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Thesis aims and main findings 
Biliary atresia (BA) is a dreadful liver disease and the most common cause of 

end-stage liver disease and liver transplantation (LTx) in children worldwide.1–3 

Improvements in the care for these patients has led to increased survival rates.4 

However, the majority of patients do need a LTx at pediatric age and, with or without 

transplantation, require lifelong surveillance. BA is a chronic disease and, therefore, 

warrants knowledge of long-term morbidity. To further improve the prognosis, 

it is essential to recognize the impact of chronic disease on a patient’s physical 

and mental wellbeing. The main goal of this thesis was to assess the impact of 

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

and their families. 

Our results demonstrate that BA significantly affects the lives of patients; yet less 

those of their parents. Children with BA are at risk of impaired neurodevelopmental 

outcomes, especially motor skills and one in four children require special education. 

Their health-related quality of life (HrQoL) is lower than that of their healthy peers 

and their physical HrQoL is generally lower than that of children with a chronic 

condition. However, parental QoL seems relatively unaffected, although specifically 

mothers persistently report high levels of anxiety, especially in the first years after BA 

diagnosis. While family activities are reduced, families report strong family cohesion. 

In the following sections the impact of BA on neurodevelopment and thereafter on 

QoL will be discussed in the light of existing literature, and areas for future research 

will be indicated. 
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Neurodevelopment 
In a systematic review we demonstrated that children with a liver disease are at 

increased risk of neurodevelopmental impairments (Chapter 2). However, data 

on motor skills and school performance in children with a liver disease had been 

limited so far. Our evaluation of neurodevelopmental outcomes in Dutch children 

with BA, clearly showed that especially motor skills were affected (Chapter 4, 5). 

The neurodevelopmental outcomes in Dutch children with BA, at different childhood 

ages, are shown in the timeline in Figure 1. At school age, one in four children required 

special education. Below, these findings will be discussed more in detail. 

Figure 1 . Timeline of neurodevelopmental outcomes in children with biliary atresia. Outcomes 
are defined as impaired in case of an overall score below the 10th percentile (early motor 
repertoire) or an age- and gender-adjusted score of 1 standard deviation or more below the 
population mean (motor skills and cognition).

Motor development in infancy

Most strikingly, almost half of BA patients show already impaired motor development 

at infant age (Chapter 3, 4). Prior to surgical treatment a Kasai portoenterostomy (KPE), 

46% of the infants already showed an impaired early motor repertoire, suggesting 

neurological impairment (Figure 1). 

Early infancy is a time of critical brain development with high brain plasticity, which 

means that the brain is influenced by, and can adapt to, external, environmental 

factors.5 The motor behavior of infants influences muscle and bone growth and 

development of the neuromotor system.6 Active use of the motor cortex in this specific 

age period is required to prevent the loss of cortical connections and movement 

9
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function.7,8 Infants with BA are frequently hospitalized and often in a poor nutritional 

status at diagnosis, due to nutrient malabsorption during cholestasis. Half of the 

infants with BA suffered from severe growth deficits, both before and four weeks after 

KPE (Chapter 3, 4). Growth deficits might be associated with neurodevelopmental 

impairments (Chapter 2)9, although we were not able to identify a significant 

relationship between growth percentiles and the early motor repertoire (Chapter 

3, 4). Many infants receive medication via intravenous infusion, which might hinder 

body movement. Prone position is important for motor development in infants, for 

example to increase upper body strength.10 However, infants with BA are less in prone 

position due to abdominal distension either by hepatomegaly and/or ascites. All of 

these factors might hamper adequate environmental stimulation and subsequently, 

reduce motor development.

Motor skills in toddlers and school-aged children 

When children grew older, motor impairments persisted in an alarming proportion of 

children (Figure 1). In toddlers with BA, motor development was significantly delayed 

compared to healthy peers (Chapter 4). At school age, motor skills were severely 

impaired, with only 25% of children scoring within the normal range (Chapter 5). 

A proportion of children (7%) was not able to complete the motor tests due to the 

severity of their psychomotor delay. In the other children, all domains were affected, 

that is fine skills, ball skills and balance. 

In addition to the previously described risk factors for impaired motor development 

in infants with BA, the majority of children require a LTx during childhood. Major 

abdominal surgery might hinder adequate motor development through the 

confinement to bed.7,8 Previous studies showed that children who had undergone 

a LTx 8 years ago have less muscle strength (Z-score ranged between -1.4 and -0.4) 

and reported more fatigue (Z-score ranged between -2.33 and -0.4) than their 

healthy peers.11,12 Impaired muscle strength and fatigue could also contribute to 

the encountered impaired motor skills of BA patients in this thesis. Whether this is 

a cause or consequence of impaired motor skills has not been investigated, hence 

requires further research.

Greater motor proficiency has been associated with more physical activity and 

better physical fitness in children.13,14 The impaired motor skills in children with BA 

might have enduring consequences, since adolescents with a chronic condition, 
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including BA patients, participate less in sports compared to their healthy peers.15,16 

Bos et al. published data on the physical activity of children who had received a LTx 

(n=26, including n=14 BA patients) from our center.12 They showed that only 7% of young 

LTx recipients met national recommendations for physical activity, although it should 

be mentioned that less than half of their healthy peers met these recommendations.12 

It might be difficult to promote healthy children to perform sufficient physical activity, 

but this might even be more difficult in children with a chronic illness. Parents and 

caregivers of children with a chronic condition may be overprotective and withdraw 

the children from participating in sports, as they underestimate the child’s physical 

abilities or feel that physical activity might be risky.17 However, knowledge of the 

relationship between social stimulation and physical activity in LTx recipients is 

lacking. Sports participation is of importance, as physical activity is believed to have 

a positive effect on a child’s physical status, such as physical fitness and walking 

capacity, as well as on neurodevelopmental outcomes and, subsequently, HrQoL.18–23

Cognitive outcomes in toddlers and school-aged children

Toddlers with BA had significantly lower scores on cognitive development compared 

to the general population, although scores were within the normal range (Chapter 

4). At school age, children showed impaired performance IQ, attention abilities, 

visuomotor integration, perceptual abilities and planning (Chapter 5). 

These findings are in line with previous studies showing that children with a liver 

disease are at risk of cognitive impairments (Chapter 2).24–37 Children with a liver 

disease who still had their native liver scored significantly lower on cognitive subtests 

compared to healthy peers26–29, whereas children who had undergone a LTx scored 

within the low-average range.24,25,30–32,34–38 Throughout all studies with BA patients, at 

the indicated toddler and school age, we found no statistically significant differences 

in cognitive outcomes between those who still had their native liver and those who 

had undergone a LTx (Chapter 4, 5). We did find that children with a native liver did 

score somewhat higher on cognitive tests than children with a LTx, but the differences 

were not statistically significant (Chapter 4, 5). The Childhood Liver Disease Research 

Network (ChiLDReN) reported impaired cognitive outcomes in infants and young 

children with BA who survived with their native liver.39 In a follow-up study of BA 

patients at preschool and school age, cognitive outcomes were no longer impaired, 

with even higher IQ scores than test norms.40 However, patients with end-stage liver 

disease and other BA-related complications, such as severe growth failure, had either 

9
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received a LTx and were therefore excluded from that study, or had died. Native liver 

survivors might have better cognitive outcomes compared to LTx recipients because 

those patients represent the clinically best patients with BA.

Children with a chronic condition more often require special education and are less 

likely to obtain an academic degree, compared to their healthy peers.15 In our cohort 

of school-aged children with BA, one in four received special education (Chapter 5). It 

is essential to early recognize the need for special education to ensure that action is 

undertaken to meet a child’s needs. In the Netherlands, special education is provided 

for those children who cannot participate in the regular educational system. Eighty 

percent of the children who receive special education are children with physical 

disabilities or a chronic condition that hinders regular education, and children with 

psychiatric or serious behavioral problems, such as autism.41 Timely referral to special 

education will avoid uncertainty and stress for both children and their parents, and 

will support a child to develop to its full potential. 

Behavioral outcomes in toddlers and school-aged children 

A significant proportion of school-aged children with BA showed behavioral problems 

(Chapter 5). Substantial internalizing (e.g. anxiety, depression, social withdrawal) 

and externalizing (e.g. conflict with others and violation of social norms) behavioral 

problems, as well as hyperactivity and attentional problems, were reported by their 

parents (Chapter 5). The prevalence of behavioral problems, again as reported by 

parents, was lower in toddlers than in school-aged children with BA (Chapter 4, 

5). This is to be expected as behavioral problems generally become more evident 

when children age.42 Children at school-aged are more likely to have experienced 

adverse medical events and hospitalizations. Moreover, older children might be more 

conscious of the consequences of living with a chronic disease like BA. 

It is well recognized that children with a chronic condition are at increased risk of 

behavioral and emotional problems.19 Previous studies showed that those children 

have three times higher odds of behavioral problems and five times higher odds 

of emotional and psychological problems.43,44 Behavioral problems and social 

incompetence in children are strongly related to parenting stress and parenting 

behavior.45 The parents of young children with BA report high levels of anxiety and 

stress (Chapter 7).46 This might influence their child’s behavior and vice versa.45 
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Behavioral problems, such as attention deficit hyperactivity disorder (ADHD), are 

often accompanied by neurodevelopmental impairments and psychological 

distress.19,47 In school-aged children with BA, poor attention abilities were significantly 

associated with IQ scores. 

Risk factors for impaired neurodevelopment 

The neurodevelopmental impair-ments in patients with BA have several possible 

causes (Figure 2). In liver failure, concentrations of cytokines and liver toxins, 

such as bilirubin, ammonia and lactate, in the brain can be increased and cause 

neuroinflammation.48 Previous studies described a relation between markers of 

liver disease and neurodevelopmental outcomes.40,49,50 In children with cholestatic 

liver disease, prolonged cholestasis before LTx is associated with more pronounced 

alterations in neurochemistry.49 These findings suggest that prolonged exposure 

to cholestasis might be the culprit for neurodevelopmental deficits in a cholestatic 

liver disease such as BA. In our cohorts of BA patients, all infants had elevated levels 

of bilirubin before KPE. However, we did not find a significant association between 

serum bilirubin levels and the 

quality of the early motor repertoire 

or later neurodevelopmental 

outcomes (Chapter 3, 5). This may 

be because we assessed only one 

single bilirubin measure per time-

point and not the overall exposure 

to hyperbilirubinemia. It would be 

interesting to assess the relationship 

between the longitudinal bilirubin 

trajectory and neurodevelopmental 

outcomes. Alternatively, it may 

not be the accumulation of 

hyperbilirubinemia that is the culprit 

but rather the accumulation of other 

compounds during cholestasis, 

which not necessarily have to concur 

with conjugated bilirubin levels.

Figure 2. Potential risk factors for neuro- 
developmental impairments in patients with  
biliary atresia.

9
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In patients with BA, increased permeability of the blood-brain barrier might 

result in higher exposure of the brain to liver disease-related compounds in toxic 

concentrations. Recent studies point towards a relationship between alterations in 

the gut microbiome and neurodevelopmental outcomes, via the gut-liver-brain 

axis.51,52 BA is associated with changes in the gut microbiome, even before KPE.53,54 

Alterations in the gut microbiota might disturb the epithelial barrier of the bowel 

(‘leaky gut’), allowing leakage of unwanted molecules into the circulation. This 

might subsequently be responsible for vascular barrier breakdown of the blood-

brain barrier.55 Increased intestinal permeability has already been associated 

with some neurological disorders like; autism spectrum disorder, schizophrenia, 

Parkinson’s and Alzheimer’s disease in elderly patients.52,55 However, understanding 

of the interactions between the gut microbiome and neurodevelopmental disorders 

is still a developing science.56 

Poor nutritional status and impaired growth are other risk factors for 

neurodevelopmental impairments.57 An adequate nutritional status might not only 

improve the medical outcomes of BA patients9,58, but also their neurodevelopment 

(Chapter 2). Severe growth deficits were evident in an alarming proportion (~50%) of 

young BA patients around the time of diagnosis and shortly thereafter (Chapter 3, 

4). These findings were in line with those of other research groups.28,39 BA patients are 

prone to develop nutritional deficits due to malabsorption and abnormal metabolism 

of nutrients.59 Children with end-stage liver disease are in a hypermetabolic state, 

with higher resting and total energy expenditure.59 Growth deficits affect BA patients 

especially in early infancy, which is a period of rapid brain development (Chapter 

3, 4), and were less evident in older children (Chapter 4, 5). Although it seems 

reasonable that the growth deficits in BA are related to the neurodevelopmental 

impairments, we were not able to identify any significant associations growth 

percentiles and neurodevelopmental outcomes. 

Not only children with a liver disease but also patients who undergo major surgery 

in infancy for other diagnoses appear to be at risk of neurodevelopmental 

impairments.60,61 Previous studies showed impaired cognitive development and motor 

skills in children with a congenital diaphragmatic hernia, esophageal atresia, and 

anterior abdominal wall defects.60,61 Neonatal surgery was associated with alterations 

in brain structure and white matter signaling.61 However, the exact pathophysiology of 

these brain alterations remains speculative. A higher number of surgical interventions 
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and longer duration of mechanical ventilation was associated with adverse 

neurodevelopmental outcomes.60 General anesthesia has been suggested as a risk 

factor for neurodevelopmental impairments62, but in relatively minor surgery, general 

anesthesia had no significant effect on later neurodevelopmental outcomes.63,64 

In our systematic review of studies with children with a liver disease, general 

anesthesia was not identified as a risk factor for neurodevelopmental impairments 

(Chapter 2). After LTx, patients require lifelong treatment with immunosuppressants, 

among which calcineurin inhibitors such as tacrolimus. Tacrolimus is associated 

with impaired neurocognitive functioning and white matter hyperintensities.65 Even 

medications that appear innocent, such as acetaminophen, might be neurotoxic 

to the early developing brain.66 In this thesis, we did not investigate the relationship 

between medication usage and adverse neurodevelopmental outcomes. However, 

as there seemed to be no differences in outcomes between children with and without 

native liver, one might speculate that the role of immunosuppressants can be refuted. 

Our finding of the impaired early motor repertoire in infants with BA even before they 

underwent major surgery, demonstrates that the cause of the neurodevelopmental 

impairments cannot be attributed to this early anesthesia or surgery (Chapter 3). In 

the light of cholestasis as the main culprit of neurodevelopmental impairments, major 

surgery such as KPE and LTx might even improve neurodevelopmental outcomes, 

by relieving cholestasis. Correspondingly, there are indications that neurocognitive 

outcomes improve after LTx.50 Studies on motor skills after LTx are more controversial, 

and range from no improvement over time, to a gradual normalization over the first 

four years after LTx.67,68 In our cohort, neurodevelopmental impairments persisted 

after surgery in the form of a KPE and LTx (Chapter 4). Neither age at KPE nor age at 

LTx was associated with neurodevelopmental outcomes (Chapter 4, 5). 

Intracranial hemorrhage is another possible cause of neurodevelopmental 

impairments. A possible complication of BA is a vitamin K deficiency, hence an 

increased risk of intracranial hemorrhage.69 However, none of the BA infants in 

our cohort had suffered an intracranial hemorrhage (Chapter 3, 4).69,70 Despite 

an absence of intracranial hemorrhage in infants with BA, neurodevelopmental 

impairments were present in an alarming proportion of patients. This suggests that 

intracranial hemorrhage cannot be accountable for the worse neurodevelopmental 

outcome in these children.

9
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Psychosocial and environmental factors can also affect the developing brain. 

Disease-related restrictions in physical activity, for example due to pain, illness, 

surgery or hospitalization, can hinder the development of the central nervous 

system.7,8 Additionally, as previously mentioned, concerned or overprotective 

parents or other caregivers might deter physical activity, and subsequently motor 

development.17 It seems reasonable to assume that BA causes early life stress or 

disruptions in family functioning, which has been associated with negative emotional 

outcomes in infancy.71,72 Therefore, it is likely that psychosocial and environmental 

factors are contributing to the neurodevelopmental impairments in children with BA.   

In summary, data on neurodevelopmental impairments in BA patients indicate a 

relatively high frequency of neurodevelopmental impairments. Especially motor 

skills are affected in a disturbing proportion of children. The neurodevelopmental 

impairments are likely to be multifactorial and caused by physiological, disease-

related factors, as well as secondary psychosocial factors (Figure 2) (Chapter 2-5).19 

Most indications point towards a role of cholestasis and (consequences of) chronic 

liver failure, in combination with poor nutritional status and growth deficits. Although 

the inclusion ratio in our cohorts was high, the sample sizes were nevertheless 

relatively small due to the low incidence of BA. Unfortunately this has limited thorough 

analysis of risk factors. International collaboration is essential to identify risk factors 

for neurodevelopmental impairments, to further improve care for rare diseases as BA. 
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Quality of life and family functioning
Health-related quality of life in children 

Children with BA appeared to be at risk of an impaired HrQoL, especially physical 

HrQoL (Chapter 6). In almost half of the children, the parent-proxy physical HrQoL 

summary score was more than 1 standard deviation lower than the population mean 

(Chapter 6). Approximately 25% of the children scored their physical functioning 

as impaired. As a result, one in six children, and the parents of one in five children, 

reported that the child experienced limitations in their daily activities or activities 

with friends. The overall physical HrQoL of school-aged BA patients was not only 

lower compared to healthy peers, but also remarkably lower compared to other 

children who had undergone major surgery in infancy or to children with a chronic 

disease (Chapter 6). Possibly, BA affects a patient’s daily life to a greater extent than 

those other diseases. Children with BA might require more daily treatments, such 

as medication, suffer from more adverse medical events, and experience more 

limitations in daily life due to illness, bodily pain, itching or abdominal distention. 

Not only the physical but also the psychosocial HrQoL of school-aged children with 

BA was lower compared to their healthy peers (Chapter 6). In one in three children, 

the parent-proxy psychosocial HrQoL summary score was more than 1 standard 

deviation lower than the population mean. Parents reported more problems in the 

mental health of their child, such as symptoms of anxiety or depression than parents 

of healthy children. This may be because children with BA feel insecure and worry 

about their future. For example, children who still have their native liver might worry 

about the future necessity of a LTx, whereas LTx recipients might fear graft rejection. 

As a result of emotional problems, 20% of children with BA experienced limitations 

in their daily activities and activities with friends. These findings are in line with 

data on the HrQoL of children who received kidney transplantation, who showed a 

significantly higher frequency of mental problems, compared to their healthy peers.73 

Adult BA patients reported comparable HrQoL to their healthy peers.74–77 This suggests 

that the negative impact of BA reduces as patients age. This phenomenon might 

be explained by the ‘response shift’ theory, meaning that the perception of a 

patient’s HrQoL is influenced by personal experiences.78 In a small cohort of adult BA 

survivors, patients retrospectively reported a similar achievement of developmental 

milestones, regarding autonomy and psycho-sexual development, to their healthy 

peers.16 This suggests that the disease-related restrictions in the overall course of 

9
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life, as experienced by adult BA patients, are limited. Notwithstanding these findings, 

longitudinal studies on HrQoL in BA patients that follow patients into adulthood are 

scarce. Therefore, the longitudinal HrQoL trajectory within an individual, and the role 

of disease-related and environmental risk factors, remain speculative.  

Factors associated with health-related quality of life in children

Both BA patients who survive with their native liver, as well as children who receive 

a LTx are at risk of impaired HrQoL (Chapter 6). Several studies, including our own, 

reported no significant differences between these groups.46,76,77,79,80 Native liver 

survivors and transplanted children share commonly identified risk factors for an 

impaired HrQoL. As presented in Figure 3, in literature, several risk factors have been 

associated with HrQoL in BA patients. 

Figure 3. Factors that are associated with health-related quality of life (HrQoL) in patients with 
biliary atresia. Factors that are positively related to HrQoL are presented in green and factors 
that are negatively related to HrQoL are presented in red. *factors identified in personal data.

First, HrQoL might be affected by factors that are directly related to disease severity 

and adverse medical events (Chapter 6). Active complications and the history 
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of an adverse medical event in the past year, are associated with lower physical 

and psychosocial HrQoL.76,79 A higher bilirubin level, as a proxy for the degree of 

cholestasis, is associated with lower parent-proxy overall HrQoL.79 Symptoms such 

as abdominal distention and sleeping difficulties, that can occur in BA, are also 

associated with lower overall HrQoL.46,81 Adverse medical events might lead to illness, 

pain and hospitalization. This subsequently might limit daily activities, result in school 

absenteeism or hinder work abilities, which reduces the social life of patients. Adverse 

medical events may also lead to greater awareness of the disease, which might result 

in a lower perceived HrQoL. 

Second, in children with BA who had received a LTx, the transplant-specific HrQoL is 

adversely related to a higher number of prescribed drugs.82,83 Drugs can coincide 

with side effects, such as abdominal pain, headache or sleeping problems, which 

have the potential to negatively influence HrQoL. Daily usage of drugs may also lead 

to greater awareness of the disease, resulting in a lower perceived HrQoL. A higher 

consultation frequency is positively related to transplant-specific HrQoL.82 Children 

who regularly visit specialists might feel more secure about their disease. In our 

cohort, we did not investigate the relation between the number of prescribed drugs 

or consultation frequency and HrQoL, as all LTx children generally received the same 

medical treatment and follow-up.

Third, HrQoL might also be influenced by socio-demographic factors . Overall 

HrQoL in children is better when the parents are married or living together.82 It 

is well-recognized that parental separation is associated with lower HrQoL in 

children.84 In our cohort of school-aged BA patients, the majority of parents (84%) 

was married or living together with a partner, making this a less contributing factor 

(Chapter 6). Sundaram et al. reported that Afro-American ethnicity was associated 

with lower overall HrQoL in children.79 In our cohort, we determined the relation with 

household education and income, rather than ethnicity. There was no significant 

association with household income and HrQoL in children with BA. Parent-proxy 

physical HrQoL in children with BA was positively associated with the educational 

level of parents (Chapter 6). 

Age at HrQoL assessment was not significantly associated with HrQoL in our cohort 

(Chapter 6). However, in literature, children with BA who were younger at the time 

of HrQoL assessment were more at risk of impaired overall and transplant-specific 

9
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HrQoL than older children.79,82 This might be because older children more often have 

reached a stable form of BA, or have adapted to the consequences of living with BA. 

Remarkably, post-LTx complications were positively associated with better transplant-

specific HrQoL.82 It may also be a result of the previously described ‘response shift’, 

with patients more appreciating their current health, due to the complications that 

they have suffered after the LTx. However, older children seemed to be more at risk of 

impaired psychosocial HrQoL, as reported by their parents.79 This suggests that parents 

of older children believe that they are more aware of the disease-related impairments 

in daily life, or are more anxious about the future. Older children were also more at risk 

of impaired school functioning, which might subsequently impair their HrQoL.79 

School functioning is one of the most severely impaired HrQoL domains in BA 

patients.46,79,82,83 Children with a chronic disease like BA have the potential of school 

absenteeism due to their physical status or hospitalization.46 Additionally, children 

with BA are at an increased risk of neurodevelopmental impairments, and emotional 

or behavioral problems, which might result in learning difficulties (Chapter 5, 7). In 

our cohort, motor impairments and special education were significantly associated 

with lower physical HrQoL (Chapter 6). This is to be expected as physical HrQoL reflects 

not only physical functioning and bodily pain but also the consequences on daily 

activities, such as going to school. Behavioral problems were significantly associated 

with psychosocial HrQoL (Chapter 6). Learning difficulties might have long-lasting 

consequences for the lives of BA patients. In the Netherlands, adolescents with a 

chronic condition less often have a paid job, although they would like to be employed.15 

This underlines the importance of adequate neuropsychological intervention in 

patients with BA to improve both neuropsychological outcomes and HrQoL. 

Sports participation was positively related to overall HrQoL. It is well-known that 

physical activity can positively influence HrQoL.21–23 This warrants the stimulation of 

sports participation in children with BA to improve their HrQoL.

In summary, children with BA and their parents report an impaired HrQoL, especially 

physical HrQoL. Their HrQoL was comparable to, or even lower than, children with 

another chronic condition. This suggests that children with BA face ongoing challenges 

as a result of BA. Children with a more severe form of BA and/or with adverse medical 

events appear to be at increased risk. Also the secondary consequences of BA might 

impair HrQoL, such as an impaired social life and school functioning. 
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Impact of biliary atresia on parental wellbeing and family functioning 

After BA diagnosis, mothers of BA patients persistently report high levels of anxiety 

(Chapter 7). Symptoms of anxiety and stress in mothers were highest during 

hospitalization for KPE, with scores being respectively 36% and 24% higher than 

reference values from the general population. Prolonged KPE hospitalization was 

strongly related to more symptoms of anxiety and stress in mothers, as well as 

fathers. Anxiety symptoms declined over time, from being 36% higher than reference 

values during KPE hospitalization, to 23% higher at 1-2 months after KPE, and to 4% 

higher at 2-3 years of follow-up. Fathers reported fewer symptoms of anxiety and 

stress. Given that women might be more susceptible to developing anxiety symptoms 

than men, this is to be expected.85 In general, women have a higher tendency to worry 

and score higher on negative affectivity.85 

It is well recognized that parents of children with a chronic condition are at risk of 

poor mental health.86 They suffer more from symptoms as anxiety and depression 

compared to the general population.86–88 Chronic stress can have negative effects 

on the mental and physical health of parents.86 Mothers of children with congenital 

anomalies have a higher risk of cardiovascular disease and even mortality than 

parents of healthy children.89 Fortunately, in parents of children with BA that had 

reached school age, symptoms of anxiety and stress were within the normal range 

(Chapter 8). This suggests that the psychosocial symptoms of anxiety and stress 

further decrease over time. However, a follow-up study that extends beyond the first 

three years after BA diagnosis is required to confirm this hypothesis.  

Parents of school-aged patients with BA reported emotional worry and limitations 

in their time due to their child’s disease. Poor mental health in parents is associated 

with impaired parental QoL (Chapter 7).86,90 However, in both cohorts of BA patients, 

parental QoL was relatively unaffected (Chapter 7, 8). The relatively unaffected 

parental QoL could be partially explained by the high percentage of parents (>90%) 

that continued working and remained married or living together with their partner, 

after their child was diagnosed with BA (Chapter 7, 8). When children had reached 

school age, the parents of 76% of children lived together, which seems comparable 

to the general Dutch population. A single-parent household was associated with 

somewhat lower parental QoL, although this association was not statistically 

significant (Chapter 8). 

9
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In families of school-aged children with BA, family activities were impaired due to the 

consequences of having a child with a chronic disease (Chapter 6). Reduced family 

activities might affect all family members, including the patient’s siblings. Siblings 

of children with a chronic disease are at risk of impaired psychological wellbeing.91 

Data on the psychosocial wellbeing of siblings of children with BA is lacking, hence 

an interesting area for future research. 

Nevertheless, both children and their parents reported strong family cohesion. For a 

long time, family functioning is recognized as an important aspect of child health.92 

Children with a chronic disease such as BA depend on their parents for care and 

treatment. Proper family functioning might reduce behavioral problems and improve 

medical adherence.93 Family members can offer social support and help the child to 

cope with the disease. It is reassuring that the family functioning seems adequate, 

as this will support BA patients to thrive along with their healthy peers and grow up 

to independent adults.  

Future perspectives 
With this thesis we provide unique data on the impact of BA on neurodevelopmental 

outcomes and HrQoL in children, the wellbeing of their parents, and family functioning. 

We feel that our data warrant attention, especially regarding the impaired motor 

development and physical functioning in BA patients. In the light of personalized 

medicine, patient-reported outcome measures become increasingly important 

in optimizing patient management. As described in this thesis, both children and 

parents report impairments in physical functioning and, therefore, physical HrQoL. 

The next logical step is to assess at what stage and by what means we can optimize 

care for these vulnerable patients and their families. 

Neuropsychological screening

In the era with increasingly more interest in personalized medicine, there is a 

high importance of early identification of subgroups at risk of morbidity to timely 

start a targeted intervention. In the Netherlands, to date, there is no standardized 

neuropsychological screening or follow-up program for BA patients. As the quality 

of the early motor repertoire has a high predictive value for the neurodevelopmental 

impairments in toddlers with BA, especially for motor skills (Chapter 3), we advocate 

for the implementation of General Movement Assessment (GMA) in the regular 

medical follow-up of these patients. As the period between hospital admission and 
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KPE is rather short and infants suffer 

from cholestasis, the first outpatient 

visit after KPE appears to be the 

earliest, most suitable, time point for 

General Movement Assessment. In this 

way, infants with BA who are prone to 

neurodevelopment impairments can 

be identified early. This will allow the 

initiation of targeted intervention at an 

early stage when it is believed to have 

the greatest benefits.5 We propose a 

standardized neuropsychological 

screening and follow-up program as 

shown in the flowchart in Figure 4. 

During a potential screening for LTx, 

and at follow-up assessment at 2-3 

years of age, motor skills should be 

assessed by a physical therapist, 

and cognitive and speech-language 

development by a neuropsychologist 

and, if required, a speech-language 

therapist. Behavioral problems should 

be identified by use of the Child 

Behavior Checklist and during an 

interview with the parents.94 

In the first years after BA diagnosis, special attention is warranted for the wellbeing 

of parents, especially for mothers. The state-trait anxiety inventory, as described 

in Chapter 7, could then be used to identify parents who experience high levels of 

anxiety after BA diagnosis.95 A standard consultation with a social worker after BA 

diagnosis might identify parents who would benefit from psychological support early. 

Neuropsychological intervention

Early developmental intervention has proven to be beneficial in several pediatric 

patient groups, such as infants with cerebral palsy and preterm born infants.6,96 Short- 

Figure 4. Flowchart of standardized neuropsy-
chological screening for children with BA. *e.g. 
physical therapy, psychology or speech lan-
guage therapy. 

9
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and medium-term neurodevelopmental outcomes improved more in children that 

received standardized intervention programs, compared to children who received 

standard follow-up.96 As our results on the neurodevelopmental outcomes of BA 

patients are generally in line with those described for preterm born infants, similar 

intervention programs might also be beneficial for BA patients.96 

Our data warrant the development of a targeted neuropsychological intervention 

program with the following aims; (1) to optimize motor, cognitive, behavioral and 

language development; (2) to optimize school performance; (3) to optimize the 

HrQoL in children; (4) to support parents or caregivers in coping strategies to reduce 

parental stress and anxiety, and to improve child-parent interaction. 

Intervention programs should focus on infant development, e.g. in the form of 

physical therapy, speech-language therapy or psychology, and on the parent-

infant relationship.96 Developmental interventions should use task-specific practice 

and stimulate child-initiated actions and independent task performance.97 

Interventions based on physical activity are believed to have a positive effect on 

the child’s physical status, such as physical fitness and walking capacity, as well as 

on neurodevelopmental outcomes, including motor skills, academic achievements, 

social skills, attention, and executive functioning, and might subsequently improve 

HrQoL.18–23 Therefore, guidance by a physical therapist is warranted not only for 

those infants with impaired motor development but also for other children at risk 

of impaired physical HrQoL, such as children who are in a poor physical condition. 

Each child with BA should be stimulated to practice sports, as this would benefit both 

physical and social activity.

Based on the results from the multidisciplinary neuropsychological screening, 

professionals should decide, for each child, which targeted interventions are 

required, for example physical therapy, psychology and/or speech-language 

therapy. Additionally, the multidisciplinary team should guide and advise the parents 

in decisions regarding educational services, such as the need for special education. 

Psychosocial intervention for parents of newly diagnosed BA patients should 

be initiated after BA diagnosis. Parental support might improve parental health 

by reducing symptoms of anxiety and stress. Parental support might not only 

be beneficial for parental wellbeing, but may also improve neurodevelopment, 
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emotional outcomes, and HrQoL of their children.71,93 It might improve the parent-

infant relationship and optimize the management of behavioral problems in 

children with BA.98 

Where neuropsychological intervention is based on optimizing neuropsychological 

outcomes, the identification of risk factors might help to early identify infants 

who have an increased risk of neuropsychological problems and subsequently to 

reduce the potentially negative effects of BA on the lives of its patients. International 

collaboration is warranted to obtain a larger sample size to allow for a more 

thorough analysis of modifiable and non-modifiable risk factors for impaired 

neurodevelopmental outcomes or HrQoL. As prolonged cholestasis might be 

one of the main culprits of neurodevelopmental impairments, timely restorative 

surgery is essential. Studies to further improve screening for, and therefore the 

early identification of, BA are ongoing.99 As many infants with BA suffer from poor 

nutritional status and growth deficits, more aggressive nutritional support seems 

warranted. Future studies should outline methods to improve the nutritional status 

of infants with BA. 

Conclusions
We can conclude that biliary atresia (BA) has a significant impact on the lives of 

children. We show that neurodevelopmental impairments are present already 

in early infancy and persist until, at least, school age. As a result, ~25% of children 

with BA require special education. Motor skills are most affected, with half of the 

children showing severe impairments. Neurodevelopmental impairments are, in turn, 

associated with a lower health-related quality of life (HrQoL). The HrQoL in children 

with BA is lower compared to healthy peers, and their physical HrQoL is generally 

lower than in children with other major surgery in infancy or a chronic condition. In the 

first years after BA diagnosis, parental wellbeing is affected, with particularly mothers 

reporting high levels of anxiety. Nevertheless, the overall quality of life of parents 

is rather unaffected. It is essential to identify problems in neurodevelopmental or 

psychosocial outcomes early, to start targeted intervention at the moment with 

the highest chance of therapeutic success. The results of this thesis warrant, and 

form the basis for, the development of standardized, targeting, neuropsychological 

intervention programs to improve the care for, and prognosis of, patients with BA 

and their families. 

9
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