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Introduction and outline

Biliary Atresia

Biliary atresia (BA) is a rare disease characterized by the obstruction and obliteration of 
the biliary tract leading to cholestasis in infants (figure 1). The cholestasis, if untreated, 
causes progressive liver fibrosis, followed by cirrhosis and eventually end-stage liver 
disease (ESLD) requiring orthotopic liver transplantation (OLT) for survival. BA is the most 
common indication for pediatric OLT (1, 2). The reported incidence of BA varies in the 
literature from 5/100,000 to 32/100,000 live births (3). BA symptoms become manifest 
during the neonatal period as persistent jaundice, failure to thrive, and uncolored stools. 
Untreated BA is uniformly fatal with a reported median survival of just eight months (4, 5). 

Treatment of BA is aimed at restoring bile flow, thereby alleviating cholestasis and 
preventing or at least decelerating the liver fibrosis. To achieve this, swift surgical interven-
tion is required in which the fibrotic extra-hepatic biliary remnant is excised and a Roux 
loop is anastomosed to the portal area of the liver (figure 2). This procedure is called the 
Kasai portoenterostomy (KPE), named after the Japanese surgeon who first described the 
procedure in 1959 (6). Though a KPE can successfully restore bile flow initially, BA can 
still cause progressive intra-hepatic bile duct obstruction and the sequelae of cholestasis, 

 
Figure 1 | Schematic illustration of classification of biliary atresia types 1-3.  (72)
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cirrhosis and liver failure. 70% to 80% of children who undergo a successful KPE charac-
terized by clearance of the pre-surgical jaundice, will still develop end-stage liver failure 
and require an OLT for survival before reaching adulthood (7, 8). A small minority of BA 
patients do not undergo a KPE (e.g. for technical reasons or advanced liver failure) but 
rather a primary OLT. 

Etiology and pathophysiology of biliary atresia

The etiology of BA is, unfortunately, still unresolved (2). Research has made it increas-
ingly clear that BA is not a single entity with one underlying cause (2). Multiple factors 
contributing to the obstruction and eventual obliteration of the biliary tree have been 
suggested, among which perinatal viral infections targeting cholangiocytes, toxin-
related, (auto)immunological, maternal, and genetic factors (9-12). Of these suggested 
culprits, perinatal viral infections and toxins are the prime suspects. Perinatal hepatobili-
ary infections are thought to cause secondary inflammatory or autoimmune-mediated 
bile duct injury. A recent study identified, for the first time, a naturally occurring toxin 
called biliatresone. This toxin was suspected to contribute to non-random outbreaks of 
BA in sheep and cows. Biliatresone, isolated from plants collected in Australia, has been 

 

Figure 2 | The Kasai portoenterostomy aimed at restoration of bile flow and alleviation of cho-
lestasis. 
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shown to cause the selective destruction of the biliary tract in exposed zebrafish larvae in 
in vivo experiments (13, 14). 

The activation of the Hedgehog (Hh) signaling pathway has been hypothesized to 
play a pathogenic role in the development of liver fibrosis in biliary atresia. The Hh signal-
ing pathway promotes and regulates multiple cellular processes such as proliferation, 
apoptosis, migration and differentiation (3). Hh signaling is initiated after Hh ligands, such 
as Sonic Hedgehog (Shh) or Indian Hedgehog (Ihh), bind to their receptor Patched (Ptc) 
(15). While Hh signaling is virtually absent in the normal liver, the Hh pathway has been 
shown to be involved in the development of fibrosis after cholestatic liver injury (16, 17). 
The Hh signaling pathway is one of the assumed promoters of epithelial to mesenchymal 
transition (EMT) during the development of liver fibrosis (18).

EMT, a process in which cholangiocytes lose their epithelial phenotype and acquire 
more mesenchymal characteristics (19) (figure 3), plays an important role in tissue con-
struction during embryogenesis, and has recently been demonstrated in liver fibrosis in 
chronic liver injury (16, 20). During EMT the morphological transition from an epithelial to 
mesenchymal phenotype the cholangiocytes lose their epithelial markers (i.e. CK7, CK19 
and E-Cadherin) and acquire mesenchymal and fibroblast markers (i.e. α-SMA, Collagen 
type I, S100) (21, 22). Recent studies have suggested that activation of the Hh pathway 
and EMT might play a role in the development of the biliary pathology and liver fibrosis 
in BA (15). However, a recent review of the available literature concluded that it remains 
debatable whether cholangiocytes actually undergo EMT (23). If Hh signaling and EMT 
would play a pathogenic contribution to BA -induced fibrosis it could be possible to 
develop targeted therapies to mitigate the deleterious effects. 

 

Figure 3 | Epithelial to mesenchymal transition (EMT) in which cells lose their epithelial pheno-
type and acquire more mesenchymal characteristics
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Animal models of BA

Examining the early pathogenesis in humans is difficult as liver fibrosis is mostly already 
present at time of diagnosis. Also the rapid course of BA makes swift diagnosis and 
early surgical intervention imperative for the long-term prognosis. This makes it virtually 
impossible to investigate BA at onset and establish the pathology involved in humans. 
Multiple animal models have been suggested for studying the pathogenesis of BA. The 
models can broadly be divided into two groups: prenatal (e.g. common bile duct ligation 
in fetal lambs) and postnatal (e.g. common bile duct ligation, injection of sclerosants in 
mice, rats and pigs, and neonatal infection models) (24-28).  

The postnatal murine model of BA using the rhesus rotavirus (RRV) was introduced in 
1993 and has become popular ever since (29). In the RRV murine model neonatal mice 
are infected with RRV at two days of age. The viral infection by RRV targets cholangiocytes 
and induces an inflammatory response leading to bile duct injury (30, 31). In half of the 
RRV infected mice cholestasis occurs (figure 4) as does fibrosis and bile duct proliferation, 
which is comparable to findings in human BA patients (29). However, several studies us-
ing this RRV murine model of BA suggested that neither liver fibrosis nor cirrhosis actually 
occurs (32, 33). On the other hand, a recent study reported increased periportal fibrosis 
with limited bridging fibrosis in RRV mice at 21 days of age (34). The survival rate of these 
mice was 35% and, remarkably, up to one half of these older pups recovered from the 
disease. This observation suggested that RRV infection caused only a temporary obstruc-
tion of the bile ducts in the surviving pups without actually causing severe liver injury (34) 
which is in clear contrast to the unequivocally progressive nature in human BA patients. 

 
Figure 4 | Two 14 day old Balb/c mice, left, healthy control, right, jaundiced with oily fur after 
RRV infection. (from Petersen and Davenport, Orphanet Journal of Rare Diseases 2013 (2))
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Several previous studies using the RRV murine model of BA also suggested that there 
were no features of liver fibrosis or cirrhosis observed or its presence or absence were not 
explicitly described (31-33, 35). This seems in contrast to the human situation in which 
liver fibrosis is usually already present at the time of diagnosis. Thus, whether (ongoing) 
liver fibrosis after bile duct injury and obstruction occurs in the RRV murine model of BA 
remains a matter of debate and needs to be further investigated to confirm or reject the 
usefulness of this model. 

Predicting liver fibrosis and clinical course of BA

The presence and rate of progression of liver fibrosis have been implied in the prognosis 
of BA with respect to survival with native liver. A greater level of fibrosis prior to KPE 
represents advanced disease and is associated with decreased survival with native liver 
in BA patients (36, 37). To date, assessment of liver fibrosis through liver biopsy remains 
the gold standard. Liver biopsies do have limitations, however: it is an invasive technique 
with a reported mortality rate of 1/1000 – 1/10000, there can be sampling errors, and the 
numerous fibrosis scoring systems are subjected to interobserver variability (38-40). 

Of the plethora of surrogate markers suggested in the literature, aspartate transami-
nase to platelet ratio index (APRI), calculated from two readily available laboratory results 
(aspartate aminotransferase level and platelet count), has been shown to predict the 
degree of fibrosis and cirrhosis in chronic liver diseases in adults (41, 42). Unfortunately, 
there is little data on the value of APRI in children for its correlation with (progression of ) 
fibrosis. 

Long term outcomes

Success in treatment of BA, either by KPE or OLT, is traditionally reported in terms of bio-
logical and clinical markers (i.e. improved liver function, decreased serum bile salt levels 
and survival). Markedly improved KPE and OLT techniques and better post-OLT medica-
tion regimes has led to BA becoming more a chronic condition. Ten- and 20-years overall 
survival rates of 66-89% and 43-78%, respectively, have been reported (43-46). BA patients 
(with or without OLT) do, however, face the possibility and probability of complications, 
which may require hospitalization, especially when deterioration of liver function occurs. 
Theoretically, this constant risk of complications and deterioration may lead to symptoms 
of anxiety/depression and could negatively impact the quality of life (QOL) and health 
status (HS, also known as Health Related QOL, HS) in BA patients. Gaining insight into QOL, 
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HS and related levels of anxiety/depression as perceived by BA patients at adult age is 
becoming increasingly important and relevant.

HS is defined as the effect of disease on physical, emotional, and social functioning as 
reported by the patient (47) and can be measured using standardized and validated ques-
tionnaires as RAND-36 or the Short Form 36. QOL is defined by the World Health Organiza-
tion (WHO) as an “individuals’ perception of their position in life in the context of the culture 
and value systems in which they live and in relation to their goals, expectations, standards and 
concerns. It is a broad ranging concept, incorporating in a complex way individuals’ physical 
health, psychological state, level of independence, social relationships, personal beliefs and 
their relationships to salient features of the environment” (48). QOL can be measured using 
the “World Health Organization Quality of Life assessment instrument” (WHOQOL-100)  
(48). HS questionnaires measure the objective functional limitations as a result of disease 
whilst QOL questionnaires also reflect to what extent a patient is subjectively bothered 
by these limitations in daily life (49). Thus, HS is not equivalent to QOL and, therefore, not 
considered interchangeable (49-52).

The HS of patients with chronic liver disease or with a transplanted liver has been 
studied rather extensively (53-57). However, most patient groups in these studies were 
heterogeneous with respect to underlying disease and most studies were performed in 
either children or middle-aged adults (58, 59). BA patients are commonly underrepre-
sented in these studies. Two studies measured specifically the HS of BA patients (60, 61). 
In Japanese pediatric BA patients, HS was found to be marginally lower compared with 
healthy peers but not in pediatric BA patients from the United Kingdom. The second 
study reported a lower HS in both transplanted and non-transplanted children with BA. 

Course of life (COL, i.e. achievement of developmental milestones) of adolescents 
and young adults having grown up with a chronic disease (e.g. end stage renal disease; 
inflammatory bowel disease) or childhood cancer is delayed (62). They reach fewer devel-
opmental milestones or achieve these milestones later compared to peers (62). The COL 
of young adults after pediatric OLT could also be hampered but little is known about the 
effect of such a major life event. Increased anxiety/depression and sleep disorders have 
previously been reported in children after OLT (63-65) and might have a negative impact 
on their COL.

Gaining insight in the COL and in factors associated with the COL is important since 
impediments in the COL during childhood could limit participation in social and profes-
sional activities in adulthood (66, 67). Recent studies showed that younger children, those 
with a shorter duration of illness and children who are physically more developed prior 
to OLT have a better prognosis regarding mental development (68-71). Theoretically, OLT 
at young age might be associated with less of an impediment in COL when compared 
to OLT at higher age. In those liver patients who are not yet been transplanted the liver 
disease may continue to affect their lives. No previous studies have been conducted to 
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measure the COL of those patients who have survived into adulthood after a pediatric 
liver transplantation. Identifying factors associated with a delayed COL will potentially 
help to develop preventive measures or tools to stimulate children after OLT to develop 
in more similar ways to their peers and participate fully in society as adults

Aim of the thesis

To further investigate the pathophysiology of liver fibrosis in biliary atresia and provide 
new insights into the quality of life of young adult biliary atresia patients

Outline

Whether (ongoing) liver fibrosis after bile duct injury and obstruction occurs in the 
rhesus rotavirus (RRV) murine model of biliary atresia (BA) remains a matter of debate 
and needs to be established to confirm the usefulness of this model. In chapter 2 the 
fibro-proliferative response to cholestasis in the RRV murine model of BA is investigated. 
The aim is to study the RRV murine model of BA in relation to the human disease: is it a 
suitable model?

One of the proposed responses the bile duct injury leading to liver fibrosis is the activa-
tion of the Hedgehog (Hh) signaling pathway and epithelial to mesenchymal transition 
(EMT). Whether EMT actually has a role in BA remains controversial. In chapter 3 the 
presence of Hh and EMT in cholangiocytes during the rapid liver fibrosis associated with 
BA is analyzed using the RRV murine model of BA and human liver biopsies obtained 
during Kasai portoenterostomy (KPE).

Early detection and treatment of progressive liver fibrosis is essential for survival in BA 
as more severe fibrosis prior to KPE is associated with decreased survival with native liver 
in BA patients. Liver biopsy remains the gold standard for the assessment and monitoring 
of liver fibrosis but is invasive and has known limitations and complications. In chapter 
4 we investigated if aspartate transaminase to platelet ratio index (APRI), a surrogate/
noninvasive marker for liver fibrosis in adults with chronic liver disease, correlates with 
the severity of liver fibrosis and whether APRI can be used to predict the clinical course 
of BA in children. APRI scores of patients at time of KPE were calculated retrospectively 
and used to determine if there was a correlation between APRI and either histological 
grade of fibrosis or outcome. Can APRI be used as a non-invasive surrogate marker for 
liver fibrosis in BA?

Success in treatment of BA, either by KPE or orthotopic liver transplantation (OLT), is 
traditionally reported in terms of biological and clinical markers: improved liver function, 
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decreased serum bile salt levels and survival. Due to enhanced KPE and OLT techniques 
and better post-OLT medication, BA has become more of a chronic condition with long-
term survival into adulthood. Gaining insight into QOL, HS and related levels of anxiety/
depression as perceived by the adult population surviving BA is, therefore, becoming 
increasingly important and relevant. In chapters 5 and 6 we describe the long term 
objective limitations (health status, HS) experienced by BA patients who have survived 
into adulthood with or without their native livers and also to what extent these patients 
are subjectively bothered by these limitations in daily life (quality of life, QOL) compared 
to healthy peers.  

In general, the course of life (i.e. achievement of developmental milestones, COL) of 
adolescents and young adults having grown up with a chronic disease or childhood 
cancer is delayed. Fewer developmental milestones are reached or achieved later when 
compared to healthy peers. Little is known about the effect of a major life events such as 
OLT in childhood on the COL. In chapter 7 the course of life of young adults after an OLT 
in childhood is reported for the first time. Furthermore, factors related to a less favorable 
COL are identified. 

In the final chapter (chapter 8) the main findings are summarized and put into per-
spective in a general discussion. 
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Abstract 

Background

The murine model of biliary atresia (BA) is used for examining the pathogenesis of BA. 
The aim of the study was description of the morphological features and illustrating the 
detailed development of fibrosis using the Biliary Atresia Research Consortium (BARC) 
system. 

Methods 

Neonatal mice were injected intraperitoneally with rhesus rotavirus (RRV) strain (N=17). 
Healthy mice were the control group (N=29). All mice were sacrificed at 7 or 14 days after 
birth. Two pathologists examined the morphological features using the BARC system; 
CK19, αSMA and collagen type I were assessed by immunohistochemistry. 

Results

In RRV mice, portal fibrous expansion with focal bile duct proliferation and strong portal 
cellular infiltrate was found in contrast to healthy mice. In RRV mice, CK19 bile duct stain-
ing was significantly less or absent (p<0.01), with stronger portal staining of collagen 
type I (p=0.02). Expansion of staining for αSMA was more in RRV mice (p<0.01), but αSMA 
portal staining was stronger in healthy mice (p=0.02). 

Conclusion

The morphological features observed in the murine model of BA correspond with the 
BA characteristics according to the BARC criteria. Fibrosis is an important feature of the 
model. Therefore, this murine model is useful for investigating the pathogenesis of BA.  
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Introduction 

Biliary atresia (BA) is a devastating inflammatory obliterative cholangiopathy in neonates. 
In BA liver fibrosis often progresses rapidly, necessitating liver transplantation in 70-80% 
of children (1-3). Unfortunately, BA is still a disease of unknown origin.  Insight into the 
pathogenic process might enable researchers to develop therapeutic interventions to 
delay or prevent the (ongoing) fibrosis in BA. 

To examine the pathogenesis of BA, the murine model of BA with rhesus rotavirus 
(RRV) was introduced in 1993 (4). Neonatal mice were infected with RRV at two days of 
age. In half of the RRV infected mice cholestasis occurred and after death fibrosis and 
bile duct proliferation were found, this is comparable to findings in human BA patients 
(4). Subsequent studies, in which liver fibrosis was infrequently observed, demonstrated 
only minimal collagen deposition around the portal triads (5, 6). A recent study observed 
increased peri-portal fibrosis with some bridging fibrosis in RRV mice at 21 days of age 
(7). The survival rate of these mice was 35% and, remarkably, up to one half of these older 
pups recuperated from the disease. This suggests that RRV infection causes a transient 
obstruction of the bile ducts without ongoing fibrosis (7). Several previous studies us-
ing the murine model of BA also suggested that there were no features of fibrosis or 
cirrhosis observed or that its presence or absence were not explicitly described (6, 8-10). 
This seems in contrast to the human situation in which fibrosis develops within weeks 
after birth. Thus, whether (ongoing) fibrosis occurs in the murine model of BA remains a 
matter of debate. 

The aim of the present study was to further investigate the murine model of BA in the 
light of the rapidly developing fibrosis that characterizes BA in humans. Therefore, in this 
present study both the morphological characteristics and the severity of fibrosis in the 
murine model of BA were examined using the human Biliary Atresia Research Consortium 
(BARC) criteria (11).

Methods

Animals

We used the rhesus rotavirus (RRV) murine model of BA as described previously [4]. In 
short, pups born of time dated pregnant specified pathogen free Balb/c AnNCrl mice 
(Charles River, Sulzfeld, Germany), were injected intraperitoneally with 50 μl phosphate 
buffered saline containing 10*6 plaque forming units/ml of RRV strain MMU 18006 
(obtained from infected MA 104 cells) within 12 hours after birth. As controls, healthy 
pups born of time-dated pregnant specified pathogen free mice (Harlan, Zeist, the Neth-
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erlands) were used.  RRV treated pups were housed in laminar flow cages in a 14/10 hours 
dark/light cycle and fed autoclaved water and Altromin TPF 1314 diet ad libitum. Control 
pups were housed in an individually ventilated cage system in a 12 hours dark/light cycle 
and fed water and standard rodent chow ad libitum. All pups were housed with their 
mothers. Pups were weighed daily and examined for signs of jaundice. All RRV treated BA 
pups developed jaundice and had oily fur after 14 days.

RRV and control pups were sacrificed by cervical dislocation at 7 or 14 days after 
birth. All experimental procedures were approved by the Ethical Committees for Animal 
Experiments by either the Hannover Medical School, or the University Medical Centre of 
Groningen.

Histology & Immunohistochemistry

We used the BARC histological assessment system to investigate the severity of BA 
(11). Histological review of all sections was performed with hematoxylin and eosin 
(H&E) stained liver sections using light microscopy. Immunohistochemistry using CK19 
(epithelial marker), α-SMA (fibrosis marker) and collagen type I (fibrosis marker) was also 
performed to evaluate the severity of fibrosis. The specific staining conditions applied for 
each antibody are outlined in Table 1. 

We used a quantitative scoring system for portal fibrosis, bile duct proliferation, hepato-
cellular necrosis, portal cellular infiltrate and visible bile duct plugs (Table 2A). CK19, α-SMA 
and collagen type I were semi quantified using the following scoring system: CK19 staining 
of the bile ducts:  0=negative, 1=weak, 2=moderate or 3=strong; α-SMA and collagen type 
I were scored for lobular or portal staining: 0=negative, 1=weak, 2=moderate or 3=strong. 
Two pathologists (GJAO, FJWtK) performed the analysis and scoring of all tissue sections. 
They did not have any knowledge concerning the clinical condition of the pups.

Table 1 | Immunohistochemistry: antibodies and staining procedures. 
Antibody Antigen retrieval Protein Block Dilution Incubation 

period
Detecting 
antibody

Detecting 
chromogen

CK 19 
(ab52625)

10 mM/1mM Tris/
HCL (pH 9.0)

Protein Block 
Serum free 
(DAKO, X0909)

1:100 1 hour GAR/RAG-PO DAB

α-SMA 
(A5228)

Not applied Protein Block 
Serum free 
(DAKO, X0909)

1:10.000 1 hour BrightVision Poly 
HRP-goat
α mouse/rabbit 

DAB

Collagen type I 
(1310-08)

10 mM Sodium-
citrate (pH 6.0)

Protein Block 
Serum free 
(DAKO, X0909)

1:100 1 hour RAG/GAR-PO DAB

Paraffin sections were counterstained with Mayer’s hematoxylin and mounted with pertex. 
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Statistical analysis

Results of histology and immunohistochemistry were analyzed with Chi-square test for 
trend or Fisher’s test when applicable. A p-value < 0.05 was considered statically sig-
nificant. All statistical analyses were performed with the Statistical Package for the Social 
Sciences version 20 (SPSS© Inc., Chicago, USA).

Results

Morphological characteristics and presence of bile ducts

We analyzed morphological characteristics according to the BARC of liver sections (11) 
using H&E stained slides (Table 2B, Fig. 1). We observed fibrous expansion of most portal 
areas with focal bile duct proliferation in all mice within the RRV group at 7 and 14 days. 
In addition, in 2 out of 17 animals (12%) there was focal portal-to-portal bridging fibrosis. 
We did not observe this bridging of the portal areas or focal bile duct proliferation in 
healthy mice (p<0.001). In the RRV group, a strong portal lymphoplasmacytic cellular 
infiltrate was found at 7 days, which tended to decrease to moderate by 14 days (p=0.06). 
In the control group a minimal cellular infiltrate was observed at 7 or 14 days. We did not 
observe bile plugs or hepatocellular necrosis in either the RRV or control groups. 

We applied the epithelial marker CK19 to visualize the interlobular bile ducts, and the 
intraportal and intralobular bile ductules (Table 2, Fig. 3, 6). CK19 staining of bile ducts 

Table 2A | Quantative scoring system used to measure portal fibrosis, bile duct proliferation, 
hepatocellular necrosis, portal cellular infiltrate and visible bile duct plugs.

 
Portal fibrosis

Bile duct 
proliferation

Hepatocellular 
necrosis

Portal cellular 
infiltrate

Visible bile duct 
plugs 

Score      

0 absent or fibrous 
expansion of 
some portal 

areas 

none absent or rare absent or 
minimal 

absent

1 fibrous expansion 
of most portal 

areas 

focal few hepatocytes mild canalicular only 

2 focal portal-
portal bridging 

generalized many 
hepatocytes

moderate bile duct only 

3 marked bridging   strong bile duct and 
canalicular

4 cirrhosis     

2
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was mainly absent to weak in the RRV group at 7 and 14 days (p=0.009, p=0.003), yet in 
the control group the same staining of the bile ducts increased from weak at 7 days to 
moderate at 14 days (p<0.001).

Presence of fibrosis 

To assess fibrosis, we performed immunohistochemistry for α-SMA and collagen type I 
(Table 3, Fig. 3, 4, 5). The lobular expression of α-SMA was not significantly different in the 
RRV group when compared to the control group. In the RRV group α-SMA was weakly 
expressed at 7 and 14 days and in the latter, moderate expression of α-SMA was seen only 
at 14 days. Expression of α-SMA was stronger in the portal tracts of healthy mice, and the 
expansion of α-SMA was significantly more profound in the RRV group at 7 and 14 days 
(p<0.001). 

Table 2B | Outcome of histological assessment of BA according to the BARC criteria.

RRV 
mice 
7 days 
(N=10)

RRV 
mice 
14 days 
(N=7)

Healthy 
mice 
7 days 
(N=14)

Healthy 
mice 
14 days 
(N=15)

p value

Grade of portal fibrosis *<0.001 **<0.001 ~~<0.001

- Absent of some fibrous 
expansion

0 0 14 15 

- Fibrous expansion of most 
portal areas

10 7 0 0

Bile ductular proliferation *<0.001 **<0.001 ~~<0.001

- None 0 0 14 15 

- Focal 9 6 0 0

- Generalized 1 1 0 0

Hepatocellular necrosis

- Absent / rare 10 7 14 15

Portal cellular infiltrate *<0.001 **<0.001 ^0.058 ~~<0.001

- Absent / minimal 0 0 7 12

- Mild 0 0 7 3

- Moderate / marked 2 5 0 0

- Strong 8 2 0 0

Visible bile plugs

- Absent 10 7 14 15

* RRV 7 days versus Healthy 7 days, ** RRV 14 days versus Healthy 14 days, ^ RRV 7 days versus RRV 14 days, 
^^ Healthy 7 days versus Healthy 14 days, ~~ RRV whole group versus Healthy whole group
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Lobular staining for collagen type I was significantly different between the two groups at 
14 days, the RRV group scored weak and the control group scored moderate (p=0.003). At 
7 and 14 days no difference was seen in the RRV group, whereas the control group scored 
weak at 7 days and moderate at 14 days (p<0.001). Portal staining of collagen type I was sig-
nificantly more pronounced in the RRV group compared with the control group (p=0.02). 

Table 3 | Assessment of CK19, α-SMA and collagen type I.
RRV 
mice 
7 days 
(N=10)

RRV mice 
14 days 
(N=7)

Healthy 
mice 
7 days 
(N=14)

Healthy 
mice 
14 days 
(N=15)

p value

CK19
Bile ductular staining *0.009 **0.003 ^^<0.001 ~~<0.001
- Negative 8 4 2 0
- Weak 1 2 11 2
- Moderate 1 1 1 12
- Strong 0 0 0 1

α-SMA 
Lobular staining NS
- Negative 1 2 3 6 
- Weak 8 4 11 4
- Moderate 0 1 0 5
Portal staining **0.037 ~~0.019
- Weak 0 1 0 0
- Moderate 4 2 3 1
- Strong 5 4 11 14
Expansion staining *<0.001 **<0.001 ~~<0.001
- Normal 0 0 11 11 
- Weak 0 1 3 4
- Moderate 6 2 0 0
- Strong 3 4 0 0

Collagen type I
Lobular staining **0.003 ^^<0.001
- Negative 0 0 3 0 
- Weak 7 5 9 2
- Moderate 2 2 2 13
Portal staining **0.006 ~~0.020
- Negative 0 0 1 0
- Weak 7 4 11 14
- Moderate 2 3 2 1

* RRV 7 days versus Healthy 7 days, ** RRV 14 days versus Healthy 14 days, ^ RRV 7 days versus RRV 14 days, 
^^ Healthy 7 days versus Healthy 14 days, ~~ RRV whole group versus Healthy whole group
NS not significant
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Figure 1 | HE slide of the liver of a RRV 
mice 7 days old (A) and 14 days old (B). 
Both 100x.

 

Figure 2 | CK19 slide of the liver of a RRV 
mice 7 days old (A) and 14 days old (B). 
Both 100x.

 

Figure 3 | α-SMA slide of the liver of a 
RRV mice 7 days old (A) and 14 days old 
(B). Both 100x

 

Figure 4 | Collagen type I slide of the 
liver of a RRV mice 7 days old (A) and 14 
days old (B). Both 100x

 

Figure 5 | Changes in time for α-SMA, collagen type I and CK19 in RRV mice and healthy mice 
using a semi-quantitative scoring system.
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Discussion

Whether (ongoing) fibrosis occurs in the murine model of BA still remains a matter of 
debate. As the rapid development of fibrosis is a clinical hallmark of human BA, it is im-
portant to investigate whether fibrosis occurs early in mice as well. Therefore, to further 
investigate similarities between the murine model and human BA we analyzed both 
morphological characteristics and severity of fibrosis in the murine model using the BARC 
criteria (11).

In the present study we demonstrate fibrous expansion of most portal areas with fo-
cal bile duct proliferation and strong portal lymphoplasmacytic cellular infiltrate in RRV 
mice. In addition, in 2 of the 17 RRV mice there was focal portal-to-portal bridging. These 
morphological findings are in accordance with the expected characteristics found in BA 
according to the BARC histological assessment system (11). We used the items most pre-
dictive for BA according to the BARC criteria, which were the items associated with biliary 
obstruction. Items indicative of parenchymal injury and inflammatory reaction were not 
discriminating between BA and non-BA cases in humans and therefore not investigated 
in the present murine model (11). In a multivariate model, it was found that bile duct 
proliferation, portal fibrosis and the absence of sinusoidal fibrosis, specifically predict the 
diagnosis BA (11). In the present study these histological features were only observed in 
the RRV mice and not in the healthy group. This implies that the current murine model 
of BA does resemble human BA concerning the most important morphological findings 
according to the BARC histological assessment system (11). 

In addition, we further detailed the severity of fibrosis using the markers α-SMA and 
collagen type I. In the RRV mice there was more evident expansion of staining for α-SMA, 
although α-SMA portal staining was stronger in healthy mice. The portal staining of col-
lagen type I was stronger in RRV mice compared with healthy mice. These results confirm 
previous findings that portal fibrosis is indeed occurring in the murine model of BA (4, 7). 

In this murine model for BA the histological findings are compatible to cholestatic 
induced fibrosis. Cholestasis leads to increased hepatocellular levels of bile acids, result-
ing in – among others – an increase in apoptosis (12). This type of cholestatic liver injury 
has also been described in the bile duct ligation murine model for BA, with hepatocyte 
apoptosis being an important characteristic of cholestatic liver disease (13). Hepatocel-
lular apoptosis triggers hepatic stellate cells, normally quiescent, these become activated 
upon liver injury. This activation causes increased expression of α-SMA and collagen type 
I (11, 14). This study has demonstrated this accumulation of α-SMA and collagen type I in 
the murine model of BA. 

While morphological features were similar at 7 and 14 days, inflammatory changes 
dominated at 7 days whereas fibrosis was the predominant feature at 14 days. These find-
ings are in accordance with a recent study concerning the kinetics of the viral infection 
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in the murine model: jaundice developed between days 5-8, atresia developed between 
days 8-12, while the virus was mostly cleared at day 12 (15).

As fibrosis develops rapidly in children with BA, it is important to investigate the 
chronological sequence of developing liver injury in the murine model of BA. In the 
majority of studies performed with the bile duct ligation model, fibrosis is scored only at 
one or two time points, ranging from 1 day to 12 weeks (16). A recent study has examined 
the short- and long-term impact of bile duct ligation on fibrogenesis in mice. Here bile 
duct proliferation was increased from days 2 until 14, and remained stable thereafter. 
Accumulation of collagen type I was observed until day 14. Α-SMA expression increased 
from day 3 until day 14 in the portal tracts, forming partial bridges between portal tracts. 
A decrease of α-SMA expression was found at 28 and 45 days with a more reticular pattern 
in the lobular parenchyma. Sirius red staining increased after day 7 until day 28. This study 
confirms that fibrogenesis occurs shortly after bile duct ligation (16). The accumulation 
of α-SMA and collagen type I within 14 days was also found in the present murine model 
of BA. 

CK19 bile duct staining was significantly absent to weak in RRV mice at 7 and 14 days. 
CK19 is an important marker for interlobular bile ducts, intraportal and intralobular bile 
ductules (17). There are several explanations for the absence in CK19 staining of bile 
ducts in the murine model. One of these being a decrease of native bile ducts due to the 
disease process. In human liver tissue of BA patients the diminished expression of CK19 
has also been reported (18, 19).

Another explanation might be epithelial to mesenchymal transition (EMT). This transi-
tion is a controversial process in which epithelial cells acquire a mesenchymal phenotype, 
and thus contribute to liver fibrosis in BA patients (18). During this morphological transi-
tion a decreased expression of epithelial markers (i.e. E-cadherin, CK7 and CK19) and an 
increased expression of mesenchymal markers were observed (i.e. α-SMA, collagen type 
I, S100) (18, 20, 21). 

While it is tempting to speculate on the fibrotic mechanisms (such as epithelial to 
mesenchymal transition), based upon the present study, further research to provide evi-
dence for the pro-fibrotic mechanisms in BA is warranted. The present model is suitable 
for such an investigation; in addition, the effects of anti-fibrotic therapies would be a 
useful adjunct.

The murine model of BA may have several limitations. First, severe liver fibrosis and 
portal hypertension have not been observed in mice (22). However, as we have demon-
strated, moderate fibrosis does occur in the murine model, making it suitable to investi-
gate fibrosis development in BA. Second, the pups survive no longer than 21 days, which 
again does not resemble human BA. This might be the main reason why severe fibrosis or 
cirrhosis is not observed in the murine model (22). Third, it has been suggested that the 
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murine model of BA is not comparable with human BA, as spontaneous recovery from BA 
has not been observed in human patients (7). 

Nevertheless, the present study reveals that the murine model of BA does resemble 
human BA concerning the morphological findings according to the BARC histological 
assessment system (11). Our model involves neonatal mice in contrast to the predomi-
nately murine bile duct ligation models that have so far been studied. This fact makes 
the murine model of BA even more unique and relevant as it enables investigation of 
early morphological changes and early development of fibrosis during BA progression. In 
human BA, patients only come to the attention of the physician when there is advanced 
disease thus making it difficult to investigate these early changes. As outlined before 
however, optimizing the murine model of BA (with effective translational research) is 
needed if the pathology in mice is to be understood (23). 

Conclusions

In the present study we have attempted to bridge the gap between the murine model 
of BA and the human disease. The morphological features of the murine model are in line 
with the characteristics observed in human BA as per the BARC criteria. In addition, we 
demonstrated portal fibrosis with focal portal-to-portal bridging in 2 out of 17 mice, and 
portal duct expansion in all mice within 14 days of disease. Therefore, this study confirms 
that the murine model of BA could be an important asset in investigating the pathogen-
esis of BA as well as BA induced fibrosis. Nonetheless, the murine model of BA does have 
several limitations, which have to be acknowledged. 
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Abstract 

Introduction 

Investigation of the pathogenesis of biliary atresia (BA) remains important as new insights 
might lead to the development of new therapeutic interventions to delay or prevent 
(progressive) liver fibrosis. Hedgehog (Hh) signaling pathway is one of regulators of the 
liver stem cell compartment, and one of the assumed promoters of epithelial to mesen-
chymal transition (EMT) during the development of liver fibrosis. To investigate whether 
Hh and EMT occurs in cholangiocytes during the rapid liver fibrosis in BA, we analyzed 
the Hh and EMT pathways in the Rhesus Rotavirus (RRV) induced model of BA as well as 
in human liver biopsies. 

Methods

Neonatal mice were injected intraperitoneally with RRV strain. Healthy pups were used 
as controls. All mice were sacrificed at 7 or 14 days after birth. Archival liver biopsies 
were also obtained from 11 human BA patients. Immunohistochemistry analysis (CK-7, 
CK-19, E-cadherin, collagen type-1, α-SMA,) of all murine and human liver sections was 
performed. Gene expression levels (CK7, CK19, E-cadherin, S100, Ptc, Ihh, collagen type-I, 
α-SMA) in murine livers was assessed using quantative reverse-transcription PCR.

Results

In the murine model, the immunohistochemistry results of the RRV group show an in-
crease of the mesenchymal/fibroblast markers with diminished bile duct staining of the 
epithelial markers. However, there was a contradictory increase in gene expression levels 
of epithelial markers. In the human sample, epithelial markers were present at differing 
levels (varying from low to strong) and the mesenchymal marker α-SMA was generally 
only present at a low level.

Conclusion 

No evidence was found for the activation of Hh pathway in the murine model. Further-
more, we found an increase in both epithelial and mesenchymal markers in the murine 
model. In liver biopsies of human BA patients, an increase in epithelial markers and no 
increase in mesenchymal markers was found. These findings suggest that cholangiocytes 
do not undergo EMT in BA related liver fibrosis.



39

Cholangiocytes do not undergo epithelial to mesenchymal transition in biliary atresia related liver fibrosis. 

Introduction 

Biliary atresia (BA) is a devastating inflammatory obliterative cholangiopathy in neonates 
that affects both intrahepatic and extrahepatic bile ducts. Despite adequate restoration 
of bile flow by performing Kasai portoenterostomy, liver fibrosis often progresses rapidly, 
necessitating liver transplantation in 70-80% of children (1). Unfortunately, BA is still a 
disease of unknown etiology. Investigation of the pathogenesis and pathophysiology of 
BA remains important as new insights might lead to the development of new therapeutic 
interventions to delay or prevent (progressive) liver fibrosis. 

Recent data revealed that the Hedgehog (Hh) signaling pathway is one of the most im-
portant regulators of the liver stem cell compartment, and one of the assumed promoters 
of epithelial to mesenchymal transition (EMT) during the development of liver fibrosis 
(2). The Hh signaling pathway regulates cell processes such as proliferation, apoptosis, 
migration and differentiation (3). Hh signaling is initiated when Hh ligands, such as Sonic 
Hedgehog (Shh) or Indian Hedgehog (Ihh), which are soluble, lipid-modified morpho-
gens, bind to their receptor Patched (Ptc), a membrane-spanning receptor on the surface 
of Hh-responsive cells (3). This leads to the activation of Hh- regulated trans-activating 
factors, including the Glioblastoma (Gli) family of transcription factors. While Hh signaling 
is virtually absent in the normal liver, the Hh pathway is involved in the regulation of 
remodeling responses to cholestatic liver injury after biliary obstruction leading to fibrosis 
(4, 5).

EMT, in which proliferating cholangiocytes lose some of their epithelial phenotypic 
characteristics and acquire a more mesenchymal phenotype (6), plays an important role 
in tissue construction during embryogenesis, and has recently been demonstrated in 
liver fibrosis in chronic liver injury (4, 7). During EMT the morphological transition from an 
epithelial to mesenchymal phenotype of cholangiocytes is accompanied by decreased 
expression of epithelial markers (i.e. CK7, CK19 and E-Cadherin) and increased expression 
of mesenchymal and fibroblast markers (i.e. α-SMA, Collagen type I, S100) (8, 9). 

A recent study has suggested that activation of the Hh signaling pathway is an im-
portant mechanism in the development of the biliary pathology in BA. Omenetti et al 
suggested that up-regulation of the Hh signaling pathway resulted in stimulation of EMT 
and thus contributes to the biliary dysmorphogenesis (3). Evidence for EMT in cholan-
giocytes in BA patients was also found and it was suggested that EMT is an important 
contributor to fibrosis in BA (10). In vitro experiments with human biliary epithelial cells 
demonstrated that stimulation with poly I:C (a synthetic analogue of viral dsRNA) de-
creased the expression of CK19 and E-Cadherin with an increased expression of S100A4 
(fibroblast marker) and Snail (an EMT marker). These findings suggest that these cells had 
undergone the EMT process (11). However, a recent review by Park et al concluded that 
whether cholangiocytes actually undergo EMT remains a controversy (12). It has been 
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found that hepatocytes and cholangiocytes are not able to undergo EMT in murine 
models of hepatic fibrosis, but cholangiocytes were able to undergo EMT in vitro (13). 

To investigate whether Hh and EMT occurs in cholangiocytes during the rapid liver 
fibrosis associated with BA, we analyzed the Hh and EMT pathways in the Rhesus Rotavi-
rus (RRV) induced model of BA as well as in human liver biopsies (14). The morphological 
differences according to the Biliary Atresia Research Consortium (BARC) (15) between the 
RRV group and healthy controls were previously described (16). It was found that the mor-
phological features scored in this murine BA model are in accordance with the expected 
characteristics found in BA in humans. The RRV murine model for BA therefore makes it 
possible to investigate the possible role that Hh and EMT might play in cholangiocytes 
during the rapidly progressive fibrosis over time. Both Hh and EMT signaling pathways 
were analyzed using immunohistochemistry (IHC) and gene expression analysis (reserve 
transcription-PCR). 

Materials and Methods

Murine model of BA

We used the RRV murine model of BA as described previously (14). Pups were born of 
time dated pregnant specified pathogen free Balb/c AnNCrl mice (Charles River, Sulzfeld, 
Germany). Within 12 hours after birth pups (n = 17) were injected intraperitoneally with 
50 μl phosphate buffered saline containing 10*6 plaque forming units/ml of rhesus rota-
virus (RRV) strain MMU 18006 from infected MA 104 cells. RRV treated pups were housed 
in laminar flow cages in a 14/10 hours dark/light cycle and fed autoclaved water and 
Altromin TPF 1314 diet ad libitum. For the control group, pups were born of time dated 
pregnant specified pathogen free mice (Harlan, Zeist, the Netherlands). Control pups (n = 
29) were housed in an individually ventilated cage system in a 12 hours dark/light cycle 
and fed water and standard rodent chow ad libitum. All pups were housed with their 
mothers. Pups were examined daily (weighed and examined for signs of jaundice). RRV 
treated pups developed jaundice and had oily fur after 14 days. 

Pups from both groups were sacrificed at 7 or 14 days after birth. All experimental 
procedures were approved by the Ethical Committees for Animal Experiments by either 
the Hannover Medical School, or the University Medical Centre of Groningen.
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BA patients

Archival liver biopsies were obtained from 11 BA patients. The median age at the time of 
the Kasai procedure was 53 (range 27 – 85) days. The liver biopsies were paraffin fixed and 
prepared for histological and immunohistochemistry examination.

Histology & Immunohistochemistry

Histological review of all sections was performed with hematoxylin and eosin (H&E) 
stained liver sections using light microscopy. Immunohistochemistry was performed 
to evaluate presence of EMT and Hh. The specific staining conditions applied for each 
antibody are outlined in Table 1A for murine samples and Table 1B for human samples. 

The analysis of all tissue sections of the murine model and the BA patients was per-
formed by two pathologists (GJAO, FJWtK). The investigators were not informed about 
the clinical data (RRV versus healthy). For the evaluation of CK7 and CK19 the staining 
of the bile ducts was scored as follows: negative, weak, moderate or strong. E-Cadherin 
was judged by scoring both the region (periportal, central, diffuse) and the intensity of 
the staining (negative, weak, moderate or strong). For evaluation of α-SMA and Collagen 
type 1, the following scoring system was used: lobular or portal staining; negative, weak, 
moderate or strong. Severity of fibrosis was scored as: none, mild (portal fibrosis without 
septa), moderate (portal fibrosis with septa), severe (bridging fibrosis) or cirrhosis (nodular 
regeneration).

Table 1 | Immunohistochemistry: antibodies and staining conditions. 

A Murine liver samples

Antibody Antigen 
retrieval

Protein Block Dilution Incubation 
period

Detecting 
antibody

Detecting 
chromogen

CK 19 
(ab52625)

10 mM/1mM 
Tris/HCL (pH 
9.0)

Protein Block 
Serum free 
(DAKO, X0909)

1:100 1 hour GAR/RAG-PO DAB

α-SMA
(Sigma A2547)

Not applied Protein Block 
Serum free 
(DAKO, X0909)

1:10.000 1 hour BrightVision Poly 
HRP-goat
α mouse/rabbit 

DAB

Collagen type 
I (1310-08)

10 mM 
Sodium-citrate 
(pH 6.0)

Protein Block 
Serum free 
(DAKO, X0909)

1:100 1 hour RAG/GAR-PO DAB

E-Cadherin 
(Zymed 
180223)

Tris/EDTA Mouse on 
Mouse block

1:50 overnight MoM Bright DAB

Paraffin sections were counterstained with Mayer’s hematoxylin and mounted with pertex. 
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Gene expression

RNA was isolated from frozen murine liver samples using the TRIzol reagent (Invitrogen, 
Bleijswijk, NL) protocol. The RNA was quantified by spectrophotometry on a Nanodrop 
ND-100 analyzer (Nanodrop products, Wilmington, DE, USA). Obtained RNA was treated 
with deoxyribonuclease I (Amplification Grade AMP-D1, Sigma Aldrich, Zwijndrecht, NL) 
in 10x reaction buffer solution for 15 minutes at room temperature. The reaction was 
stopped by adding the Stop solution (Sigma Aldrich) and incubated for 10 minutes at 
70°Celsius. After applying Oligo-dT 0.5 μg/μl (for 10 minutes at 70°Celsius), cDNA was 
synthesized from a mixture of 100 μg/μl RNA, M-MLV Reverse Transcriptase (Invitrogen, 
Bleijswijk, NL, 28025013), deoxy nucleoside triphosphates (Invitrogen, Bleijswijk, NL, 
10297018), DTT, first strand buffer, ribonuclease inhibitor (Invitrogen, Bleijswijk, NL, 
10777019). This mixture was incubated at 37°Celsius for 50 minutes and at 70°Celsius for 
15 minutes. 

Quantitative reverse-transcription PCR (rt-PCR) was performed using a mix of 10 μl 
SYBR Green (Applied Biosystems, Foster City, CA, USA), 0.4 μl primer mix (forward and 
reversed primer), 4.6 μl H2O and 5 μl diluted cDNA (corresponding to 20 ng of total RNA). 
Primers were designed using the Primer Express Software (Applied Biosystem) and ob-
tained from Invitrogen (Bleijswijk, NL).

PCR amplifications were performed using the following primers and probes: CK7, 
CK19, E-Cadherin, S100, Ptc, Ihh, β-actine, Collagen type I and α-SMA. The Tagman system 
in an ABIPRISM 7900HT Sequence Detector System (Applied Biosystem) was used for 
the quantitative RT-PCR assay. Each sample was analyzed in triplicate. The levels of gene 
expression were calculated as a ratio to the house keeping gene β-actin according to the 
∆∆Ct method. 

B | Human liver samples 

Antibody Antigen 
retrieval

Protein Block Dilution Incubation 
period

Detecting 
antibody

Detecting 
chromogen

CK7
Biogenex 
MU255-UC

Pepsin Protein Block 
Serum free (DAKO, 
X0909)

1:4000 1 Hour Poly-HRP DAB

CK19
(Novocastra 
NCC-CK19)

10 mM/1mM 
Tris/HCL (pH 
9.0)

Protein Block 
Serum free (DAKO, 
X0909)

1:100 1 Hour Poly-HRP DAB

α-SMA
Sigma A2547

Not applied Protein Block 
Serum free (DAKO, 
X0909)

1:10000 1 Hour Poly-HRP DAB

E-Cadherin
(BD Biosc. 
610182)

10 mM/1mM 
Tris/HCL (pH 
9.0)

Protein Block 
Serum free (DAKO, 
X0909)

1:200 1 hour Poly-HRP DAB++ 
DAKO 
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Statistical analysis

The results of the IHC were analyzed with Chi-square test for trend or Fisher’s test when 
applicable. The rt-PCR data of the two murine groups (RRV versus healthy mice) were 
analyzed with the non-parametric Mann Whitney-U test. A p value < 0.05 was considered 
statistically significant. The correlation between expression of Ptc and Ihh with the differ-
ent genes was assessed using Spearman’s correlation. The correlation between grade of 
fibrosis, EMT markers and clinical outcome (jaundice clearance after Kasai) for the human 
patients was also assessed using Spearman’s correlation.  All statistical analyses were 
performed with the Statistical Package for Social Sciences version 20 (SPSS 20.0©, IBM, 
Chicago, IL, USA).

Results

EMT

The presence of EMT was investigated using both IHC (murine and human liver samples) 
and by rt-PCR (murine liver samples).

To evaluate EMT in the murine liver, IHC was performed using the markers for epi-
thelial (CK19, E-Cadherin), and mesenchymal and fibroblast (α-SMA and Collagen type I) 
phenotypes. The results are shown in Table 2A and figure 1. In short, in the RRV group the 
CK19 staining of bile ducts was mainly absent to weak, which was significantly different 
compared with the control groups were it was strong (p = 0.009, p = 0.003). Although 
expression of α-SMA was present in the portal tracts of healthy mice, there was a greater 
expansion of α-SMA staining in the RRV group (p < 0.001). Portal staining of Collagen type 
I was more pronounced in the RRV group (p = 0.020). E-Cadherin staining was particularly 
present in the periportal area in the control group and more diffusely in the RRV group (p 
= 0.022). The intensity of the E-Cadherin staining was moderate/strong in the RRV group 
versus weak/moderate in the control group (p = 0.033).

The rt-PCR results of the murine liver biopsies are shown in table 3. These data dem-
onstrate an increase in both epithelial and mesenchymal gene expression in RRV mice in 
time: we observed a significant increase in CK7, CK19, E-Cadherin and S100 in 14 days old 
RRV mice when compared with 7 days old RRV mice. No difference in the RRV group (7 
vs. 14 days) was found for Ptc, α-SMA and Collagen type 1. When we compared RRV mice 
with the control group, we observed a lower level of some of the epithelial markers (CK7) 
and a higher level of mesenchymal markers (S100) in the RRV group at 7 days. This pattern 
changed over time: in the 14 days old group the RRV mice had lower level α-SMA and a 
higher level of E-Cadherin and S100 compared with the healthy group. 
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EMT and fibrosis was further investigated by IHC in liver biopsies of 11 BA patients 
using the epithelial markers CK7, CK19, E-Cadherin and the mesenchymal marker α-SMA 
(Table 2B and Figure 1). CK7 and CK19 staining was weak in five patients, moderate in two, 
and strong in three patients. The α-SMA portal and lobular expression was in the majority 
evaluated as none or weak. In three patients cirrhosis was found in the liver biopsies, and 
in six patients there was severe fibrosis. There was no correlation between grade of liver 
fibrosis and CK7, CK19 or α-SMA expression. Age at Kasai was correlated to CK7 and CK19 
expression: the older the patient the greater CK7 and CK19 expression (both r = 0.6, p= 
0.08). None of the markers were correlated to clearance of jaundice after Kasai.

Table 2 | Results of the immunohistochemistry of A: murine liver samples and B: liver samples of BA patients 

A: Results of IHC per mouse group 

 RRV mice Healthy mice

 7 days (n = 10) 14 days (n = 7) 7 days (n = 15) 14 days (n = 14)

Grade of fibrosis
portal fibrosis 
without septa

portal fibrosis 
without septa

none none 

CK19 none/weak weak weak moderate

E-Cad
diffuse, moderate/

strong
diffuse, moderate/

strong
central, weak/

moderate
periportal, weak/

moderate

α-SMA: portal strong strong strong strong

lobular weak weak weak weak

Coll I:    portal weak/moderate weak/moderate weak weak

lobular weak/moderate weak/moderate weak moderate

B | Results of IHC per BA patient

Patient
Fibrosis 
grade

CK7 CK19 E-Cadherin α-SMA (portal) a-SMA (lobular)

1 Severe Strong Strong Diffuse staining None None

2 Severe Weak Weak Diffuse staining None Moderate

3 Cirrhosis Weak Weak Diffuse staining Weak Weak

4 Cirrhosis Strong Strong Diffuse staining  - Weak

5 Severe Moderate Moderate Diffuse staining Strong Weak

6 Cirrhosis Strong Strong Diffuse staining Strong Weak

7 Moderate -  - Diffuse staining None None

8 Severe Weak Weak Diffuse staining None None

9 Severe Weak Weak Diffuse staining - None

10 Moderate Moderate Moderate Diffuse staining None None

11 Severe Weak Weak Diffuse staining Weak None
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Figure 1 | Immunohistochemistry sections of 7 and 14 days old RRV mice and liver biopsy sam-
ples of human BA patients for: HE (A, B, C); α-SMA (D, E, F); collagen type 1 (G, H); CK 7 (I); CK 19 
(J, K, L); E-Cadherin (M, N, O). All sections are shown at 100x magnification
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Hh signaling pathway

Activation of the Hh signaling pathway was investigated through rt-PCR to measure the 
level of gene expression for both Ihh and Ptc. The rt-PCR results of the liver biopsies were 
compared between the four murine groups (Table 3). In both the RRV and control mice an 
increase in Ihh expression was found at 14 days. Ihh expression in the 7 days old RRV mice 

Table 3 | Results of the rt-PCR of the murine liver biopsies. 
RRV mice Healthy mice

Gene 7 days (n = 10) 14 days (n = 7) 7 days (n = 14) 14 days (n = 15)
CK7 0.52* (0.31-0.89) 3.23^ (1.43-6.18) 1.27 (0.82-1.77) 1.50 (1.22-2.01)

Epithelial CK19 0.33 (0.23-1.05)
1.17^ (1.070-

2.70)
0.84 (0.68-1.36) 1.33 (0.78-1.55)

E-Cad 1.14 (0.87-1.41)
1.620^ (1.41-

1.99)
0.96 (0.78-1.14) 1.01 º (0.86-1.09)

Ihh 0.42* (0.24-0.76) 2.85^ (1.28-2.94) 1.25~ (1.05-1.37) 2.15 (1.67-3.37)
Hedgehog Ptc 0.51 (0.26-1.24) 0.89 (0.25-1.97) 1.00 (0.83-1.32) 1.27 (0.95-1.82)

S100 1.50* (1.24-2.21) 5.85^ (1.99-8.26) 0.46 (0.37-0.51) 0.37 º (0.31-.42)
α-SMA 1.09 (0.87-1.34) 0.88 (0.58-1.22) 1.17~ (0.77-1.63) 1.99 º (1.06-2.12)

Mesenchymal Collagen 
type I

1.06 (0.55-1.72) 1.40 (0.82-3.22) 0.86~ (0.74-1.40) 1.34 (1.14-1.93)

Results are shown as median (range)
* Significant different comparing RRV 7 days versus healthy mice 7 days
^ Significant different comparing RRV 7 days versus RRV 14 days
~ Significant different comparing healthy mice 7 days versus healthy mice 14 days
º Significant different comparing RRV 7 days versus healthy mice 14 days

Table 4 | Correlations between Ptc/Ihh and gene expression levels.  
    RRV 

mice    
Healthy 

mice   
   7 days  14 days  7 days  14 days
   Ptc Ihh Ptc Ihh Ptc Ihh Ptc Ihh
 CK7 r -0,46 0,57 -0,71 0,68 -0,20 0,48 -0,76 0,58
  P 0,184 0,87 0,71 0,09 0,48 0,08 < 0,01 0,02

Epithelial CK19 r -0,29 0,5 -0,5 0,61 0,48 -0,02 -0,27 -0,02
  P 0,41 0,14 0,25 0,15 0,84 0,93 0,33 0,93
 E-Cad r 0,27 -0,06 0,57 -0,39 0,70 -0,47 0,68 -0,71
  P 0,44 0,99 0,18 0,38 0,01 0,09 0,01 < 0,01
 S100 r -0,78 0,96 -0,71 0,46 -0,34 0,24 -0,55 0,70
  P 0,01 < 0,01 0,07 0,29 0,23 0,41 0,03 < 0,01

Mesenchymal α-SMA r 0,54 -0,75 0,18 -0,04 0,64 -0,41 -0,16 -0,02
  P 0,11 0,01 0,70 0,94 0,01 0,14 0,57 0,95
 Collagen 

type I
r -0,41 0,18 0,00 0,93 -0,02 0,36 -0,77 0,86

  P 0,24 0,96 1,00 0,38 0,94 0,21 < 0,01 < 0,01

r = correlation coefficient, significant correlations at the 0.05 level are highlighted marked in bold 
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was significantly higher than in the 7 days old healthy mice. No significant differences in 
the expression of Ptc was found in or between the RRV and control groups on either time 
point. Correlations for expression of Ptc and Ihh with the CK7, CK19, E-Cadherin, S100, 
α-SMA and Collagen type I are shown in Table 4. 

Discussion

Recent data revealed that the Hh signaling pathway is one of the most important regula-
tors of the liver stem cell compartment, and one of the assumed promoters of EMT during 
the development of liver fibrosis (2). There is still much unclear about what role, if any, Hh 
and EMT play in the rapidly progressive fibrosis in BA. To contribute to the ongoing discus-
sion if cholangiocytes undergo EMT in BA, we analyzed both Hh and EMT in a murine 
model for BA. Healthy age-matched mice were used as a control group. Moreover, we 
examined the presence of EMT in liver biopsies of BA patients. 

A previous study has suggested that activation of the Hh signaling pathway is an 
important mechanism in the development of the biliary pathology in BA. It was found 
that up-regulation of the Hh signaling pathway resulted in stimulation of EMT and may 
contribute to the biliary dysmorphogenesis (3). Our findings are in contrast to these find-
ings. We did find an increase in Ihh expression in RRV mice over time but this was also 
seen in de healthy pups. Furthermore, an increase in Ihh expression was not mirrored 
by an increase in Ptc expression as would be expected if the Hh pathway is activated. 
A previous pilot study by our group was also unable to show an increase in other Hh 
markers such as Shh and Gli in RRV mice (17).

In the mouse model, the immunohistochemistry results of the RRV group show an in-
crease of the mesenchymal/fibroblast markers α-SMA and Collagen type I with diminished 
bile duct staining of the epithelial marker CK19 and E-Cadherin. These findings suggest 
that EMT might be present in these RRV mice. However, there was an increase in gene 
expression levels of the epithelial markers CK7, CK19 and E-Cadherin in the RRV mice. This 
is unexpected as in EMT epithelial markers should decrease. The increased epithelial gene 
expression was also conflicting with the immunohistochemistry results, which showed a 
down regulation of epithelial markers. Moreover, although we did observe an increase in 
gene expression level of the mesenchymal marker S100, there was no change in α-SMA 
or Collagen type I gene expression levels. These inconclusive finding might be due to 
the fact that whole liver section (i.e. parenchyma and portal tracts) were used for gene 
expression analysis whilst for IHC only the biliary tracts were investigated. mRNA from 
liver parenchyma might mask locally increased levels of Hh and EMT gene expression as 
fibrosis in BA starts in the portal tracts. 
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We were also unable to demonstrate EMT in the liver biopsies of human BA patients. 
In these patients epithelial markers were present at differing levels (varying from low to 
strong) and the mesenchymal/fibroblast marker α-SMA was generally only present at a 
low level. This is in contrast a recent study that did find increased α-SMA levels in human 
BA patient liver biopsies at time of Kasai procedure (18). This increase in α-SMA levels 
was most markedly observed in infants who were older at the time of biopsy. Direct 
comparison to this study is however difficult due to the differing manner in which α-SMA 
levels are reported. None of the epithelial or the mesenchymal markers were correlated to 
grade of fibrosis. Moreover, the two biopsies that expressed a high level of portal α-SMA 
also showed high levels of CK7 and CK19. We expected that the epithelial markers would 
be decreased as a result of the manifestation of EMT. We were unable to find a correlation 
between EMT markers and clinical outcome or fibrosis. This is in contrast to a recent study 
which suggested that α-SMA levels were correlated to grade of fibrosis in human liver 
biopsies (19). 

Previous studies suggested evidence for EMT in liver biopsies of patients with BA (10, 
19, 20). It was found that the cholangiocytes in the liver biopsies of BA patients expressed 
several mesenchymal IHC markers (S100A4, HSP47, Vimentin and α-SMA), suggesting 
ongoing EMT. EMT has also been observed in other diseases with bile duct proliferation. 
This suggests that EMT is a general response to ductular proliferation (10). In contrast, an 
in vivo experiment with a murine model of hepatic fibrosis revealed that cholangiocytes 
do not undergo EMT. In vitro EMT was found in cultured cholangiocytes (13). A study 
performed with cultured human cholangiocytes stimulated with poly I:C revealed that 
treatment with poly I:C leads to a diminished expression of CK19 and E-Cadherin with 
an increased expression of S100A4 and Snail, suggesting that EMT may contribute to the 
sclerosing cholangiopathy of BA (11). Moreover, in damaged bile ducts of BA patients 
a decreased expression of CK19 and E-Cadherin was found with increased expression 
of Vimentin compared with non-damaged bile ducts in BA patients (11). Thus, human 
cholangiocytes are expressing several markers suggesting mesenchymal phenotypes, 
but whether cholangiocytes actually develop into myofibroblasts remains unanswered 
(12).

A review by Park et al discussed this ongoing debate concerning EMT in cholangiocytes 
(12). It concluded that indirect results suggest that EMT exists in human cholangiocytes, 
but that recent studies revealed strong evidence against EMT using lineage tracing 
methods in murine models for liver fibrosis demonstrating that the cholangiocytes do 
not actually become myofibroblasts (12, 13, 21). This confirms our finding that EMT is not 
a factor in BA related liver fibrosis. 

This present study has a number of methodological limitations. First, not all Hh or EMT 
markers were investigated with IHC or rt-PCR. The second limitation is that the rt-PCR was 
applied to the liver biopsies as one entity instead of only to the portal area. To overcome 
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this problem, we suggest performing laser capture microdissection of the portal areas 
and comparing these portal areas with the liver parenchyma. Thirdly, there were only 11 
liver biopsies available from human BA patients. Increasing the number of BA patients 
would help to strengthen our findings. 

The murine model for biliary atresia that we used has been shown to be a reliable 
model to study the development of liver fibrosis and can help facilitate further investiga-
tions (22). The absence of EMT in this model might be explained by the time points of 
sacrifice. EMT might not have been able to manifest itself during the 7 or 14 days till 
sacrifice.

Conclusions

There is still much unclear about what role, if any, EMT plays in the rapidly progressive 
fibrosis in BA. Using a murine model for BA and liver biopsies human BA patients we 
investigated whether Hh and EMT occurs in cholangiocytes during the development 
of BA related liver fibrosis. No evidence was found for the activation of Hh pathway in 
the murine model. Furthermore, we found that in the murine model for BA there is an 
increase in both epithelial and mesenchymal markers. If EMT is present cholangiocytes 
would acquire a mesenchymal or fibroblast phenotype and epithelial markers should 
decrease whilst mesenchymal markers increase. This does not seem to happen. In liver 
biopsies of BA patients, we demonstrated an increase in epithelial markers and no in-
crease in mesenchymal markers. There was no association between any of the markers 
and clinical outcome. Our findings suggest that cholangiocytes do not undergo EMT in 
BA related liver fibrosis.
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Abstract

Introduction 

The Aspartate Transaminase to Platelet Ratio Index (APRI) is postulated as non-invasive, 
easily available surrogate marker for the severity of liver fibrosis in adults. We aimed to 
determine whether APRI correlates with severity of fibrosis or (transplant-free) survival in 
children with biliary atresia (BA). 

Methods 

Using a prospective BA database, we identified all pediatric patients who had undergone 
a Kasai portoenterostomy (KPE) at our center. All patients who underwent liver biopsy 
before or during the KPE were eligible to be included in this study. Fibrosis was graded 
none, mild (portal fibrosis without septa), moderate (portal fibrosis with septa), severe 
(bridging fibrosis) or cirrhotic (nodular regeneration). APRI was computed using values 
obtained just before portoenterostomy. The correlations between APRI with grade of 
fibrosis and overall- and transplant free survival were calculated. 

Results 

31 patients were included. Severity of fibrosis was mild (n=7), moderate (n=9), severe 
(n=9) or cirrhotic (n=6) in biopsies. Median APRI according to grade of fibrosis was: mild 
1.26 (0.91 – 5.69), moderate 1.41 (0.74 – 7.18), severe 1.37 (0.80 – 4.02), cirrhotic 1.33 (0.64 
– 4.77). No significant differences were found in APRI for different levels of fibrosis. No 
correlation between APRI and grade of fibrosis was found. (Transplant-free) survival was 
not correlated to APRI.

Conclusion

APRI is not a suitable surrogate marker for liver fibrosis in the pediatric BA patient in the 
onset stage of the disease and does not predict (transplant-free) survival
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Introduction

Biliary atresia (BA) is a rare disease of unknown etiology characterized by the obstruction 
and obliteration of the biliary tree leading to cholestasis. Progressive cholestasis leads to 
liver fibrosis, cirrhosis and eventually to end-stage liver disease (ESLD) eventually requir-
ing orthotropic liver transplantation (OLT) for survival. BA is the most common indication 
for pediatric OLT (1). 

The management and outcome of progressive liver conditions is strongly dependent 
on the severity of liver fibrosis and occurrence of cirrhosis (2). Treatment of BA is surgical 
and is aimed at restoring normal bile flow as soon as possible after diagnosis, thereby 
preventing or postponing liver fibrosis and ESLD. To achieve this, the obliterated extra-
hepatic biliary tree is excised and a Roux Y loop is anastomosed to the portal area of 
the liver. This procedure is called a Kasai portoenterostomy (KPE) (3). Though a KPE can 
successfully restore bile flow, progressive intra-hepatic bile duct obstruction can still lead 
to cholestasis, cirrhosis and ESLD. 

Seventy to 80% of children who undergo an initially successful KPE will eventually 
develop progressive liver fibrosis and cirrhosis requiring OLT for survival (4, 5). Early per-
formance of KPE is important as a greater level of fibrosis prior to KPE has been suggested 
to be associated with decreased survival in BA patients (6, 7).  

Liver biopsy (LB) is the golden standard for the assessment and monitoring of the extent 
of liver fibrosis. Although percutaneous LB is generally considered a safe procedure with 
a low complication rate, an overall mortality rate of 1/1000-1/10000 has been reported 
(8, 9). LB also has certain limitations: the presence of different techniques and scoring 
systems, most of which suffer from inter-observer and sampling variability (10, 11). 

Due to the shortcomings associated with LB, research has been done to find a less 
invasive surrogate marker for liver fibrosis (12). Aspartate transaminase to platelet ratio 
index (APRI), consisting of 2 readily available laboratory results (AST level and platelet 
count), has been shown to successfully predict the degree of fibrosis and cirrhosis in 
chronic liver diseases in adults (13, 14). APRI has only been applied with differing success 
in pediatric liver conditions (15, 16). 

The aim of this study was to determine if APRI can be used as a non-invasive reliable 
tool in estimating liver fibrosis and predicting (transplantation free) survival in children 
with biliary atresia. 

4
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Materials and methods 

Population

Using the prospective BA database of the University Medical Center Groningen, we identi-
fied all pediatric patients who had undergone a Kasai portoenterostomy at our center. All 
patients who underwent liver biopsy before or during the Kasai portoenterostomy were 
eligible to be included in this study. Overall and transplant-free survivals were determined.

Scoring of fibrosis

An experienced pathologist examined the liver biopsy samples and scored the severity 
of fibrosis: none, mild (portal fibrosis without septa), moderate (portal fibrosis with septa), 
severe (bridging fibrosis) or cirrhosis (nodular regeneration) (17). Mild and moderate 
fibrosis was considered non-advanced; severe fibrosis and cirrhosis were considered 
advanced fibrosis. 

Aspartate Transaminase to Platelet Ratio Index

Serum levels of AST and platelet concentrations were recorded at time of KPE. APRI was 
calculated as previously described in the literature (18):

(Patient serum AST/ upper limit of reference level of AST) X 100
  Platelet concentration

Statistics

All collected data were entered into a database and analyzed using SPSS 17.0 (Chicago, 
IL, USA). Data shown are median scores with range unless otherwise stated. Survival was 
calculated at the time of the study for individual patients. The correlations between level 
of KPE-APRI with grade of fibrosis and overall- and transplant free survival were calculated 
using Pearson’s Correlation. Correlations with a coefficient less than 0.30 were considered 
weak. Those between 0.30 and 0.50 were viewed as moderately strong and a correla-
tion coefficient above 0.50 was considered strong (19). A one-way ANOVA was used to 
determine if there were significant differences in KPE-APRI for different grades of fibrosis. 
The diagnostic performance of APRI for the detection advanced fibrosis and cirrhosis 
was assessed using area under the receiver operating characteristics (AUC-ROC) curve 
(values near 1.0 indicate high diagnostic accuracy). Kaplan Meier survival curves were 



57

Aspartate Transaminase to Platelet Ratio Index

constructed and survival rates were compared using the log rank test for different grades 
of fibrosis. P ≤ 0.05 was considered statistically significant.

Results

In total 37 eligible patients were identified. Complete data was available for 31 (13♂ and 
18♀) patients. Six patients were lost during follow-up (follow-up at different center) or 

had incomplete medical and laboratory records and were subsequently excluded. The 
median age at time of KPE was 59 days (range 33 - 141). Median follow-up was 5.5 years 
(0.1 – 16.3). Patient characteristics are summarized in table 1. Demographics for the six 
excluded patients were comparable to that of the included patients (data not shown), 

The fibrosis stages in biopsies were: mild (n=7), moderate (n=9), severe (n=9) and 
cirrhotic (n=6). There were no biopsies without fibrosis. Median overall APRI at time of 
biopsy was 1.37 (range 0.64 - 7.18). Median APRI according to grade of fibrosis was (figure 
1): mild 1.26 (range 0.91 – 5.69), moderate 1.41 (0.74 – 7.18), severe 1.37 (0.80 – 4.02) and 
cirrhotic 1.33 (0.64 – 4.77). No significant differences were found in APRI for different levels 
of fibrosis (p = 0.89). No correlation between APRI and grade of fibrosis was found (r = 
0.007, p = 0.07). Characteristics according to grade of fibrosis are listed in table 1. 

APRI for non-advanced and advanced fibrosis were not statistically different: non ad-
vanced 1.26 (0.74 – 7.18); advanced 1.37 (0.64 – 4.77), p = 0.70. The AUC-ROC for advanced 
fibrosis was 0.504 (figure 2). The AUC-ROC for cirrhosis was 0.473.

 Median APRI were similar for overall survival [1.26 (range 0.74 - 7.18), n = 21] and death 
[1.39 (0.64 - 3.56), n = 10]. Median APRI were also similar in patients who were still alive 

4

Table 1 | Clinical characteristics of all patients and comparison between different fibrosis 
groups according to histological findings at time of KPE. Age and APRI are median with range; 
AST and platelet concentrations are mean with 1 standard deviation.

 Overall Mild fibrosis        
Moderate 

fibrosis 
Severe fibrosis Cirrhosis               

Number 31 7 9 9 6

Age at Kasai in 
days

59 (33 - 141) 57 (44 - 82) 62 (33 - 89) 84 (35 - 141) 56 (52 - 106)

Male (%) 13 (42) 2 (29) 5 (56) 4 (44) 2 (33)

AST (U/l)      292 ± 196 277 ± 203 345 ± 246 244 ± 113 305 ± 233

Platelet count 
(10^9/L)

407 ± 120 405 ± 86 431 ± 140 400 ± 152 385 ± 87

APRI
1.37 

(0.64 - 7.18)
1.26 

(0.91 – 5.69)
1.41 

(0.74 – 7.18)
1.37 

(0.80 – 4.02) 
1.33 

(0.64 – 4.77)
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Figure 1 | Median APRI versus severity of fibrosis.

 Figure 2 | ROC curve to investigate the diagnostic performance of APR for detection of ad-
vanced fibrosis. AUC is 0.504 
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with native liver [1.40 (0.80 - 5.06), n = 9], in patients who underwent liver transplantation 
[1.18 (0.64 - 7.18), n = 17], and patients who were still alive after OLT [1.17 (0.74 – 7.18) 
(figure 3). 

Neither overall survival (r = 0.13; p = 0.48) nor transplant-free survival (r = 0.08; p = 0.67) 
was correlated to APRI. Grade of fibrosis was not correlated to survival (r = 0.16; p = 0.38) 
nor transplant-free survival (r = 0.08; p = 0.67). Table 2 shows overall survival, transplant-
free survival and survival after OLT according to the grade of fibrosis.  

Kaplan Meier survival curves are shown in figure 4.  Overall survival (p = 0.80) and 
transplant-free survival rates (p = 0.92) were not significantly different for grade of fibrosis. 

4
 

Figure 3 | Median APRI versus survival, with or without native liver, and death. 

Table 2 | Overall, transplant-free and post-OLT survival according to grade of fibrosis. APRI are 
shown as median with range. 

All patients
Mild fibrosis Moderate 

fibrosis 
Severe fibrosis 

Cirrhosis 

Number 31 7 9 9 6

APRI
1.37 

(0.64 - 7.18)
1.26 

(0.91 – 5.69)
1.41 

(0.74 – 7.18)
1.37 

(0.80 – 4.02) 
1.33

 (0.64 – 4.77)

Overall survival 
(%)

21 (68) 5 (71) 7 (78) 6 (67) 3 (50)

Alive with native 
liver (%) 

9 (29) 3 (43) 2 (22) 3 (33) 1 (17)

Total OLT (%) 17 (55) 3 (43) 6 (67) 4 (44) 4 (67)

Alive after OLT (%) 12 (71) 2 (67) 5 (83) 3 (75) 2 (50)
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Discussion

BA is a rare disease characterized by the obstruction and obliteration of the biliary tree 
leading to cholestasis and end-stage liver failure requiring OLT for survival in 70-80% of 
the patients. Early detection and treatment of progressive liver fibrosis is essential for 
survival in BA as a greater level of fibrosis prior to KPE might be associated with decreased 
survival in BA patients. 

Despite its known limitation and complications, liver biopsy remains the gold standard 
for the assessment and monitoring of liver fibrosis. Of the numerous surrogate markers 
suggested in the literature, the APRI has been shown to a reliable, cheap and readily 
available method for non-invasive estimation of liver fibrosis in chronic liver conditions 
in adults.  There is little data on the use of APRI in children. The aim of this study was to 
determine if the APRI can be used as a reliable non-invasive tool in estimating the degree 
of liver fibrosis and predicting (transplantation free) survival in children with biliary atresia. 

We found no correlation between APRI at time of KPE and liver fibrosis assessed 
through biopsy. Median pre-KPE APRI was similar for the different severity of fibrosis 

 
Figure 4 | Kaplan Meier survival curves for: A: overall survival per grade of fibrosis; B overall sur-
vival per non-advanced and advanced fibrosis; C transplant free survival per grade of fibrosis; D 
transplant free survival per non-advanced and advanced fibrosis. No statistical differences were 
found for all four survival curves.
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groups. We were also unable to show a correlation between level of APRI and survival 
(with or without native liver).  

Our data could not show a difference in overall and transplant-free survival for differing 
severities of histological fibrosis. This suggests that histological degree of fibrosis at KPE is 
not a good predictor of outcome for BA patients. A lower degree of fibrosis at KPE, in other 
words, is not associated with a better (transplantation-free) survival. Other factors might 
be contributing to survival and outcome (e.g. progressive inflammation and fibrosis of 
the intrahepatic bile ducts). 

These results suggest that the APRI is not a suitable surrogate marker for liver fibro-
sis in the pediatric BA patient in the onset stage of the disease and does not predict 
(transplant-free) survival. It has to be taken into account that the APRI was originally 
developed and validated for the grading and staging fibrosis in chronic hepatitis C adults 
and not for other conditions with possibly different distribution patterns of fibrosis such 
as BA. Whether the APRI could be used for longitudinal monitoring of the development 
of fibrosis during the progressive stage in individual pediatric patients with BA remains a 
subject for further investigation. 

Our results are in direct contradiction to recent work published by Kim et al (20). In a 
similar study design (KPE liver biopsies versus APRI scores) and size of population (n = 
35) Kim proposed that the APRI was an accurate surrogate marker for the assessment of 
hepatic fibrosis in BA patients and could be used without additional risks for the patient. 
Our results do not support the assertion.  We strongly suggest that further research to be 
done before APRI can be clinically applied to BA patients. 

In conclusion, the APRI has been purported to be a simple and readily available sur-
rogate marker for the assessment of liver fibrosis in adult chronic liver disease. In our study 
we were not able to correlate APRI scores with severity of liver biopsy fibrosis at time of 
KPE or (transplant-free) survival in pediatric BA patients.

4
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Abstract

Introduction

Gaining insight into quality of life (QOL) in long-term biliary atresia (BA) survivors is be-
coming more important. Identifying patients with limitations might make tailor made 
interventions possible. This is the first study investigating health status (HS) and QOL in 
adults surviving BA with their native livers, and comparing them with healthy peers. 

Methods

BA patients surviving with their native liver were identified in the Netherlands Study 
Group on Biliary Atresia Registry (NeSBAR) database. The RAND-36 and the World Health 
Organization Quality of Life assessment instrument-100 (WHOQOL-100) were used to 
measure HS and QOL respectively. Correlation between the RAND-36 and WHOQOL-100 
was also assessed. Hospital Anxiety and Depression Scale (HADS) and the Impact Event 
Scale (IES) were also completed. 

Results

In total 25 (83%) of 30 eligible patients after Kasai portoenterostomy completed the 
questionnaires (median age 23.2 years). A lower perceived level of general health in HS 
was found compared with the reference group and a higher score on the social domain 
was reported in QOL. Correlations between HS and QOL questionnaires were moderate 
to good. For the group overall HADS and IES scores were good, though individual patients 
did score above the cut-off of both questionnaires.

Conclusion

Adult BA patients surviving with their native liver have similar HS and QOL compared 
with healthy peers. RAND-36 and WHOQOL-100 questionnaires are not interchangeable 
but complementary to assess patients’ outcomes. Overall scores did not point towards 
increased levels for anxiety and depression. However, on an individual level, three and 
six patients had a score above the cut-off of the HADS subscales demonstrating clinically 
relevant levels for anxiety and depression, respectively.
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Introduction 

Biliary atresia (BA) is a rare disease of unknown etiology characterized by obstruction 
and obliteration of the biliary tree leading to cholestasis. Progressive cholestasis leads to 
end-stage liver failure requiring surgery in order to survive. If left untreated BA is uniformly 
fatal with a reported median survival of only eight months (1). Treatment of BA is surgi-
cal and is aimed at restoring normal bile flow. This can be achieved by performing the 
Kasai portoenterostomy (2). Up to 70-80% of children who undergo a Kasai operation will 
eventually develop end-stage liver failure and require an orthotropic liver transplantation 
(OLT) to survive (3). A recent study revealed improved 5- and 10-years native liver survival 
rates of 46% and 40%, respectively (4).

Success in treatment of BA, either by Kasai procedure or OLT, is most often reported in 
terms of biological and clinical markers: improved liver function, decreased serum bile salt 
levels and survival. Patients with BA (with or without OLT) are, however, at risk for com-
plications and frequent hospitalization, especially when deterioration of liver function 
occurs. This may all have an impact on their quality of life (QOL). Moreover, BA is no longer 
an acute life threatening disease because of improved treatments such as enhanced 
Kasai and OLT techniques and better post-OLT medication (5). As a result 10-years overall 
survival of 66-89% (6) and 20-years overall survival of 43-78% (7, 8) have been reported, 
making BA a more chronic condition. Gaining insight into QOL and related levels of anxi-
ety/depression as perceived by the adult population surviving BA is, therefore, becoming 
increasingly more important and relevant. 

Adult BA patients surviving with their native liver was the main focus of our study. 
Several recent publications have investigated QOL in pediatric OLT survivors including 
BA patients (9-13). Only one previous study has investigated QOL in adult BA survivors 
without OLT (14). However, this study used the “Short Form 36” (SF-36) questionnaire, 
which measures health status (HS). HS is defined as the influence of disease on physical, 
emotional, and social functioning as reported by the patient (15). QOL is defined by the 
World Health Organization (WHO) as an “individuals’ perception of their position in life in the 
context of the culture and value systems in which they live and in relation to their goals, expec-
tations, standards and concerns. It is a broad ranging concept, incorporating in a complex way 
individuals’ physical health, psychological state, level of independence, social relationships, 
personal beliefs and their relationships to salient features of the environment” (16). QOL can 
be measured using the “World Health Organization Quality of Life assessment instrument” 
(WHOQOL-100) (16). HS questionnaires (i.e. SF-36 or RAND-36) measure the objective 
functional limitations as a result of disease. In contrast, QOL also reflects to what extent 
a patient is bothered by these limitations in daily life (17). Thus HS is not equivalent to 
QOL and, therefore, not considered interchangeable (18). This was confirmed in previous 
studies (17, 19, 20).

5



Chapter 5

68

Therefore, this present study measured both HS and QOL, and also investigated the 
differences between the outcomes of HS and QOL. The first aim of this study was to 
investigate HS and QOL in young adults with BA surviving with their native livers. To our 
knowledge, this is the first study investigating adults surviving BA with their native livers 
with respect to HS and QOL, and comparing them with healthy peers. We measured HS 
with the RAND-36 and QOL with the WHOQOL-100. We hypothesized that these adult 
survivors of BA would have impairment in QOL compared with healthy peers. This might 
be due to the impact of having BA as a child or due to the burden of frequent outpatient 
consultations and medication regimes. The second aim of the study was to assess the cor-
relation between the RAND-36 (HS) and the WHOQOL-100 (QOL). We hypothesized that 
the correlation of the two questionnaires would be low because outcomes of the RAND-
36 and the WHOQOL-100 are not considered interchangeable (17, 19, 20). The third aim 
was to investigate the levels of distress and impact of their disease by using the Hospital 
Anxiety and Depression Scale (HADS) and the Impact Event Scale (IES) questionnaires. 
We hypothesized that BA patients might experience increased levels of distress due to 
the impact of disease as a child and the ongoing visits to the outpatient clinic as a young 
adult, with the looming prospect of a possible liver transplantation.

Patients and methods

Participants

All adult BA patients listed in the Netherlands Study Group on Biliary Atresia Registry 
(NeSBAR) database and surviving with their native livers were eligible to participate. De-
mographic and medical data was retrieved from the database. This study was conducted 
with the approval of our institutional medical ethical committee.

Procedure

After receiving informed consent, consenting patients received the questionnaires 
through the postal service. Completed questionnaires were returned using a pre-stamped 
envelope.   
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Questionnaires

RAND-36

The RAND-36 Item Health Survey is a generic 36 item HS questionnaire, of which the 
reliability and validity have been supported in a wide number of studies (21). It covers 
eight domains: physical functioning, social functioning, limitations due to physical health 
problems and emotional problems, mental health, vitality, bodily pain, and general health 
perception. An additional single item score perceived general health change over the last 
year. The raw scores were converted to a 1-100 scale, with higher scores indicating better 
levels of functioning or well-being. The timeframe for evaluation of functioning is the 
previous four weeks. In this present study the Cronbach’s alpha of the domains ranged 
from 0.76 to 0.92.

WHOQOL-100

The World Health Organization Quality of Life assessment instrument-100 (WHOQOL-100) 
is a generic, cross-cultural multidimensional questionnaire (22). It consists of 100 items as-
sessing 24 facets of QOL within six domains (Physical health, Psychological health, Level of 
independence, Social relationships, Environment and Spirituality) and a general evaluative 
facet (Overall QOL and general health). The reliability and validity of this questionnaire are 
good in the Dutch population (23). This 100 item questionnaire has a 5-point response 
scale from 1 to 5. Scores are calculated for each domain, with a maximum possible score 
of 20 per domain. The timeframe for evaluation when completing the questionnaire is the 
previous two weeks. A higher score on the WHOQOL-100 denotes a better QOL. In this 
present study the Cronbach’s alpha of the global facet and domains ranged from 0.56 to 
0.94 (Spiritual and Physical domains α < 0.70). 

Hospital Anxiety and Depression Scale (HADS)

The HADS aims to detect emotional disorder in patients under investigation and treat-
ment in medical and surgical departments. The HADS is a 14 item self-rating question-
naire measuring “depression” and “anxiety” (24). The depression scale (7 items, total score 
range 0–21) measures mostly anhedonia, a phenomenon considered to be the central 
characteristic of major depressive disorder (25). The anxiety scale (7 items, score range 
0–21) measures symptoms of generalized anxiety disorder (25). For both HADS scales 
higher scores represent higher symptom levels with a cut-off score of 8 for both scales 
(26). The 2 subscales can be combined into a single scale, with scores > 15 indicating 

5



Chapter 5

70

clinically significant emotional distress. In this present study the Cronbach’s alpha for the 
depression and anxiety scale were 0.74 and 0.89 respectively.

Impact Event Scale (IES)

The Impact of Event Scale (IES) is a 15 item self-rated scale reflecting the two DSM-IV 
posttraumatic stress disorder symptom dimensions (intrusion and avoidance) (27). Each 
item is scored with 0, 1, 3 or 5 points. Higher scores reflect a more stressful impact. It 
is suggested that the cut-off point is 26, above which a moderate or severe impact is 
indicated (27). In this present study the Cronbach’s alpha for the intrusion and avoidance 
dimensions were 0.83 and 0.86 respectively.

Statistical procedures

Data from questionnaires was processed and entered into a database. Individual out-
comes were scored using the relevant questionnaire manual and syntax. Averages are 
shown as means (± 1 standard deviation) unless otherwise stated. Scores from the RAND-
36 and WHOQOL-100 of the study group were compared with age matched reference 
data obtained from the questionnaire manuals using student’s t-tests. Due to the number 
of tests, we considered a p-value < 0.01 significant. Associations were examined using 
Pearson correlation coefficients. Correlations with a coefficient less than 0.30 were con-
sidered weak. Those between 0.30 and 0.50 were viewed as moderate and a correlation 
coefficient above 0.50 was considered strong (28). All statistical analyses were done using 
the IBM’s Statistical Package for Social Sciences version 20.0 (SPSS© 20.0, IBM, Chicago, 
USA). 

Results

Patient demographics

Using the NeSBAR database 30 adult BA patients surviving with their native livers were 
identified and eligible to participate. In total 25 (83%) patients gave informed consent 
and completed the questionnaires. Of the participating patients 13 (52%) were male. 
All subjects had undergone a Kasai procedure as infants (median age 58.4 ± 18.3 days). 
Median age at time of participation in the current study was 23.2 ± 3.3 years. The living 
situation, education level, marital and employment status of this group of patients were 
comparable with a reference group aged 18-30 years. Reasons for not participating in this 
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study were neither given nor asked. There were no demographic differences between 
responders and non-responders.

Health status (RAND-36)

Patients did not seem to be limited in their daily functioning by their disease. They re-
ported a similar HS score in all the domains when compared with healthy peers (figure 
1A), except in the general health perception domain. This score was statistically lower in 
the BA group compared with healthy peers: 63.2 ± 21.2 versus 77.1 ± 20.6 (p = 0.002).

Quality of life (WHOQOL-100)

Patients surviving BA into adulthood with their native liver had a comparable QOL with 
healthy peers (Figure 1B). The score on the Social domain was significantly higher in the 
BA group compared with healthy peers 17.2 ± 1.7 versus 15.7 ± 2.3 (p = 0.002).

Correlation RAND-36 and WHOQOL-100

Correlation outcomes between the HS, as measured with the RAND-36, and QOL, as 
measured with the WHOQOL-100 are shown in Table 1. Overall, the RAND-36 domains 

     
    * denotes significant difference; error bars shown 1 standard deviation. 

Figure 1 | RAND-36 (A) WHOQOL-100 (B) scores compared with reference population
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showed varying correlation patterns with the WHOQOL-100 domains, ranging from very 
low (r = 0.05: level of independence and health change) to high (r = 0.79: physical domain 
and energy/fatigue). Corresponding domains and dimensions were paired (displayed in 
bold in Table 1). The overall QOL and general health perceptions revealed a moderate 
correlation (r = 0.41). The correlations between the Physical domain and the four corre-
sponding dimensions of the RAND-36 were strong (r = 0.61 - 0.79). Relationships between 
the Psychological domain and the dimensions role limitations emotional and mental 
health were high (r = 0.63 and 0.74), as were those between the psychological domain 
and energy/fatigue and bodily pain (r = 0.75 and 0.63). The Level of independence and 
physical role limitations also showed a high correlation (r = 0.73). The Social domain and 
the social dimensions reached the lowest correlation (r = 0.33). 

HADS and IES

Mean subscale scores for the HADS and IES are shown in Table 2. Overall scores did not 
point towards increased levels for anxiety and depression. However, on an individual level, 
three and six patients had a score above the cut-off of the HADS subscales demonstrating 
clinically relevant levels for anxiety and depression, respectively. Only one patient had a 
score above the cut-off in the IES, indicating clinically moderate to high stress levels. 

Table 1 | Correlation analysis WHOQOL-100 and RAND-36

Overall 
QoL

Physical 
Domain

Psychological. 
Domain

Level of 
Independence

Social 
Domain

Environmental
Domain

Spiritual 
Domain

General health 
perceptions

0.411 0.613* 0.520* 0.596* 0.401 0.528* 0.464

Physical 
functioning

0.334 0.603* 0.489 0.763* 0.431 0.644* 0.537*

Social functioning -0.043 0.526* 0.255 0.587* 0.333 0.519* 0.279

Role limitations 
physical

0.350 0.675* 0.542* 0.725* 0.547* 0.548* 0.321

Role limitations 
emotional

0.506* 0.641* 0.735* 0.460 0.501 0.444 0.356

General mental 
health

0.501 0.515* 0.634* 0.330 0.252 0.395 0.343

Energy/fatigue 0.553* 0.787* 0.749* 0.604* 0.444 0.684* 0.603*

Bodily pain 0.263 0.746* 0.628* 0.487 0.388 0.472 0.347

Health changes 0.152 0.242 0.216 0.050 0.374 -0.130 0.174

Bold numbers indicate correlation coefficient for matching domains of the RAND-36 and WHOQOL-100
* Correlation is significant at the 0.01 level (2-tailed).
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Discussion

In this present study it was found that adult BA patients surviving with their native livers 
had a similar HS and QOL compared with healthy peers. They do not report impairment 
in their daily functioning due to their disease. BA patients scored higher on the social 
domain of the WHOQOL-100. It may be that their experiences and expectations concern-
ing their friends and family differ due to their chronic illness or that family and friends are 
more concerned and helpful towards them. As a group, these BA survivors do not dem-
onstrate high levels of anxiety or depression. However, on an individual level, a quarter of 
these survivors did report clinically relevant levels of anxiety and/or depression for which 
referral to a psychologist might be warranted. This is comparable to available reference 
data from literature (29, 30). Additionally, mean levels of stress response symptoms were 
low with only one patient reporting clinically elevated stress response symptoms. 

A previous study concerning HS (measured with PedsQL) in 221 BA patients was 
performed in children with a mean age of 10 years. This study revealed that children sur-
viving with their native livers had significantly lower HS scores compared with a healthy 
control group and comparable with children after OLT for BA (31). However, in the OLT 
group a large group of patients (n = 77) who were diagnosed with more advanced liver 
disease refused to participate. This may have led to an overestimation of the HS results 
found in this OLT group. Moreover, a study comparing HS (measured with SF-36) in long 
term BA patients (14-24 years old) surviving without OLT, revealed that the HS scores were 
comparable between Japanese (n = 25) and UK (n = 21) patients and also comparable 
with the general Japanese and UK population (14). Impairment was found in general 
health, emotional and physical role limitations in the Japanese survivors compared with 
the Japanese control group. A possible explanation for the different outcome described 
by Sundaram et al and Howard et al might be that Sundaram’s study was performed in 
a younger group of patients, and over time it can be expected that children are able to 
adjust more to their health situation, and thus are coping better to live with BA. 

The HS and QOL results of the present study are in accordance with the good HS 
outcomes described by Howard et al, however HS and QOL are considered not inter-
changeable (17, 19, 20). Therefore, we investigated the correlation between the RAND-36 
and the WHOQOL-100. The correlation analysis between the two questionnaires revealed 

Table 2 | Scores HADS and IES.

HADS N = 25 IES N = 25

Anxiety 4.80 (4.70) Intrusion 2.60 (4.54)

Depression 2.72 (2.97) Avoidance 3.08 (6.54)

Total 7.52 (7.01) Total 5.68 (10.7)

Mean scores, between brackets standard deviation
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varying correlation patterns. For the Physical and Psychological domains and the Level 
of independence of the WHOQOL-100 a high correlation was found with corresponding 
subscales of the RAND-36 ranging between 0.60-0.79. However, an incompatibility of the 
two questionnaires for overall QOL/general health and the Social domain was found, r 
= 0.41 and 0.33, respectively. This might be explained by the difference in questionnaire 
design. One can hypothesize that BA patients who have survived into adulthood with 
their native liver have developed adequate coping mechanisms. This might explain why 
overall QOL in the WHOQOL-100 was at a normal level (i.e. good satisfaction about any 
limitations in daily life) but for the RAND-36 a lower score has been found (i.e. objective 
limitations). HS questionnaires measure the impact of disease on functioning whereas 
QOL also reflects to what extent a patient is bothered by these limitations in daily life 
(17). The Social domain score was significantly higher than healthy peers when measured 
with the WHOQOL-100. This difference might be explained by the different questions 
concerning the social aspects of both questionnaires. The WHOQOL-100 main focus is 
the satisfaction about social contacts and support. In contrast to the social domain of the 
RAND-36, this measures the limitations in social contacts due to disease. This implies that 
when people are experiencing limitations or a decreased number in social contacts or 
support, they can still be satisfied with the quality of this support.

These findings confirm previous studies, which have shown that HS is not interchange-
able with QOL in patients with breast cancer (17), with intermittent claudication (19) and 
after OLT (20). This implies that when assessing either HS or QOL it is very important to 
apply the correct questionnaire, which is suitable for the aim of the study. Thus objective 
functioning (HS) and subjective appraisal of functioning (QOL) are considered comple-
mentary and not identical (19). In this present study a discrepancy was found in two 
aspects of the questionnaires, in contrast to previous studies in which a lower correlation 
was found for several domains (17, 19, 20). The correlation between HS and QOL might be 
good in “healthy” individuals i.e. BA patients with their native liver. However, it is expected 
that in patients with (serious) symptoms of disease the HS scores might be lower because 
of limitations in functioning due to disease. These patients can, however, still have good 
QOL scores due to coping mechanisms to manage the consequences of having a disease. 
This could cause a weaker correlation between the RAND-36 and the WHOQOL-100. 

This study has a number of methodological limitations. The first drawback is the small 
number of patients analyzed, this affects the power of the study and makes statistical 
analyses more difficult. However, it is important to consider the low incidence of BA and 
that the majority of patients require OLT for survival. This makes the BA patient population 
surviving into adulthood with their native inherently small. In contrast to the other study 
investigating HS in BA patients with their native liver14 all our patients were adults. Our 
sample size was comparable. This makes our cohort unique concerning sample size and 
age, and with a very high participation rate of 83% the results of our study are truly repre-
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sentative. Another limitation of our study is that no previous HS or QOL assessment was 
taken when our patients were younger, thus no comparison of HS or QOL can be done 
over time. A previous study has reported an improvement in HS over time for pediatric 
OLT patients (not specifically BA) (11). We cannot state whether this is the case for BA 
patients surviving with their native liver. 

Conclusions

This is the first study investigating the HS and QOL in adult BA patients surviving with their 
native liver. These findings are unique and very important to consider because young 
adult BA survivors are experiencing similar HS and QOL compared with the reference 
population. The correlation between the RAND-36 and the WHOQOL-100 was moderate 
to good, and it was confirmed that these two questionnaires are not interchangeable but 
complementary to assess patients’ outcomes. This is important to keep in mind when 
conducting future studies into HS and QOL. Additionally, in the overall group levels of 
anxiety and/or depression and stress response symptoms are low. However, despite the 
low overall levels of anxiety and/or depression, 25% of patients are suffering from anxiety 
and/or depression. These patients should be identified as early as possible so that timely 
referral to a psychosocial health care provider can be made later in early adulthood. 

These findings suggest that all efforts should be aimed at optimizing surgical and 
medical treatment for children with biliary atresia as survival with native liver leads to the 
absence of debilitations or limitations in most patients.
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Abstract 

Introduction

Biliary atresia (BA) is a rare cholestatic disease of infancy. Kasai portoenterostomy and liver 
transplantation (OLT) are the two sequential treatment options. An increasing number of 
patients survive into adulthood. Little is known about their health status (HS; also known 
as health-related quality of life). This study aims to compare HS of transplanted and non-
transplanted patients in a cohort of young adult BA survivors. 

Methods

RAND-36 and Liver Disease Index Score (LDSI) questionnaires were sent to eligible adult 
patients with BA. Clinical characteristics were obtained from the NeSBAR (Netherlands 
Study group on Biliary Atresia Registry) and the national pediatric OLT database. RAND-36 
domain and summary scores were compared with those of an age-matched Dutch refer-
ence group. The correlations between several clinical variables and HS were analyzed.

Results

Mean RAND-36 domain and summary scores of transplanted (n = 15) and non-transplant-
ed (n = 25) patients with BA (response 74%) were similar to the reference scores, with the 
exception of a decreased general health perception in non-transplanted patients (63 ± 21 
vs. 75 ± 17; [p < 0.001], particularly in females. RAND-36 domain and summary scores were 
not significantly correlated to age at OLT, time since OLT, serum bilirubin, aspartate amino 
transferase or albumin levels, but were moderately to strongly correlated to LDSI total 
scores (r values 0.35-0.77). 

Conclusion

Overall, young adult patients with BA have a HS similar to an age-matched reference 
group. However, general health perception of non-transplanted patients, particularly 
of females, was decreased. HS 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 dis-
ease is fatal when untreated. With the development of the portoenterostomy according 
to Kasai since 1959, the survival has improved markedly (1). However, in most cases, the 
liver already has severe fibrosis at the time of Kasai surgery. On the basis of the anatomical 
situation, three different subtypes of BA are distinguished. In subtypes I and II, part of the 
extrahepatic bile ducts are still patent. In subtype III, all of the extrahepatic biliary tree is 
obliterated. Subtypes I and II are considered to have greater chance that bile flow will 
be restored after portoenterostomy (2, 3). Even when restoration of bile flow is achieved 
after portoenterostomy, problems may arise because of ongoing liver fibrosis. The second 
treatment option is orthotopic liver transplantation (OLT), which was introduced in the 
early 1970s in adults and gradually also in infants. Currently, 10-year survival rates of ap-
proximately 80% are achieved after OLT (4, 5). Approximately 30% of patients with BA 
reach adulthood without OLT (6, 7). As a result of these two treatment modalities, BA is 
currently a disease with an increasing number of patients reaching adulthood. (7, 8). 

Most patients with a transplanted liver need to take lifelong immunosuppressive 
drugs and may experience drug adverse effects and recurrent infections. Chronic rejec-
tion of the liver may also ensue (4, 9).  About 20% of adult non-transplanted patients with 
BA exhibit normal liver biochemistry tests, while in the majority liver damage is (slowly) 
progressive. (6-8). Most studies on the outcome of BA have focused on mortality and 
morbidity, but with increasing survival health status (HS; also known as health-related 
quality of life) becomes an important outcome measure as well (3, 10, 11).  

The HS of patients with chronic liver disease or with a transplanted liver has been 
studied rather extensively (4, 12-16). However, most patient groups were heterogeneous 
with respect to etiology and studies were performed in either children or middle-aged 
adults (17, 18). Patients with BA are usually underrepresented in these studies. To our 
knowledge, three studies measured the HS of patients with BA specifically. In the first 
study, HS was found to be marginally lowered in non-transplanted adolescent Japanese 
patients with BA but not in those from the United Kingdom (19). The second study dem-
onstrated lowered HS in both transplanted and non-transplanted children and young 
adults (20). A recent third study comparing HS of non-transplanted patients with BA to 
healthy pears showed that HS was similar in both the groups (21). Knowledge of the HS of 
specific subpopulations of patients allows fine tuning of patient care and may influence 
treatment choices in individual patients.

The first aim of this study was to determine the HS in a national cohort of young adult 
patients with BA, by comparing their HS to that of an age-matched reference group 
derived from a previous Dutch study (22). We determined whether HS was different be-
tween transplanted and non-transplanted young adult patients with BA. Our expectation 
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is that patients with BA have a decreased HS as compared with young adults who are not 
confronted with a serious condition such as BA. Second, we also examined the associa-
tion between several sociodemographic and clinical factors and HS such as gender, age 
at OLT, serum liver biochemistry parameters, and liver disease symptoms to investigate 
whether specific patients could be identified with an increased risk for decreased HS.

Patients and methods

Patients and procedures

All patients with BA born between January 1977 and January 1992, treated in the Neth-
erlands, currently alive at an age of at least 18 years were eligible. Patients with BA 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 (23).  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 Bili-
ary Atresia and Registry) database and the national pediatric OLT database. Data included 
gender, birth date, age at portoenterostomy, age at OLT, comorbidities, and recent serum 
bilirubin, aspartate amino transferase (ASAT), and albumin measurements. Detailed de-
mographic information was described previously (24).

The study was performed according to the guidelines of the Medical Ethical Commit-
tee of the University Medical Centre Groningen. A letter explaining the goal of the study, 
the questionnaires, 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 Symp-
tom Index 2.0 (LDSI). Both questionnaires have been validated in the Dutch population 
(22, 25). The RAND-36 is a generic 36-item questionnaire, 25 of which the reliability and 
validity have been supported in a wide number of studies. It covers the following eight 
domains: physical functioning (Cronbach α in this study: 0.89), social functioning (α: 0.73), 
role limitations because of the physical health problems (α: 0.92), role limitations because 
of the 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 to 
100 scale, with higher scores indicating higher levels of functioning or well-being. Sum-
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mary scores report physical functioning and mental functioning and were standardized 
to a mean of 50 and a standard deviation of 10. Results were compared with those of an 
age-matched reference group (26).

The LDSI 2.0 consists of 18 original items and 6 items developed by the board of the 
NLV (Dutch Liver Patient Association) (22). Of the original items, nine measure the sever-
ity of symptoms and nine measure the hindrance of these symptoms in 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 six 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” (table 3). All LDSI and NLV items were scored on a 5-point Likert scale ranging 
from “not at all” (1) to “a high extent” (5). The LDSI and NLV item scores were summed to 
obtain total LDSI scores.

Statistical analysis

Demographical and clinical characteristics of responders and non-responders were com-
pared using Mann–Whitney U-test and Student t-test to detect possible confounders. 
Differences in the RAND-36 domain and summary scores between the non-transplanted 
patients, transplanted patients, and the reference group were tested using analysis of 
variance (ANOVA).

Effect sizes according to Cohen were calculated by dividing the difference in mean 
score between patients with BA and the reference group by the pooled standard devia-
tion of both the groups (27). Effect sizes between 0.20 and 0.49 were considered small, 
between 0.50 and 0.79 medium, and ≥ 0.80 large. Gender differences were tested using 
Mann–Whitney U-test. Associations between serum liver biochemistry, age at LT, current 
age, and LDSI scores with RAND-36 summary and domain scores were examined using 
Pearson correlational analysis. Correlations with a coefficient < 0.30 were considered 
weak, between 0.30 and 0.50 moderately strong, and > 0.50, strong (27). Scores of the 
LDSI of transplanted and non-transplanted patients were compared using Mann–Whit-
ney U-test. All tests were two-tailed, and p values < 0.05 were considered significant

Results

Patient characteristics

A total of 53 patients with BA were eligible and asked to participate. Of those, 40 patients 
agreed (response 75%). Characteristics of responders and non-responders are shown 
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in table 1. One non-transplanted patient had cystic fibrosis. Two of the patients (both 
responders) underwent an explorative laparotomy without portoenterostomy, and sub-
sequently an OLT as primary treatment at the age of 0.8 and 2.6 years, respectively. Recent 
laboratory measurements from one transplanted patient (responder) who received 
follow-up care in another adult LT center were unavailable.

Health status

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). Conse-
quent analysis revealed that non-transplanted patients had significantly lower scores on 
general health perception than transplanted patients with BA and the reference group. 
Effect sizes were medium (table 2). The effect of group on physical role functioning 
just failed to reach significance (p = 0.05). Comparison between the non-transplanted 
patients and the reference group revealed a medium effect size (0.50), comparison of the 
non-transplanted and transplanted patients revealed a small effect size (0.32). Univariate 
analyses showed no significant relationships between age and either the RAND domain or 
summary scores (r varied between 0.002 and 0.310). Moderately strong correlations were 

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.
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found with pain (-0.30) in non-transplanted 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: females scored significantly 
lower than males (52 ± 15 for females vs.74 ± 21 for males; p = 0.0004).

Liver disease symptoms

The mean scores of the LDSI questionnaire and NLV items did not exceed 2.4. However, 
individual patients scored maximum at several items (table 3).

Female non-transplanted patients with BA had more “pain in the right upper abdo-
men” (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 with their male counterparts. Also, female 

Table 2 | Descriptives of the RAND 36 of non -transplanted and transplanted BA patients and an 
age  matched reference group. 

BA 
non-

transplanted
n=25

BA
transplanted

n=15

Comparison 
group[18]

n=500
p-value*

Effect size

Non-
transplanted

vs. 
comparison

Transplanted
vs. 

comparison

Non-
transplanted 

vs. 
transplanted

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-
functioning

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.
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transplanted patients with BA 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 score was 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.

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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Correlation between clinical factors and health status

Moderately strong to strong significant associations between the total LDSI score and 
RAND-36 domain and summary scores were found in the non-transplanted and trans-
planted patients, except for the correlation between emotional role functioning and LDSI 
in transplanted patients with BA (table 4). We found no significant correlations between 
RAND-36 domain or summary scores of non-transplanted or transplanted patients with 
BA with serum ASAT, bilirubin or albumin levels, age at OLT or time elapsed since OLT (r 
varied between 0.00 and 0.43).

Discussion

We aimed to determine HS of young adult patients with BA and to examine whether 
HS was different between transplanted and non-transplanted patients with BA. In ad-
dition, we investigated whether subgroups, based on sociodemographic and clinical 
factors, were at risk for a lower HS. Our data show that HS of both transplanted and 
non-transplanted young adult patients with BA is largely comparable to that of an 
age-matched reference group. The single exception was in general health perception, 
which is perceived as decreased by young adult non-transplanted patients with BA as 
compared with either the reference group or the transplanted group. Furthermore, the 
non-transplanted patients in this study showed a tendency toward lower physical role 
functioning as compared with the reference and transplanted patient groups. Despite 

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
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the absence of statistical significance, we observed a relatively large effect size, which 
may indicate clinical relevance if it would be reproduced in a larger study

It is rather surprising that patients with a longstanding chronic disease that impacts 
several body functions and includes major surgery, lifelong follow-up, and medication 
use, report an HS almost similar to that of an age-matched reference group. The non-
transplanted patients in our study did not require an OLT before reaching adult age 
suggesting that the disease had a relatively benign course. Some individuals within this 
study group showed little disease activity based on biochemical and clinical parameters 
(6), which may explain the relatively high HS compared with other cholestatic patient 
groups (12-14).

The transplanted patients with BA showed an HS similar to the reference group. On 
the detailed inspection, the scores in several domains were slightly higher in transplanted 
patients compared with the reference group and non-transplanted patients. Also, the 
comparison of non-transplanted and transplanted patients with BA demonstrates 
small-to-moderate effect sizes in all domains, with the exception of the domain of social 
functioning. The effect sizes suggest that the HS in transplanted patients might be clini-
cally and relevantly better than that in non-transplanted patients. An increased HS has 
been observed in other young adult patient groups, such as childhood cancer survivors 
and esophageal atresia survivors (26, 28). It might be explained by the phenomenon of 
response shift, that is, a change in one’s perception of the quality of one’s life to accom-
modate to illness (29). It has been proposed that this mechanism is particularly relevant 
for relatively severe diseases or treatments (26). 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 with those of the 
reference group.

Of the non-transplanted patients, particularly, the females had a significantly lower 
health perception than the patients who had undergone transplantation and the refer-
ence group. In general, females tend to report a lower HS than males (30-33). This was 
also observed in the reference group utilized in this study, with the exception of general 
health perception (26). It was therefore surprising to find that the only gender difference 
in patients with BA was observed in general health perception (26). 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-transplanted pa-
tients were comparable to that of the non-transplanted male patients. Non-transplanted 
females reported more pain in the right upper abdomen than non-transplanted males. 
One could speculate that the abdominal pain raised concern in the non-transplanted pa-
tients, as they might perceive themselves as having a “diseased” liver in situ. In this study, 
the patients’ concerns regarding fertility have not been investigated, but these could play 
a more dominant role in health perception of young adult females.
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The RAND-36 subscale and summary scores were independent of age and liver bio-
chemistry. Strong to moderately strong correlations were found between the RAND-36 
summary and subscale scores and the total liver disease symptom score, with the excep-
tion of emotional role functioning and the LDSI score in transplanted patients.

On the basis of the liver biochemistry data, the nonresponding patients could have 
a slightly worse clinical condition than the responders. One might speculate that the 
RAND-36 scores might have been slightly lower if these patients had participated. How-
ever, liver biochemistry did not significantly correlate with RAND-36 or total LDSI scores 
in the responding patient population. Specifically, the relationships between RAND-36 
scores and liver biochemistry were non-significant and pointed in the opposite direction 
than we hypothesized: worse liver biochemistry was associated with a higher HS. We 
have chosen not to exclude patients with major comorbidities unrelated to BA to avoid 
selection bias. Exclusion of the one patient with cystic fibrosis would not have changed 
the results. We could not detect a correlation between age at OLT and HS, which might 
be a consequence of the small sample size and the nonhomogeneous distribution in the 
ages at transplantation.

We found a significant relationship between the physical or mental summary scores or 
most domain scores on the one hand with the total scores of the LDSI on the other hand. 
Therefore, liver disease–associated symptoms seem to be an important determinant 
of HS. Thus, the subjective disease state seems to be a more important determinant of 
HS than clinical disease state. To maintain or improve the HS of the individual patient 
with BA, 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 distress and 
problem screening questionnaire may help recognize the nature and extent to which 
an individual patient experiences problems in various quality of life domains such as hin-
drance in financial affairs or decreased sexual interest (34). The expertise of allied health 
care and psychosocial disciplines such as physiotherapists, dieticians, social workers, and 
psychologists may help patients in need for additional care to cope with the sequelae of 
their disease. In the Netherlands, patients with BA awaiting OLT are already managed by 
a multidisciplinary team. However, many patients with BA are transplanted in childhood, 
and novel problems may arise many years after OLT when the transition into adulthood 
is to be made. In the study period, non-transplanted patients with BA were not routinely 
managed in a multidisciplinary fashion and could be considered a high-risk patient group 
in this respect. Currently, all patients are managed by a multidisciplinary team.

It should be realized that the RAND-36 questionnaire focuses on the functional aspects 
of HS, and does not measure the patients’ satisfaction with functioning (35). Educational 
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and professional achievements and emotional distress are further important parameters 
which were beyond the scope of this study, and which were assessed in a separate study 
(21).

We are aware that our study does have some limitations. 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 because of the relative low prevalence of BA, and thus, 
statistical power is relatively low. Accordingly, we chose not to focus on p values only, 
but to focus on the clinical relevance of differences (effect sizes) and strength of correla-
tions as well. We cannot exclude that the detection of only few gender effects might be 
explained by the relatively low number of adult patients with BA available for study, and 
the underrepresentation of females in the transplanted responders. 

The cross-sectional design of the study precludes analysis of the effects of progression 
of disease or OLT on HS. Indeed, HS 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 HS in an understudied patient group. Perform-
ing the study in larger (international) cohorts may reveal the influence of sequelae such 
as portal hypertension or post-transplant complications. We are aware that the study 
consists of a single measurement in young adult life. This feature has the inevitable risk 
of introducing bias and unknown confounders. For this reason, the study should be con-
sidered exploratory in nature as the small sample size precludes more detailed analyses 
on, for example, disease sequelae and psychosocial factors. The presented results should 
be validated in other cohorts of young adult patients with BA. A longitudinal approach 
may allow for the examination of change in HS over time and the determination of the 
magnitude of a possible response shift. It would be interesting to investigate the effects 
on HS of other factors such as coping style, personality, and social support. (4, 26, 36, 37).

To our knowledge, this study is the first to determine the HS of a national cohort of both 
transplanted and non-transplanted patients with BA. With this study design, we were able 
to compare patients with BA to an age-matched reference group within our country, 
thereby minimizing the risks of age-induced, social, cultural, and economical differences. 
The results of this study show that, when patients with BA manage to overcome the 
medical challenges involved with Kasai portoenterostomy and/or OLT, they can achieve 
an HS similar to age-matched peers. The HS 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 a lower HS. 
Management of symptoms by tailored supportive interventions of medical, allied health 
care, and psychosocial disciplines may be a key factor in maintaining or improving HS in 
individual patients with BA, regardless of disease state.
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Abstract

Introduction

Little is known about the achievement of developmental milestones (i.e. course of life, 
COL) after pediatric liver transplantation. The aim of this study was to examine the COL of 
young adults who underwent a liver transplantation during childhood and to compare it 
to healthy peers. Furthermore, we studied factors possibly related to their COL. 

Methods

COL was assessed using the Course of Life Questionnaire (CLQ), which assesses the 
achievement of developmental milestones (autonomy, psychosexual, social, and antiso-
cial development) and risk behavior (substance abuse and gambling). Sociodemographic 
characteristics and clinical data were collected using the prospective institutional liver 
transplantation database. 

Results

A total of 39 young adults who underwent a liver transplantation at the UMCG in their 
childhood completed the CLQ. They achieved fewer milestones with regard to autonomy, 
psychosexual, and social development compared to healthy peers, and they reported less 
risk behavior. Neither age at the time of study nor age at the time of transplantation was 
significantly correlated with any of the COL subscales. 

Conclusion

Young adults show delay in reaching developmental milestones in every dimension after 
a liver transplantation during their childhood. Male recipients and those who had needed 
a re-transplantation are more at risk.
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Introduction

The long term results after orthotopic liver transplantation (OLT) are good. Overall 10-year 
survival rates of 66% to 80% have been reported (1-3). However, after transplantation, 
young adults still experience transplant related symptoms and they need lifelong immu-
nosuppressive medication (4). Although liver transplantation improves the quality of life 
in children and adolescents, previous studies have shown that liver transplant recipients 
perform poorer in some areas such as physical, psychological and social functioning 
compared to the healthy population (5). 

The course of life (COL) of young adults after pediatric OLT could also be hampered. In 
general, the COL of adolescents and young adults having grown up with a chronic dis-
ease is delayed (6). They reach fewer milestones or fulfill these milestones at an older age 
when compared to adolescents and young adults of the general population. In contrast, 
risk behavior may be diminished in these patients (6). Little is known about the effect of a 
major life events such as OLT in childhood on the COL. Gaining insight into the COL and 
factors associated with a delay in COL is important since impediment in the COL during 
childhood may affect participation in social and professional activities in adulthood (7, 8). 
Several recent studies showed that younger children, those with a shorter duration of ill-
ness and children who are physically more developed prior to OLT have a better prognosis 
regarding mental development (9-12). Theoretically, an early OLT after diagnosis might 
impede COL less when compared to a late OLT as the chronic liver disease is corrected. In 
those patients who are not yet transplanted the liver condition continues to affect their 
lives. During puberty, female adolescents develop physically, psychologically and socially 
faster than male adolescents (13). It might be that this earlier physical development and 
maturation leads to less delay in the adolescent women’s COL after OLT.

The present study examined the hypothesis that COL in young adults after liver 
transplantation in childhood is delayed. In addition, we examined factors possibly related 
to COL, namely gender, age, age at transplantation, time since transplantation, and re-
transplantation.
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Patients and methods

All patients who had undergone a pediatric liver transplantation at the University Medical 
Center Groningen (UMCG) between 1982 (when the first pediatric OLT was performed in 
our center) and 2007 were eligible to participate. Patients had to be 18 years old or older 
at the time of this study and follow-up had to be at least 1 year. Patients who did not 
sufficiently command the Dutch language and those suffering from a psychiatric disorder 
were excluded.

Eligible patients were informed about the goal of the study and invited to participate 
by letter. The Course of Life Questionnaire (CLQ) and an informed consent form were 
included. Those wishing to participate were asked to fill in the CLQ and informed con-
sent form and return these by pre-stamped envelope within 2 weeks. Non-responders 
were contacted by phone after four weeks to remind them of this survey. This study was 
performed according to the guidelines of the Medical Ethical Committee of the UMCG.

The CLQ is a validated and reliable self-report questionnaire used to assess the 
achievement of developmental milestones (6). The questionnaire contains 5 subscales; 
autonomy development (6 items assessing the degree of independency at home and 
outside), social development (12 items on social contacts at school and in leisure time), 
psychosexual development (4 items regarding sexual relations), anti-social behavior (4 
items on misbehavior in and outside of school) and risk behavior (12 items on alcohol, 
tobacco and substance abuse, and on gambling). One point was endorsed for each item 
if the milestone was not achieved and two points if the milestone was achieved. Higher 
scores on the subscales autonomy, social and psychosexual indicate the accomplishment 
of more developmental milestones. Higher scores on the subscales anti-social and risk 
behavior represent a higher degree of anti-social behavior or more substance abuse and 
gambling, thus a less favorable COL. Comparison data of the CLQ of a reference group 
were described previously (7). This group consisted of young adults aged 18 to 30 years 
with no history of cancer, selected at random by general practitioners in the Netherlands. 
In addition, socio-demographic characteristics were obtained from patients. Clinical data 
were collected using the prospective institutional OLT database. 

Student’s t-tests for continuous variables and Chi-square tests for categorical variables 
were performed to compare: 1) demographic and illness characteristics of respondents 
and non-respondents, and 2) demographic characteristics of the young adults after 
pediatric OLT and the reference group. Unpaired t-tests were conducted to compare COL 
subscale scores between the study and reference groups. Effect sizes were calculated by 
dividing the difference between the means of the study group and the reference group 
by the pooled standard deviation. Effect sizes of less than 0.2 were considered negligible, 
those between 0.2 and 0.3 small, those between 0.3 and 0.8 medium, and >0.8 as large 
(14). The study and reference groups were compared on CLQ item level by using the Chi-
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square test. Analysis of variance (ANOVA) was conducted to examine the effect of gender. 
If the ANOVA test was significant, we performed independent t-tests with a Bonferroni 
correction to address multiple testing (p-level was set at <0.006). Associations between 
continuous variables and COL were analyzed using the Pearson’s correlation analysis. 
Correlations with coefficients less than 0.30 were considered weak, between 0.30 and 
0.50 moderately strong, and greater than 0.50 strong (14). P-levels <0.05 were considered 
statistically significant. The Statistical Package for the Social Sciences (SPSS, Inc., Chicago, 
IL) version 16.0 was used for all analyses.

Results

Between January 1982 and June 2007, 226 children underwent an OLT at our center (fig-
ure 1). There were 159 surviving patients at the time of this study, 71 (45%) of whom were 
18 years or older at the time of the study and eligible to participate. Five patients could 
not be contacted because they had moved abroad (n = 2) or received follow-up care 
elsewhere (n = 3). Twenty-seven of the remaining 66 refused to participate. Reasons for 
not participating in this study were neither given nor asked. The remaining 39 (response 

 

Figure 1 | Flow diagram showing patient selection
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rate 59%) patients returned a completed questionnaire. There were no significant dif-
ferences in patient characteristics between participants and non-participants (table 1). 
The male to female ratio of the participants was 1.2:1. Mean age at the time of the study 
was 23.1 years and the mean age at the time of OLT was 9.0 years. Mean follow-up was 
14.1 years. Mean age in the reference group was 24.2 years (range 18.0 - 30.9) and the 
percentage of females was 53%. The ethnic background of the group of participants was 
homogenous (36 Dutch, 1 Moroccan, 1 Ukrainian, and 1 unknown). The reference group 
did not significantly differ from our study group in these variables (table 2). 

A significantly higher percentage of young adults after pediatric OLT (51% vs. 35%, p 
= 0.05) are living with their parents and a lower percentage (23% vs. 39%, p = 0.05) are 
married or cohabiting as compared to young adults in the reference group (table 2). Two 
men (5%) of the study population had children which was similar to the reference group 
(7.6%). None of the women of the study group had children compared to 16% in the 
reference group (p < 0.001). Two women (5%) were pregnant at the time of study (age 
23 and 29 years). 

More study participants were held back during primary and/or secondary education 
than in the reference group (63% vs. 44%, p = 0.03) However, no significant difference 
in the accomplished educational level was found between both groups. Almost half of 
the young adults in the study group were unemployed whereas the vast majority in the 
reference group was employed (49% vs. 93%, p < 0.001). Employment rate was not sig-
nificantly different between men and women in the study population (43% versus 61%). 
Education levels appeared significantly associated with employment (r = 0.46, p = 0.005). 
Thirty-two percent of adults with a low level of education were employed compared to 
60% and 100% of those who completed a middle or high level of education, respectively. 

Table 1 | Patients characteristics

Responders Non-responders p-value

Number 39 27

Gender female, n (%) 18 (46%) 16 (59%) 0.29

Age in years mean (range) 23.1 (18.8 – 30.4) 25.4 (19.0 – 38.5) 0.21

Age at transplantation in years (range) 9.0 (0.7 – 17) 10.2 (1.0 – 16.9) 0.37

Weight at transplantation in kg (range) 31.7 (6.9 -70.0) 32.2 (6.4 – 65.0) 0.89

Primary diagnosis, n (%)
Biliary atresia
Other

15 (38%)
24 (62%)

11 (44%)
13 (56%)

0.85

Re-transplantation n (%) 7 (18%) 5 (18%) 1.00

Follow-up in years, mean (range) 14.1 (2.8-25.8) 14.7 (3.7-26.5) 0.92
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Participation in household tasks during childhood was not significantly correlated to later 
employment (r = 0.15, p = 0.93).

The study population had significantly lower mean scores on autonomy, psychosexual 
and social development than the reference group (table 3). Furthermore, they reported 
less substance abuse and gambling. A tendency for less antisocial behavior was found (p 
= 0.06). Effect sizes were all medium. The largest effect sizes were found in psychosexual 
development and substance abuse and gambling (table 3).

On item level in the autonomy subscale, fewer young adults in our study population 
performed regular tasks within the family during primary school (25.6 vs. 46%, p = 0.04) 
and they also reported fewer paid jobs during secondary school (74 vs. 87%, p = 0.02) 
as compared to the reference group. Social development subscale items showed that a 
higher percentage of young adults in the study group had less than four friends during 
secondary school than in the reference group (72 vs. 30%, p < 0.001) and fewer belonged 
to a group of friends (61 vs. 81%, p = 0.004). Also, they were less likely to belong to a sport 
club during and after secondary school (46 vs. 73%, p < 0.001 and 31 vs. 49%, p = 0.03, re-
spectively). Furthermore, the study group reported lower antisocial behavior in the items 

Table 2 | Respondents’ sociodemographic characteristics and comparison between study and 
reference groups

Study group Reference Group p-value

N = 39 N = 508

Age mean ± SD (range) 23.1 ± 3.7 (18.8 – 30.4) 24.2 ± 3.8 (18.0-30.9) 0.96

Gender female N (%) 18 (46) 269(53) 0.41

Living with parents N (%)

yes 20 (51) 180 (35) 0.05

no 19 (49) 328 (65)

Marital status N (%)

married/living with partner 9 (23) 192 (39) 0.05

single 30 (77) 299 (61)

Educational level accomplished
N (%)

low 16 (44) 143 (29) 0.14

middle 15 (42) 246 (51)

high 5 (14) 97 (20)

missing 3 (7)

Employment status N (%)

employed 20 (51) 295 (93) <0.001

unemployed 19 (49) 22 (7)

7
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breaking the law (3 vs. 17%, p = 0.02) and being refused admission to a class (28 vs. 34%, p 
= 0.012) compared to the reference group. Lastly, they exhibited less risk taking behavior 
(substance use and gambling subscale). This was particularly true after secondary school. 
On item level, they reported lower levels of alcohol consumption (5 vs. 50%, p < 0.001), 
use of soft drugs (13 vs. 29%, p = 0.03), smoking (26 vs. 48%, p = 0.007) and gambling (21 
vs. 38%, p = 0.03). Three out of four psychosexual development item scores (age of first 
boy/girlfriend, sexual intimacy and intercourse) were significantly decreased in our study 
population. Only age when patients first fell in love (before or after 18 years old of age) 
was comparable to the reference group.

Significant effects of gender on autonomy, psychosexual development, antisocial 
behavior and risk behavior were found (table 4). Consequent t-tests using the Bonferroni 
correction (p < 0.006) showed that young men in the study population had lower mean 
scores in autonomy, psychosexual development and risk behavior compared to young 
men in the reference group. No statistically significant differences for these subscales 
were found for women compared to the reference population.

Table 3 | Scores for the subscales of course of life questionnaire in the study group and the refer-
ence group

Study group Reference group

 Subscales mean (SD) N = 39 N = 449 p-value Effect size

Autonomy 8.7 (1.5) 9.4 (1.5) 0.004 0.49

Psychosexual development 6.3 (1.4) 7.2 (1.1) <0.001 0.76

Social development 20.1 (2.8) 21.0 (2.5) 0.03 0.36

Antisocial behavior 4.4 (0.6) 4.7 (1.0) 0.06 0.32

Substance use and gambling 13.4 (1.9) 15.1 (2.6) <0.001 0.66

Table 4 | Course of life subscale scores by gender

 Study group Reference group ANOVA Male vs. Male
Female vs 
Female

Male 
n=21

Female 
n=18

Male 
n=203

Female 
n=246 p-value p-value p-value

Autonomy 8.4 (1.2) 9.1 (1.6) 9.4 (1.5) 9.4 (1.5) 0.01 0.002 0.35

P Psychosexual 6.0 (1.3) 6.6 (1.5) 7.1 (1.2) 7.2 (1.1) <0.001 <0.001 0.028

Social 
development

20.1 
(2.8)

20.0 
(2.7) 21.0 (2.3)

20.9 
(2.6) 0.18

Antisocial 
behavior 4.4 (0.6) 4.3 (0.6) 5.1 (1.1) 4.4 (0.7) <0.001 0.02 0.86

Risk behavior
13.6 
(2.2)

13.2 
(1.5) 15.9 (2.8)

14.4 
(2.3) <0.001 <0.001 0.03
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Age at the time of OLT was weakly and not significantly correlated with the subscales 
autonomy (r = -0.10), psychosexual (r = 0.01) and social development (r = -0.01), and 
substance use and gambling (r = -0.08). Age at OLT was moderately strongly but not 
significantly associated with antisocial behavior. (r = -0.30, p= 0.06). Time elapsed since 
OLT and age at the time of the study were not significantly correlated with any of the COL 
subscales (r = 0.01 - 0.27). Only young adults after re-OLT (n=7) reported a significantly 
lower mean score on psychosexual development as compared to those after one OLT 
(n=32) (5.1 ± 0.7 vs. 6.5 ± 1.4, p = 0.01).

Discussion

The first aim of our study was to compare COL of young adults who underwent OLT 
in childhood to that of healthy peers. The results confirm our hypothesis. Young adults 
who underwent OLT in childhood achieve fewer milestones with respect to autonomy, 
psychosexual and social development than a randomly selected group of young adults. 
They also display less risk taking behavior. The results of our study are comparable to 
findings in young adults with a history of chronic disease as a child (e.g. end stage re-
nal disease; inflammatory bowel disease) and survivors of childhood cancer (6, 7, 15). 
However, the effect sizes, indicating the clinical relevance of differences, reported in the 
study on childhood cancer survivors were small to medium (range 0.18 – 0.45) whereas 
the effect sizes in our OLT population were all medium (range 0.32 - 0.76). This suggests 
that OLT might have more impact on the COL than childhood cancer. An explanation 
may be that children after OLT are burdened with continuous immunosuppressant use, 
lifelong follow-up and uncertainty about future survival (1). In fact, the COL of our study 
population is more comparable to children suffering from end-stage renal disease who 
also need frequent and time consuming dialysis with a strict medical regime (6). 

The largest effect sizes were seen on psychosexual development followed by risk 
behavior. Psychosexual development seems to be most affected by childhood disease, as 
has been reported earlier (6, 7). This topic should be addressed during follow-up of these 
children and young adults. 

Displaying less risk behavior is a different COL from that found in the group of healthy 
peers but this is not necessarily unfavorable. It might signify that our study population 
perceives themselves as more vulnerable after OLT. Fear of complications or the risk of 
graft rejection might prevent them from undertaking risk behavior. This is also in line with 
previous studies showing that children with chronic diseases in general report less risk 
behavior during childhood (6, 7). Also in accordance with our results, less regular alcohol 
consumption has been reported in recent study on young adults after pediatric OLT (16). 
The main difference with our study is that Dommergues et al assessed the current lifestyle 
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of young adults at the time of their study (16), whereas we investigated the milestones 
reached during development in childhood and adolescents. In contrast with our study 
the above mentioned study showed no differences in substance abuse such as smoking 
or cannabis consumption when compared with healthy peers (16). A worrisome finding 
in that study was that young adults had a poor compliance with their immunosuppres-
sive medication (16). Medication compliance was not addressed in our study. 

It is not only important to understand if delays in development and behavior occur 
in these young adults, it is also important to know when this delay or deviant behavior 
occurs. For example, in the OLT group, the delay in social development occurred during 
secondary school. Young adults in our study reported that they had fewer friends, were 
less likely to belong to a group of friends and were a less active member in sports clubs at 
that time. Perhaps these children felt physically vulnerable after an OLT which may inhibit 
them to participate in play and sports. Additionally, it may be that parents of children 
with a chronic diseases exhibit overprotective behavior (17). Understanding the gaps in 
development enables health professionals and parents to focus on a favorable COL and 
encourage these children and adolescents to be more independent, stimulate them to 
make friends and participate in activities with their peers especially during secondary 
school. In particular, we think that there should be no restrictions for young adults to 
participate in sport or other physical activities. We recommend that children after OLT 
should be encouraged to be more autonomous and participate in social activities.  

Our study group was less autonomous than the comparison group. More young adults 
in our study group lived with their parents (51%), were single (77%) and unemployed 
(49%). Dommergues et al reported an even higher percentage (70%) of young adults after 
OLT living with their parents, though this was not significantly higher than in the French 
reference population (16). An explanation for the difference found with the study of Dom-
mergues et al might be a socio-cultural difference. Dommergues et al studied subjects in 
France where it is more common for young adults in general to live with their parents 
compared to their peers in the Netherland (58% vs 28%). Both Dommergues et al and the 
present study do, however, demonstrate a decrease in autonomy in young adults after 
OLT.  

Less young adults in our study were employed compared to the reference group, 
which is not in line with a study of young adults surviving childhood cancer showing that 
an equal percentage was employed as in the reference group (7). This suggests that OLT 
may confront young adults with other problems and challenges than childhood cancer. 
It may be that our study population continue to suffer from physical consequences and is 
therefore less well able to function in daily life as their healthy peers. Among adults it has 
been reported that half of them were employed after OLT and that predictors of post-OLT 
employment were pre-OLT employment status, level of education, disability status and 
income level before transplantation (18). However, because this study was done in adults, 
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these factors do not directly apply to our study group, except for the level of education. 
In our study, chances of employment were significantly lower in young adults having 
completed only lower education. Lower education levels tend to lead to jobs that involve 
physically demanding labor. Transplant recipients might not feel safe in these jobs and 
prefer unemployment if no other alternative is available. Whether these lower employ-
ment rates are actually due to avoidance of physically or mentally challenging jobs or 
selection by employers is unknown. The educational level of our study group did not 
differ from the reference group. Although our young adults achieve fewer developmental 
milestones, OLT does not seem to affect their educational performance in our study. This is 
in contrast with previous studies from the Studies of Pediatric Liver Transplantation Research 
Group (SPLIT), reporting that the achieved academic level of children and young adults 
after OLT was lower than the general public (19-21). Reasons for why the achieved level 
of education of the current study population does not appear to be affected are unclear 
and will need to be identified in future studies. 

In our study population, only 2 male patients had children and 2 of the female patients 
were pregnant at the time of this study. Whether women after OLT were less inclined to 
have children or experienced fertility problems is not clear. Several studies showed that 
there is an increased incidence of fetal and maternal complications of pregnancy follow-
ing OLT (22, 23). Nevertheless, successful pregnancies have been reported in women after 
OLT (24). The young adults in our study seem less successful in developing relationships 
which could explain why they have less offspring. 

This second aim of this study was to identify factors associated the delays in COL. 
Several factors for delays in COL were identified. Especially young male patients seem 
prone to hindrance in autonomy and psychosexual development. Furthermore, re-OLT 
was a risk factor for decreased psychosexual development. Re-OLT reflects a complicated 
disease course, often preceded by repetitive hospital admissions. Re-OLT did not affect 
social and autonomy development. Hampering in development was not associated 
with age at the time of study, age at OLT or time since OLT. Others have shown that the 
duration of illness before OLT and not age at the time of OLT is prognostic for mental 
development (10, 12). Whether duration of illness affects autonomy, psychosexual or 
social development remains to be determined. 

Increased anxiety, depression and sleep disorders have previously been reported in 
children after OLT (25-27). These factors might also have a negative impact on the course 
of life. The recently developed disease specific Pediatric Liver Transplantation Quality 
of Life (PeLTQL) questionnaire may allow health care workers to screen for anxiety and 
depression in children after OLT and might help in the early identification of those at risk 
for developmental problems (28).

This study is subjected to some limitations. First of all, this is a retrospective study. 
Responders need to recollect facts from their childhood. It is possible that they over- or 
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underestimate the achievement of milestones. Furthermore, a substantial percentage of 
the young adults after OLT that were invited to participate did not respond. The reasons 
for not participating in this study were not documented. Other studies have shown 
that non-responders are experiencing greater psychological disabilities, neurodevelop-
ment impairment and learning difficulties (16). This could mean an underestimation of 
developmental delays in the present study. Also, our study population is relatively small 
which affects the power of the study. Therefore, we should be careful in interpreting and 
generalizing our results. Finally, cultural differences may interfere when comparing the 
current study to studies from other countries. 

It is not clear whether the delay COL affects perception of the quality of life of these 
young adults. They may achieve fewer milestones, but that does not have to mean that 
their quality of life is poorer. We do not know if specific liver-related physical symptoms, 
stress responses or anxiety have a detrimental effect on the development. This remains 
to be addressed. 

We recommend that both parents and health care providers be aware of developmen-
tal delays and to stimulate autonomy, psychosexual and social development. Especially 
young male adults and those who have undergone a re-OLT are at increased risk of achiev-
ing fewer milestones. During the follow-up of patients these topics should be addressed 
to identify or prevent possible COL developmental delays. In particular, we should 
encourage these young adults to be more independent, stimulate them to make friends 
and participate in peer activities. Therefore, psychologists and social workers should be 
involved during the transition into adulthood. Also, patients should be informed about 
their future perspectives regarding more difficulties to develop relationships and chances 
to fulfill their professional aspirations. 

In conclusion, young adults after liver transplantation in their childhood show delay in 
their developmental milestones in every dimension. Male recipients and those who had 
needed a re-transplantation are more at risk. Fortunately, these young adults display less 
risk behavior during their childhood. Further research should focus on the identification 
of the hurdles that play a role in the developmental delays. This could help to develop 
preventive measures or tools to stimulate children after OLT to develop themselves more 
similar to their peers. 
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In this thesis, we aimed to provide new insights into the pathophysiology of liver fibrosis 
in biliary atresia and into the quality of life of young adult biliary atresia patients.

Is there a suitable animal model of biliary atresia? 

BA is a rare disease characterized by the obstruction and obliteration of the biliary tract 
leading to cholestasis and progressive liver fibrosis in infants requiring major surgery for 
long term survival. Without surgery (Kasai portoenterostomy [KPE] or liver transplanta-
tion [OLT]) BA is uniformly fatal with a reported median survival of just 8 months (1). 
Therapeutic medical interventions to delay or prevent (progressive) liver fibrosis (and the 
need of an OLT) after KPE are currently not clinically available. 

The etiology of BA is, unfortunately, still unresolved (2). Activation of the Hedgehog 
(Hh) signaling pathway has been hypothesized to play a pathogenic role in the develop-
ment of liver fibrosis in biliary atresia. The Hh signaling pathway regulates multiple cellular 
processes such as proliferation, apoptosis, migration and differentiation (3). Recent obser-
vations have supported the concept that activation of the Hh pathway leads to epithelial 
to mesenchymal transition (EMT) and that EMT might play a role in the development of 
the biliary pathology and liver fibrosis in BA (3). 

Examination of the early pathogenesis in humans in considerable detail is difficult for 
several reasons.  First, some degree of liver fibrosis is usually already present at time of 
diagnosis, which prevents the study of the initiating processes of fibrosis. Secondly, it has 
been demonstrated that long term prognosis of BA is negatively related with postnatal 
age of the Kasai surgery, which strongly limits the time period to study the pathogenesis 
before surgery. 

To better understand the pathogenesis of liver fibrosis in BA several animal models 
have been developed. The correspondence of each of these models with human BA 
remains a subject of debate. Nevertheless, several important insights have been obtained 
from animal models of BA, whose relevance for human BA could later be confirmed. In 
this thesis we investigated one of the animal models of BA to determine to what extent 
it resembles human BA and to address the hypothesis if EMT plays a pathogenic role 
during liver fibrosis in BA. Detailed insights in the pathogenesis of BA and BA-related liver 
damage/fibrosis are expected to aid in the development of interventions.

The rhesus rota virus (RRV) murine model of BA offers the unique possibility to in-
vestigate the development of BA-like hepatic and bile ductular injury from the onset of 
disease. Newborn pups are exposed to RRV at day 0, after which they develop cholestasis 
due to progressive obliteration of the biliary tree. Other models (e.g. bile duct ligation 
models) generally use adult animals. Whether (ongoing) liver fibrosis actually occurs in 
the RRV murine model of BA is unclear (4-6) and the suitability of this model for BA related 
liver fibrosis therefore still needed to be established. As the rapid development of fibrosis 
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is a clinical hallmark of human BA, it was also important to investigate whether fibrosis 
occurs early in this mouse model. 

In chapter 2 we demonstrate that moderate liver fibrosis does occur in the RRV 
murine model of BA. The morphological features observed in the RRV murine model 
correspond with the human BA characteristics according to the Biliary Atresia Research 
Consortium (BARC) criteria (i.e. portal fibrosis, bile duct proliferation, bile plugs, portal 
cellular infiltrate) (7). The demonstration of fibrosis improves the value of the RRV model 
for investigating the pathogenesis of liver fibrosis in BA. This model could also be used 
to develop and test novel therapeutic treatment strategies. It is, however, important to 
realize that the model does have a number of limitations. These limitations (discussed in 
detail in chapter 2) include: absence of severe liver fibrosis and portal hypertension, and 
survival of no longer than 21 days.

We speculate that another animal model, although not investigated in this thesis, 
might also be suitable to investigate BA (8). In an adult rat model originally developed to 
investigate the enterohepatic circulation and cholestasis, bile is quantitatively diverted 
through a permanent catheter in the hepatic bile duct. The bile catheter can be used to 
drain the bile outside the rat, thereby completely interrupting the enterohepatic circula-
tion. Alternatively, the bile catheter can be connected to a second, duodenal catheter, 
allowing the restoration of the enterohepatic circulation. By clamping the bile catheter, 
obstructive cholestasis can be induced (similar to the onset of BA). After a set time the bile 
circulation can be restored by releasing the clamp and connecting the bile catheter to 
the duodenal catheter. This second step could resemble features of the restoration of bile 
flow and the relieve of cholestasis after KPE in BA infants. This model has, to our knowl-
edge, not yet been used in BA research but could potentially help in the understanding of 
processes involved in fibrosis in BA during and after obstructive cholestasis. 

Do cholangiocytes become fibroblasts in BA?

Epithelial to mesenchymal transition (EMT), during which epithelial cells acquire typical 
features of mesenchymal cells such as fibroblasts, has been recognized to occur during 
embryonic development, fibrosis, and tumor metastasis. It has also recently been demon-
strated in liver fibrosis in chronic liver injury (primary biliary cirrhosis) (9, 10). The literature 
is inconclusive as to whether EMT is present in BA, a disease characterized by progressive 
liver fibrosis, frequently even after a successful KPE. 

It is important to establish if EMT is present in the development /progression of liver 
fibrosis in BA as it might be possible to develop targeted therapies to mitigate the del-
eterious effects. This could potentially help retard or even prevent progression of disease 
after a KPE and reduce the likelihood that an OLT is necessary for survival. A recent study 
showed that nuclear factor (NF)- κB plays an important role in EMT during liver fibrosis 
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and that inhibition of NF-κB decreased liver fibrosis after injury in vivo (11). Suppression 
of transforming growth factor (TGF) β1, a promotor of EMT, by Apamin (isolated from 
bees) or histone deacetylase has also been shown to limit EMT and fibrosis in murine liver 
fibrosis models (12, 13). If indeed EMT would be present in BA, it could then be relevant to 
test these compounds in BA models and, upon success, in patients.   

After establishing that the RRV murine model resembles human BA, we used both 
the RRV mouse model as well as human liver biopsies to determine if cholangiocytes 
undergo EMT in the development of liver fibrosis in BA in chapter 3. The human liver 
biopsies were obtained from BA patients at time of KPE. During EMT the morphological 
transition of cholangiocytes from an epithelial to mesenchymal phenotype is accompa-
nied by decreased expression of epithelial markers (i.e. CK7, CK19 and E-Cadherin) and 
increased expression of mesenchymal and fibroblast markers (i.e. α-SMA, Collagen type 
I, S100) (14, 15). 

In the murine livers, immunohistochemistry results of the RRV group showed an in-
crease of the mesenchymal/fibroblast markers α-SMA and Collagen type I with diminished 
bile duct staining of the epithelial marker CK19 and E-Cadherin, indeed suggesting the 
occurrence of EMT. However, gene expression levels of the epithelial markers CK7, CK19 
and E-Cadherin also increased in the RRV mice. These latter observations do not support 
the presence of EMT, for, if EMT would be prominent, the expression of the epithelial 
markers would be expected to decrease (16). 

We found no evidence for EMT in the liver biopsies of human BA patients: epithelial 
markers were present at differing levels (varying from low to strong) and the mesenchy-
mal/fibroblast marker α-SMA was generally only present at a low level. We also did not 
find a significant correlation between EMT markers and clinical outcome or fibrosis.

In summary, we did not find convincing indications in the RRV model nor in human 
liver biopsy material that cholangiocytes undergo EMT in a BA condition. Furthermore, 
no correlation between EMT markers and clinical outcome or fibrosis was found in the 
human patients. Our present findings regarding the absence of EMT in cholangiocytes in 
BA are in contradiction to several studies. 

Harada et al. used cultured human cholangiocytes to report observations that seemed 
to support that cholangiocytes undergo EMT under in vitro conditions. After stimulation 
of cultured human cholangiocytes with poly I:C, a synthetic analog of double-stranded 
RNA (molecular pattern associated with viral infection), a diminished expression of CK19 
and E-Cadherin with an increased expression of S100A was found, thus suggesting 
EMT (17). Diaz et al. used immunohistochemistry (markers including CK-19 and α-SMA, 
but not CK-7, E-cadherin or Collagen type 1) to investigate EMT in 14 human BA liver 
biopsies obtained from diagnostic biopsies or from liver explant tissue. These authors did 
find a decrease in CK19 expression and an increase in several mesenchymal markers in 
cholangiocytes but no increase in α-SMA. They hypothesized that the epithelial marker 
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CK-19 is lost before α-SMA expression occurs and concluded that their findings provided 
evidence for EMT of cholangiocytes in BA (18). Using immunohistochemistry to analyze 
liver biopsies from 18 BA patients, Xiao et al. reported that α-SMA emerged in many CK-
7-positive ductular cells and that α-SMA expression was highest in biopsies with more 
severe fibrosis. They postulated that this co-localization of CK-7 and a-SMA in the same 
cholangiocytes was indicative of EMT (19).

Our findings are, however, in accordance with findings of Chu et al. They used a mouse 
model in which the epithelial cells of the liver (hepatocytes, cholangiocytes, and their bi-
potential progenitors) are heritably with yellow fluorescent protein (YFP) labelled at high 
efficiency. This labelling allows cells to be traced: YFP expressing (“yellow”) cholangiocytes 
undergoing EMT should become YFP expressing (“yellow”) fibroblast. When they induced 
liver fibrosis in two separate murine models for liver fibrosis (bile duct ligation model and 
a toxic liver injury with carbon tetrachloride), no co-localization of YFP with the mesen-
chymal markers S100A4, vimentin, a-SMA was found demonstrating that cholangiocytes 
or hepatocytes do not undergo EMT to become fibroblasts during liver fibrosis (20). 

A review by Park et al discussed the ongoing debate concerning EMT in cholangiocytes 
(21). They concluded that indirect results suggest that EMT exists in human cholangiocytes 
but that two studies revealed strong evidence against EMT. These studies used lineage 
tracing methods (see above paragraphs) in murine models for liver fibrosis demonstrat-
ing that the cholangiocytes do not actually become fibroblasts (20, 22). Whether or not 
cholangiocytes, therefore, actually undergo EMT remains a controversy as studies report 
conflicting findings. Direct comparison is difficult since the studies use different markers, 
vary in species (rat/mice/human) and in in vitro or in vivo approach. In our study we used 
both murine and human samples to evaluate EMT using immunohistochemistry. We also 
measured the gene expression levels of the relevant markers. Given the limitations of 
our study discussed in chapter 3, it is not possible to completely exclude the presence 
of (some) EMT in the BA RRV mouse model. Yet, our data certainly do not support it. Our 
data are therefore in accordance with the linage tracing studies by Chu et al. and Scholten 
et al. It thus seems unlikely that cholangiocytes undergo EMT and become fibroblasts in 
liver fibrosis in BA. 

Due to the theoretical therapeutic potential of inhibiting EMT and thereby potentially 
preventing or retarding progressive biliary damage and liver fibrosis after a successful KPE, 
however, more research will need to be done before EMT can be fully discounted in BA. 

Predicting (severity of) fibrosis and course of disease

The natural course of BA in humans after KPE frequently includes progression of fibrosis, 
even up to the level of cirrhosis. This process can occur in the first postnatal year, but 
can also extend well into child- and even adulthood. It has been a challenge to assess 
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the amount and development of fibrosis. Early detection of progressive liver fibrosis and 
optimal timing of OLT have been suggested to be essential for survival in BA (23-25).

To date, assessment of liver fibrosis through liver biopsy (LB) remains the gold stan-
dard. This invasive technique has known limitations and cannot be readily performed. 
Non-invasive assessment of liver fibrosis can be broadly divided into two groups: physical 
or biological (26). The “physical” group measure liver stiffness through imaging tech-
niques and include magnetic resonance elastography (MRE) and transient elastography 
(Fibroscan ®) (26, 27). These techniques are costly and time consuming. Further, in the 
case of MRE, they require the patient to remain still for extended periods of time, which 
would require general anesthesia for infants. The “biological” approach is based on serum 
markers as a surrogate for fibrosis. These surrogate markers are an attractive alternative as 
they use results from routine blood examinations and are simple to calculate. 

Of the plethora of surrogate, non-invasive markers suggested in the literature, aspar-
tate transaminase to platelet ratio index (APRI) has been shown to reliably predict the 
degree of fibrosis and cirrhosis in chronic liver diseases in adults (28, 29). APRI has only 
been applied with differing success in chronic pediatric liver conditions (30). 

In 2010 Kim et al. were the first to report that APRI correlated with the grade of fibrosis 
at KPE in 35 BA patients. The authors suggested that APRI could possibly be used as a lon-
gitudinal marker to assess progressive fibrosis during follow-up after KPE surgery thereby 
preventing the need for frequent liver biopsies (31). However, the latter suggestion was 
not confirmed by the data that were presented and routine follow up liver biopsies is not 
standard care at our center. 

In chapter 4 we investigated whether APRI could successfully predict grade of fibrosis 
in BA, thereby providing an insight into whether ongoing fibrosis is present.

To assess the possibility that APRI could be used as a surrogate marker, we retrospec-
tively calculated APRI for all patients who had undergone a KPE (n = 31) at our center and 
correlated these scores to histological Metavir grade of liver fibrosis at time of surgery. 
Although our study design was similar to Kim et al. we did not find a correlation between 
APRI at time of KPE and severity of liver fibrosis. Median pre-KPE APRI was similar for all 
grades of fibrosis. Furthermore, in our study, APRI scores did not correlate with or predict 
survival (with or without native liver). Our findings are, therefore, contradictory to those 
presented by Kim et al.

Surprisingly, overall and transplant-free survival was not different for differing grades 
of histological fibrosis in our cohort. A lower degree of fibrosis at KPE, in other words, was 
not associated with a better (transplantation-free) survival in our cohort. This is also in 
contrast to previous studies (23, 24). One of the possibilities that may underlie this dis-
crepancy may relate to deterioration of other hepatic functions that has led to the need 
for liver transplantation, such as decreased protein synthesis and/or decreased excretory 
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function (jaundice, cholestasis). Davenport et al has suggested that clearance of jaundice 
after KPE rather than pre-KPE grade of liver fibrosis predicts survival of native livers (32). 

Since publication of our results two other reports have been published investigating 
the value of APRI in BA. Yang et al. found that, in accordance with Kim et al., APRI does 
correlated to grade of fibrosis in BA at time of KPE in 91 patients. Yang et al. also suggested 
that pre-KPE APRI could predict persistent jaundice at 6 months after corrective surgery 
(33). In contrast and similar to our findings, Souminen et al. found no correlation between 
APRI and histological grade of fibrosis at time of KPE in 29 patients (33, 34). 

A possible explanation for these differences might be that patients in our study and 
in the study by Souminen et al. did undergo KPE at a younger age: median 59 days and 
63 (Souminen et al.) vs 70 (Kim et al.) and 83 (Yang et al.). Infants with BA appear to have a 
relative thrombocytosis at onset of disease compared to control (unaffected) infants but 
with progressive liver damage platelet counts decrease (35, 36). A lower platelet concen-
tration will yield a higher APRI. Given that our and Souminen et al.’s patients were younger 
compared to the other two studies at time of KPE they will also have had a shorter course 
of disease prior to corrective surgery. This difference in length of disease prior to KPE 
is also reflected by the severity of histological fibrosis observed in the different studies. 
We observed an equal distribution in Metavir grades in our patients and Souminen et al. 
reported a median Metavir grade of F2 (= moderate fibrosis). The two studies with older 
infants observed a majority of F3 (= severe fibrosis) and F4 (= cirrhosis) fibrosis. Thus, we 
cannot exclude the possibility that differences in severity of fibrosis between the studies 
may (partly) underlie the different results. 

Based on the above findings and on the literature we consider it unlikely that APRI can 
be used as a reliable surrogate marker for liver fibrosis in infants with BA. In the early stage 
APRI will not change clinical practice since KPE surgery at the lowest age is warranted. In 
addition, a liver biopsy, the gold standard for assessment of fibrosis, is then usually avail-
able before or at KPE surgery. Whether the APRI could be used for longitudinal monitoring 
of the development of fibrosis during the post-KPE stage in individual pediatric patients 
with BA seems doubtful. 

Long term clinical outcomes 

Due to improved KPE and OLT techniques and better post-OLT medication BA has devel-
oped into a condition with a long-term prognosis: 10-years overall survival of 66-89% and 
20-years overall survival of 43-78% (37-40). Furthermore, 25% of patients survive at least 
20 years without OLT in the Netherlands (38). This makes it important to not only report 
“medical” success in treatment of BA in terms of survival but also ask the question how 
these patients are doing when they reach adulthood. The improved survival rates expose 
patients to the continuing uncertainty of complications which may require hospitaliza-
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tion. This constant risk may have a negative impact on their quality of life (QOL) and health 
status (HS or HS) in later life. Gaining insight into QOL, HS and related levels of anxiety/
depression as perceived by the adult population surviving BA with or without OLT, there-
fore, becomes an important assessment for defining long term clinical outcome. It is also 
necessary to assess their course of life: do the reach their developmental milestones and 
what factors are involved if they do not? 

It is important to realize that QOL and HS are not the same and are not interchange-
able. HS questionnaires measure the objective functional limitations as a result of disease 
whilst QOL questionnaires also reflect to what extent a patient is subjectively bothered 
by these limitations in daily life (41). 

In chapters 5 and 6 we demonstrate that BA patients surviving with their native liv-
ers or after OLT into adulthood report similar HS and QOL compared with healthy peers. 
They do not report impairment in their daily functioning due to their disease. As a group, 
the “BA with native liver” survivors do not demonstrate high levels of anxiety or depres-
sion. Nevertheless, at an individual level, a quarter of these survivors did report clinically 
relevant levels of anxiety and/or depression. This percentage is comparable to available 
reference data of the general public from literature (42, 43). Regular screening for anxiety 
and/or depression should be considered during outpatient appointments with subse-
quent referral when indicated as 25% of patients are at risk for depression. 

The HS and QOL results are comparable to the HS outcomes described by Howard et 
al. (44) but in contradiction to those reported by Sundaram et al. in long term BA survivors 
without OLT (45). Sundaram et al. reported an impaired HS in every dimension in pediatric 
patients using the with PedsQL 4.0. A possible explanation for the differences in outcomes 
with Sundaram et al. is that the population we investigated is older:  23 years versus 10 
years. We speculate that children are able to adjust to their health situation, and thus can 
cope better with BA when they mature to become adults.  

We find it an important finding that patients with a longstanding chronic disease 
which can have a negative impact on several body functions and which requires major 
surgery, lifelong follow-up, and medication use, reported an HS that was almost similar 
to that of an age-matched reference group. Just as relevant is our finding that HS is cor-
related to liver disease symptoms but not to biochemical markers of clinical condition. 
Biochemical markers alone should therefore not be used when evaluating how a patient 
is doing during follow-up. Non-transplanted females and patients suffering from liver 
disease–associated symptoms are the groups at risk for a lower HS. 

In a clinical or out-patient setting, regular screening through the use of the Liver Disease 
Index Score could possibly help in the early identification of patients at risk of a decreased 
HS. Management of these symptoms may be key in maintaining or improving HS and 
QOL in individual patients with BA, regardless of disease state. 
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In general, the course of life (COL, i.e. achievement of developmental milestones) of 
adolescents and young adults having grown up with a chronic disease is delayed (46). In 
chapter 7 we studied the effect of a major life event such as OLT in childhood on the COL 
in young adults. Gaining insight into the COL and factors associated with a delay in COL 
is important as more BA patients are reaching adulthood and a delay in the COL during 
childhood has been associated with decreased participation in social and professional 
activities in later life (46, 47). 

Young adult patients who had been transplanted at pediatric age show a delay in 
their developmental milestones in every dimension (autonomy, psychosexual, social, 
antisocial behavior). They do however, display less risk taking behavior than healthy peers 
which can be considered a positive effect. Furthermore, as adults they are less likely to 
be employed (49% vs 91%) or to have children when compared to age matched peers 
(0% vs 16%). More study participants were held back during primary and/or secondary 
education than in the reference group (63% vs. 44%). However, no significant difference 
in the accomplished educational level was found between both groups. Male recipients 
and those who required a re-transplantation are more at risk for a delay in COL. Delay in 
development was not associated with age at the time of study, age at OLT or time since 
OLT. 

This delay in development after pediatric OLT is comparable to findings in young 
adults with a history of chronic disease as a child (e.g. end stage renal disease; inflamma-
tory bowel disease) and survivors of childhood cancer (46, 48, 49).

Psychosexual development seems to be most affected by pediatric OLT (i.e. age of first 
boy/girlfriend, sexual intimacy and intercourse). This observation is in accordance with 
reports on patients with other forms of severe diseases at pediatric age (46, 48). Several 
reasons could explain the delay in psychosexual development: negative body image or 
insecurity due to scarring, discomfort caused by disease symptoms or the observed delay 
in social development. 

It is not only important to understand if delays in development and behavior occur 
but similarly when this delay starts. For example, in the OLT group, the delay in social 
development became apparent in secondary school. Young adults reported having fewer 
friends and were a less active member in sports clubs. It is unclear which factors underlie 
these observations. Perhaps these children and/or their parents feared increased physical 
vulnerability after an OLT which might have prevented the children from participating in 
sports. Additionally, it might be that parents of children with a chronic diseases exhibit 
overprotective behavior (50). 

Understanding the gaps in development enables health professionals and parents to 
focus on a favorable COL and to encourage these children and adolescents to be more 
independent, stimulate them to make friends and participate in activities with their peers 
especially during secondary school.
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The delay in course of life in transplanted pediatric patients is in contrast to that of 
children who have grown up with a chronic liver disease but have reached adulthood 
with their native livers. Non-transplanted pediatric BA patients reach developmental 
milestones similarly as their healthy peers (51). A potential explanation for this is again 
that survival with native livers represents a relatively benign course of disease and are not 
at risk of post-transplantation complications and risk avoiding behavior from the patients 
and/or their parents. A Kasai procedure within the first few months after birth will not 
be consciously experienced by patients whereas an OLT later in childhood (and subject 
sequelae) will be. 

Conclusions and future directions

In this thesis we investigated both the pathogenesis and the long term clinical outcomes 
in biliary atresia. 

We show for the first time that liver fibrosis is present in the RRV murine model of BA 
and that this model corresponds with the morphological features of human BA according 
to the BARC criteria. Using this model and human tissue samples we did not find support 
for the hypothesis that cholangiocytes undergo epithelial to mesenchymal transition in 
the pathogenesis of fibrosis of the BA condition.  

We were not able to correlate Aspartate Transaminase to Platelet Ratio Index with 
severity of liver biopsy fibrosis at time of KPE or (transplant-free) survival in pediatric BA 
patients and suggest that APRI is not a suitable surrogate marker for liver fibrosis in BA. 

From the clinical point, we have demonstrated that the long term outcome of BA 
patients, with their native liver or OLT, is generally good. BA patients who survive into 
adulthood, report a good health status and quality of life. However, at an individual level, 
a quarter of the young adult BA patients reports clinically relevant levels of anxiety and/
or depression. Regular screening is suggested to identify and possibly treat those adults 
at risk.

Young adult patients who underwent OLT in their childhood have a delay in reaching 
their developmental milestones in every dimension but display less risk taking behavior.

A remaining challenge to improve the prognosis of BA patients relates to preventing or 
mitigating the development of liver fibrosis. We feel that new medical treatment options 
should be tested, for example in the RRV murine model and, upon success, subsequently 
in patients. From clinical care, the developmental delay that may be seen after OLT for BA 
needs to be further addressed. Relevant contributors need to be identified, after which 
preventive measures or tools could hopefully be applied or developed to further improve 
the prognosis of BA patients and to allow them to develop (even) more similar to their 
peers in every dimension.
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Summary

Pathophysiology and fibrosis

Biliary atresia (BA) is characterized by progressive cholestasis, rapid liver fibrosis and 
cirrhosis in the neonatal period. Cirrhosis leads end-stage liver disease (ESLD) for which 
an orthotopic liver transplantation (OLT) is required for survival. BA is the most frequent 
indication for pediatric OLT (1, 2). Treatment of BA is surgical and is aimed at restoring 
normal bile flow either by performing a Kasai portoenterostomy (KPE). If left untreated 
BA is uniformly fatal with a reported median survival of just 8 months (3). 70% to 80% of 
children who undergo an initially successful KPE will still develop ESLD and require an 
OLT (4, 5). 

New therapeutic medical interventions to delay or prevent (progressive) liver fibrosis 
(and the requirement of an OLT) are not available. This is because little is unknown about 
the pathogenesis and pathophysiology of BA. Examining the pathogenesis of BA and 
related liver fibrosis in humans is difficult, if not impossible. Liver fibrosis is already present 
at time of diagnosis and due to rapid course of the disease swift surgical intervention is 
required for survival. This makes it unmanageable to investigate BA at onset and elucidate 
the pathophysiological mechanisms involved in humans at the early stages of the disease. 

To examine the pathogenesis of BA, the Rhesus Rotavirus (RRV) murine model of BA 
was introduced in 1993 (6). The RRV murine model of BA seems well suited to provide 
researchers with a tool to investigate the causes and changes in BA at the onset of the 
disease. Newborn pups are used and develop cholestasis due to an obliterated biliary tree 
after being infected with RRV at birth. Other models (e.g. bile duct ligation models) use 
adult animals. On disadvantage of this model is that the majority of the treated pups die 
within 21 days which might be too quick for the pups to actually develop liver fibrosis. 

Whether (ongoing) liver fibrosis actually occurs in the RRV murine model of BA remains 
a matter of debate. The suitability of this model for further investigations into BA related 
liver fibrosis therefore still needs to be established. As the rapid development of fibrosis is 
a clinical hallmark of human BA, it is important to investigate whether fibrosis occurs early 
in mice as well. To investigate similarities between the RRV murine model and human 
BA both morphological characteristics and severity of fibrosis in the murine model were 
analyzed in chapter 2 using the Biliary Atresia Research Consortium (BARC) criteria (7).

We found that the morphological characteristics of the livers of RRV pups are in accor-
dance with the BARC histological assessment system for human liver biopsies. In addition, 
the presence of liver fibrosis in the RRV murine model was confirmed. Cholestasis leads 
to – among others – an increase in hepatocellular apoptosis (8) and fibrosis. During the 
process of fibrosis an increased expression of fibrosis markers (α-SMA and collagen type I) 
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is seen (7, 9). Chapter 2 demonstrates this accumulation of α-SMA and collagen type I in 
livers of the RRV murine model of BA. 

Severe liver fibrosis and portal hypertension has not been observed in the mouse 
model (10). However, as demonstrated in chapter 2, moderate fibrosis does occur in the 
RRV murine model of BA. Furthermore, the RRV model uses neonatal mice in contrast 
to the predominately murine bile duct ligation models, which use adult animals, that 
have so far been studied. This makes the RRV murine model of BA even more unique and 
relevant as it enables investigation of early morphological changes and development of 
early fibrosis during BA progression. 

After establishing the suitability of the RRV murine model of BA, we investigated one of 
the potential mechanisms involved in the development of liver fibrosis in BA in chapter 
3: epithelial to mesenchymal transition (EMT). 

EMT, promoted by Hedgehog (Hh) signaling, is the process in which epithelial cells 
(i.e. cholangiocytes) acquire a more mesenchymal phenotype (i.e. fibroblasts) (11, 12). 
EMT plays an important role in tissue construction during embryogenesis, and has re-
cently been demonstrated to occur in liver fibrosis in chronic liver injury (13, 14). During 
EMT the morphological transition of cholangiocytes from an epithelial to mesenchymal 
phenotype is accompanied by decreased expression of epithelial markers (CK7, CK19 and 
E-Cadherin) and increased expression of mesenchymal and fibroblast markers (α-SMA, 
Collagen type I, S100) (15, 16).

Using the RRV murine model of BA and human liver biopsies of BA patients (obtained 
during KPE) chapter 3 investigates whether EMT occurs in cholangiocytes during the 
rapid liver fibrosis associated with BA. Immunohistochemistry results for the murine 
liver samples of the RRV group (harvested at days 7 and 14) showed an increase of the 
mesenchymal/fibroblast markers with diminished bile duct staining of the epithelial 
markers. However, there was a contradictory increase in gene expression levels of the 
epithelial markers CK7, CK19 and E-Cadherin in these mice. This is unexpected because 
if EMT would be prominent one would expect the expression of epithelial markers to 
decrease. In the liver biopsies of human BA patients, no evidence for EMT was found: epi-
thelial markers were present at differing levels and the mesenchymal/fibroblast marker 
α-SMA was generally only present at a low level. No correlation between EMT markers 
and clinical outcome or fibrosis was found.

Chapter 3 concludes that cholangiocytes do not undergo EMT in BA related liver 
fibrosis: an increase in both epithelial and mesenchymal markers was observed. In the 
liver biopsies of BA patients there was an increase in epithelial markers and no increase in 
mesenchymal markers. However, given the limitations of the study discussed in chapter 
3, this conclusion in tentative. Future research will need to further address the presence 
or absence of EMT in liver fibrosis in human BA patients. 
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The management and outcome of progressive liver conditions is strongly dependent 
on the severity of liver fibrosis and occurrence of cirrhosis (17). Treatment of BA is surgical 
and should be performed as soon possible after diagnosis, thereby preventing or post-
poning liver fibrosis and ESLD. Early detection and treatment of progressive liver fibrosis 
is essential for survival in BA as a greater level of fibrosis prior to KPE might be associated 
with decreased (transplantation-free) survival in BA patients (18, 19). 

Liver biopsy (LB) remains the gold standard for the assessment and monitoring of liver 
fibrosis but does have limitations: it is an invasive procedure with the risk of complications. 
Mortality of LB procedures has even been reported at a rate of 1/1000-1/10000 (20, 21). 
Due to the shortcomings associated with LB, researchers have tried to find less invasive 
surrogate markers for liver fibrosis. Aspartate transaminase to platelet ratio index (APRI), 
consisting of 2 readily available laboratory results (AST level and platelet count), has been 
shown to predict the degree of fibrosis and cirrhosis in chronic liver diseases in adults (22, 
23). APRI has only been applied with differing success in pediatric liver conditions (24). 

To determine whether APRI could be used as a reliable non-invasive tool in estimating 
the degree of liver fibrosis and predicting (transplantation free) survival in children with 
biliary atresia APRI scores for all patients who had undergone a KPE in the University Medi-
cal Center Groningen were calculated retrospectively in chapter 4. 

No correlation was found between APRI at time of KPE and severity of liver fibrosis. Me-
dian pre-KPE APRI was similar for all grades of fibrosis. APRI scores did not correlate with 
or predict survival (with or without native liver). Chapter 4 concludes that APRI cannot 
be used as a reliable surrogate marker for liver fibrosis in infants with BA. Furthermore, and 
surprisingly, overall and transplant-free survival was not different for differing grades of 
histological fibrosis. These observations suggested that the histological severity of fibrosis 
at KPE is not a good predictor of outcome for BA patients. A lower degree of fibrosis at 
KPE, in other words, is not associated with a better (transplantation-free) survival in our 
cohort.  

Long term clinical outcomes

Due to improved KPE and OLT techniques and better post-OLT medication BA has be-
come more of a chronic condition with 10-years overall survival of 66-89% and 20-years 
overall survival of 43-78% (25-28). These improved survival rates do however expose 
patients to the continuing uncertainty of complications and frequent hospitalization. This 
constant “peril” may have a negative impact on their quality of life (QOL) and health status 
(HS) in later life. Gaining insight into QOL, HS and related levels of anxiety/depression as 
perceived by the adult population surviving BA is with or without OLT, therefore, becom-
ing increasingly more important and relevant. It is important to realize that QOL and HS 
are not the same and not interchangeable. HS questionnaires measure the objective 
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functional limitations as a result of disease whilst QOL questionnaires also reflect to what 
extent a patient is subjectively bothered by these limitations in daily life (29).

Using validated questionnaires, we investigated HS and QOL in adult biliary atresia 
survivors (chapters 5 and 6) and found that BA patients surviving into adulthood with 
their native livers or after OLT report similar HS and QOL compared with healthy peers. 
They do not report impairment in their daily functioning due to their disease. Chapter 
5 also investigated the levels of stress and anxiety experience by non-transplanted BA 
patients and found that as a group, the “BA with native liver” survivors do not demonstrate 
high levels of anxiety or depression. 

It is an important finding that patients with a longstanding chronic disease which 
can have a negative impact on several body functions and which requires major surgery, 
lifelong follow-up, and medication use, report an HS and QOL that is similar to that of 
an age-matched reference group. Just as relevant is finding that HS is correlated to liver 
disease symptoms but not to biochemical markers of clinical condition (chapter 6). 
Biochemical markers alone should therefore not be used when evaluating how a patient 
is doing during follow-up. Non-transplanted females and patients suffering from liver 
disease–associated symptoms are the groups at risk for a lower HS

In general, the course of life (COL, i.e. achievement of developmental milestones) of 
adolescents and young adults having grown up with a chronic disease is delayed (31). In 
chapter 7 the effect of a major life event such as OLT in childhood on the COL in young 
adults is studied. Gaining insight into the COL and factors associated with a delay in COL 
is important as more BA patients are reaching adulthood and a delay in the COL during 
childhood has been associated with decreased participation in social and professional 
activities in later life (30, 31). 

Young adults after pediatric OLT show a delay in their developmental milestones in 
every dimension. They do however, display less risk taking behavior than healthy peers 
which can be considered a positive effect. Furthermore, as adults they are less likely to 
be employed or have children when compared to age matched peers. The results of 
chapter 7 are comparable to findings in young adults with a history of chronic disease as 
a child (e.g. end stage renal disease; inflammatory bowel disease) and survivors of child-
hood cancer (31-33). Psychosexual development seems to be most affected by pediatric 
OLT. This has also been reported with regards to other pediatric diseases (31, 32). Male 
recipients and those who required a re-transplantation are more at risk for a delay in COL. 
Delay in development was not associated with age at the time of study, age at OLT or 
time since OLT.



131

Appendix

Samenvatting

Pathofysiologie en fibrose

Biliaire atresie (BA) wordt gekenmerkt door progressieve cholestase, snel ontwikkelende 
lever fibrose en levercirrose in de neonaat. Cirrose leidt tot eindstadium leverziekte (ESLZ) 
en uiteindelijk is een orthotope levertransplantatie (OLT) noodzakelijk voor overleving. BA 
is de meest frequente indicatie voor levertransplantatie bij kinderen (1,2). De behandeling 
van BA is chirurgisch en beoogt herstel van galafvloed door middel van een Kasai porto-
enterostomie (KPE). Onbehandelde BA is fataal met een mediane overleving van slechts 
8 maanden (3). Van de kinderen die in eerste instantie een succesvolle KPE ondergaan, 
zullen 70 tot 80% desondanks eindstadium leverziekte ontwikkelen en een alsnog ge-
noodzaakt zijn om een OLT te ondergaan (4, 5).

Nieuwe therapeutische interventies om lever fibrose te vertragen, dan wel te 
voorkomen (en daarmee de noodzaak van een OLT), zijn niet beschikbaar. Dit is deels 
te wijten aan de beperkte kennis over de pathogenese en pathofysiologie van BA. Het is 
lastig, zo niet onmogelijk, om de pathogenese van BA en BA gerelateerde lever fibrose 
te onderzoeken. Lever fibrose is al aanwezig op moment van diagnose en door snelle 
progressie van ziekte is een spoedige chirurgische interventie vereist voor overleving. Dit 
maakt het praktisch onhaalbaar om in neonaten de pathofysiologische processen van BA 
in een vroeg stadium te onderzoeken. 

Om de pathogenese en pathofysiologie van BA te onderzoeken, werd in 1993 het 
RRV-muismodel voor BA geïntroduceerd (6). Het RRV-muismodel van BA lijkt erg geschikt 
om oorzaken en veranderingen die plaatsvinden in het beginstadium van de ziekte te 
onderzoeken. De pasgeboren pups die worden gebruikt, ontwikkelen cholestase door 
geoblitereerde galwegen, nadat zij bij de geboorte worden geïnfecteerd met RRV. An-
dere modellen (bijv. het galweg ligatie modellen) maken gebruik van volwassen dieren. 
Een nadeel van het RRV-model is dat de meerderheid van de zieke pups binnen 21 dagen 
overlijdt, wat mogelijk te snel is om lever fibrose te ontwikkelen. 

Of er daadwerkelijk (progressieve) lever fibrose optreedt in het RRV-muismodel van 
BA was nog niet geheel duidelijk. Ook moest de geschiktheid van dit model voor verder 
onderzoek naar BA gerelateerde lever fibrose nog vastgesteld worden. Omdat snelle 
ontwikkeling van fibrose kenmerkend is voor BA in de mens, is het belangrijk om te onder-
zoeken of fibrose in muizen ook in een vroeg stadium ontstaat. Om overeenkomsten 
tussen het RRV-muismodel en menselijke BA te onderzoeken, werden de morfologische 
kernmerken van fibrosering in het muismodel geanalyseerd in hoofdstuk 2 volgens de 
Biliary Atresia Research Consortium criteria (BARC) (7). We ontdekten dat de morfologische 
kenmerken van de levers van RRV-pups overeenkomen met de histologische evaluatie van 
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het BARC-systeem voor menselijke leverbiopten. Daarnaast werd ook de aanwezigheid 
van lever fibrose in het RRV-muismodel bevestigd. 

Cholestase leidt onder andere tot een toegenomen hepatocellulaire apoptose (8) en 
fibrose. Gedurende het proces van fibrosering is er een verhoogde expressie van fibrose 
markers (α-SMA en collageen type I) (7, 9). Hoofdstuk 2 bevestigt deze stapeling van 
α-SMA en collageen type I in levers van het RRV-muismodel.

Ernstige leverfibrose en portale hypertensie wordt echter niet gezien in het muismodel 
(10), maar zoals aangetoond in hoofdstuk 2, ontstaat er wel matige fibrose in het RRV-
model. Het RRV-muismodel betreft pasgeboren muizen, in tegenstelling tot de galweg 
ligatie modellen die tot nu toe onderzocht werden en volwassen dieren gebruiken. 
Hierdoor is het RRV-muismodel voor BA uniek en relevant, en maakt het onderzoek 
van vroege morfologische veranderingen en de vroege ontwikkeling van fibrose in BA 
mogelijk.

Na het bevestigen van de geschiktheid van het RRV-muismodel voor BA, hebben we 
één van de mogelijke mechanismen die betrokken zijn bij de ontwikkeling van lever-
fibrose in BA onderzocht in hoofdstuk 3: de epitheliale naar mesenchymale transitie 
(EMT).

EMT, aangestuurd door Hedgehog (Hh) signalering, is het proces waarbij epitheliale 
cellen (bijv. cholangiocyten) een meer mesenchymaal fenotype (fibroblasten) krijgen (11, 
12). EMT speelt een belangrijke rol in de weefsel ontwikkeling tijdens de embryogenese 
en er is recent aangetoond dat dit ook plaatsvindt in lever fibrose bij chronische leverz-
iekte in volwassen (13, 14). Tijdens EMT veranderen cholangiocyten van epitheliaal naar 
mesenchymaal fenotype waarbij er verminderde expressie van epitheliale markers (CK7, 
CK19, E-Cadherin) en verhoogde expressie van mesenchymale en fibroblastaire markers 
(α-SMA, Collagen type I, S100) is (15, 16). 

In hoofdstuk 3 onderzochten we in het RRV-muismodel of er EMT in cholangiocyten 
plaatsvindt tijdens het snelle proces van leverfibrosering in BA.  Immunohistochemisch 
onderzoek van muizenlevers van de RRV-groep (op dag 7 en dag 14) lieten een verhoging 
van mesenchymale/fibroblastaire markers zien en verminderde galweg aankleuring van 
epitheliale markers. Opvallend was dat er een tegenstijdig verhoogde expressie was van 
de epitheliale markers CK7, CK19 en E-Cadherin op gen niveau in deze muizen. Dit is een 
onverwachte bevinding, omdat men zou verwachten dat bij EMT ook de genexpressie 
van epitheliale markers zou afnemen. In leverbiopten van patiënten met BA werden 
geen aanwijzingen voor EMT gevonden: epitheliale markers waren wisselend aanwezig 
en de mesenchymale/fibroblastaire marker α-SMA was in de meeste gevallen slechts in 
lage hoeveelheden aanwezig. Er werd geen correlatie gevonden tussen EMT-markers en 
klinische mate van fibrosering. Hoofdstuk 3 concludeert daarom dat cholangiocyten 
geen EMT ondergaan in BA gerelateerde leverfibrose: een stijging van beide, zowel 
epitheliale als mesenchymale markers werd gevonden. In leverbiopten van patiënten 
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met BA was er een verhoging van epitheliale markers en niet van mesenchymale mark-
ers. Dit is echter een voorlopige conclusie, gezien de beperkingen van de studie zoals 
beschreven in hoofdstuk 3. Aanvullend onderzoek is nodig om de aan- of afwezigheid 
van EMT in leverfibrose in BA-patiënten nader te onderzoeken. 

De behandeling en uitkomsten van progressieve leverziekte zijn sterk afhankelijk van 
de ernst van lever fibrose en het ontstaan van cirrose (17). Behandeling van BA is chirur-
gisch (KPE) en moet zo snel mogelijk na het stellen van de diagnose verricht worden 
om progressieve leverfibrose en ESLZ te voorkomen of uit te stellen. Vroege detectie en 
voorkomen van progressieve leverfibrose is essentieel voor overleving in BA aangezien 
de mate van fibrose die reeds ontstaan is voorafgaand aan de KPE geassocieerd is met 
een verminderde (transplantatie vrije) overleving in BA-patiënten in de literatuur (18,19).

Leverbiopsie (LB) is de gouden standard voor het vaststellen en monitoren van lever-
fibrose, maar heeft ook beperkingen: het is een invasieve procedure met risico op com-
plicaties. De mortaliteit van het afnemen van leverbiopten ligt rond de 1/1000- 1/10.000 
(20,21). Door deze risico’s hebben onderzoekers getracht niet-invasieve surrogaatmarkers 
te vinden voor de mate van leverfibrose. De aspartaat transaminase (AST) – thrombocy-
ten ratio index (APRI-score), die bestaat uit twee laboratoriumwaarden (namelijk AST en 
thrombocytengetal), voorspelt de ernst van de fibrose en cirrose in chronische leverziekte 
bij volwassenen (22, 23). APRI wordt momenteel nog weinig toegepast voor kinderen 
met leveraandoeningen (24). 

Om te onderzoeken of de APRI-score ook in kinderen met biliaire atresie als non-
invasieve marker voor de ernst van leverfibrose kan dienen en de (transplantatie vrije) 
overleving kan voorspellen, werden APRI-scores van alle kinderen die in het Universitair 
Medisch Centrum Groningen een KPE ondergingen retrospectief berekend in hoofdstuk 
4.

Er werd geen correlatie gevonden tussen APRI-scores op het moment van KPE en de 
ernst van leverfibrose zoals histopathologisch vastgesteld. Mediane pre-KPE APRI-scores 
waren gelijk voor alle gradaties leverfibrose. APRI-scores voorspelden geen overleving 
(met of zonder eigen lever). Hoofdstuk 4 concludeert daarom dat APRI geen betrouw-
bare surrogaatmarker is voor lever fibrose in kinderen met BA. Opvallend genoeg was ook 
de histologische mate van lever fibrose niet gerelateerd aan transplantatievrije overleving. 
Dit suggereert daarom ook dat de histopathologische mate van fibrose ten tijde van KPE 
geen goede voorspeller is voor uitkomsten in BA-patiënten. Een lagere fibrose graad op 
het moment van KPE is niet gerelateerd aan een betere (transplantatie-vrije) overleving 
in ons cohort.
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Lange termijn klinische uitkomsten

Door zowel verbeterde KPE en OLT-technieken als verbeterde post-OLT medicatie is bilaire 
atresie een chronische ziekte geworden met een 10-jaars overleving van 66-89% en een 
20-jaars overleving van 43-78% (25-28). De verbeterde overlevingsresultaten gaan echter 
wel gepaard met persisterende onzekerheid bij patiënten over mogelijke complicaties en 
frequente ziekenhuisopnamen. Deze continue “dreiging” kan zowel de kwaliteit van leven 
(QOL) als de gezondheidsstatus (Health Status; HS) op latere leeftijd negatief beïnvloeden. 
Het verkrijgen van inzicht in QOL, HS en het niveau van angst en depressie zoals dit wordt 
ervaren door volwassenen die BA overleefd hebben, wordt daarom steeds relevanter. 
Het is belangrijk te realiseren dat HS en QOL niet hetzelfde zijn. HS betreft objectieve 
functionele beperkingen als gevolg van de ziekte terwijl QOL weergeeft in hoeverre een 
patiënt subjectief beperkingen ervaart in het dagelijks leven (29). 

We hebben HS en QOL in volwassen BA-patiënten onderzocht met gevalideerde 
vragenlijsten (hoofdstuk 5 en 6) en vonden dat zowel de BA-patiënten die de volwas-
sen leeftijd bereiken met hun eigen lever, als patiënten na OLT, vergelijkbare HS en QOL 
rapporteren als hun gezonde leeftijdsgenoten. Ze vermelden geen beperkingen in het 
dagelijks leven als gevolg van hun ziekte. In hoofdstuk 5 werd naast HS en QOL ook 
het stress- en angst niveau onderzocht in niet getransplanteerde BA-patiënten en hieruit 
bleek dat deze groep BA-patiënten geen verhoogde angst- of depressie scores hebben.

Het is een belangrijke bevinding dat patiënten met een chronische ziekte die een 
negatieve impact kan hebben op verschillende lichaamsfuncties en waarvoor grote 
chirurgische ingrepen, levenslange follow-up en medicatiegebruik noodzakelijk zijn, 
vergelijkbare HS en QOL-scores hebben als hun gezonde leeftijdsgenoten. Minstens zo 
relevant is de bevinding dat HS correleert met de symptomen van leverziekte maar niet 
met biochemische markers van de klinische conditie (hoofdstuk 6). Het is daarom on-
voldoende om in de follow-up alleen de biochemische markers te evalueren. De groepen 
die at risk bleken voor een lagere HS waren niet-getransplanteerde vrouwen en patiënten 
die leiden aan hoge symptomen last van leverziekte. 

Over het algemeen is de levensloop (het bereiken van ontwikkelingsmijlpalen) van 
adolescenten en jongvolwassenen die met een chronische ziekte opgroeien vertraagd 
(31). In hoofdstuk 7 onderzochten we het effect van een major life event zoals een OLT 
op de kinderleeftijd op de ontwikkelingsloop op jongvolwassen leeftijd. Het is belangrijk 
om inzicht te krijgen in de ontwikkeling en de factoren die hierop van invloed zijn, omdat 
steeds meer BA-patiënten de volwassen leeftijd bereiken en een vertraagde ontwikkeling 
leidt tot verminderde participatie in sociale en professionele activiteiten op latere leeftijd 
(30, 31).

Jongvolwassenen die een OLT hebben ondergaan, zijn in alle opzichten vertraagd in 
het behalen van hun ontwikkelingsmijlpalen. Als volwassenen hebben ze minder vaak 
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een baan en krijgen ze minder vaak zelf kinderen in vergelijking met leeftijdgenoten. Zij 
vertonen minder risicovol gedrag in vergelijking met hun gezonde leeftijdgenoten, wat als 
een positief effect kan worden opgevat. De resultaten van hoofdstuk 7 zijn vergelijkbaar 
met die van patiënten die op de kinderleeftijd aan een andere chronische ziekte leden 
(bijv. eindstadium nierziekte, inflammatoire darmziekte) en kinderen met kanker (31-33). 
Psychoseksuele ontwikkeling blijft het meest achter na een OLT op kinderleeftijd. Ook 
bij andere ernstige ziektes op de kinderleeftijd wordt dit beschreven (31, 32). Mannelijke 
OLT-ontvangers en kinderen die een re-transplantatie ondergingen zijn meer at risk voor 
een vertraagde ontwikkelingsloop. Ontwikkelingsachterstand was niet geassocieerd met 
leeftijd ten tijde van onderzoek, leeftijd van OLT of tijd sinds OLT.
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Dankwoord

Een promotie traject doorlopen en een proefschrift schrijven is vaak monnikenwerk ech-
ter het eindresultaat, het “boekje”, is de optelsom van de inspanningen van veel mensen. 
Ik wil graag iedereen bedanken. Een aantal personen wil ik in het bijzonder bedanken:

Dr. JBF Hulscher.  Beste Jan, in 2008 zijn we samen begonnen aan dit onderzoek-
sproject. Het was mijn “voet tussen de deur” om een baan te krijgen in het UMCG bij de 
chirurgie en vandaar uit snel door te stromen naar de opleiding tot chirurg, daarvoor heb 
ik je nooit bedankt. Alhoewel ik geen geboren onderzoeker ben wist je mij bij tegenslagen 
te stimuleren om door te zetten. Dit ging niet altijd zonder slag of stoot en ik denk dat we 
beiden blij verast zijn dat het na 8 jaar toch zo ver is gekomen! Aan onze vele bezoeken 
aan buitenlandse congressen heb ik alleen maar mooie herinneringen: er werd altijd veel 
ondernomen en gelachen. Jan, ontzettend bedankt voor al je inspanningen, adviezen en, 
vooral ook, geduld. 

Dr. JEHM Hoekstra-Weebers. Beste Josette, jij bent vanaf 2008 betrokken geweest 
bij het tot stand komen van dit proefschrift. Jouw inzichten en expertise op het gebied 
van kwaliteit van leven waren onmisbaar bij het interpreteren (en leesbaar opschrijven) 
van de verzamelde data. Mijn eerste publicaties uit dit proefschrift zijn te danken aan 
jouw inspanning. Jouw rustige manier van overleggen en corrigeren heb ik altijd kunnen 
waarderen. 

Prof. dr. HJ Verkade. Beste Henkjan, je rode penstrepen in door mij geschreven 
manuscripten zal ik niet snel vergeten. Aan het begin van dit promotie traject hadden we 
met name contact via e-mail. Er waren dan lange radiostiltes van mijn kant en ik kan me 
voorstellen dat je weleens vaker hebt gedacht dat ik uit het onderzoek was gestapt! De 
laatste jaren spraken we elkaar vaker in persoon en wist je me steeds weer een beetje bij 
te sturen tot we toch een eindproduct konden afleveren. Henkjan, het is een eer om bij 
jou mogen promoveren. 

Dr. CMG Keyzer-Dekker. Beste Claudia, in 2013 kwamen we elkaar tijdens een 
lange lunch in de Academie tegen. Ik was na 3 jaar periferie terug in het UMCG voor het 
academische deel van de opleiding tot chirurg en jij was net begonnen aan een fellow-
ship kinderchirurgie. Jouw aanstekelijke nieuwsgierigheid heeft mij destijds gemotiveerd 
om het onderzoek weer op te pakken. Gelukkig hadden we in de Academie genoeg tijd 
voor onderzoek en is alles in een stroomversnelling gekomen! Right place and time zeg 
maar. Je nam me op sleep touw en hebt, voor mij, van alle medeauteurs de belangrijkste 
bijdrage geleverd aan dit proefschrift. Zonder jou was mijn wetenschappelijke carrière 
waarschijnlijk bij case reports gebleven.

Prof. dr. E Heineman, prof. dr. C Petersen-Claus en prof. dr. AAE Verhagen, 
hartelijk dank voor het plaats nemen in de leescommissie en voor het kritisch doornemen 
(en goedkeuren) van dit proefschrift. 

9



Chapter 9

140

Medeauteurs, dr. JF Keubler, prof. dr. FJW ten Kate, dr. FHM Morsink, prof. dr. 
GJA Offerhaus, dr. PMJG Peeters, prof. dr. RJ Porte, dr. R Scheenstra, dr. E Sieders, 
dr. AF van der Steeg, drs. YK Sze en dr. W de Vries, hartelijk dank voor jullie bijdrage 
aan dit proefschrift. 

Mark Lind. Als broer stond je vroeger altijd klaar voor mij en later als goede vriend 
zorgde er altijd voor dat ik me welkom voelde als ik jullie in het buitenland op kwam 
zoeken. Zoals je mij tijdens onze jeugd rugdekking gaf, geef je me dat nu weer als we 
samen tegenover de “hoge heren” staan en dat geeft vertrouwen. Het is een voorrecht 
om jou als paramifm te hebben. 

Jelte Meulenaar. Dude, wat hebben we het de laatste jaren veel over werk, vrouwen 
en onderzoek gehad. Opvallend was dat het onderzoek voor de meeste onrust zorgde! 
Gelukkig zijn we er nu beiden klaar mee en kunnen we weer gewoon ontspannen pils 
drinken, niet te veel praten en bij andere mensen een spreekwoordelijk vinger in het oor 
steken. Samen krijgen we de opponenten wel tuk! 

Guinness. Heren! bedankt voor de briljante avonden, reizen en herinneringen van de 
afgelopen 16 jaar. Het is de opgelopen vertraging aan dit project dubbel en dwars waard 
geweest! Waar gaan we in 2017 naar toe? 

Lieve Linda en Hugo, het is tijd voor een lange vakantie!!  
Maar eerst een feest! 
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•	 Overall Quality of Life in Adult Biliary Atresia Survivors with or without Liver Trans-
plantation: Results from a National Cohort.

 de Vries W, Lind RC, Sze YK, van der Steeg AF, Sieders E, Porte RJ, Verkade HJ, 
Hulscher JB, Hoekstra-Weebers JE.
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•	 Liver fibrosis during the development of biliary atresia: Proof of principle in the 
murine model. 

 Keyzer-Dekker CM, Lind RC, Kuebler JF, Offerhaus GJ, Ten Kate FJ, Morsink FH, 
Verkade HJ, Petersen C, Hulscher JB.

 J Pediatr Surg. 2015. Aug;50(8):1304-9.

•	 Achievement of developmental milestones in young adults after liver transplanta-
tion in childhood.

 Lind RC, Sze YK, de Vries W, Hulscher JB, Sieders E, Scheenstra R, Peeters PM, Porte RJ, 
Hoekstra-Weebers JE.

 Pediatr Transplant. 2015. 19(3):287-93.

•	 Health status and quality of life in adult biliary atresia patients surviving with their 
native livers.

 Lind RC, de Vries W, Keyzer-Dekker CM, Peeters PM, Verkade HJ, Hoekstra-Weebers JE, 
van der Steeg AF, Hulscher JB.

 Eur J Pediatr Surg. 2015. Feb;25(1):60-5.

•	 Two-year follow-up in diabetic patients with occlusive disease of the SFA treated 
with e-PTFE endografts compared to non-diabetics

 Kruse R, Poelmann FB, Reijnen M, Lind R, Moll FL, Fritschy WM
 J Vasc Surg. 2013; 57(5):68S

•	 Images in vascular medicine. Surgical management of an isolated symptomatic true 
axillary artery aneurysm.

 Lind RC, de Vries M, Rolink R, Oskam J, Pierie ME.
 Vasc Med. 2013;18(3):145-6.

•	 Lentiviral-mediated over-expression of hyaluronan synthase-1 (HAS-1) decreases the 
cellular inflammatory response and results in regenerative wound repair.

 Caskey RC, Allukian M, Lind RC, Herdrich BJ, Xu J, Radu A, Mitchell ME, Liechty KW.
 Cell Tissue Res. 2013;351(1):117-25.
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•	 Aspartate transaminase-to-platelet ratio index is not correlated with severity of 
fibrosis or survival in children with biliary atresia.

 Lind RC, Verkade HJ, Porte RJ, Hulscher JB.
 J Pediatr Gastroenterol Nutr. 2012;54(5):698.

•	 Impaired biomechanical properties of diabetic skin implications in pathogenesis of 
diabetic wound complications.

 Bermudez DM, Herdrich BJ, Xu J, Lind RC, Beason DP, Mitchell ME, Soslowsky LJ, 
Liechty KW

 Am J Pathol. 2011;178(5):2215-23.

•	 A very rare case of a giant third branchial pouch remnant discovered in utero.
 Lind RC, Hulscher JB, van der Wal JE, Dikkers FG, Langen ZJ.
 Eur J Pediatr Surg. 2010;20(5):349-51.

•	 Multipotent adult progenitor cells: their role in wound healing and the treatment of 
dermal wounds.
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Over de auteur

De auteur van dit proefschrift werd op 14 januari 1981 geboren op Curaçao. Zijn jeugd 
werd doorgebracht op/in Curaçao, Spanje en België als jongste zoon van Cees en Milly 
Lind en broer van Mark en Joline. Het laatste deel van het middelbaar onderwijs volgde 
hij aan de École Européenne de Bruxelles I alwaar in 1999 het eindexamen Europese 
Baccalaureaat met succes werd afgelegd. Nadat hij in 1999 was ingeloot voor de studie 
geneeskunde besloot hij om toch eerst een jaar te gaan werken en reizen in Australië. 
Voor het studie jaar 2000 lootte hij opnieuw in en ging geneeskunde studeren aan de 
Rijksuniversiteit Groningen.  

In 2005 begonnen de coschappen in het Medisch Centrum Leeuwaarden waar hij 
zijn partner, Linda Hermus, leerde kennen tijdens hun gezamenlijke coschap plastische 
chirurgie. Hierna volgde er een wetenschappelijke stage aan de University of Pennsylva-
nia (Philadelphia, VS). In de zomer van 2008 studeerde hij af, legde de artsen belofte af 
en begon als ANIOS op de afdeling chirurgie van het UMCG. Op 1 januari 2010 begon de 
opleiding tot chirurg in Isala. Sinds 1 april 2016 is de auteur geregistreerd en Europees 
gecertificeerd vaatchirurg. 

Momenteel werk de auteur als chirurg (chef de Clinique) in Isala en woont hij samen 
met Linda en hun eerst zoon, Hugo, in Zwolle.

9


