived stem cells,.hepatocytes and bile duct epihe-
lial cells all have been investigated as fibroblast precursors, but results are conflicting.23,130,140,145,177

 Hedgehog (Hh) signaling is one of the candidate promoters of EMT in bile duct epithelial 
cells (cholangiocytes), and the Hh signaling pathway is proposed to be prominently involved in 
the remodeling response of the liver in chronic cholestasis.78,130,142,160 Hh signaling is initiated when 
extracellular ligands, such as Indian hedgehog (IHh) and Sonic hedgehog, interact with the Patched 
(Ptc) receptor on Hh target cells. Ultimately this leads to nuclear localization of Glioblastoma (Gli) 
DNA binding proteins (such as Gli-1 and Gli-2), and activation of transcription of Hh responsive 
genes.78Transforming growth factor-β (TGF-β) has been shown to induce EMT in liver cells via 
Hh signaling, but it is also possible that non-hedgehog pathways are involved in the induction of 
EMT.77,92 EMT markers have been observed in BA patient livers, and were shown to colocalize with 
cells expressing the biliary epithelium marker cytokeratin 19 (CK19).39

 Understanding of the mechanisms involved in the rapid fibrosis progression in BA might 
offer therapeutic strategies to slow down fibrosis, and thereby possibly reducing the need for liver 
transplantation. By the aid of the murine BA model, we aimed to examine the involvement of Hh 
signaling in inflammation-induced cholestatic liver fibrosis, and to assess the presence of Hh signa-
ling in bile duct epithelial cells. Because IHh and Gli2 previously had been shown to be implicated 
in cholestatic disease in humans and mice, we chose to focus on these subtypes in the current pilot 
study.78,131 For this purpose, we performed immunohistochemistry and gene expression analysis 
examining IHh, the membranous Ihh receptor Ptc and the transcription factor Gli2. Furthermore, we 
examined bile duct proliferation and liver fibrosis. 
 
MATERIAl AND METHODS
Animals
Adult timed-pregnant specified pathogen free Balb/c mice were purchased from Harlan (Zeist, The 
Netherlands). Animals were housed in an individually ventilated cage system in a 12 hour dark/
light cycle and fed water and standard rodent chow ad libitum. Within 15 hours after birth, mouse 
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pups were injected intraperitoneally with 50 μl phosphate buffered saline containing 10*6 plaque 
forming units of RRV strain MMU 18006, kindly provided by Professor Claus Petersen, Hannover, 
Germany. Control mice were injected with 50 μl phosphate buffered saline. Subsequently, mice 
were weighed daily and examined for signs of jaundice, oily skin or fur and acholic stools. Sympto-
matic and control mice were sacrificed by decapitation at 7 or 14 days after birth. Mice injected with 
RRV but without clinical symptoms of BA were excluded from further analyses. Total serum bilirubin 
levels were measured by spectrophotometry on a FloPro analyzer (Global FIA, Fox Island, WA). All 
experimental procedures were approved by the Ethical Committee for Animal Experiments of the 
University of Groningen.

Immunohistochemistry
Haematoxylin and eosin staining was performed using standard technique. The specific staining 
conditions applied for each of the antibodies are outlined in Table 1. In brief, immunohistoche-
mistry was performed using formalin-fixed, paraffin embedded 4μm liver tissue sections which 
were deparaffinized, blocked for endogenous peroxidase activity by immersion in 0.3% H2O2 for 
20 minutes. Subsequently the antigen retrieval steps were performed. Non-specific binding was 
blocked using 5% either serum free protein block (Immunologic, Duiven, The Netherlands) for 10 
minutes, or mouse-to-mouse blocking reagent (Scytek Laboratories, Logan, UT) according to the 
manufacturer’s instructions.  Sections were subsequently incubated with the primary antibody.   
 The following primary antibodies were used: mouse anti-cytokeratin 7 (CK7, clone 
RCK-105, Mubio Products, Maastricht, The Netherlands), rabbit anti-CK19 (clone EP1580Y, Abcam, 
Cambridge, UK), mouse anti-α-smooth muscle actin (α-SMA, Dako, Glostrup, Denmark), rabbit anti-
Ki-67 (clone SP6, Lab Vision Products, Fremont, CA), goat anti-Indian Hedgehog (Ihh (C-15), Santa 
Cruz Biotechnology, Santa Cruz, CA), goat anti-Patched (Ptc (G19), Santa Cruz) and rabbit anti-Gli-2 
(Abcam). The Powervision Plus poly-HRP detection system (ImmunoVision Technologies, Daly City, 
CA) in combination with 3,3-diaminobenzadine was used to visualize the antibody binding sites. 
Sections were counterstained with Mayer’s haematoxylin. 

Gene expression analysis by quantitative RT-PCR
Total RNA was extracted from ~30 mg of snap-frozen liver using TRIzol reagent (Invitrogen, 
Paisley, United Kingdom) and quantitated by spectrophotometry on a Nanodrop ND-100 analyzer 
(Nanodrop Products, Wilmington, DE). RNA was converted to single stranded cDNA by a reverse 
transcription procedure with Moloney murine leukemia virus-RT (Roche Diagnostics, Mannheim, 
Germany) according to the protocol of the manufacturer using random primers. cDNA levels were 
measured by real-time PCR using an Applied Biosystems 7900HT Fast-PCR system (Applied Biosys-
tems, Carlsbad, CA).
 For the PCR amplification studies, an amount of cDNA corresponding to 20 ng of total 
RNA was amplified using the qPCR core kit (Eurogentec, Seraing, Belgium) essentially according 
to the protocol of the manufacturer and optimized for amplification of the particular gene using 
the appropriate forward and reverse primers (Invitrogen) and a template-specific 3’-TAMRA 
(6-carboxytetramethylrhodamine)/5’-FAM (6-carboxyfluorescein)-labeled double dye oligonucleo-
tide probe (Eurogentec). In the same experiments, calibration curves were run on serial dilutions of 
pooled 8x concentrated cDNA solution as used in the assay, resulting in series containing 4, 2, 1, 0.5, 
0.25 and 0.125 x cDNA present in the assay incubation. The data obtained were processed
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Table 1: Antibodies and respective staining procedures.

Antibody Antigen retrieval Protein Block Diluti-
on

Incubation 
period

Detecting 
antibody

Detecting 
agent

CK7 
(MUB0315P)

Urea 5%, 20 min 
cooking

Mouse on mouse 
block, 30 min

1:25 1h Goat-anti-
mouse IgG

Bright DAB 
(Immunologic)

CK19 (ab52625) 10 mM Tris/1mM 
EDTA, 10 min cooking

Serum free block, 
15 min

1:1000 1h Goat-anti-
rabbit IgG

Bright DAB

α-SMA (M851) none Serum free block, 
15 min

1:1000 1h Goat-anti-
mouse IgG

DAB (Sigma)

Ki67(RM9106) none Serum free block, 
15 min

1:2000 1h Goat-anti-
mouse IgG

DAB plus 
(Immunologic)

Ihh  (sc1196) none Serum free block, 
15 min

1:200 overnight R abbit-ant i-
goat IgG

DAB

Gli-2 (ab26056) 10 mM citrate, 10 
min cooking

Serum free block, 15 
min

1:150 overnight G o a t - a n t i -
rabbit IgG

Bright DAB

Ptc (sc6149) 10 mM citrate, 10 
min cooking

Serum free block, 15 
min

1:25 overnight R abbit-ant i-
goat IgG

Bright DAB

 
using Sequence Detection System software (version 2.3; Applied Biosystems, Foster City, CA). All 
quantified expression levels were within the linear part of the calibration curves and were calculated 
by using these curves. PCR results were normalized to β-Actin mRNA levels. The sequences of the 
primers and probes used in this study are listed in Table 2.

Table 2: Sequences of primers and probes used for qRTPCR.

Gene Forward Primer Reverse Primer Probe

β-actin AGC CAT GTA CGT AGC CAT CCA TCT CCG GAG TCC ATC ACA ATG TGT CCC TGT ATG CCT CTG GTC GTA CCA C

IFN-γ GAA CTG GCA AAA GGA TGG TGA C GTT GCT GAT GGC CTG ATT GTC GCC AGA TTA TCT CTT TCT ACC TCA GAC TCT 
TTG AAG

TGF-β GGG CTA CCA TGC CAA CTT CTG GAG GGC AAG GAC CTT GCT GTA CCC TGC CCC TAT ATT TGG AGC CTG GAC

Cdh1 CGC CAC AGA TGA TGC TTC AC CGT CTA ACA GGA CCA GGA GAA GA CAT TGC CAC TGG CAC GGG CAC

Cdh2 TGA AAG CCT GGG ACG TAT GTG ATT GCA TTC AGG GCA TTT GGA T CCG CAT CAA TGG CAC TGA CCG TC

Ihh TTC AAG GAC GAG GAG AAC ACC AGA GAT GGC CAG TGA GTT CAC AC CGC CTC ATG ACC CAG CGC TG

Gli-2 CAC TCC AAT GAG AAA CCC TAC ATC CAC ATG CTT GCG GAG TGA G CAA GAT CCC AGG CTG CAC CAA GAG

Ptc AGA GCC AGG ACC ATG ACA ATG GTT TCT AGT GTG CGC AGT CTT CC CTG AAC CCC TGG ACG GCC GG

Statistical analysis
All values are expressed as mean±SD. Statistical significance was determined using Mann Whitney U 
test, using PASW Statistics version 18.0 (SPSS Inc, Chicago, IL). All tests were two tailed and p-values 
below 0.05 were considered significant.
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RESulTS
Mice
Jaundice developed in approximately 80% of mice. Growth characteristics and serum total bilirubin 
levels of BA and control mice are shown in Figure 1. BA mice displayed delayed growth from day 4 
post-inoculation onwards, with the exception of day 8 and 9, which is explained by the fact that all 
mice with marked jaundice and delayed growth at day 7 were sacrificed at that time point. Serum 
total bilirubin levels were significantly elevated in BA mice compared to wildtypes at day 7 (299±87 
vs 55±7 μmol/L; p=0.001) and day 14 (139±81 vs. 57±0.4 7 μmol/L; p=0.021).

Gene expression analysis
At day 7 post-inoculation, the mRNA expression of the hedgehog ligand IHh and the transcription 
factor Gli2 are downregulated in BA mice compared to control mice. (Figure 2, p=0.001 and p=0.001, 
respectively) At day 14, IHh and Ptc are significantly upregulated in BA mice compared to day 7 
(p=0.003 and p=0.02, respectively). There is no statistical difference but a tendency towards incre-
ased IHh and Ptc mRNA levels in BA mice compared to control mice at day 14.
Messenger RNA expression levels of IFN-γ were significantly increased in BA mice compared to 
controls at day 7 and day 14 (p=0.007 and p=0.02, respectively). TGF-β mRNA levels did not change.
The expression of the cell adhesion protein E(epithelial)-cadherin and N-(neuronal)-cadherin mRNA’s 
are increased at day 7 in BA mice compared to control mice (p=0.027 and p=0.027, respectively). A 
similar tendency was observed at day 14.

Liver immunohistochemistry
At 7 days of age, all livers of BA mice were characterized by a pronounced mixed-cell lymphocyte 
infiltration around the bile ducts (Figure 3A). In some BA mice, there was increased extramedullary 
hematopoiesis present compared to control mice. At 14 days of age, there was still a mixed-cell 
lymphocyte infiltration in the portal triads (mainly around the bile dutcs) in BA mice. Mitotic figures 
and ballooning of cells were visible in liver parenchyma, suggesting hepatocellular damage. The 
myofibroblast marker α-SMA revealed that no significant fibrosis was present at days 7 or 14 in BA 
mice (Figure 3A).

Figure 1: Panel A: BA mice had poor growth compared to control mice. Day 0, n=26; from day 8 onwards, n=8. *p<0.05. Panel B: 
BA mice had higher total serum bilirubin levels. Day 7: BA mice, n=13; control mice, n=5. Day 14: BA mice, n=4; control mice, n=4. 
*p<0.05.
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Figure 2: mRNA expression as measured by qRTPCR in BA and control mice at day 7 (n=13 and 5, respectively) and day 14 (n=4 and 
4, respectively) post-injection. *p<0.05
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Staining against the bile duct epithelium markers CK7 and CK19 showed that there was a ductular 
reaction with many CK7 (mainly at day 14) and CK19 (mainly at day 7) positive cells surrounding the 
portal triads of BA mice (Figure 3B). There were no clear lumina visible within these small islets of 
CK7 and CK19 positive cells. At day 14, the CK19 positive cells were greatly decreased in number in 
BA mice, suggesting disappearance of bile duct epithelia.
 The cell proliferation marker Ki-67 revealed that many proliferating cells were present 
around bile ducts, and also in the parenchyma of BA mice (Figure 3C).
 IHh staining showed a patchy and more intense staining of liver tissue in BA mice compa-
red to controls. In control mice, the cytoplasm of cells constituting bile duct-like structures stained 
positive for IHh (Figure 3C). In BA mice, cells around these structures tended to show a more intense 
staining, of both cytoplasm and nucleus. In the liver parenchyma, the expression of Ptc seemed 
not be changed in BA mice compared to controls (Figure 3D). The Ptc staining around the infil-
trates surrounding bile duct structures was more intense in BA mice. In control mice, the cells lining 
bile duct structures showed a cytoplasmatic Ptc staining. In BA mice, it was difficult to distinguish 
bile duct epithelium from immune infiltrates. In both BA and control mice, some of the bile duct 
epithelial cells were positive for Gli-2 (Figure 3D). However, in BA mice, the staining seemed to more 
intense in nuclei.

CONCluSIONS
The results presented in the current study demonstrate that in the murine BA mouse model, there 
is bile duct proliferation, however the newly formed bile ducts structures do not seem patent as 
there is no lumen visible. This is followed by a marked loss of cells expressing the bile duct epihelial 
markers CK7 and CK19, suggesting that bile ducts vanish, which may lead to the profound and lethal 
cholestasis observed in murine BA. Another possibility is that the bile duct epihelia change towards 
another phenotype in the course of the disease, probably via EMT. Such features have been demon-
strated in kidney fibrosis, where epithelial markers have disappeared completely once cells have 
obtained the full mesenchymal phenotype.196 This transition in itself could also lead to cholestasis, 
as the bile modifying and HCO3- secreting capacities of bile duct epihelium may also be lost.52

 In the current study we found downregulation of the IHh signaling pathway at mRNA level 
at day 7 post-inoculation, which becomes upregulated in the course of the disease. We postulate 
that the downregulation may be due to the intense inflammatory process and/or the viral infec-
tion during the first week of BA development. The upregulation of components of the IHh pathway 
during the second week of illness may be one of the first hallmarks of initiation of EMT and a subse-
quent fibrotic process.
 An important feature of the presented immunohistochemical studies, is the relative low 
prevalence of the fibrosis marker α-SMA in BA mouse livers up to 14 days post-inoculation. At this 
time point, mice are already severely ill. This suggests that it is not primarily liver fibrosis causing 
their illness, but some other factor. The low α-SMA expression fits with the mRNA data suggesting 
that Hh signaling is initiated in the second week of the illness, which may be the driving force of EMT 
and subsequent fibrosis formation.
 The mRNA expression levels of the pro-inflammatory cytokine IFN-γ were significantly 
induced at that day 7. This is in line with previous reports, which also showed a peak in whole liver 
IFN-γ mRNA expression levels at day 7.156 It has been shown that IFN-γ impairs the epithelial barrier 
function of mouse cholangiocytes in vitro.58 From the current results we cannot deduce whether 
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the bile duct epihelial cells of BA mice have an inflammation-induced impaired barrier function, and 
whether IFN-γ levels around bile duct epihelia are elevated. An impaired epithelial barrier would 
explain in part the detrimental effects of cholestasis as observed in murine BA. 
 We found increased levels of whole liver E-cadherin and N-cadherin mRNA in BA mice at 
day 14. A hallmark of EMT is a switch from E-cadherin (epithelial marker) expression to N-cadherin 
(mesenchyme marker) expression.215 From the mRNA levels measurements we cannot derive 
whether this switch is abundantly taking place in the liver. It might be that many cells do increase 
the expression of cadherins as a consequence of cellular stress. The results may indicate that many 
cells are undergoing phenotype changes, ultimately resulting in fibrous tissue formation. It might 
be interesting to study the occurrence of EMT in bile duct epihelium specifically, and to study the 
epithelial barrier characteristics of bile duct epihelium at different disease stages.
 We need to emphasize that on mRNA level, we studied whole liver and no cell-type speci-
fic expression levels. Furthermore, the immunohistochemistry results were inconclusive with regard 
to the studied IHh signaling cascade components, as it was not possible to address staining within 
different cell types, or even regions within the cell. The latter would be particularly interesting for 
Gli-2, as it is a nuclear receptor. To gain more insight in the potential role of IHh signaling, it may be 
interesting to examine cholangiocyte specific expression of IHh signaling mediators via FACS and/or 
in situ hybridization techniques. CK7 and CK19 positive cells seem to have decreased in number at 
14 days post-inoculation. It remains to be determined whether the cholangiocytes adapted another 
phenotype characterized by absence of CK7 and CK19 expression, for example, via EMT. These 
mesenchymal cells may play a more prominent role in IHh signaling than cholangiocytes.
 Both EMT and IHh signaling are critical processes involved organogenesis during embry-
onic development and these processes may therefore still be upregulated in healthy newborn 
mice.35,94 The components of these cascade are downregulated at day 7 post-inoculation. One could 
envision that this could cause disturbances in the development of neonatal mouse liver, however 
the significance of the primary IHh downregulation in the BA disease process remains speculative. 
The causal relation of IHh signaling and EMT was not addressed in the present study. Demonstration 
of colocalization of both IHh and EMT markers (such as Fibroblast Specific Protein-1) within cholan-
giocytes (or the mesenchymal cells derived from cholangiocytes via EMT) would provide a first clue.
Modulation of IHh signaling may constitute a therapeutic option, as registered drugs such as halope-
ridol and imipramine have been shown to have an effect on Hh pathways.91 In cancer research, 
inhibition of the Hh signaling pathway has also attracted much research efforts. Some potential 
inhibiting drugs are currently tested in phase I trials.141,173 When the presumed involvement of Hh 
signaling in biliary liver fibrosis has been elucidated, some of these cancer therapies might appear 
to play a potential role in liver fibrosis inhibition as well.
 Whether administration of these existing and novel medicaments at tolerable dosages 
could slow down liver fibrosis remains to be examined. There is a risk that mutations may enable 
cells to become resistant to Hh inhibition, as has been shown in a medulloblastoma patient.209 

This could especially a hazard when long-term treatment is necessary. We speculate however, 
that infants who achieve sufficient bile drainage after Kasai portoenterostomy, might benefit from 
medicaments able to slow down fibrosis in the peri-operative period.
 We want to emphasize that the current report presents preliminary data. In summary, we 
showed that murine BA is characterized by ductular proliferation followed by loss of by bile duct 
epithelial cell markers. Whether these cells disappear by cell death or obtain a different phenotype 
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(for example, via EMT) is not studied in the present report. The absence of fibrosis markers after 2 
weeks of disease is remarkable, and suggests that fibrosis is not causing the illness of the mice at 
that stage. Messenger RNA levels of mediators of the IHh signaling pathway are upregulated at 
14 days post-inoculation. However, the mRNA data and immunohistochemistry do not allow for 
definite conclusions regarding the involvement of IHh signaling in BA disease progression and liver 
fibrosis.
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Figure 3A: Haematoxylin and anti- α-SMA staining of liver of representative BA and control mice at 7 and 14 days post-inoculation. 
Magnification 100x.
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Figure 3B: Anti- CK19 and CK7 staining of liver of representative BA and control mice at 7 and 14 days post-inoculation. Magnification 
100x.



111

Bile duct proliferation and Hedgehog signalling in murine biliary atresia: a pilot study

8

Figure 3C: Anti- Ki-67 and IHh staining of liver of representative BA and control mice at 7 and 14 days post-inoculation. Magnification 
100x.
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Figure 3D: Anti- Ptc and Gli-2 staining of liver of representative BA and control mice at 7 and 14 days post-inoculation. Magnification 
100x
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In the past decades, biliary atresia (BA) has evolved in the past decades from a uniformly lethal 
disease to a disease with two potentially life-saving treatment options. Nevertheless, BA is still a 
serious disease with substantial mortality (~10-20% at the age of 4) and morbidity.32,147,151,203 The 
relative rarity renders the disease difficult to study.60 Even observational studies and trials executed 
in large countries may not have sufficient power to detect small but potentially clinically relevant 
differences.30 To obtain a reasonable sample-size, multi-center research is necessary. 
 In the Netherlands, we have established the Netherlands Study group on Biliary Atresia 
Registry (NeSBAR). The nationwide, prospective NeSBAR registry contains the relevant medical and 
surgical information of all diagnosed BA patients since 1987, including longitudinal follow-up. The 
national database not only allows us to monitor the quality of the Dutch BA care, but is also of poten-
tial international importance as it may provide clues for general improvement of BA treatment. A 
separate cohort of patients born between 1977 and 1986 (who were studied in the eighties)68 could 
be traced back offering a unique study population. In this way, we could analyze the long-term 
outcome not only in terms of survival rates, but also examine the current clinical and psychological 
condition.
 This thesis aimed to define the outcome of BA in the Netherlands and to compare it to 
available international data, and to identify (modifiable) prognostic factors. Together, this infor-
mation is thought to help defining strategies to further improve the outcome of BA, both in the 
Netherlands and internationally.

Treatment of biliary atresia
The state of the art regarding clinical BA management is outlined in Chapter 1. The development 
of the portoenterostomy technique by Morio Kasai in 1959 was the first major breakthrough in the 
treatment of BA.82 During the Kasai procedure, the obliterated bile ducts are excised, and a Roux-en-
Y bowel loop is anastomosed to the porta hepatis of the liver. Now, it has become clear that patients 
may retain sufficient liver function for decades after the procedure.103 Yet, a significant fraction of 
the patients experiences ongoing cholestasis and development of chronic end-stage liver disease, 
either rapidly or over the course of many years. The development and availability of liver transplan-
tation (OLT) for children constituted another breakthrough. It is now generally accepted that the 
two treatment options, Kasai surgery and OLT, should be applied sequentially, as the chances of a 
long-term transplant-free survival cannot be predicted prior to the Kasai procedure.60 In this way 
donor organs are spared. Furthermore, OLT still poses more risk when the procedure is performed in 
very young children.38,47 Post-OLT survival rates are around 80% at ten years nowadays.47 Neverthe-
less, living with a transplanted organ means longstanding use of immunosuppressants and carries 
its own morbidities. Improvement of the transplant-free survival is therefore of the utmost impor-
tance and has therefore been the focus of most research efforts.

OuTCOMES IN THE NETHERlANDS AND lESSONS TO BE lEARNED

BA in infancy and early childhood
OLT-candidates need early referral
As stated above, OLT is usually a lifesaving treatment option after development of end-stage liver 
disease despite Kasai surgery in BA patients. The timing of OLT , however is critical because of 
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the mortality of end-stage liver disease itself. In Chapter 2 we have investigated the prevalence 
and causes of pre-transplant mortality in order to assess whether OLT indeed could have been a 
lifesaving treatment in those children who died without undergoing OLT. Although pre-transplant 
mortality had decreased in the Netherlands in two decades, it was still substantially higher than in 
other Western countries. The major cause of death was sepsis, followed by end-stage liver disease 
and thus, causes that could be envisioned to be, at least partly, preventable by timely OLT. When 
assessing the disease stage in which patients were referred for OLT, we found that patients with 
pre-transplant mortality were referred in a relatively late stage of disease as expressed by the pedia-
tric end-stage liver disease score. Based on these findings, we concluded that measures should be 
(and are currently) taken to assure timely referral of potential OLT candidates. These findings might 
apply in other countries as well.

Current vitamin K prophylaxis regimen is not adequate in BA patients fed hydrolyzed formula
In a previous study using NeSBAR data, it was already shown that breastfed cholestatic infants are at 
a high risk for bleeding due to vitamin K deficiency, including intracranial hemorrhage in 43% of the 
studied patients. This was shown to be related to the relatively low dosage of vitamin K prophylaxis 
which was recommended by the at that time current national protocol.187 Based on this analysis of 
the NeSBAR data in relation to available international results, the guideline of vitamin K prophylaxis 
for breast-fed infants has recently been adapted.144 In chapter 3, we studied whether the a higher 
risk of vitamin K deficiency bleeding applied for cholestatic infants (BA patients, and patients with 
α-1 anti-trypsin deficiency) fed with hydrolyzed formula, a type of feeding which is increasingly 
used. These infants had a higher risk (risk ratio 25.0 [6.4–97.2], p<0.001) for vitamin K deficiency 
bleeding as well. The vitamin K content of hydrolyzed formula appeared to be similar to regular 
formula. Therefore, we could not find a proper explanation for the increased incidence of vitamin-
K dependent bleeding. Although cholestatic diseases in infancy are rare, inadequate vitamin K 
dosage may have detrimental consequences in affected infants. Based on these two studies, the 
recommended dosage of vitamin will be adapted in the national protocol. Furthermore, the results 
of these studies should prompt other countries to revise their protocols, especially when breastfee-
ding or the use of hydrolyzed formula is substantial. Furthermore, manufacturers of infant formula 
should pay attention to the bioavailability of essential components in the distinct types of formula.

BA patients benefit from early surgery 
In the past two decades, 214 patients underwent Kasai portoenterostomy in The Netherlands. Their 
outcomes are analyzed in chapter 4. The clearance of jaundice (bilirubin levels dropping below 
17 μmol/L within 6 months post-surgery) rate and the transplant-free survival remained constant 
in the past two decades. However, this also means that the prognosis has not improved despite 
the progress in medicine in general. The results were similar to those in other western countries, 
despite a low case load of the treatment centers. Therefore, our transplant-free survival data do not 
provide direct arguments for the centralization of surgical treatment of BA.32 Intuitively, a case-load 
ranging from one patient every two years to two patients annually does not give any surgeon the 
possibility to become experienced. Centralization may improve the outcome further and may also 
help to overcome the problems delineated in Chapter 2. Centralization post-Kasai FU Although the 
OLT rate improved during the past decades, the overall survival is still somewhat lower compared to 
other countries, underlining the findings of Chapter 2. We identified a younger age at Kasai surge-
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ry, clearance of jaundice and use of postoperative antibiotic prophylaxis as independent factors 
positively associated with transplant-free survival. In addition, postoperative ursodeoxycholic acid 
(UDCA) use tended to be associated with both clearance of jaundice and transplant-free survival. 
Based on these results, we argued that more effort should be put forward to promote early referral 
of jaundiced infants and of infants with acholic stools, a major symptom of some forms of neonatal 
cholestatic disease, including BA.
 It is difficult to distinguish among the many physiologically jaundiced infants the few 
patients with underlying disorders. A screening method adequately distinguishing cholestatic 
infants from infants with physiological jaundice is not available. However, if the child remains jaundi-
ced at the age of 21 days, a measurement of the conjugated bilirubin fraction is warranted. Studies 
from Thailand have proven that an infant stool color card is helpful for parents and primary caregi-
vers in distinguishing pathologic stool colors from the palette of infant stool colors, and improves 
the survival of BA patients.71 During the period studies had been performed, our advice towards 
measurement of conjugated bilirubin has now been successfully implemented in the Dutch guide-
line concerning the treatment of jaundiced infants (guideline website: www.babyzietgeel.nl).125 It 
seems reasonable to introduce (an analogue of ) the infant stool color card in the Netherlands based 
on data from Taiwan.98 It is a very cheap, non-invasive and effective method to detect cholestatic 
infants, which has been shown to increase 5-year transplant-free survival by 37%, and 5-year overall 
survival by 33% in the Taiwanese situation. It may function adequately in the highly organized 
Dutch infant health care system.

Post-Kasai BA patients may benefit from antibiotic and ursodeoxycholic acid administration
UDCA is a relatively hydrophilic bile acid with choleretic properties. Besides, some evidence suggests 
that it represses T-cell mediated hepatocellular damage and that it inhibits apoptosis.93 It has been 
shown to increase the survival of primary biliary cirrhosis patients.100 Only few studies examined the 
effects of UDCA in BA, with a study design not allowing for definite conclusions.204 Nevertheless, it is 
prescribed on an appreciable scale to BA patients. 
 Antibiotics are frequently prescribed post-Kasai surgery, in order to decrease the risk 
of cholangitis, and thereby of progression of liver damage. However, the effects of antibiotics on 
outcome parameters have barely been studied.17 
 In our retrospective analysis (chapter 4), the use of postoperative antibiotic prophylaxis 
appeared to be independently associated with transplant-free survival. Postoperative UDCA use 
tended to be associated with both clearance of jaundice and transplant-free survival. These obser-
vational data do not allow for conclusions on whether these medicaments are beneficial in BA. 
First, the patients receiving UDCA were not randomized and thus not evenly distributed over the 
treatment centers. Second, non-blinding of physicians towards UDCA prescription might have influ-
enced treatment decisions, and the study was not placebo-controlled. However, the data suggest 
a potentially beneficial effect, which deserves to be studied in an appropriate study design. Ideally, 
this would be a randomized controlled trial. As discussed before, however, it may be rather difficult 
to collect a sample size large enough to demonstrate clinical relevant effects. Therefore, it should be 
encouraged that such a study is undertaken on an international level. 

BA in early adulthood
Most reports deal with the outcomes of BA on the relative short term (one to five years post-
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surgery). As Kasai portoenterostomy became available as a potential curative treatment of BA in 
most western countries in the seventies, few cohort studies have investigated the outcome beyond 
twenty years. In the second part of the thesis, we set out to study the long-term outcome of BA 
patients surviving into adulthood in more detail in chapter 5, 6, and 7.

Clinical condition of adult transplant-free BA patients
First, we analyzed the survival rate and clinical condition of BA patients at 20 years post-Kasai 
(chapter 5). About one third of all BA patients survive without transplantation beyond the age of 
20. Five percent of all BA patients does so with normal serum liver biochemistry parameters, and 
absent signs of liver cirrhosis or portal hypertension on ultrasound. It is currently unknown whether 
these patients are still at risk for disease progression, or whether they can be considered ‘cured’. It 
is expected that a considerable fraction of the long-term transplant-free survivors will require OLT 
sooner or later. We found a trend towards a higher transplant-free survival in patients with the BA 
subtypes I and II, compared to those with subtype III. We could not distinguish an effect of age at 
surgery on 20-year transplant-free survival. Our study (104 BA patients) is probably underpowered 
to detect such an effect a large study from France (695 BA patients) detected a positive effect of 
younger age at surgery up to 15 years post-Kasai.152 Interestingly, two patients from our study with 
very late surgery (> 90 days of age) survived without OLT into adulthood. Thus, even in late presen-
ting patients it is worthwhile to perform portoenterostomy as a primary treatment, in agreement 
with current recommendations.60 We did not identify comorbidities plausibly related to BA in the 
studied patient group, such as hepatic malignancies or gallstones. These data show that long-term 
transplant-free survival is possible in a substantial number of patients. However, in this study we 
could not find modifiable factors associated with survival. 

Quality of life and course of life of adult BA patients
A number of studies have been addressing the health-related quality of life (HRQOL) in adult patients 
with chronic cholestatic liver disease, and HRQOL has been extensively studied in patients after OLT. 
However, BA is a rare disease, and there are few adult BA patients at the moment. Thus, BA patients 
are by definition underrepresented in those studies. As long-term survival (with or without OLT) is 
now achieved in up to 80% of the patients, the HRQOL of those patients could become an important 
aspect of disease management. The HRQOL of a group of 25 transplant-free and 15 transplanted 
young adult BA survivors is detailed in chapter 6. Overall, BA patients have a HRQOL (measured 
by the RAND-36 questionnaire) comparable to an age-matched reference group. Transplant-free 
female BA patients had a lowered general health perception, compared to transplant-free males 
and the reference group. There was also a tendency towards lowered physical role functioning in 
the transplant-free BA patients, with an effect size suggesting clinical relevance. HRQOL domain 
scores were not correlated to biochemical parameters of liver disease, but were correlated to liver 
disease symptom scores. Therefore, we concluded that liver disease symptom scores may be an 
important tool in the follow-up of patients with chronic liver disease to select those patients at risk 
for HRQOL problems who might need specialized attention. Transplant-free female BA patients and 
those with liver disease associated symptoms seem to be the patient groups most at risk for HRQOL 
problems.
 BA is the most frequently occurring liver disease with an onset very early in life. Liver 
disease with associated symptoms such as longstanding high bilirubin levels may cause neuronal 
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damage, whereas malnutrition and ascites may hamper physical development.19,153,213 Therefore, we 
measured the course of life of the same group of transplant-free and non-transplanted BA patients 
(chapter 7). In general, the course of life of BA patients was not delayed compared to age-matched 
peers. In this way BA patients seem to fare better than patients confronted with other serious condi-
tions in childhood, such as childhood cancer and anorectal malformations.165,166 Transplanted BA 
patients showed decreased risk behavior (smoking, gambling, alcohol use) which may be associa-
ted with the lifestyle recommendations they receive from their physicians. Transplant-free patients 
reported an alcohol consumption similar to age-matched peers, which might indicate that they 
do not adhere to their physicians’ advice. This may be seen as compensatory risk behavior. Alcohol 
use should therefore be more actively discouraged in transplant-free patients. In general, it seems 
unnecessary to stimulate milestone achievement in BA patients, but analysis of the course of life in 
other BA cohorts is warranted.
 Overall, the results concerning HRQOL and course of life in young adult BA patients were 
rather reassuring, in that BA patients (and their families) seem to be able to cope well with the 
sequelae of such a serious disease. It needs to be emphasized that the patient group studied for 
HRQOL and course of life is already a sub-selection of all BA patients. The sample size is small, what 
should be taken into account in their interpretation: the results are merely descriptive and studies in 
larger patient populations are certainly helpful for more detailed insights in this important area.
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NEDERlANDSE SAMENVATTINg
Inleiding
Biliaire atresie (BA, of galgangatresie) is een ernstige leverziekte die optreedt bij pasge-
borenen. De ziekte is zeldzaam, in Europa wordt ongeveer 1 op de 18.000 levendgebore-
nen erdoor getroffen. Dit komt neer op 10 nieuwe ziektegevallen per jaar in Nederland. 
De ziekte wordt veroorzaakt door verbindweefseling en verstopping van de galwegen. 
De galwegen vervoeren gal van de lever naar de darm, waar het wordt vermengd met 
voedsel. Via gal kunnen afvalstoffen worden uitgescheiden, zoals bilirubine, een afbraak-
product van rode bloedcellen. Verder zijn galzouten in gal essentiëel bij het opnemen van 
vetten en vetoplosbare vitamines (vitamines A, D, E en K) uit voedsel. Ophoping van gal in 
de lever (cholestase) is schadelijk voor de levercellen. De afwezigheid van galzouten in de 
darm kan leiden tot een slechte groei en vitaminetekorten.
 Tot aan het begin van de jaren 60 was er geen behandeling mogelijk voor BA en 
overleden vrijwel alle patiëntjes voor de leeftijd van 2 jaar. In 1959 werd een behandeling 
ontwikkeld door de Japanse chirurg Morio Kasai. Tijdens deze zogenaamde portoente-
rostomie volgens Kasai worden de verbindweefselde galwegen verwijderd, en wordt een 
stuk darm aan de lever vastgemaakt. Op deze manier kan de gal direct vanuit de lever in 
de darm stromen. Echter, in ongeveer 25% van de geopereerde patiënten komt de galaf-
vloed nooit goed op gang. In nog eens 50% van de patiënten is de galafvloed in het begin 
goed, maar verslechtert in de loop van de tijd (maanden tot jaren).32,147,151,203 Ongeveer 
25% van de patiënten heeft een langdurig goede galafvloed, tot op de volwassen leeftijd. 
Een slechte galafvloed leidt tot voortgaande beschadiging en verbindweefseling van 
de lever. Hierdoor gaat de lever steeds slechter functioneren. In de jaren 80 kwam een 
tweede behandeloptie beschikbaar: het vervangen van de zieke lever door een donoror-
gaan (levertransplantatie). Een levertransplantatie is een lange en ingewikkelde operatie, 
zeker in zuigelingen. Tevens is de patiënt afhankelijk van het beschikbaar komen van een 
geschikt donororgaan. Daarom is het belangrijk om de transplantatie-vrije overleving bij 
BA zo lang mogelijk te maken.
 Nog steeds is BA een ziekte met een aanzienlijke sterfte: 10-20% van de patiën-
ten overlijdt voor het 4e levensjaar.33 Omdat biliaire atresie een zeldzame ziekte is, is het 
moeilijk om  patiënten te vinden voor observationeel onderzoek of onderzoek naar 
nieuwe behandelingen.60 Daarom is het noodzakelijk om dergelijke ziektes in landelijk 
of zelfs internationaal verband te onderzoeken. Alleen op die manier is het mogelijk om 
voldoende gegevens te verkrijgen voor een zinvolle statistische analyse.
 In Nederland is daarom de Nederlandse Studie groep voor Biliaire Atresie Regis-
tratie (NeSBAR) opgezet. Deze landelijke, prospectieve database bevat alle relevante 
medische en chirurgische informatie van alle BA patiënten die sinds 1987 gediagnosti-
ceerd zijn. Daarnaast is van elke patiënt ook informatie over het verdere beloop van de 
ziekte opgenomen. Deze landelijke database stelt ons niet alleen in staat om de kwaliteit 
van de zorg voor BA patiënten in Nederland te bewaken, maar is ook van potentiëel inter-
nationaal belang omdat het nieuwe inzichten kan geven voor de verbetering van de BA 
behandeling werelwijd.
 Een tweede groep patiënten, geboren tussen 1977 en 1986 (welke in de jaren 80 
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reeds bestudeerd werden)68 kon worden opgespoord wat een unieke studie-populatie 
opleverde. Op deze wijze konden we de lange termijn uitkomst niet alleen op het gebied 
van overlevingscijfers analyseren, maar ook de klinische en psychologische toestand van 
patiënten op volwassen leeftijd bestuderen.
 Het doel van dit proefschrift is de uitkomst van BA in Nederland te bepalen, 
en deze te vergelijken met beschikbare gegevens uit andere landen, en om mogelijk 
voorspellende factoren voor de uitkomst van de ziekte te identificeren. Tezamen zou 
deze informatie kunnen helpen om strategieën te ontwikkelen om de uitkomst van BA te 
verbeteren, zowel in Nederland als internationaal.

Behandeling van biliaire atresie
De huidige staat van kennis omtrent het klinische beleid van BA is beschreven in hoofd-
stuk 1. De ontwikkeling van de portoenterostomie techniek door Morio Kasai in 1959 
was de eerste belangrijke doorbraak in de behandeling van BA.82 Bij de Kasai procedure 
worden de verstopte galwegen uitgenomen, een een roux-en-y darmlis wordt aan de 
porta hepatis van de lever geanastomoseerd. Het is duidelijk geworden dat tot tientallen 
jaren na de procedure een voldoende leverfunctie behouden kan worden.103 Een belang-
rijke fractie van de patiënten blijft echter last houden van cholestase en ontwikkelt een 
chronisch eind-stadium van leverziekte. Dit kan snel verlopen of in de loop van vele jaren. 
Het ontwikkelen en beschikbaar komen van levertransplantatie (OLT) voor kinderen was 
een andere doorbraak. Het is nu algemeen aanvaard dat de twee behandelopties, Kasai 
chirurgie en OLT, na elkaar toegepast moeten worden (en niet primair een OLT), omdat 
de kans op een lange transplantatievrije overleving niet voorspeld kan worden vóór het 
uitvoeren van de Kasai procedure.60 Op deze manier worden donororganen gespaard. 
Verder brengt een OLT hogere risico’s met zich mee wanneer deze wordt verricht in zeer 
jonge kinderen.38,47 De overleving na OLT is momenteel rond 80% op 10 jaar na de proce-
dure.47 Desalniettemin moeten na een levertransplantatie landurig immunosuppres-
siva gebruikt worden en brengt het weer andere gezondheidsproblemen met zich mee. 
Een verbetering van de transplantatie-vrije overleving is daarom uiterst belangrijk en is 
daarom ook reeds het doel van veel onderzoeken geweest.

Behandelresultaten in Nederland: lessen om te leren

BA op de zuigelingenleeftijd en in kinderen < 5 jaar
OLT-kandidaten moeten vroeg verwezen worden
Zoals hierboven beschreven, is OLT gewoonlijk een levensreddende behandeloptie na 
het ontwikkelen van eind-stadium leverziekte in BA patiënten ondanks Kasai chirurgie. Het 
moment van OLT is echter belangrijk vanwege de hoge mortaliteit van eind-stadium lever-
ziekte op zichzelf. In hoofdstuk 2 hebben we de prevalentie en oorzaken van pre-trans-
plantatie mortaliteit onderzocht om uit te zoeken of OLT inderdaad een levensreddende 
behandeling had kunnen zijn in de kinderen die waren overleden zonder OLT. Ondanks 
dat de pre-transplantatie mortaliteit is afgenomen in Nederland in de laatste 20 jaar, 
was het nog steeds aanmerkelijk hoger dan in andere Westerse landen. De belangrijkste 
doodsoorzaak was sepsis, gevolgd door eind-stadium leverziekte. Dit zijn oorzaken  welke 
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waarschijnlijk, in ieder geval gedeeltelijk, voorkomen hadden kunnen wordend door een 
tijdige OLT. Vervolgens werd het ziektestadium (uitgedrukt in de Pediatric End-stage Liver 
Disease-score) waarin patiënten werden verwezen voor OLT onderzocht. Hieruit bleek 
dat de patiënten met pre-transplantatie mortaliteit in een relatief laat stadium van de 
ziekte waren verwezen. Gebaseerd op deze resultaten concludeerden we dat maatre-
gelen zouden moeten worden getroffen om een tijdige verwijzing van potentiële OLT 
kandidaten te garanderen. Op dit moment worden deze maatregelen ook daadwerkelijk 
getroffen. Deze bevindingen zouden ook van toepassing kunnen zijn in andere landen.

Het huidige vitamine K profylaxe beleid is niet adequaat in BA patiënten welke gehydroly-
seerde flesvoeding krijgen
In een vorig onderzoek met NeSBAR gegevens is al aangetoond dat borstgevoedde 
cholestatische zuigelingen een verhoogd bloedingsrisico hebben door vitamine K-defici-
entie, inclusief intracraniële bloedingen in 43% van de onderzochte patiënten. Er werd 
aangetoond dat dit gerelateerd was aan de relatieve lage dosering vitamine K profylaxe 
welke werd geadviseerd in het toenmalige landelijke protocol.187 Naar aanleiding van 
deze analyse van de NeSBAR gegevens en beschikbare internationale onderzoeksresul-
taten werd de landelijke richtlijn voor vitamine K profylaxe bij borstgevoedde kinderen 
recent aangepast.144 In hoofdstuk 3 onderzochten we of een hoger risico op vitamine K 
deficiëntie bloedingen ook van toepassing is op cholestatische kinderen (BA patiënten en 
patiënten met α-1 anti-trypsine deficiëntie) welke gevoed worden met gehydrolyseerde 
flesvoeding. Dit is een type voeding wat steeds vaker wordt gebruikt omdat gedacht 
wordt dat het de ontwikkeling van allergiën vermindert. Deze kinderen bleken eveneens 
een hoger risico (risk ratio 25.0 [6.4-97.2], p<0.001) op vitamine K deficiëntie bloedingen 
te hebben. Het vitamine K gehalte van gehydrolyseerde flesvoeding bleek hetzelfde als 
dat van reguliere flesvoeding. We waren daarom niet in staat een goede verklaring te 
geven voor de toegenomen incidentie van vitamine K deficiëntie bloedingen.
 Hoewel cholestatische ziekten zeldzaam zijn, kan een inadequate vitamine K 
dosering wel ernstige gevolgen hebben in aangedane kinderen. Op basis van deze twee 
studies zal de aanbevolen vitamine K dosering aangepast worden in de landelijke richtlijn. 
Ook zouden de resultaten van deze studies andere landen moeten aanzetten om hun 
eigen vitamine K richtlijnen opnieuw te evalueren, met name als het gebruik van borst-
voeding of gehydrolyseerde flesvoeding in de bevolking aanmerkelijk is. Ook zouden 
fabrikanten van zuigelingenvoeding aandacht moeten besteden aan de biologische 
beschikbaarheid van essentiële bestanddelen in de verschillende types flesvoeding.

BA patiënten hebben voordeel van vroegtijdige Kasai chirurgie
In de afgelopen 20 jaar ondergingen 214 patiënten Kasai porto-enterostomie in Neder-
land. Hun uitkomsten werden geanalyseerd in hoofdstuk 4. De klaring van icterus 
(bilirubine serumwaardes gedaald onder 17 μmol/L binnen zes maanden na chirurgie) 
en de transplantatie-vrije overleving bleven constant in de laatste twee decades. Dit 
betekent echter ook dat de prognose niet is verbeterd ondanks de grote vooruitgang in 
de geneeskunde in het algemeen. De resultaten waren vergelijkbaar aan die van andere 
Westerse landen, ondanks een lage case load van de behandelcentra. Onze resultaten met 
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betrekking tot de transplantatie-vrije overleving vormen daarom geen direct argument 
voor centralisatie van de chirurgische behandeling van BA.32 Intuïtief biedt een case load 
variërend van één patiënt per twee jaar tot twee patiënten per jaar niet de mogelijkheid 
aan een chirurg om voldoende ervaring op te doen. Centralisatie zou de uitkomst verder 
kunnen verbeteren en kan mogelijk om de problemen beschreven in hoofdstuk 2 te 
verhelpen. Een andere mogelijk belangrijke strategie is de centralisatie van post-Kasai 
follow-up. Onze resultaten tonen aan dat een optimale planning van OLT uiterst belang-
rijk is. Patiënten met eind-stadium leverziekte zijn een kwetsbare patiëntengroep welke 
optimale en hoog-gespecialiseerde zorg nodig hebben.
 Ondanks het feit dat het percentage OLT’s is gestegen in de laatste jaren, is de 
totale overleving nog steeds iets lager dan in andere landen, wat de bevindingen van 
hoofdstuk 2 ondersteunt. We identificeerden een jongere leeftijd van Kasai chirurgie, 
klaring van icterus, en het gebruik van post-operatieve antibiotica profylaxe als onafhan-
kelijke factoren welke in positieve zin geassociëerd zijn met transplantatie-vrije overleving.  
Wij beargumenteerden op basis van deze resultaten dat er meer moeite moet worden 
gedaan om het vroeg verwijzen van zuigelingen met icterus en van zuigelingen met 
ontkleurde ontlasting te bevorderen. Ontkleurde ontlasting is een belangrijk symptoom 
van cholestatische ziekte, waaronder BA.
 Het is moeilijk om tussen de vele zuigelingen met fysiologische icterus de 
weinige patiënten te onderscheiden met onderliggende ziekte. Er bestaat geen adequate 
screeningsmethode om cholestatische zuigelingen van zuigelingen met fysiologische 
icterus te kunnen onderscheiden. Het is daarom zeer noodzakelijk om bij ieder kind dat 
icterisch is na de leeftijd van 21 dagen de geconjugeerde bilirubinefractie in het serum 
te meten. Studies uit Thailand hebben bewezen dat de infant stool color card voor ouders 
en primaire zorgverleners een nuttig hulpmiddel is om pathologische kleuren ontlasting 
te onderscheiden van het wijde palet van kleuren van normale zuigelingenontlasting. 
Implementatie van deze stool color card in Thailand deed de vijf-jaars transplantatie-vrije 
overleving met 37% stijgen, en de totale overleving steeg met 33%.72

 In de periode dat de studies uit dit proefschrift werden uitgevoerd, is ons advies 
met betrekking tot de meting van het geconjugeerde serumbilirubine succesvol geïmple-
menteerd in de Nederlandse Richtlijn Hyperbilirubinemie (website Richtlijn: www.
babyzietgeel.nl).125 Het lijkt nuttig om een (analoog van) de infant stool color card te intro-
duceren, gebaseerd op resultaten uit Taiwan.98 Het is een zeer goedkope, non-invasieve 
en effectieve methode om cholestatische kinderen op te sporen en zou goed kunnen 
functioneren in het georganiseerde systeem van de Nederlandse zuigelingenzorg.

Post-Kasai BA patienten zouden voordeel kunnen hebben van toediening van antibiotische 
profylaxe en ursodeoxycholzuur
UDCA is een relatief hydrofiel galzuur met choleretische eigenschappen. Daarnaast is er  
bewijs dat het T-cel gemediëerde hepatocellulaire schade onderdrukt, en dat het apopto-
se remt.93  Er is aangetoond dat het de overleving van primaire biliaire cirrose patiënten 
doet toenemen.100 Er zijn maar weinig studies gedaan naar het effect van UDCA in BA. De 
studie-opzet van reeds gepubliceerde studies was zodanig dat er geen definiteve conclu-
sies aan de resultaten verbonden kunnen worden.204 Toch wordt UDCA op aanzienlijke 
schaal voorgeschreven aan BA patiënten.
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 Antibiotica profylaxe wordt ook vaak voorgeschreven post-Kasai om het cholan-
gitis risico af te doen nemen, en daardoor de progressie van leverschade. Echter, ook de 
effecten van antibiotica op de uitkomst zijn nauwelijks onderzocht.17

 In onze retrospectieve analyse (hoofdstuk 4) leek het gebruik van postoperatie-
ve antibiotica profylaxe onafhankelijk geassocieerd te zijn met transplantatie-vrije overle-
ving. Daarnaast was er ook een niet-significante trend tot associatie van postoperatief 
ursodeoxycholzuur (UDCA) gebruik met zowel klaring van icterus als transplantatie-vrije 
overleving. Op basis van deze observationele gegevens kunnen echter geen definitieve 
conclusies worden getrokken betreffende het mogelijk gunstige effect in BA. Ten eerste 
waren de patiënten die UDCA kregen niet gerandomiseerd en dus niet evenwichtig 
verdeeld over de behandelcentra. Ten tweede, artsen waren niet geblindeerd voor het 
toepassen van UDCA, wat beslissingen ten aanzien van de behandeling kan hebben 
beïnvloed. De studie was daarnaast ook niet placebo-gecontroleerd. Toch suggereren de 
data een potentiëel gunstig effect, wat het verdient om verder uitgezocht te worden in 
een geschikte studie-opzet, zoals een gerandomiseerde placebo-gecontroleerde studie. 
Zoals eerder werd besproken, zal het waarschijnlijk erg lastig zijn om genoeg patiënten 
te includeren om klinisch relevante effecten aan te kunnen tonen. Daarom zou het gesti-
muleerd moeten worden dat een dergelijke studie op internationaal niveau wordt uitge-
voerd.

BA bij jongvolwassenen
De meeste studies concentreren zich op de uitkomsten van BA op de relatief korte termijn 
(één tot vijf jaar post-chirurgie). Omdat Kasai portoenterostomie in de meeste landen 
in de jaren 70 beschikbaar kwam als een potentiëel curatieve behandeling van BA , zijn 
er maar weinig studies die de uitkomsten na de leeftijd van 20 jaar hebben onderzocht. 
In het tweede deel van dit proefschrift, hoofdstukken 5, 6 en 7, hebben we de lange 
termijn uitkomst  bestudeerd van BA patiënten die de volwassen leeftijd bereikt hebben.

Klinische conditie van volwassen transplantatie-vrije BA patiënten
Ten eerste hebben we de overleving en klinische conditie van BA patiënten op 20 jaar na 
Kasai geanalyseerd (hoofdstuk 5). Ongeveer één derde van alle BA patiënten overleven 
zonder transplantatie tot boven de leeftijd van 20 jaar. Bij vijf procent van alle patiënten 
gebeurt dit in combinatie met normale serum leverbiochemie parameters, en afwezige 
tekenen van levercirrose of portale hypertensie op echo. Het is op dit moment onbekend 
of deze patiënten nog steeds het risico lopen op progressie van de ziekte, of dat ze als 
genezen kunnen worden beschouwd. Het wordt verwacht dat een aanzienlijk deel van 
de lange termijn overlevers vroeg of laat een OLT nodig zullen hebben. We vonden een 
trend tot een hogere transplantatie-vrije overleving in BA patiënten met subtypes I en 
II, vergeleken met patiënten met subtype III. We konden geen effect van leeftijd tijdens 
Kasai chirurgie op 20-jaars transplantatievrije overleving vaststellen. Onze studie (104 BA 
patiënten) bevat waarschijnlijk een te laag aantal patiënten om zo’n effect vast te kunnen 
stellen. Een grote studie uit Frankrijk (695 BA patiënten) stelde een gunstig effect vast van 
een jongere leeftijd tijdens chirurgie tot 15 jaar post-Kasai.152 Een interessante bevinding 
uit onze studie was dat twee patiënten met zeer late (leeftijd > 90 dagen) chirurgie de 
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volwassen leeftijd bereikten zonder OLT. Dus, zelfs in laat presenterende patiënten is het 
zeer de moeite waard om een Kasai portoenterostomie uit te voeren als primaire behan-
deling, conform huidige aanbevelingen.60 Wij hebben geen comorbiditeiten gevonden 
welke mogelijk gerelateerd zouden kunnen zijn aan BA in de bestudeerde patiënten-
groep, zoals maligniteiten in de lever of galstenen. Onze resultaten laten zien dat lange 
termijn transplantatie-vrije overleving mogelijk is in een aanzienlijk deel van de patiënten. 
We konden echter geen beïnvloedbare factoren vinden die geassociëerd zijn met lange 
termijn overleving.

Kwaliteit van leven en levensloop van volwassen BA patiënten
Een aantal studies hebben de gezondheids-gerelateerde kwaliteit van leven (HRQOL) 
bestudeerd in volwassen patiënten met chronische cholestatische leverziekte. HRQOL is 
ook uitgebreid bestudeerd in patiënten na OLT. BA is een zeldzame ziekte en er zijn relatief 
weinig volwassen BA patiënten op het moment. Daarom zijn BA patiënten per definitie 
ondervertegenwoordigd in voorgenoemde studies. Omdat lange-termijn overleving 
(met en zonder OLT) nu wordt bereikt in tot 80% van de patiënten, wordt de HRQOL een 
belangrijk onderdeel van de behandeling van de ziekte. De HRQOL van een groep van 
25 transplantatie-vrije en 15 getransplanteerde jong volwassen BA overlevers is in detail 
beschreven in hoofdstuk 6. In het algemeen hebben BA patiënten een HRQOL (gemeten 
met de RAND-36 vragenlijst) vergelijkbaar met een leeftijd gematchte referentiegroep. 
Tranplantatie-vrije vrouwelijke BA patiënten hebben een verlaagde algemene gezond-
heidsperceptie, vergeleken met transplantatie-vrije mannen en de referentiegroep. Er 
was eveneens een trend tot een verlaagde fysiek rol-functioneren in transplantatie-vrije 
BA patiënten, met een effect-size welke klinische relevantie suggereert. HRQOL domeins-
cores waren niet gecorreleerd aan biochemische parameters van leverziekte, maar waren 
wel gecorreleerd tot leverziekte symptoomscores (gemeten met de LDSI 2.0 vragenlijst). 
Daarom concluderen wij dat leverziekte symptoomscores een belangrijk gereedschap 
zouden kunnen zijn in de follow-up van chronische leverziekte om die patiënten te selec-
teren die een risico lopen op HRQOL problemen, die speciale aandacht nodig kunnen 
hebben. Transplantatie-vrije vrouwelijke BA patiënten en patiënten met leverziekte 
geassociëerde symptomen lijken de patiëntengroepen te zijn die het meeste risico lopen 
op HRQOL problemen.
 BA is de meest voorkomende leverziekte met een begin erg vroeg in het leven. 
Leverziekte met geassociëerde symptomen zoals langdurig hoge bilirubinewaardes 
kunnen neuronale schade veroorzaken, en ondervoeding en ascites kunnen fysieke 
ontwikkeling remmen.19, 153, 213 Daarom hebben we de levensloop gemeten van dezelfde 
groep van transplantatie-vrije en niet-getransplanteerde BA patiënten (hoofdstuk 7). In 
het algemeen was de levensloop van BA patiënten niet vertraagd vergeleken met een 
leeftijds-gematchte referentiegroep. In dit opzicht lijken BA patiënten het beter te doen 
dan patiënten welke last hebben van andere chronische aandoeningen, zoals kanker op 
de kinderleeftijd of anorectale malformaties.165, 166 Getransplanteerde BA patiënten laten 
afgenomen risicogedrag zien (roken, gokken, alcoholgebruik) wat geassociëerd zou 
kunnen zijn met de leefstijladviezen die ze van hun artsen krijgen. Transplantatie-vrije 
patiënten rapporteerden een mate van alcoholconsumptie welke vergelijkbaar was met 



146

Appendices

                           

A

de referentiegroep, wat een indicatie geeft dat ze mogelijk de adviezen van hun artsen 
niet opvolgen. Dit zou gezien kunnen worden als compensatoir risicogedrag. Alcoholge-
bruik zou daarom actiever ontmoedigd moeten worden in transplantatie-vrije patiënten. 
Algemeen gesproken lijkt het niet nodig om het bereiken van mijlpalen in de ontwikke-
ling te stimuleren in BA patiënten, maar het is wel nodig om de levensloop ook in andere 
cohorten van BA patiënten te onderzoeken.
 In het geheel beschouwd zijn de resultaten betreffende HRQOL en levensloop 
geruststellend, omdat BA patiënten (en hun families) in staat lijken te zijn goed om te 
kunnen gaan met de gevolgen van een ernstige ziekte. Het moet echter benadrukt 
worden dat de onderzochte groep BA patiënten al een subselectie is van alle BA patiën-
ten. The groepsgrootte was klein, wat meegenomen moet worden bij het interpreteren: 
de resultaten zijn descriptief en studies in grotere populaties zullen zeker van nut zijn 
om meer gedetailleerd inzicht te kijgen in dit belangrijke aspect van de behandeling van 
patiënten.
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