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�Introduction

As the survival of children with liver disease has signifi-
cantly changed over the last few decades, pediatric liver 
transplantation and improved medical and nutritional man-
agement have changed the outcome for children with liver 
disease and a large cohort of patients is now moving into 
adolescence and adulthood with a liver condition. 
Unfortunately, young people with liver disease have inferior 
health outcomes compared to younger and older age groups 
[1]. They face challenges inherent to their adolescent devel-
opment, now known to carry on into the mid-20s, but also in 
particular adult healthcare professionals might not be famil-
iar with childhood liver diseases and their management [2, 
3]. The current setup of healthcare systems sees young peo-
ple looked after by either pediatric or adult services, irre-
spective of whether this is developmentally appropriate and 
the current provision of support during the transition from 
one service to the other is limited [4].

In this chapter we, as physician and clinical psychologist, 
will give an overview of the interaction of physical develop-
ment during puberty and liver disease, as well as the psychoso-
cial and health behavior aspects of adolescence. We will share 
our experience of running an integrated multidisciplinary care 
model for young people with liver disease aged 16–25 years.

�Young People

The World Health Organization recognizes that “young peo-
ple” aged between 10 and 24  years are a population who 
require dedicated care [5]. Having a chronic condition or dis-

ability has multiple effects on adolescent development 
including biological, psychosocial, and social effects that 
can in turn contribute to poor adherence and risk-taking 
behaviors [6]. Non-adherence to medication is a particular 
challenge in the adolescent population as it is difficult to 
measure, often multifactorial however relatively develop-
mentally appropriate. Its prevalence is reported to exceed 
50% in the post-transplant population and effects long-term 
outcome in this patient population [7]. Adolescence coin-
cides with transfer of medical care from pediatric to adult-
centered services hence the importance of defining a 
dedicated, individualized transition care pathway for young 
people. This will be discussed in more detail further in the 
chapter.

�Medical Aspects of Growing Up with Liver 
Disease

Within pediatrics, liver disease is a relatively new specialty 
within which the last few decades have seen a significant 
change in the diagnosis and management of conditions. 
Patients tend to present in infancy or later childhood with a 
variety of genetic and incidental conditions, either in an 
acute, often life threatening, or more chronic setting. Lifelong 
specialist follow-up and treatment are usually required. The 
development of pediatric liver transplantation has had a sig-
nificant impact on the outcome and prognosis of children 
developing end-stage liver disease or presenting with acute 
liver failure, and the majority of the patients are now moving 
into adolescence and adulthood. This emerging population is 
a challenge for both pediatric and adult hepatology teams.

Information on the long-term outcome of patients with 
liver disease presenting in infancy, such as biliary atresia 
(BA) and Alagille syndrome, is becoming available but is still 
scarce and more focused on survival data. It is estimated that 
14–44% of patients with biliary atresia survive into adulthood 
without needing liver transplantation. In our experience 28% 
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of BA patients survived with their native liver up to 16 years 
with a quarter requiring liver transplantation during adult-
hood. Abnormal serum bilirubin levels, evidence of portal 
hypertension with varices on endoscopy, and having an epi-
sode of cholangitis during adolescence were associated with 
the need for liver transplantation in adulthood [8]. Of note is 
that listing criteria vary significantly between pediatrics and 
adults, and the use of mathematical models based on adult 
liver diseases disadvantages young people. We found that 
when comparing a group of young people with BA (median 
age 15.5 (range 13.8–18.6) years) either listed by the pediat-
ric (n = 22) or adult team (n = 14), those listed by the adult 
team waited significantly longer on the waitlist and more 
likely to require intensive care support at time of listing (29% 
vs 5%; P < 0.05), and this was independently associated with 
poorer patient and graft survival. The mathematical models 
used by adult teams as listing criteria did not correlate with 
waiting times or outcomes. What did improve survival was 
the support from the multidisciplinary young people’s liver 
service with all young people in this group (n = 11) surviving 
compared to 88% in the rest of the group [9].

In Alagille syndrome, extrahepatic aspects of the syndrome 
related to vascular or renal involvement are becoming more 
relevant and can impact the long-term prognosis [10, 11].

The advances in molecular genetics are now enabling us 
to diagnose genetic liver conditions such as familial intrahe-
patic cholestasis and other rarer metabolic conditions such as 
mitochondrial cytopathies, etc. The implications of dealing 
with a genetically based condition can have further long-
term implications on adult life and prognosis [4].

Other conditions such as autoimmune liver disease, 
Wilson disease, and nonalcoholic fatty liver disease tend to 
present more frequently during adolescence, and patients 
will have to come to terms with their condition and manage-
ment during an already challenging time in their life.

Finally, some young people will present to adult services 
with liver-related complications related to conditions such as 
complex congenital heart disease or childhood cancers and 
will require specialized care. In a series of 95 patients who 
had underwent a Fontan operation during infancy, 23% 
developed Fontan-associated liver disease which has shown 
to be linked with morbidity and premature mortality [12]. 
Regular screening for adolescents and adults has now been 
recommended.

�Outcome Data

Whereas long-term outcome following pediatric liver trans-
plantation is significantly better compared to adult cohorts 
(21–52%) with up to 20-year patient and graft survival of 
79% and 64%, respectively, those transplanted between the 
ages of 12 and 17 years have inferior patient and graft sur-

vival, and this is similar for other solid organ transplants as 
heart, kidney, and lung transplants [13, 14]. Young adults, 
aged 18–24 years, experience disparities both while waiting 
for transplantation and with regard to outcome [15].

Young people (12–25  years) hence constitute a unique 
and vulnerable cohort who deserves special attention by 
health professionals in order to improve survival.

In the non-transplant setting, a recent report on predictors 
of poor outcome in a cohort of 133 patients with autoim-
mune hepatitis aged 14 and over found that presentation 
between the ages of 14 and 20 years was a significant inde-
pendent predictor of liver-related death or requirement for 
liver transplantation, suggesting that their condition was 
more challenging to manage compared to the older popula-
tion [16].

�Impact of Liver Disease on Physical 
Development

Growth retardation is common in children with chronic liver 
conditions and more common in cholestatic liver disease, 
where some degree of catch-up growth is noted after liver 
transplantation. In an analysis of growth following liver 
transplantation, risk factors for poor linear growth were pro-
longed steroid exposure, lower weight percentiles at time of 
transplantation, linear growth impairment pre-transplantation, 
and metabolic disease as primary diagnosis [17]. More 
recently, out of a total of 892 liver transplant patients between 
8 and 18 years, 20% had linear growth impairment at their 
last follow-up and, where available, height z-scores were sig-
nificantly lower than the calculated mid-parental height 
z-scores. Linear growth impairment at transplant, re-
transplantation, non-white race, and primary diagnosis other 
than biliary atresia were found to be independent predictors 
of growth impairment. In the same study, the authors reported 
that on the pubertal development of 353 children, 61% of 
girls and 58% of boys aged 16–18 years reached Tanner 5 
compared to 100% of a normative population with growth 
impairment occurring in 11% of Tanner 5 subjects [18]. 
Growth impairment has also been described in genetic con-
ditions such as Alagille syndrome and can also be associated 
with the treatment. Further data is needed to establish the 
prevalence of growth failure and pubertal delay in chronic 
liver disease but is available in other chronic conditions such 
as inflammatory bowel disease, nephrotic syndrome, asthma, 
and cystic fibrosis. Growth failure and pubertal delay can 
have a significant psychosocial effect on quality of life and 
long-term outcomes; hence treatment of recombinant human 
growth hormone in this population has been reported to be 
associated with improvement in psychosocial functioning as 
well as linear growth [19]. Larger studies are needed to 
assess its safety in this patient population.
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In girls with chronic liver disease, menstrual cycles can be 
irregular, and amenorrhea and anovulation are common. 
Menorrhagia can occur in patients with advanced liver dis-
ease with portal hypertension. Estrogens, and typically the 
synthetically produced ethinylestradiol used in the combined 
hormonal preparations, are more potent and have a potential 
effect on the liver irrespective of the route of administration. 
Progestogens do not have receptors on the liver cells and are 
commonly given at a lower dose and well tolerated.

Although not contraindicated in patients with compensated 
cirrhosis, both in pre- and post-liver transplant setting, current 
contraceptive recommendation is with progesterone-only prep-
arations such as minipill (e.g., Cerazette), medroxyprogester-
one injection or etonogestrel implants, and, if sexually active, 
levonorgestrel releasing intra-uterine system [20]. Successful 
pregnancy outcomes have been reported both in chronic liver 
disease and liver transplantation settings, although there is an 
increased risk both for mother and baby. Treatment with calci-
neurin inhibitors, steroids, and azathioprine is recommended to 
be continued during pregnancy to avoid graft dysfunction or 
relapse in autoimmune liver disease; however, mycophenolic 
acid and rapamycin are contraindicated because of the increased 
risk of birth defects. In patients with portal hypertension, an 
upper GI endoscopy during the second half of the second tri-
mester is indicated to assess the degree of portal hypertension 
and the need for further management to avoid GI bleeding dur-
ing the course of pregnancy [21]. Obstetric follow-up by an 
experienced team in a hospital setting is required. Adolescent 
girls should be informed timely of the various contraceptive 
options, the potential complications of pregnancy and child-
birth, as well as the possible genetic implications of their 
underlying condition.

Cosmetic side effects of medical treatment such as ste-
roids and currently less commonly use, cyclosporine, can 
have an impact on body image and adherence to treatment in 
the adolescent population (see later), and health profession-
als should keep this in mind when prescribing treatment.

In order to effectively manage young people’s care, it is 
crucial to successfully address their wider “medical, psychoso-
cial and educational/vocational needs” [22]. In order to do this, 
professionals need to be familiar with the unique developmen-
tal stage of adolescence and recognize that young people are 
neither just “big children” nor “small adults.” This develop-
mental perceptive is discussed in the next section, along with 
the psychosocial elements of growing up with liver disease.

�Adolescent Development and Its Interaction 
with Liver Disease

The biopsychosocial changes associated with adolescence 
interact with how young people manage their illness and 
treatments and accordingly with how their healthcare should 

be approached. For an excellent review of this area, please 
see Suris, Michaud, and Viner [6].

Although most of the literature focuses on adolescence, 
research demonstrates that structural and functional 
changes continue to take place in the brain into young 
adulthood [23]. This is mirrored by changing societal 
norms with young people increasingly delaying many of 
the traditional “tasks” of adulthood, such as financial inde-
pendence and starting a family. Furthermore, health out-
comes are poorer for young adults into their mid-twenties, 
so it is more helpful to think about young adult develop-
ment more broadly [24].

Adolescence is traditionally defined by the onset of 
puberty. Delayed puberty, reported in young people with 
liver disease, can impact on how the young person views 
themselves, their illness, and their wider world. For example, 
an adolescent who looks younger may be treated differently 
by people and have reduced social opportunities. Common 
stories from patients include being asked by adult clinic staff 
whether they are there with their mum, being stopped by the 
police when driving to check their age, and being refused 
entry to 18-rated films or pubs.

Alongside the physical changes are changes in how young 
people think and feel and in the nature and importance of 
their social world. In order to become an independent adult, 
the adolescent needs to separate from their parents. They 
start to develop a more independent sense of identity, and 
their peer group typically takes over from family as being 
their main social world [25]. Peer acceptance becomes key, 
with a strong desire to feel normal. Self-consciousness 
increases. The typical adolescent has an increased sense of 
invincibility, poorer abstract thinking, and reduced thoughts 
of the future [26]. An increasing body of research demon-
strates ways in which the structure and function of the ado-
lescent’s social brain is distinctly different from that of 
children or adults [27].

As part of this adolescent profile, risk-taking behaviors 
peak, with high levels of alcohol and drug use, smoking, and 
unsafe sex [28]. In the UK, “binge-drinking” is widespread 
and synonymous with certain rites of passage for young peo-
ple, such as the introductory “freshers’ week” at university. 
Young people growing up with liver disease have the same 
needs as other young people, with the additional challenge of 
trying to balance their health needs against their social and 
psychological needs. The way to meet these can often seem 
to be opposition. Indeed, research suggests that alcohol and 
drug use is similarly prevalent in young people with chronic 
illnesses as compared to their healthy peers [29] and they are 
equally as likely to be sexually active [30]. This adolescent 
profile and tendency to take risks helps young people to 
develop independence but can present significant challenges 
for successfully managing a chronic illness. This is discussed 
further below under adherence.

77  Growing Up with Liver Disease
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�Impact of Family

All of the above changes happen within a family context. To 
enable the young person to develop into an adult, their family 
also need to adapt their roles, for example, by giving their 
child more freedom and privacy [31]. Parents/carers of chil-
dren with chronic illness have often dedicated much of their 
lives to caring for their sick child and have their own relation-
ships with the illness and hospital teams. Young people’s rela-
tionships with their family may be impacted by their liver 
disease, for example, having less independence. Parents/car-
ers might also have had to change other roles in their lives, 
such as giving up work, in order to successfully care for them. 
This can result in some parents seeming to be more overpro-
tective, for example, worrying about their adolescent taking 
their medication, abstaining from alcohol at parties, monitor-
ing for symptoms, or appropriately seeking help [32].

There are also significant challenges for families of young 
people who are diagnosed with a liver disease during their 
adolescent years, as is common, for example, in autoimmune 
liver disease or Wilson disease. At a time when adolescents 
should be becoming more independent, the acute stage of 
illness forces them into a state of dependence on others. This 
can present challenges for the whole family that may not be 
expected at this stage of development [33], such as parents 
needing to take time off work, physically caring for their 
child and spending concentrated time together that might not 
otherwise have been expected from being the parent of a 
teenager or be normal among their peers.

�Wider Influences

The above processes occur within a wider set of systems 
still, such as schools, workplaces, friendships, and other rela-
tionships; how the liver disease is managed in any of these 
contexts will interact with the young person’s adjustment 
and management of it. Furthermore, this is within a societal 
context in which the general public hold certain beliefs, 
assumptions, and prejudices. As public perception of people 
with liver disease and transplant is most commonly associ-
ated with drug and alcohol use, young people struggle to 
develop a positive self-identity if they associate (or other 
people associate them) with this stigmatized group. Our 
patients often grapple with the dilemmas about who to tell 
about their condition and how to tell, as many have experi-
enced bullying or prejudiced comments in the past. It can be 
beneficial to discuss these dilemmas with patients and help 
support them in communicating their needs to schools and 
workplaces.

Given the importance of peer relationships during this 
period, it is worrying that peer networks are often disrupted 

in young people with chronic illness [34]. Among young 
people, post-transplant peer support has been found to be an 
effective means of engaging young people in services and 
improving their health outcomes and well-being [35]. In a 
small recent study in which young people were trained to act 
as mentors for younger post-transplant patients, the mentors 
themselves benefited from improved adherence as well as 
the mentees (measured by lowed mean tacrolimus standard 
deviation levels) [36]. The authors suggested that this may be 
attributable to the increased emotional support from attend-
ing the mentor training workshop. As part of the liver transi-
tion service at King’s College Hospital, we run peer support 
days and peer mentoring for young people with chronic liver 
disease and post-transplant. Preliminary feedback suggests 
numerous benefits of this for both young people and their 
mentors, including feeling more positive about having a liver 
condition due to increased hope and feeling less alone, feel-
ing more prepared for transition, and several comments akin 
to “I wish I had something like this when I was younger” 
[37].

Most of the developmental models are based upon 
Western notions of adolescence. It is unclear how this may 
differ in other cultures, for example, where adolescence may 
not exist as a construct or notions such as independence from 
family are not expected or endorsed. How culture interacts 
with chronic illness management and transition is an under-
researched area that demands further attention [38]. It is 
important for professionals to be curious about what the ado-
lescence and their family expect at this stage of development 
rather than making assumptions about how these constructs 
may or may not apply.

�Psychological Aspects of Growing 
Up with Liver Disease

Adolescence is a period of rapid change, full of opportunities 
and challenges. Young people growing up with chronic liver 
disease have the same aspirations in life as their healthy 
peers but have additional stresses and restrictions to manage, 
including hospital visits, time off school, medication, and 
lifestyle restrictions. Rather than focusing purely on the 
presence of psychological distress, it is important to consider 
how all young people and families adapt to their changing 
health needs at different stages of development. Most young 
people, with or without liver disease, strive to be normal 
[39]. Those who have difficulties adjusting to their illness/
treatment and integrating it into a positive self-identity are at 
increased risk of developing psychological difficulties and 
are less likely to manage their physical health needs effec-
tively. Routine questions about the adolescent’s wider world 
are crucial for engagement and in order to assess how they 
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are adjusting to the demands of their condition and areas that 
may require intervention [40].

There has been relatively little research into the psycho-
logical needs of young people growing up with liver disease, 
and most of this limited research has focused on those post-
transplant. Research conducted with adults with liver disease 
is unlikely to be generalizable as the populations are differ-
ent on multiple levels, including age and developmental 
stage, age at diagnosis, type of liver disease, and/or reason 
for transplant. A brief overview of some key areas is given 
below, citing research specific to liver disease where it exists 
and otherwise extrapolating from other chronic childhood 
diseases.

�Quality of Life

Quality of life is a broad term that encompasses a range of 
physical, psychological, and social factors. Most studies 
investigating quality of life in young people with CLD 
report only on those post-liver transplant, rather than ado-
lescents with CLD as a group. Health-related quality of life 
is found to be poorer in children and young people post-liver 
transplant as compared with the general population, but 
similar to young people with other chronic conditions, 
including other solid organ transplants [41, 42]. Across 
studies, Ohnemus identified predictors of poor QoL included 
transplantation in adolescence (as well as sleep problems 
and medication adherence) [43]. A study of children and 
adolescents with autoimmune liver disease found a similar 
trend, with poorer quality of life being associated with the 
presence of symptoms such as ascites, abdominal pain, and 
fatigue [44].

In a qualitative study aiming to understand how liver 
transplant affects young people’s quality of life, adolescent 
participants spoke about the impact of transplant on their 
relationships, schooling, fatigue, burden of medication, com-
munication with healthcare professionals, and thinking about 
the future [41]. These are key areas to explore when working 
with young people and demonstrate the importance of foster-
ing good collaborative relationships with young people, in 
which they feel listened to and valued and their wider needs 
and hopes are respected.

�School Achievement

A young person growing up with a chronic liver disease or 
transplant is more likely than healthy peers to take time off 
school for hospital appointments and ill health. This can 
have a significant impact on their school attainment and sub-
sequent employment opportunities in adulthood. There is 
also some evidence that a portion of the poorer QoL docu-

mented in this population relates to poorer cognition and 
school performance. For example, Ohnemus and colleagues 
[43] found adolescent liver transplant recipients reported 
QoL similar to healthy peers in all domains except psychoso-
cial, school, and cognitive functioning. Furthermore, these 
results indicated no reported improvement in cognitive func-
tioning over time, suggesting transplant does not “fix” this 
problem.

Data available on cognitive development in the context of 
pediatric liver conditions, and mainly in the post-liver trans-
plantation setting, confirms an increased incidence of learn-
ing disability in this population. Out of 144 patients from the 
SPLIT registry children aged between 5 and 7  years and 
more than 2 years post-transplant, 26% were found to have a 
mild to moderate, and 4% a serious, learning disability with 
25% having impaired performance with reading and math 
skills and a relevant executive functioning deficit which 
would potentially affect independent management of their 
health condition in adult life [45]. Further research identified 
height centile at transplantation and genetic-metabolic con-
ditions as having a high impact on long-term cognitive func-
tioning [46].

The literature relating to cognition in our young people is 
in its infancy. The limited evidence so far does indicate that 
cognition is poorer in children and young people with CLD 
[47] but there is insufficient data to determine whether cog-
nitive development differs between young people surviving 
with their native livers and young people undergoing liver 
transplantation. Studies tend to focus on early childhood 
rather than adolescence or young adulthood and dispropor-
tionately on those already post-transplant and not those sur-
viving with their native liver [48–50]. Studies are also 
heterogeneous due to sample size, age, condition, areas 
examined, and tests used.

A recent systematic review of the available literature 
identified a total of 25 studies which have investigated cogni-
tion in children and young people with liver conditions 
(n = 1913) [47]. The majority of these (19/25 studies exam-
ined) described individuals post-transplant (n  = 1372 chil-
dren). Of those surviving with their native livers, four out of 
six studies found low average or impaired scores on cogni-
tive and behavioral measures [51–53]. These studies did col-
lectively indicate that the poorer cognition observed persisted 
into adolescence, with approximately 50% of young people 
scoring below 85 for IQ tests (compared to expected rates of 
around 15% in the general population) [54]. There is also 
evidence of poorer educational attainment, which is likely to 
be related to lower cognition, and at levels over and above 
those with comparable school absence due to hospitalization 
for other forms of chronic illness [55]. With poor quality of 
life and job performance seen into adulthood, the importance 
of interventions to target these impairments becomes increas-
ingly clear.

77  Growing Up with Liver Disease
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The longer-term impact of these childhood difficulties 
also needs to be further researched, as in clinical practice we 
frequently see the long-term consequences such as in Case 
Study 77.1.

Case Study 77.1  Harry was diagnosed with biliary atresia 
shortly after he was born. Following a Kasai procedure, he 
required regular visits to hospital for appointments and 
sometimes needed admission for treatment with antibiotics 
or endoscopy procedures as he developed portal hyperten-
sion. He was a bright, sociable child who was well liked by 
patients and staff. Aged 11, his health deteriorated and the 
decision was made to list him for liver transplantation. A 
year later Harry was transplanted and he recovered well after 
surgery. Due to time spent in hospital, he missed most of his 
formal education and left school without any qualifications. 
Harry is now 22 years old. He lives with his parents and is 
unemployed. He has held a number of causal jobs, but strug-
gles to find permanent employment due to his lack of quali-
fications and relevant experience. Harry feels left behind by 
his friends, most of whom who have now been to university 
and started good jobs.

�Mood Difficulties

Research investigating psychological well-being in adoles-
cents with chronic illness more broadly suggest that there are 
higher rates of depressive and anxiety symptoms relative to 
healthy controls, but the rates vary across studies and illness 
group (see meta-analysis by Pinquart & Shen [56]) and were 
particularly common in young people with conditions 
impacting upon energy levels, those with severe symptoms, 
and those resulting in a visible difference, all of which can 
apply to young people with CLD. Symptoms of chronic ill-
ness, restrictions on functioning, and the need for compli-
cated treatment regimens are likely to interfere with many 
aspects of adolescent life and to cause frustration.

�Post-traumatic Stress Disorder

Young people with chronic liver disease are likely to have 
had some unpleasant experiences in hospital and times which 
may have been felt confusing, scary, or upsetting. High rates 
of post-traumatic stress disorder (PTSD) have been found in 
adolescents who have had transplants. For example, in 104 
adolescents (aged 12–20 years) post solid organ transplant, 
16% met full criteria for PTSD, with an additional 14% 
reporting 2 of the 3 necessary symptom clusters at a level 

that was causing them clinically significant distress [57, 58] 
reported similar prevalence rates of PTSD (13%) in 76 chil-
dren post-transplant; these PTSD symptoms were signifi-
cantly under-reported by parents.

In addition to the distress associated with PTSD, in a 
small study of 19 adolescents post-liver transplant [59], a 
significant association was found between presence of PTSD 
symptoms and non-adherence (as measured by blood levels 
and clinician judgment). This is likely to be due to medica-
tion serving as a reminder of the transplant and non-
adherence therefore being a form of avoidance. Functional 
outcomes are also found to be lower, for example, adult sur-
vivors of childhood cancer who had PTSD were found to 
have lower functioning in areas such as school, work, and 
personal relationship [60].

Failure to identify PTSD compromises the young per-
son’s well-being, impacts on their functioning as adults, and 
is associated with non-adherence. As parents tend to under-
estimate rates of PTSD and there is no relationship between 
the objective characteristics of the trauma and the risk of 
PTSD [61], it is impossible to predict who will have difficul-
ties. Detection therefore relies upon directly asking the 
young person. Research has not addressed rates of PTSD in 
young people with chronic liver disease more generally, but 
as these young people also encounter situations where they 
perceive their life to be threatened, then it is reasonable to 
assume that their rates of PTSD may also be elevated.

One of the most significant challenges of caring for ado-
lescents is the high rates of non-adherence. This is outlined 
below.

�Adherence

As highlighted earlier, rates of non-adherence to medication 
are found to be as high as 50% in adolescents post-transplant, 
with significant negative implications for their health. 
Although non-adherence to treatment, medical advice, and 
clinic appointments is considered developmentally appropri-
ate in this population, it is a concern for clinicians working 
with young people and is often challenging to manage.

It is easy to see that a typically developing adolescent as 
described in the earlier section might not take all their medi-
cations or attend appointments correctly. Increases in impul-
sivity, delay discounting (the extent to which consequences 
decrease in effectiveness to control behavior as a function of 
there being a delay to their occurrence), reward-seeking, and 
emotional reactivity are noted in adolescence, which make 
this period a time of heightened vulnerability to taking risks 
with their health. Adherence in liver disease or transplant 
requires the patient to trust their doctor that the treatment is 
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required, buy into the notion that the status of their liver dis-
ease may not correspond with symptoms, be motivated by a 
long-term outcome of improved health, and be able to plan 
and organize themselves to maintain a good routine. This 
directly contrasts with the developmental profile of young 
people, as illustrated in Case Study 77.2.

A full review of the factors associated with non-adherence 
is outside the scope of this chapter, but a number of compre-
hensive reviews exist (e.g., Drotar, 2009; Shemesh et  al., 
2008, Kyngas, Kroll & Duffy 2000) [62–64]. Many of the 
characteristics known to make adherence more difficult are 
present for young people with liver disease; for example, the 
treatment is seemingly preventative rather than curative, 
does not have any immediate tangible benefits, and needs to 
be taken for life. Knowledge is generally necessary, but not 
sufficient for adherence (e.g., Macquaid, Kopel, Klein & 
Fritz, 2003 [65]), and requires particular attention as young 
people grow up and each with different understandings.

Case Study 77.2  Jake is 18 years old. He was well through-
out his childhood until being diagnosed with autoimmune 
liver disease when he was 14 years old. When he was first 
diagnosed, Jake felt quite unwell and spent a week in hospi-
tal, but since then he has been well and only has to go to an 
outpatient clinic appointment every few months. Jake does 
not think of himself as being sick and doesn’t really think 
about it except for when he goes to hospital. He is most both-
ered about the way he looks, in particular about his acne, 
which started when he was commenced on steroid treatment 
and lack of muscle tone. He feels very self-conscious around 
other people his age and often feels quite down about his 
appearance. Jake is told to take daily medications to prevent 
him from getting ill again in the future - but when he stops 
taking his medications, nothing bad happens; he actually 
feels better because he isn’t bothered by side-effects, his skin 
gets better and his face looks more defined. Jake feels happier 
because he feels more similar to his friends, and doesn’t feel 
so self-conscious about having to remember to take his meds 
or risk having to explain his condition to others. Jake’s been 
told he shouldn’t drink alcohol, but all of his friends do and 
it’s really hard to explain why he can’t. When he started 
drinking recently at a party it was really fun and nothing bad 
happened, so he thinks it must be alright. Jake doesn’t really 
get on very well with his parents and teachers at the moment, 
so doesn’t tell them because he knows they will nag him 
about it. When he goes to hospital his mum does most of the 
talking. His doctor tells her about some blood tests numbers 
that he doesn’t really understand, and then he gets to go home.

Exploring non-adherence should be part of the routine 
management of all patients (irrespective of age) and 

approached in a non-judgmental fashion to encourage dis-
closure and engagement. Health professionals should know 
that in young people non-adherence is considered to be rela-
tively developmentally appropriate and not suggestive of 
distrust in healthcare professionals or equally rejection on 
the part of the adolescent. Individual education, which is 
tailored to the young person’s needs and repeated and 
checked regularly, is important, to ensure the young person 
has a good understanding of their condition and rationale 
for treatment recommendations. It is important to under-
stand the young person’s priorities and encourage them to 
have open conversations about the barriers to adherence for 
them; for example, discussions may enable medication 
regimes to be simplified or altered to fit in with the person’s 
routine, encouraging use of alarms and reminders, taking 
medication on sleepovers, and more broadly how to manage 
the handing over of responsibility from parents to their 
child. Simplifying medical treatment and conversion to 
once daily preparations of immunosuppression have been 
reported to improve adherence and treatment satisfaction 
[66]. An overview of strategies for improving adherence can 
be found in Table 77.1.

Non-adherence has also been found to be associated with 
psychosocial distress, such as PTSD [59] and other psycho-
social stressors [67]. Given poor mental health is linked to 
worse physical health via increased non-adherence to 
medication and disengagement from services, it is important 
that mood and emotional well-being in young people post-
liver transplant is considered routinely, as part of good clini-
cal care [68, 69]. Social difficulties such as financial 
restrictions should also not be overlooked. For example, in 
the UK at the age of 18 years, young people have to start pay-

Table 77.1  Adherence management strategies

Barrier to adherence Strategies
Naive about the risks of 
non-adherence

Individualized education about illness 
and medication

Burden of medication 
regime: too many tablets or 
too many times a day

Simplify medication regimes
Ensure young person understands 
rationale for each medication and 
anticipated course

Non-intentional non-
adherence: forgetting or 
organizational difficulties

Pill boxes, blister packs
Medication charts and apps
Alarm reminders
Visual reminders

Intentional adherence: 
choosing not to take it due to 
the meaning of the 
medication

Explore beliefs about illness and 
medication, including the benefits of 
non-adherence for the young person. 
Assess mood
Referral to psychologist

Intentional adherence: 
practical barriers

Assess barriers such as housing, 
finances, parental support
Referral to social worker
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ing for their prescriptions and travel to hospital; when money 
is limited, these can be very real barriers to adherence for 
which support is available. Within our service, we adopt a 
multidisciplinary approach to identifying and managing 
adherence, which begins with a stance of assumed non-
adherence, and reinforcing disclosures as rates are known to 
be around 50%, we normalize that most young people will 
struggle to take all of their medication all of their time. 
Please see Table  77.2 for details of our approach for rou-
tinely assessing in this age group. From conducting a case 
note review of the more complex cases seen by our Clinical 
Psychologist and Specialist Social Worker, we found that a 
significant minority had entrenched relational difficulties 
and had experienced childhood abuse [70]. We hypothesized 
that non-adherence can be related to attachment difficulties 
and in some cases can require long-term specialist input to 
treat. Effective identification of non-adherence and the fac-
tors contributing to it are essential to ensure access to the 
appropriate services.

�Self-Management

As described earlier, adolescence and young adulthood for 
young people with liver conditions can be associated with 
poor health outcomes related to non-adherence and graft loss. 
Self-management relies on the engagement of individuals in 
order to manage their health effectively, in a pediatric setting 
implying support from the parents/carers. From a behavioral 
perspective, one of the simplest explanations for difficulties 
during transition is that some young people are just not yet 
good at managing their own healthcare [71]. Annunziato et al. 
demonstrated that in a cohort of young adult pediatric liver 
transplant recipients, self-management skills appeared to 
develop with age with lower scores for those transplanted 
before the age of 10  years compared to older age at liver 
transplant. Further work from the same authors raised some 
concerns that young adults post-liver transplant reporting 
greater self- management were being less adherent to treat-
ment, and this impacted on their medical condition as it was 

Table 77.2  Routine assessment and management of adherence

Task Rationale Example questions
Engage the young person Young people are more likely to be actively involved 

in their healthcare and more adherent if they have a 
good relationship with their healthcare provider
Screen for psychosocial difficulties
Gather information about how the illness and 
treatment fit into the young person’s life

See HEADSS (Goldenring and Cohen [40]): ask 
about home, school/college, friendships, activities, 
and interests

Assess who is responsible for 
medication

Responsibility needs to be handed over from parents to 
young person: difficulties often arise during this 
transition

“Who is in charge of medication at home?
How long have you been taking charge of your 
medication?
Who organizes the prescriptions?”

Assume non-adherence and 
routinely assess with every 
patient

Rates of non-adherence exceed 50% – most young 
people will be non-adherent some of the time
Impossible to predict who will be non-adherent so 
need to ask everyone
Asking questions in a non-judgmental way that 
assumed some non-adherence is more likely to 
increase disclosure

“In a normal week, how often do you tend to miss 
your medication?
How often do you take it at a different time?”

Normalize: full adherence is 
difficult; very few people are 
adherent all of the time

More likely to increase honest disclosure and 
willingness to discuss the barriers to their adherence
Trying to scare or tell off your patient is unlikely to 
improve their adherence but will ensure that they don’t 
disclose it to you again!

“Most young people we see struggle to take all of 
their medication all of the time.
We know that it can be a really hard thing to have to 
take medication every day.”

Check understanding of illness 
and risks of non-adherence

Knowledge is necessary (but not sufficient) for 
adherence
Need to ensure that the young person understands why 
they need to take medication and fully understand the 
risks of not taking it

“How would you explain your condition to someone 
who hadn’t heard of it before?
What do you think the medications do? What do you 
think would happen if you didn’t take your 
medication?
How many doses of medication do you think you 
could get away without taking?”

Assess intentionality of 
non-adherence

Different determinants of non-adherence require 
different interventions

“Are there times that you remember your medication, 
but choose not to take it for some other reason?
How often do you forget your medication compared 
to choosing not to take it?
When you miss it, do you always miss all of your 
medication or just some of them?”

Identify barriers Different determinants of non-adherence require 
different interventions.

“What gets in the way of taking medication?
What is the worst/hardest thing about (having to 
take) medication?”
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found to be associated with rejection. They concluded that 
universal promotion of self-management in young adult 
patients was inadvisable and that acquiring self-management 
skills should be viewed as a gradual process. Input from a 
multidisciplinary team lasting well into the mid-twenties was 
recommended [72–74].

With the delayed timing of role transitions in today’s soci-
ety, such as completion of education, marriage, and parent-
hood, many of our young people may continue to rely on 
parental support well into the period of “young adulthood.” 
This may be especially true in our population, considering 
almost 50% of children post-liver transplantation require 
special educational support [47]. Our young patients may be 
more likely to struggle with the development of the appropri-
ate skills to manage their condition during adolescence and 
may continue to rely on carer support. Indeed, most young 
people with childhood liver disease have a long history with 
the pediatric care providers, with many relationships starting 
in infancy. Transition of healthcare to adult services can 
therefore be just as challenging for carers themselves, who 
have their own relationships with clinicians and healthcare 
providers. In practice, many patients may physically transfer 
from receiving services at pediatric to adult-oriented facili-
ties before they manage the requirements of their particular 
medical illness. It is important that self-management is 
viewed as a process rather than a one-off conversation, espe-
cially in patients with additional learning needs (found at an 
elevated rate in our patients). It is recommended that clini-
cians periodically assess developmentally appropriate skills 
of health management in order to understand patient educa-
tion needs and their skill acquisition over time.

Also of relevance here is the evidence that almost 50% of 
children after liver transplantation and with chronic liver dis-
ease require specialist educational support hence one can 
expect this to impact on the development of the skills 
expected when moving on to adult services [62]. In addition, 
with evidence that adolescent development is continuing into 
the mid-twenties, expectations that 16- and 18-year-olds 
might be capable of managing their condition independently 
could be unrealistic (Lancet adolescence). We recently 
explored the self-management skills and adherence patterns 
in a cohort of 156 patients attending our multidisciplinary 
young adult clinic. Results: There was a trend toward 
increased mastery of self-management skills over time, with 
those ≥19 years reporting being more confident in behaviors 
related to arranging appointments and organizing medica-
tions compared to those ≤18 years.

Non-adherence is thought to be related to both the adoles-
cent stage of development [6] and the process of transition-
ing into adult services at this risky period [67]. It is therefore 
crucial for every center to carefully consider how to transi-
tion their young people. This is reviewed below.

�Transition from Pediatric to Adult-Centered 
Health Services

The adolescent health society defined transition in 1993 as a 
“Purposeful, planned process that addresses the medical, 
psychosocial and educational/vocational needs of adoles-
cents and young adults with chronic physical and medical 
conditions from child-centered to adult-orientated healthcare 
systems.”

In 2002 American Academy of Pediatrics published the 
following consensus: “The goal of transition in health care 
for young adults with special health care needs is to maxi-
mise lifelong functioning and potential through the provision 
of high-quality developmentally appropriate health care ser-
vices that continue uninterrupted as the individual moves 
from adolescence to adulthood” [75]. Several reports, mainly 
in the transplant setting, have since been published, with 
worse outcomes for patients transplanted during adolescence 
and a decrease in 12-month mortality in renal transplant 
recipients as patients age from 20 to 30 years. This supports 
the concept that maturation and complete development occur 
after the age of 18 years [2]. It seems that to date the develop-
ment of dedicated programs to optimize transition from 
pediatric to adult-centered care has mainly been driven by 
pediatric specialists, with currently no consensus as to how 
to implement or measure this or even define what a success-
ful outcome is. A national survey of adult transplant hepa-
tologists on transitional care after liver transplantation in the 
USA in 2015 provided interesting information on the percep-
tion of adult healthcare providers [76]. We subsequently car-
ried out a similar survey in the UK, and the results are 
summarized in Table 77.3 [3]. Thirty-two percent of respon-
dents did not have a transition strategy at their center and 
only 16% had a formal transition program. Not having ade-

Table 77.3  Comparison of survey of transition service in the USA and 
UK

Comparison of USA and UK Survey results
USA 
(%)

UK 
(%)

Formal transition programme 16 61
No transition strategy 32 22
Characteristics of YP attending clinic appointment
Have adequate knowledge about their condition 70 62
Arrived to the appointment with parent/guardian 66 76
Barriers to transition
Inadequate communication with paediatric provider 61 11
Patient/family dependence on paediatric provider 46 67
Poor adherence 72 56
Patients lack the capability to discuss the impact of 
their condition independently without the help of 
their parent/guardian

54 28

Parents/guardians manage their child’s condition 
without engaging their child

49 44
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quate knowledge about their condition was found to be pres-
ent in a third of the patients. The majority of adult transplant 
hepatologists were confident with their own skills to manage 
young people but were concerned about the lack of ability of 
the young people to independently manage their condition 
and their poor adherence to treatment with similar observa-
tions in the UK. Both in the USA and UK, concerns were 
raised about dependence of families on the pediatric provider 
and their interference with the patient’s management as a 
barrier to transition and were concerned as well as the preva-
lence of non-adherence to treatment.

The care for young people with liver disease should focus 
on providing appropriate care for young people with liver 
disease irrespective of whether they are looked after in pedi-
atric or adult services.

Different models of transition programs have been 
described and will need to be developed depending on the 
setup and needs of the individual centers. Pediatric teams 
should focus on developing strategies to overcome barriers 
to an adequate transition including learning difficulties, 
social factors, patients in care, and patients with mental 
health problems and aim for an integrative process. With 
regard to congenital and rare conditions typically presenting 
in childhood, where adult teams might be less familiar in 
managing these conditions, management in specialized cen-
ters with pediatric expertise is recommended.

What about the success of adequate young people care? 
Experience in the renal transplant setting demonstrated that 
the introduction of an integrated pediatric/young adult joint 
transition clinic and care pathway improved outcome over a 
4-year period, with no episodes of late acute rejection or 
graft loss compared to 35% graft loss in a group of patients 
who did not benefit from this service [35]. In our UK survey, 
we found that those centers with formal transition programs 
perceived young people to have better knowledge of their 
condition, have better adherence, and rely less on the pediat-
ric providers (Table 77.4) [3]. It is relevant to include parents 
and carers in the process, to give them realistic expectations 
of adult healthcare services and help them to transition from 
care provider to a more supportive role for the young person. 
This entails nourishing the development of self-management 
skills which are essential to navigate within an adult health-
care setting. [77]. In this respect, it is important to use transi-
tion readiness tools to define a patient’s individual needs and 
for a multi-professional team to address these.

A recent small pilot study in a group of 20 liver transplant 
recipients whose care was coordinated by a transition coordi-
nator showed, compared to a historic group of 14 patients, 
improved adherence to treatment during the year before trans-
fer to adult services. After transfer, tacrolimus standard devia-
tion scores (SD) remained stable in the group supported by the 
transition coordinator compared to the historic group where the 
tacrolimus SD increased, suggesting poorer adherence [78].

Ideally the timing of the transition process should be 
flexible and aimed at the patient’s needs and readiness; 
however in practice, lack of age-appropriate inpatient 
facilities or pediatric and adult setting being on different 
sites often means that patients over 18  years cannot be 
admitted to pediatric inpatient facilities, raising the impor-
tance of starting the transition process early enough. This 
is particularly relevant in patients with special healthcare 
needs where the transition process becomes more compli-
cated as the patient might not be able to advocate for their 
care, consent for procedures, and manage an inpatient stay 
on an adult ward independently. In these cases, the multi-
professional team should ensure a well-documented care 
pathway is discussed prior to transition to adult services 
[79, 80].

�Summary and Conclusions

•	 With advances in medicine, more patients with liver con-
ditions are growing into adulthood.

•	 Adolescence is a period of biological, psychological, and 
social changes, and the impact of a chronic condition on 
this process can be significant.

•	 Outcome data suggest that young people are a unique and 
vulnerable cohort who deserves special attention by 
health professionals, focusing on better outcome and 
survival.

•	 Growth failure and pubertal delay are prevalent, and sex-
ual health advice should be offered standard during the 
consultation with the young person.

•	 Psychological aspects of growing up with liver disease 
are increasingly being recognized and identified and 
require management by specialized healthcare 
professionals.

•	 Non-adherence to all aspects of care is common, multi-
factorial, and often underestimated however impacts on 
outcome and survival. A non-judgmental approach aimed 
at identifying barriers to adherence and developing an 
individualized strategy is recommended.

Table 77.4  Comparison between centers with and without transition 
services

Comparison between centres with 
and without transition service

Transition 
service

No transition 
service

N = 9 (%) N = 9 (%)
YP has adequate knowledge about 
their condition

76 50

Poor adherence 44 67
Patient/family dependence on 
paediatric provider

56 78
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•	 Successful transition programs have shown improvement 
in outcome and quality of life and should be developed 
according to the facilities of the individual center and 
focus on self-management, keeping in mind the special 
needs patients might have.

References

	 1.	Ebel NH, Hsu EK, Berry K, Horslen SP, Ioannou GN. Disparities 
in waitlist and posttransplantation outcomes in liver transplant reg-
istrants and recipients aged 18 to 24 years: analysis of the UNOS 
database. Transplantation. 2017;101(7):1616–27.

	 2.	Darcy A, Samyn M. Looking after young people with liver con-
ditions: understanding chronic illness management in the con-
text of adolescent development. Clin Liver Dis (Hoboken). 
2017;9(5):103–6.

	 3.	 Joshi D, Gupta N, Samyn M, Deheragoda M, Dobbels F, Heneghan 
MA. The management of childhood liver diseases in adulthood. J 
Hepatol. 2017;66(3):631–44. Review.

	 4.	 Joshi D, Dyson J, Hudson M, Levitsky J, Heldman M, Samyn 
M. Paediatric to adult liver transition services: the state of play in 
the UK. Clin Med (Lond). 2019;19(5):425–6.

	 5.	Young people’s Health: a challenge for society. WHO, Geneva 
1986.

	 6.	Suris JC, Michaud PA, Viner R. The adolescent with a chronic con-
dition. Part I and II. Arch Dis Child. 2004;89:938–49.

	 7.	Dobbels F, Hames A, Aujoulat I, Heaton N, Samyn M. Should we 
retransplant a patient who is non-adherent? A literature review and 
critical reflection. Pediatr Transplant. 2012;16:4–11.

	 8.	 Jain V, Burford C, Alexander EC, Sutton H, Dhawan A, Joshi D, 
Davenport M, Heaton N, Hadzic N, Samyn M. Prognostic markers 
at adolescence in patients requiring liver transplantation for biliary 
atresia in adulthood. J Hepatol. 2019;71(1):71–7.

	 9.	Samyn M, Davenport M, Jain V, Hadzic N, Joshi D, Heneghan M, 
Dhawan A, Heaton N. Young people with biliary atresia requiring 
liver transplantation: a distinct population requiring specialist care. 
Transplantation. 2019;103(4):e99–e107.

	10.	Kamath BM, Spinner NB, Emerick KM, Chudley AE, Booth 
C, Piccoli DA, Krantz ID.  Vascular anomalies in Alagille syn-
drome: a significant cause of morbidity and mortality. Circulation. 
2004;109(11):1354–8.

	11.	Kamath BM, Spinner NB, Rosenblum ND. Renal involvement and 
the role of Notch signalling in Alagille syndrome. Nat Rev Nephrol. 
2013;9(7):409–18.

	12.	Oka N, Miyamoto T, Tomoyasu T, Hayashi H, Miyaji K. Risk fac-
tors for mid-term liver disease after the Fontan procedure. Int Heart 
J. 2020;61(5):979–83.

	13.	Organ procurement and Transplantation Network and Scientific 
Registry of Transplant recipients. OPTN/SRTR 2010 Annual Data 
Report.

	14.	Dharnidharka VR, Lamb KE, Zheng J, Schechtman KB, Meier-
Kriesche HU.  Across all solid organs, adolescent age recipients 
have worse transplant organ survival than younger age children: a 
US national registry ana. Pediatr Transplant. 2015;19(5):471–6.

	15.	Hsu EK, Mazariegos GV. Global lessons in graft type and pediatric 
liver allocation: a path toward improving outcomes and eliminating 
wait-list mortality. Liver Transpl. 2017;23(1):86–95.

	16.	Ngu JH, Gearry RB, Frampton CM, Stedman CA.  Predictors of 
poor outcome in patients with autoimmune hepatitis: a population 
based study. Hepatology. 2013;57(6):2399–406.

	17.	Alonso EM, Shepherd R, Martz KL, Yin W, Anand R, et al; SPLIT 
Research Group. Linear growth patterns in prepubertal children fol-
lowing liver transplantation. Am J Transpl. 2009;9:1389–1397.

	18.	Mohammad S, Grimberg A, Rand E, Anand R, Yin W, Alonso 
EM, et  al; Studies of Pediatric Liver Transplantation Research 
Consortium. Long-term linear growth and puberty in pediatric liver 
transplant recipients. J Pediatr 2013;163:1354–60.

	19.	Janjua HS, Mahan JD. The role and future challenges for recombi-
nant growth hormone therapy to promote growth in children after 
renal transplantation. Clin Transpl. 2011;25(5):E469–74.

	20.	WHO provider brief on hormonal contraception and liver disease. 
Contraception. 2009;80:325–6.

	21.	Joshi D, James A, Quaglia A, Westbrook RH, Heneghan MA. Liver 
disease in pregnancy. Lancet. 2010;375:594–605.

	22.	Department of Health. Transition: getting it right for young peo-
ple. National Service Framework for Children, Young People and 
Maternity Services; 2006.

	23.	Steinberg L. A social neuroscience perspective on adolescent risk-
taking. Dev Rev. 2008;28(1):78–106.

	24.	Kiberd J, Acott P, Kiberd B. Kidney transplant survival in pediatric 
and young adults. BMC Nephrol. 2011;12(1):54.

	25.	Erikson EH. Childhood and society. New York: Norton; 1963.
	26.	Dahl RE, Gunner MR. Heightened stress responsiveness and emo-

tional reactivity during pubertal maturation: implications for psy-
chopathology. Dev Psychopathol. 2009;21:1–6.

	27.	Blakemore S, Mills K. Is adolescence a sensitive period for socio-
cultural processing? Ann Rev Psych. 2014;65:187–207.

	28.	Armett J. Reckless behavior in adolescence: a developmental per-
spective. Dev Rev. 1992;12:339–73.

	29.	Miauton L, Narring F, Michaud P-A. Chronic illness, life style and 
emotional health in adolescence: results of a cross-sectional sur-
vey on the health of 15–20-year-olds in Switzerland. Eur J Pediatr. 
2013;162(10):682–9.

	30.	Blum RW. Sexual health contraceptive needs of adolescents with 
chronic conditions. Arch Ped Adol Med. 1997;51(3):290–7.

	31.	Carter B, McGoldrick M. The changing family life cycle: a frame-
work for family therapy. 2nd ed. Boston: Allyn & Bacon; 1988.

	32.	Taylor RM, Franck LS, Gibson F, Donaldson N, Dhawan A. Study 
of the factors affecting health-related quality of life in adolescents 
after liver transplantation. Am J Transpl. 2009;9:1179–88.

	33.	Rolland JS. Families, illness & disability: a biopsychosocial inter-
vention model. Basic Books; 1994.

	34.	Reiter-Pirtill J, Waller JM, Noll RB. Empirical and theoretical per-
spectives on the peer relationships of children with chronic condi-
tions. Chapter 45 in Roberts MC and Steele RG. (eds) Handbook of 
paediatric psychology 4th. London: Guilford Press, 2009.

	35.	Harden PN, Walsh G, Bandler N, Bradley S, Lonsdale D, Taylor J, 
et al. Bridging the gap: an integrated paediatric to adult clinical ser-
vice for young adults with kidney failure. BMJ. 2012;344:e3718.

	36.	Jersen B, D’Urso C, Arnon R, Miloh T, Iyer K, Kerkar N, et  al. 
Adolescent transplant recipients as peer mentors: a program 
to improve self-management and health-related quality of life. 
Paediatr Transp. 2013;17(7):612–20.

	37.	Hames A, O’Reilly I, Samyn M. I don’t feel like an outcast any-
more: establishing a peer support network for young people and 
parents in a supra-regional liver disease and transplant service. 
Turkish Arch Pediatr. 2013;s2:119.

	38.	Maloney R, Clay DL, Robinson BS.  Sociocultural issues in 
pediatric transplantation: a conceptual model. J Paediatr Psych. 
2005;30(3):235–46.

	39.	Taylor RM, Franck LS, Dhawan A, Gibson F.  The stories of 
young people living with a liver transplant. Qual Health Res. 
2010;20(8):1076–90.

	40.	Goldenring JM, Cohen E. Getting into adolescent heads. Contemp 
Paediatr. 1988;5:75–80.

	41.	Taylor R, Franck LS, Gibson F, Dhawan A. A critical review of the 
health-related quality of life of children and adolescents after liver 
transplantation. Liver Transpl. 2005;11(1):51–60.

77  Growing Up with Liver Disease



1062

	42.	Fredericks EM, Magee JC, Opipari-Arrigan L, Shieck V, Well A, 
Lopez MJ. Adherence and health-related quality of life in adolescent 
liver transplant recipients. Pediatric Transpl. 2008;12(3):289–99.

	43.	Ohnemus D, Neighbors K, Rychlik K, Venick RS, Bucuvalas JC, 
Sundaram SS, et  al. Health related quality of life and cognitive 
functioning in pediatric liver transplant recipients. Liver Transpl. 
2020;26(1):45–56.

	44.	Gulati R, Radhakrishnan KR, Hupertz V, Wyllie R, Alkhouri N, 
Worley S, Feldstein AE.  Health-related quality of life in chil-
dren with autoimmune liver disease. J Pediatr Gastroenterol Nutr. 
2013;57(4):444–50.

	45.	Sorensen LG, Neighbors K, Martz K, Zelko F, Bucuvalas JC, 
Alonso EM, Studies of Pediatric Liver Transplantation (SPLIT) and 
Functional Outcomes Group (FOG). Cognitive and academic out-
comes following liver transplantation: functional outcomes group 
results. Am J Transplant. 2011;11(2):303–11.

	46.	Kaller T, Langguth N, Petermann F, Ganschow R, Nashan B, Schulz 
KH. Cognitive performance in pediatric liver transplantation. Am J 
Transplant. 2013;13(11):2956–65.

	47.	Rodijk LH, Schins EM, Witvliet MJ, Verkade HJ, de Kleine RH, 
Hulscher JB, Bruggink JL. Health-related quality of life in biliary 
atresia patients with native liver or transplantation. Eur J Pediatr 
Surg. 2020;30(03):261–72.

	48.	Kaller T, Schulz KH, Sander K, Boeck A, Rogiers X, Burdelski 
M.  Cognitive abilities in children after liver transplantation. 
Transplantation. 2005;79:1252–6.

	49.	Schulz K-H, Wein C, Boeck A, et  al. Cognitive performance of 
children who have undergone liver transplantation. Transplantation. 
2003;75:1236–40.

	50.	Stevenson T, Millan MT, Wayman K, et  al. Long-term outcome 
following pediatric liver transplantation for metabolic disorders. 
Pediatr Transplant. 2010;14:268–75.

	51.	Srivastava A, Yadav SK, Borkar VV, et al. Serial evaluation of chil-
dren with ALF with advanced MRI, serum proinflammatory cyto-
kines, thiamine, and cognition assessment. J Pediatr Gastroenterol 
Nutr. 2012;55:580–6.

	52.	Stewart SM, Silver CH, Nici J, et  al. Neuropsychological func-
tion in young children who have undergone liver transplantation. J 
Pediatr Psychol. 1991;6:569–83.

	53.	Sorensen LG, Neighbors K, Martz K, et al. Longitudinal study of 
cognitive and academic outcomes after pediatric liver transplanta-
tion. J Pediatr. 2014;165:65–72.

	54.	Adebeck P, Nemeth A, Fischler B. Cognitive and emotional out-
come after pediatric liver transplantation. Pediatr Transplant. 
2003;7:385–9. Am J Neuroradiol. 2010;31:1337–42.

	55.	Kaller T, Boeck A, Sander K, et al. Cognitive abilities, behaviour 
and quality of life in children after liver transplantation. Pediatr 
Transplant. 2010;14:496–503.

	56.	Pinquart M, Shen YH.  Anxiety in children and adolescents 
with chronic physical illnesses: a meta-analysis. Acta Paediatr. 
2011;100(8):1069–76.

	57.	Mintzer L, Stuber ML, Seacord D, Castaneda M, Mesrkhani V, 
Glover D.  Post traumatic stress symptoms in adolescent organ 
transplant recipients. Pediatrics. 2005;115:1640–9.

	58.	Shemesh E, Newcorn JH, Rockmore L, Shneider BL, Emre S, 
Gelb BD, et  al. Comparison of parent and child reports of emo-
tional trauma symptoms in pediatric outpatient settings. Pediatrics. 
2005;115:582–9.

	59.	Shemesh E, Lurie S, Stuber ML, Emre S, Patel Y, Vohra P, et al. A 
pilot study of posttraumatic stress and nonadherence in pediatric 
liver transplant recipients. Pediatrics. 2005;105:E29.

	60.	Meeske KA, Ruccione K, Globe DR, Stuber ML.  Posttraumatic 
stress, quality of life, and psychological distress in young adult sur-
vivors of childhood cancer. Oncol Nurs Forum. 2001;28(3):481–9.

	61.	Breslau N, Davis GC.  Posttraumatic stress disorder: the stressor 
criterion. J Nerv Ment Dis. 1987;175(5):255–64.

	62.	Drotar D.  Promoting adherence to medical treatment in chronic 
childhood illness: concepts, methods, and interventions. New 
Jersey: Lawrence Erlbaum; 2009.

	63.	Shemesh E, Annunziato RA, Shneider BL, Dugan CA, Warshaw J, 
Kerkar N, Emre S. Improving adherence to medications in pediatric 
liver transplant recipients. Pediatr Transplant. 2008;12(3):316–23.

	64.	Kyngas HA, Kroll T, Duffy ME. Compliance in adolescents with 
chronic diseases: a review. J Adol Health. 2000;26:379–88.

	65.	EL MQ, Kopel SJ, Klein RB, Fritz GK. Medication adherence in 
pediatric asthma: reasoning, responsibility, and behavior. J Pediatr 
Psychol. 2003;28(5):323–33.

	66.	Kuypers DR, Peeters PC, Sennesael JJ, Kianda MN, Vrijens B, 
Kristanto P, Dobbels F, Vanrenterghem Y, Kanaan N, ADMIRAD 
Study Team. Improved adherence to tacrolimus once-daily formu-
lation in renal recipients: a randomized controlled trial using elec-
tronic monitoring. Transplantation. 2013;95(2):333–40.

	67.	Watson AR. Non-compliance and transfer from paediatric to adult 
transplant unit. Pediatr Nephrol. 2000;14(6):469–72.

	68.	Hames A, Matcham F, Joshi D, Heneghan MA, Dhawan A, Heaton 
N, Samyn M.  Liver transplantation and adolescence: the role of 
mental health. Liver Transpl. 2016;22(11):1544–53.

	69.	Hames A, Malan J. Whose problem is it? Improving adherence in 
young adults. (Oral presentation). Ethical Legal and Psychosocial 
Aspects of Transplantation (ELPAT) Congress, Rotterdam 2013.

	70.	Annunziato RA, Arrato N, Rubes M, Arnon R. The importance of 
mental health monitoring during transfer to adult care settings as 
examined among paediatric transplant recipients. J Paediatr Child 
Health. 2015;51:220–2.

	71.	Annunziato RA, Bucuvalas JC, Yin W, Arnand R, Alonso EM, 
Mazariegos GV, et  al. Self-management measurement and pre-
diction of clinical outcomes in pediatric transplant. J Pediatr. 
2018;193:128–33.

	72.	Annunziato RA, Emre S, Shneider B, Barton C, Dugan CA, 
Shemesh E.  Adherence and medical outcomes in pediatric liver 
transplant recipients who transition to adult services. Pediatr 
Transplant. 2007;11(6):608–14.

	73.	Annunziato RA, Parkar S, Dugan CA, Barsade S, Arnon R, Miloh T, 
et al. Brief report: deficits in health care management skills among 
adolescent and young adult liver transplant recipients transitioning 
to adult care settings. J Pediatr Psychol. 2011;36(2):155–9.

	74.	Annunziato RA, Kim SK. Assessment in transition: options, chal-
lenges, and future directions. Pediatr Transplant. 2015;19(5):446–8.

	75.	American Academy of Pediatrics, American Academy of Family 
Physicians, American College of Physicians-American Society of 
Internal Medicine. A consensus statement on health care transi-
tions for young adults with special health care needs. Pediatrics. 
2002:1304–6.

	76.	Heldman MR, Sohn MW, Gordon EJ, Butt Z, Mohammed S, Alonso 
EM, Levitsky J. National survey of adult transplant hepatologists 
on the pediatric-to-adult care transition after liver transplantation. 
Liver Transpl. 2015;21(2):213–23.

	77.	Samyn M, et al. Pediatr Transplant. 2017;21(1)
	78.	Annunziato RA, Baisley MC, Arrato N, Barton C, Henderling F, 

Arnon R, Kerkar N.  Strangers headed to a strange land? A pilot 
study of using a transition coordinator to improve transfer from 
pediatric to adult services. J Pediatr. 2013;163(6):1628–33.

	79.	Kaufman, et  al. Transition to adult care for youth with special 
health care needs. Paediatr Child Health. 2007;12(9):785–8.

	80.	Transition: moving on well. Best practice guidance. Department of 
Health 2008.

M. Samyn et al.


	77: Growing Up with Liver Disease
	Introduction
	Young People
	Medical Aspects of Growing Up with Liver Disease
	Outcome Data
	Impact of Liver Disease on Physical Development
	Adolescent Development and Its Interaction with Liver Disease
	Impact of Family
	Wider Influences
	Psychological Aspects of Growing Up with Liver Disease
	Quality of Life
	School Achievement
	Mood Difficulties
	Post-traumatic Stress Disorder
	Adherence
	Self-Management
	Transition from Pediatric to Adult-Centered Health Services
	Summary and Conclusions
	References




