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Chapter 1

General introduction
In the Netherlands, more than one in six children grow up with a chronic somatic 

condition.1 A disease or condition is defined as chronic if it (1) is diagnosed by 

professionals based on medical scientific knowledge and validated by reproducible 

methods or instruments, (2) lasts longer than three to six months or if it is 

characterized by at least three disease episodes per year, and/or if it (3) requires 

long-term treatment or special equipment.1 A chronic condition may not only affect 

a patient’s physical health, but also his or her social life, ability to practice a sport, 

school performance, and family functioning.1 Children with a chronic condition rate 

their quality of life (QoL) lower than children without a chronic condition.1 They are 

at increased risk of learning difficulties, although it is debatable whether this is a 

result of neurodevelopmental disorders, such as intellectual disability, or secondary 

psychosocial factors, such as school absences.2

Among these chronic conditions are congenital diseases, including those that 

require surgery in the first months after birth. Advancements in the care for these 

patients has led to increased survival rates, allowing a shift in research focus from 

preventing mortality to decreasing morbidity.3 Research groups have progressively 

more focused on the secondary consequences of living with a chronic health 

condition, such as physical and mental health.2 In the era with increasingly more 

interest in personalized medicine, it is highly important to early identify subgroups at 

risk of morbidity to timely start a targeted intervention. Health is defined by the World 

Health Organization (WHO) as “A state of complete physical, mental, and social well-

being not merely the absence of disease or infirmity”.4 This definition underlines the 

importance of a holistic approach in the care for children with a chronic condition 

and the recognition of the impact of a disease on a patient’s daily functioning and 

wellbeing. This includes, among others, neurodevelopmental outcomes, school 

performance, health-related quality of life (HrQoL) and family functioning.

Numerous pediatric patient groups are at risk of impaired neurodevelopment and 

HrQoL.5–7 This has been demonstrated for preterm born infants and for children that 

have undergone major surgery in infancy (e.g. anterior abdominal wall defects, 

congenital diaphragmatic hernia, and esophageal atresia).5,7–9 Amin et al. reported 

a significantly impaired HrQoL in 12-year-old children with a history of necrotizing 

enterocolitis, omphalocele or esophageal atresia or tracheoesophageal fistula.6 

Biliary atresia (BA) is another chronic condition that requires surgery in the first 
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months after birth, however, knowledge on neurodevelopmental outcomes and 

HrQoL in these patients is limited.

Biliary atresia
Biliary atresia (BA) manifests as 

cholestatic jaundice in infants 

within the first weeks after birth. It 

is characterized by an obliterative 

cholangiopathy of the intra- and 

extrahepatic bile ducts resulting in 

cholestasis. If untreated, it rapidly 

progresses to liver cirrhosis and, 

eventually, end-stage liver failure. 

Infants appear healthy at birth, 

however, in the first weeks of life they 

will become jaundiced or remain 

jaundiced after the period of physiological jaundice. In contrast to unconjugated 

hyperbilirubinemia in physiological jaundice, the hyperbilirubinemia in BA is 

predominantly conjugated and persists beyond two weeks of life. Other clinical 

signs are dark urine, white (“acholic”) stools, hepatomegaly and stunted growth. 

In some cases, BA patients present with hemorrhage due to vitamin K deficiency.10 

In a later stage, liver fibrosis can progress, which can be accompanied by portal 

hypertension with splenomegaly, esophageal varices, and ascites. In the Netherlands, 

the incidence of BA is approximately 1 in 19,000 live births.11 Although rare, BA is the 

most common cause of end-stage liver failure in children and the most frequent 

indication for pediatric liver transplantation (LTx) worldwide.11–13

As shown in Figure 1, the classification for BA is on anatomical basis and describes 

3 main types.14,15 Type 1, the distal BA, only affects the common bile duct. In this type, 

the gallbladder and hepatic bile duct are patent. In type 2, both the common bile 

duct and the hepatic bile duct are affected, but the proximal intrahepatic ducts are 

patent. The most common form of BA (~90% of all cases) is type 3, the complete BA, 

with a discontinuity of the entire extrahepatic biliary tree. There also is a syndromic 

form of BA (~10% of all cases) that goes along with other anomalies or malformations 

such as splenic malformations, situs inversus or cardiac anomalies.16 The most 

   Figure 1. Biliary atresia subtypes.

1
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common syndromic form, characterized by laterality malformations, is called Biliary 

Atresia Splenic Malformation (BASM) syndrome.16

The etiopathogenesis of BA remains unclear. It may be a congenital disease in which 

the bile ducts fail to develop.14,17 The prevalence of BA differs between populations 

worldwide, for example, from 1:17.000-19.000 in Europe to 1:5000 in Taiwan, which 

suggests the possible role of (epi)genetic factors.12,18 Data on classic genetic 

inheritance is lacking, for example, BA rarely arises within families.12 Immunologic 

and infectious origins have been suggested.14,17,19 However, a single causal infectious 

agent has not been identified.14,19

If left untreated, BA is a fatal disease.20 The primary treatment of BA has become the 

surgical resection of the fibrotic tissue and reconstruction of the bile ducts with a 

Kasai portoenterostomy (KPE) in which a (Roux-en-Y) bowel loop is anastomosed to 

the porta hepatis. Younger age at KPE is associated with better clinical outcomes 

concerning clearance of jaundice and long-term survival with the native liver.11,21 

Normalization of serum bilirubin level within 6 months post-operatively has been 

demonstrated to be strongly related to transplant-free survival. However, even 

despite a successful operation, liver fibrosis frequently progresses during childhood 

and most of the patients develop biliary cirrhosis.12 As a result of progressive fibrosis 

and cirrhosis, approximately 80% of patients sooner or later need a LTx in childhood, 

with even half of the BA children receiving a LTx before the age of four years.11,22

In the last decades, the survival rate in BA has significantly increased, among others 

due to centralization of care for pediatric liver disease and LTx, and the introduction of 

living-related LTx, in which a patients’ relative (generally one of the parents) donates a 

part of his/her liver.17,23 In this way, the waiting time for a donor organ can be shortened.

Irrespective of being transplanted or not, children with BA require lifelong surveillance 

and are subjected to a high risk of complications, such as cholangitis and portal 

hypertension, and frequent hospitalization. To ensure that children develop to their 

full potential and thrive along with their healthy peers, it seems warranted to take a 

holistic approach in the care for children with a chronic condition such as BA.
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Neurodevelopment
Neurodevelopment defines the ability of the brain to develop neurological pathways 

that are responsible for the functioning of the brain, which subsequently is responsible 

for intellectual and physical functioning.24 It comprises the development of motor 

skills, cognition, attention abilities and language. Impaired neurodevelopment might, 

therefore, affect daily functioning and school performance.

At birth, the structural morphology of the brain is well-established, but an important 

part of the maturation continues postnatally.24,25 The brain volume doubles in the first 

year after birth, and increases another 15% in the second year after birth, together 

with differentiation, growth, myelination, and maturation of existing neurons.25,26 The 

development and maturation of the central nervous system is genetically regulated 

but also influenced by neuronal activity induced by environmental and experiential 

factors.26,27 Therefore, knowledge on risk factors that have the potential to alter 

neurodevelopmental trajectories in an early stage is warranted.27

Several patient groups are at risk of disrupted neurodevelopment, for example preterm 

infants and infants with extremely low birth weight.28,29 Risk factors for anomalies 

in postnatal neurodevelopment are birth complications, malnutrition, (cerebral) 

infection, external trauma, exposure to toxins and environmental deprivation.27–30 

Demographic risk factors for neurodevelopmental impairments are low social 

economic status, low maternal education and single-parent household.2,27 Research 

has shown that early life stress, for example in the family system, is associated with 

impaired functional connectivity development. Functional connectivity refers to 

the connection and relationship between different brain regions, regardless of the 

structural connection.31 It is related to sustained attention and negative emotional 

outcomes in infancy.32,33 The demonstrated high vulnerability of neonates and infants 

to these risk factors has been attributed to the rapid development of the brain in 

young children.26

As early childhood is a time of rapid brain growth, severe liver diseases in this 

specific age-period, such as biliary atresia (BA), could interfere with the patient’s 

neurodevelopment. Previous research has shown alterations in the brain biochemistry 

of infants with BA.34 Prolonged cholestasis was associated with increased myoinositol 

and glutamine, glutamate concentrations in the brain.34 Even in infants with stable 

liver disease, the neurometabolic profiles suggested subclinical encephalopathy.34 

1
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Sun et al. reported a negative relationship in BA patients between bilirubin and 

ammonia serum levels before liver transplantation (LTx) and neurodevelopmental 

outcome after LTx.35 In addition to the liver disease itself, with elevated liver enzymes, 

other factors related to BA, such as surgery with general anesthesia, exposure 

to immunosuppressant treatments, and frequent hospital admissions in early 

childhood, are possibly related to impaired neurodevelopment.7,35–38 Moreover, 

infants with BA are at risk of growth deficits. Impaired nutritional status and growth 

deficits have been implied to influence the developing brain.39 However, the exact 

underlying pathophysiology of these adverse effects on neurodevelopment 

has remained unclear.

Early infancy is not only a period of rapid brain development, but it is also thought to 

be the most plastic period.27,40 Brain plasticity refers to the ability of the brain to adapt 

to external influences, to regenerate and form new synaptic connections, and is 

considered as the mechanism for development and learning.41 Targeted intervention 

programs seem to be most beneficial in early infancy.40 Early identification of infants 

who are at risk of neurodevelopmental delays is essential to timely start intervention 

strategies to improve neurodevelopmental outcomes.

Quality of life
A chronic condition might impact a patient’s quality of life (QoL) due to limitations 

in daily functioning and social activities owing to physical or emotional problems, 

medical treatments, and worries about the future.1,42 QoL is defined by the World 

Health Organization (WHO) as “an individual’s perception of his/her 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”.4 QoL is affected by physical health, 

psychological state, social relationships, personal beliefs, and environmental factors4. 

The concept of health-related quality of life (HrQoL) reflects the impact of a disease, 

and its treatment, on a patient’s wellbeing and functioning. Biliary atresia (BA) is a 

serious and chronic condition that might have a profound impact on the lives of BA 

patients. Nevertheless, little is known about the psychosocial wellbeing of children 

with BA, in comparison to children with another chronic condition or healthy peers.

A potentially dreadful disease as BA might affect parental wellbeing and family 

functioning. Parents of children with a chronic condition often worry about the 

future of their child.1 A recent study reported increased stress levels in parents of 
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children suffering from a chronic physical condition.43 Taking care of a child with a 

chronic condition might limit the personal time of family members and impair the 

family’s ability to undertake social activities. Parental stress and disrupted family 

functioning have been associated with alterations in the child’s brain development 

and to negative emotional outcomes in the child.32,33 To adequately support parents 

of children with a chronic condition, it may be relevant to not only improve parental 

wellbeing but also to promote the ability of parents to take proper care of their child 

and promote the child’s development.44

To take a holistic approach in the care for children with biliary atresia, it seems 

relevant to analyze the wellbeing of patients and their families. If psychosocial 

problems are evident, intervention programs might improve their wellbeing.

Thesis aims
The overall goal of this thesis was to assess the impact of a liver disease such as 

biliary atresia (BA) on the neurodevelopment of children and the quality of life (QoL) of 

both children and their families. We have approached this goal through several aims:

1. to determine the neurodevelopmental outcomes in children with a liver disease, 

based on a systematical review of the literature;

2. to assess which neurodevelopmental domains (i.e. cognition, motor skills, and 

behavior) are affected in children with BA and, if so, to what degree;

3. to determine whether neurological impairments are already evident in early 

infancy and if the quality of the early motor repertoire in infants with BA is 

predictive for later neurodevelopmental outcomes;

4. to identify risk factors for adverse neurodevelopmental outcomes, such 

as cholestasis, growth deficits, and major surgery in infancy with general 

anesthesia;

5. to assess health-related quality of life (HrQoL) and family functioning in children 

with BA, based on original data and a literature review, and to compare their 

HrQoL with that of healthy peers and with children who had undergone other 

major surgery in infancy or with a chronic condition;

6. to assess anxiety and stress in parents, as well as their overall QoL, in the first 

years after BA diagnosis, as well as when the children had reached school age;

7. to identify demographic or medical factors that are associated with adverse 

psychosocial outcomes in both children and their parents.

1
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Identification of areas for possible improvements in these domains can help to 

optimize the care for children with BA and their families. Currently, in the Netherlands, 

there is no standardized neurodevelopmental or psychological screening or follow-

up, nor a targeted intervention program, for children with BA or their parents. The 

ultimate goal is to allow children with a chronic condition, such as BA, to exceed to 

their full potential and grow up to functional, independent, and lively adults who 

experience the least possible interference of their disease or treatments.

Thesis outline
The thesis is comprised of three parts, namely (I) a literature review, (II) 

neurodevelopmental outcomes in patients with biliary atresia (BA), and (III) the 

impact of BA on quality of life (QoL) and family functioning.

In part I of this thesis, we systematically reviewed existing literature on 

neurodevelopmental outcomes in children with liver disease. We differentiated 

between children who still had their native liver and those who had undergone a 

liver transplantation (LTx) (Chapter 2).

In part II, we determined the neurodevelopmental outcomes in patients with BA 

at different childhood ages; in infants with BA at time of diagnosis (Chapter 3) 

and approximately four weeks after KPE (Chapter 4), in toddlers (Chapter 4), and 

in school-aged children with BA (Chapter 5). We determined the motor skills, 

cognition and behavioral problems (Chapter 4, 5). Additionally, we assessed 

school performance in school-aged children with BA. We explored risk factors for 

abnormal neurodevelopmental outcomes. We determined the predictive value of 

the early motor repertoire for neurodevelopmental impairments in toddlers with BA 

(Chapter 4).

In part III, we focus on the impact of BA on the lives of children and their parents, and 

family functioning. We determined the impact of BA on the health-related quality of 

life (HrQoL) in children, by means of a literature review and by collecting original data 

on child self-reported and parent-proxy HrQoL in Dutch children with BA at school age 

(Chapter 6). We compared the results to children with other chronic conditions and 

identified risk factors for impaired HrQoL. Additionally, we prospectively determined 

the trajectory of anxiety, stress, and quality of life (QoL), in the first 2-3 years after 
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diagnosis (Chapter 7). We investigated the impact of BA on QoL, stress and anxiety 

levels in parents of children with BA at school age (Chapter 8).

Finally, we discuss the findings of the different studies, with respect to the overall aim 

of this thesis (Chapter 9). We propose strategies to improve care for BA patients and 

their parents, and highlight research areas for future studies.

1
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