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PREFACE

PREFACE

Cystic Fibrosis is a disease where parents, patients and clinical team members have to
overcome many barriers to ensure optimal treatment is available for individual patients.
Adolescence is perhaps one of the most challenging times for people with cystic fibrosis
and is in general an underresearched area in the field. The European Cystic Fibrosis Society
has commissioned Carlo Castellani and Harry Heijerman to bring together a high quality
team of experts in this area to contribute to this monograph. Our ambition was to cover a
range of healthcare issues relevant to young adults in order to provide cystic fibrosis teams
and others associated with cystic fibrosis care with a resource to consult when considering
some of the difficult issues during adolescence.

Our contributing authors have accepted this challenge with enthusiasm and have produced
a series of chapters of excellent quality.

We hope that this book will be a useful manual for cystic fibrosis teams. We also anticipate
that families and young people with cystic fibrosis will find this book of value. The ECFS
thanks the editors and the authors for the effort they have put into this publication and we
look forward to further monographs on challenging areas in cystic fibrosis.

IStk £~

Stuart Elborn
President, European Cystic Fibrosis Society
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CHAPTER 1

Healthcare issues and

challenges in adolescence

Susan M. Sawyer MBBS MD FRACP FSAHM

Centre for Adolescent Health, Royal Children’s
Hospital, Parkville, Victoria, Australia

Correspondence:

Susan M. Sawyer,

MBBS MD FRACP FSAHM
Centre for Adolescent Health
Royal Children’s Hospital

50 Flemington Rd

Parkville

Victoria 3052

Australia

Tel: +61-3-93456457

Fax: +61-3-93456502

E-mail: susan.sawyer@rch.org.au

1 Introduction

Adolescence has long been recognised as
challenging to adults. Indeed, Socrates is
reported to have written in 450 BC that,
“Our youth love luxury. They have bad
manners and contempt for authority. They
show disrespect for their elders and love
idle chatter in place of exercise. Children are
now tyrants not the servants of the house-
hold. They contradict their parents, chatter
before company, gobble up their food and
tyrannize their teachers.” In contemporary
society, adolescence is commonly viewed
as a period of turmoil, with seemingly little
understanding of what makes adolescents
tick. Indeed, adolescence continues to be
viewed as a highly challenging period for
parents and for communities — as well as
for healthcare professionals.

However, although adolescence s
certainly a time of increased health risk, it
is also now recognised as being a time of
developmental opportunity. How young
people negotiate adolescence, in terms of
how well they make the transition to adult
roles and responsibilities, is now recog-
nised as one of the most significant deter-
minants of future health and well-being in

European Cystic Fibrosis Society 9
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adulthood - both in those with and those
without chronic health conditions [1].

The health issues experienced by adoles-
cents with chronic conditions are reported
to be “linked to the illness they suffer from,
to adolescence in general, and to psychoso-
cial problems generated by the interaction
between the illness, the adolescent and
his immediate environment” [2]. Given the
widespread lack of undergraduate and post-
graduate training in adolescent health and
the fact that so many of the health issues
experienced by adolescents are emerging
issues, it is not surprising that many health-
care professionals report that managing the
complexity and range of health concerns in
adolescents is more difficult than in other
age groups [3].

This introductory chapter sets out to
explore the changing shape of contemporary
adolescence, to provide a framework for
understanding adolescent development,
and to explore the impact of adolescence
on chronic disease and vice versa. In doing
so, it sets the stage for subsequent chap-
ters, which describe more specifically the
complexity of cystic fibrosis (CF) in adoles-
cence.

The changing shape
of adolescence

The term ‘adolescence’ is derived from
the Latin adolescere, meaning to grow up.
The onset of adolescence has typically
been defined by the physical changes
that accompany the complex sequence of
hormonal maturation known as puberty.
Rather than physical maturation, the

end of adolescence has typically been
characterised by a series of transitions into
adult social roles and responsibilities, such
as completion of education, commence-
ment of paid employment, and getting
married and having children. Previously,
these social endpoints occurred within a
relatively short time frame which, in most
parts of the world, extended from the late
teens to the early twenties and were fairly
consistent with the achievement of the
age of legal majority.

Despite the widespread belief that
18 years is when adolescents gain adult
legal rights and responsibilities, even in law,
there is no single definition of adulthood [1].
Rather, in most parts of the world, a collec-
tion of laws describe different ages that
denote adulthood. In relation to health,
these include laws related to the age of
consent, the minimum age that young
people can legally drive and buy alcohol, and
theageatwhichyoungpeopleare considered
to be capable of making important decisions
that affect their health.

Until recently, there was general
acceptance that adolescence was encap-
sulated within the second decade of life.
However, the shape of adolescence has
changed [1]. Downward shifts in the age
of onset of puberty and upward shifts
in the age of achievement of the social
transitions that historically marked adult-
hood mean that, as previously defined,
adolescence now continues for much
longer. This extended length of adoles-
cence is consistent with a new under-
standing of cognitive maturation, which
is now recognised to extend to at least
the mid-twenties.

10 www.ecfs.eu
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What is less clear now is when adoles-
cence ends — and what we call it. This is
largely because the social role transitions
of this period are much more fluid than
previously. Past generations experienced
fairly linear role transitions; stereotypically,
young people completed their education,
entered a short period of further education
or vocational training (commonly defined
by gender), and then ‘settled down’ to get
married and parent children. In contrast,
contemporary young people now complete
secondary education, following which (or
indeed during) they may take a ‘gap’ year
characterised by work and/or travel, and
then enter a period dominated by post
secondary training. This period of training
might be undertaken on a full-time or part-
time basis and might be accompanied by
full-time or part-time work. After a couple
of years in the workplace, young people not
uncommonly commence a period of further
study, which may herald a significant career
change for both men and women. Young
people now generally stay at home for
longer, and having moved out of home,
not uncommonly return to the family home
for extended periods, especially when
financially challenged. Sexual intimacy
commonly starts before they leave home
and continues despite returning home. In
many European countries, first marriage
is now undertaken a decade later than
50 years ago, and marriage no longer
signifies that children will follow. Indeed,
having children now occurs regularly before
marriage, whether one has a stable partner
or not.

About 25 years ago, the United Nations
and the World Health Organization defined

‘adolescence’ as 10-19 years, 'youth' as
15-24 years, and 'young people’ as 10-24
years. Despite these definitions, there is
little consistency in the literature about
whether young people are referred to
as ‘'adolescents’, 'youth, or ‘adolescents
and young adults’. Regardless of what it
is called, it is increasingly apparent that
rather than 10-19 years, the period from
10 to 24 years better captures the physical,
cognitive and social changes embodied by
the term adolescence.

There has similarly been little consist-
ency in the age ranges in research studies,
whether they purport to study primarily
adolescents or to include adolescents in
studies of younger children or adults. There
are good reasons to use different age cut-off
points according to the specific research
question. For example, a study of patterns
of specialist healthcare use in adolescents
might choose to report data in relation to
the age that paediatric specialist healthcare
services commonly cease, which could be
anywhere between about 12 and 21 years,
depending on where the study is conducted.
More commonly, a variety of age cut-off
points are used without adequate justifica-
tion. Thus, studies of children may range
from 0-12 years, 0-14 years, 5-14 years
or 3-19 vyears. Studies of adults might
extend from 15-35 years, 17-45 years or
19-64 years. Arguably, the widespread use
of age ranges that have little relevance phys-
iologically or bear little relation to other tran-
sitions (e.g. education, welfare) has been
a mechanism that has inadvertently made
invisible the dynamic burden of disease
across the adolescent years. By contrast,
the recent use of the 5-year age range that
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differentiates early adolescence (10-14
years), mid-adolescence (15-19 years) and
late adolescence or early adulthood (20-24
years) has presented a highly nuanced
picture of the changing health profile across
adolescence [4-6].

Adolescent development:
maturing bodies and brains

Adolescence is a period of marked phys-
ical, cognitive and social maturation that
builds on the developmental opportunities
of earlier childhood [1]. Puberty is accom-
panied by profound yet paradoxical conse-
qguences for health. On the one hand,
puberty propels the individual into dimorphic
physical maturation with peaks in strength
and fitness. Yet puberty is also accompa-
nied by a rise in emotional and behavioural
problems with long-lasting effects. Health
problems that commonly emerge following
puberty include major affective and anxiety
disorders, eating disorders, deliberate
self-harm, tobacco and substance use,
psychotic states and functional somatic
disorders. These health-related behav-
iours and mental health states are strongly
associated with pubertal stage rather than
chronological age [7]. This has given rise
to a view of puberty as a sensitive period,
in which there is heightened sensitivity to
social and environmental influences that
become manifest as mental and behav-
joural disorders. The interest in puberty as
a sensitive period relates particularly to how
these patterns of response might become
biologically embedded or ‘hard wired" and
thus more resistant to later interventions,

as well as to how interventions at this crit-
ical time may alter this trajectory.

Despite the variability of adolescent
development by age, it can be useful peda-
gogically to separate the 10-24-yearold age
span into early adolescence (10-14 years),
mid-adolescence (15-19 vyears) and late
adolescence or early adulthood (20-24
years). Table 1 describes some of the major
aspects of adolescent development within
the domains of physical, cognitive and
psychosocial maturation.

Recent advances in brain imaging tech-
nology have contributed to new under-
standings of adolescent development
[8,9]. In contrast to earlier beliefs that
the brain was fully formed by the end
of childhood, there is now evidence that
adolescence is a period of profound brain
growth and maturation. Brain connec-
tions and signalling mechanisms selec-
tively change during adolescence and
early adulthood, with opportunities for
brain remodelling in response to social
and behavioural influences.

One of the regions of the brain that
undergoes the most protracted develop-
ment in humans is the prefrontal cortex.
This is the site of executive control functions
including planning, emotional regulation,
decision making, multi-tasking and self-
awareness. The prefrontal cortex starts to
develop very early in life. Its development
continues throughout adolescence until
at least the third decade [8], which may
explain the steady improvement in self-
control from childhood through to adulthood.
In contrast, there is evidence that the
limbic system, which governs reward
processing, appetite and pleasure seeking,
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develops earlier in adolescence than the
prefrontal cortex. The greatest disparity
in maturation of these systems is during
early to mid-adolescence. One explanation
for heightened risk taking at this time is
that a developmental imbalance favours
behaviours driven by emotion and rewards
over more rational decision making [9,10].

Recent data suggest that adolescents
engage in ‘risky’ behaviours despite knowl-
edge of the risks [11]. They also appear to
be more influenced than adults by exciting
or stressful situations when making deci-
sions, so called ‘hot cognitions’, especially
in the presence of peers. This behaviour
is consistent with the notion of sensation
seeking (i.e. the willingness to take risks to
attain novel, varied and stimulating experi-
ences), which appears to be an important
mediator in the engagement of health-
risk behaviours. Such behaviour typically
increases between 10 and 15 years of age
in a pattern that suggests pubertal influ-
ence [11,12].

Health-related
behaviours and states:
social context matters

Many health-related behaviours and states
that contribute to the burden of non-
communicable diseases in adults have their
onset during adolescence. For example,
over 90% of adult smokers start smoking
tobacco during their adolescent vyears,
problematic substance use commonly
commences in adolescence, and a range
of other behaviours such as unsafe sex,
violence and other antisocial behaviours

typically start during adolescence [1]. Simi-
larly, adolescence is the peak age of onset
for many psychiatric disorders; over 75%
of adults with a mental health disorder
first experience the problem during adoles-
cence [13].

Rather than blaming adolescents for
unhealthy decisions, it can be helpful to
understand that social disadvantage and
negative experiences during infancy and
early childhood can interfere with the
achievement of normative developmental
milestones in later childhood. These can
lead to a cascade of effects in adolescence
where bullying and peer rejection can result
in school disengagement, orientation to
more antisocial peers and early uptake of
health-risk behaviours including tobacco,
alcohol and other drug use, together with a
greater likelihood of mental disorders [14].
A single set of risk and protective factors
influence different health-related behav-
iours during adolescence, which results in
clustering of several risk behaviours within
individuals.

In addition to the effects from earlier child-
hood, what happens during adolescence
itself also matters. For example, a socially
disadvantaged adolescent who has gone
through primary school with a chronic disease
enters secondary school with a greater risk of
poor health and life outcomes in adulthood.
However, their path through adolescence will
be modified by their individual strengths and
vulnerabilities such as intelligence, person-
ality, social skills and sexual orientation, as
well as their experience of risk and protective
factors that cluster within an individual’s
family, school or community [15]. These
adolescent-specific experiences mean that

European Cystic Fibrosis Society 13
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for the same set of social disadvantages
fromearlierchildhood, oneadolescentmight
engage in multiple health-risk behaviours
while another follows a more healthy
trajectory through adolescence. Schooling
is particularly important for adolescents, as
beyond the benefits of educational achieve-
ment, schools provide an important oppor-
tunity for pro-social engagement that can
promote healthy peer relationships,
emotional control and, ultimately, good
health [16].

Adolescence is a sensitive time for social
learning through imitating behaviour, espe-
cially that of peers. Young people's ubig-
uitous engagement with social media has
changed the very notion of the peer group,
expanding it from one's local school or
community to a global scale. In addition to
changing the speed at which socio-cultural
norms can now be influenced [17], new
media has also arguably contributed to the
rise of what were previously less common
attitudes or behaviours, such as self-harm
and suicide, binge eating and even school
shootings. The possible benefits of using
new social media for health gain are still
only starting to be explored.

Chronic health conditions
in adolescence

There has been a dramatic reduction in
childhood mortality from acute infectious
diseases over the past 50 vyears. In
concert with this has been an increase in
the prevalence of children with special
healthcare needs from childhood through
adolescence [18,19]. As a result of medical

and technical improvements, children with
previously fatal childhood conditions (e.g.
CF, chronic heart disease, chronic renal
disease, spina bifida and cancer) are more
likely to survive into adolescence, with
many of them carrying heavy demands due
to the complexity of treatment regimens
[3]. In addition, there has been a true
increase in the incidence of many other
chronic conditions, including food allergy
and anaphylaxis, a range of autoimmune
disorders, obesity and type 1 and type 2
diabetes, as well as various behavioural and
mental disorders [3].

A large disease-specific literature
describes the impact of specific disor
ders on adolescents and their families in
terms of adjustment and coping, co-morbid
depression and anxiety, and health-risk
behaviours. A problem with this approach
is the lack of appreciation of the overall
prevalence of chronic conditions in this age
group, which occur in about 10-15% of
adolescents [3,18,19]. More widely, there
has been a failure to study how the rela-
tive impact of particular groups of condi-
tions differentially affects adolescents.
One exception is a study of the relation-
ship between medically attended chronic
conditions and functionally defined disa-
bility, which demonstrated that functional
disability was most common in children
with learning-behavioural conditions (88%),
followed by neuro-developmental condi-
tions (61%) and physical conditions (32%)
[20]. Experience from peer support groups
highlights the extent that issues are shared
by young people with different chronic
diseases [21], with obvious implications for
clinical services.

14 www.ecfs.eu
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The impact of chronic health
conditions on adolescent
development

Adolescence can be a challenging time
without the additional problems of a chronic
health condition. Although many adoles-
cents with chronic conditions are highly
resilient, they commonly face more difficul-
ties negotiating normative developmental
tasks compared with their healthy peers.

6.1. Effects on physical development

Short stature and delayed puberty are
common sequelae of severe chronic disease
and/or its treatment. Underweight can
be associated with a range of conditions,
such as CF, but obesity is more commonly
experienced as a result of conditions that
limit physical activity, such as disability, or
of treatment with corticosteroids. Visible
signs of illness and its treatment, such as
surgical scars, the physical ‘bumps’ from
indwelling intravenous access, or simply
having to take medication in front of peers
can create significant physical differences
for chronically ill young people that set
them apart at a time when looking the
same as one's peers is a very important
aspect of ‘fitting in". Sensitivity about phys-
ical differences can contribute to concerns
about body image and contribute to poor
self-esteem and reduced social confidence.

6.2. Effects on cognitive development

Some chronic conditions can affect cognitive
development in adolescence. The resulting
problems of inattention and learning diffi-
culties can result in reduced educational
achievement. Difficulty with learning can

also be experienced by young people with
chronic conditions as a result of school
absenteeism secondary to poor health,
frequent medical appointments or extended
periods of hospitalisation. Reduced expec-
tations of the young person by their parents,
teachers and clinicians can further under
mine educational performance.

6.3. Effects on psychosocial development
The demands of a chronic condition and its
management generally increase a young
person's dependence on their family at the
very time when healthy young people are
starting to individuate and are developing
greater autonomy. Parents’ efforts to closely
monitor their teenager’s health regimens
and activities, though understandable in the
context of a severe chronic condition, can
further inhibit an adolescent’s opportunities
to move beyond the family and thus reduce
their capacity to make sensible decisions as
they move towards greater independence.

Many young people with chronic illness
describe feeling excluded from their peer
group. Having a chronic disease can also
result in fewer opportunities to socialise
with peers at school and at recreational and
sporting activities, which further contrib-
utes to social isolation. Adolescents with
chronic conditions are twice as likely to
experience poor emotional well-being
compared with their healthy peers, and
they generally experience more everyday
stresses. The lack of social, educational
and vocational opportunities for those with
poor physical health can cause additional
distress. Although many young people
with chronic conditions do cope remarkably
well, anxiety and depressive symptoms can
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masquerade as poor adherence with treat-
ment, behaviour problems, declining school
performance, social withdrawal and school
refusal, and substance misuse.

The impact of adolescent
development on chronic
health conditions

Adolescence itself can reciprocally affect
chronic illness and its management, with
puberty having a major influence. For
example, physically caring for a young
person with a severe physical disability
can become more difficult as a result of
the pubertal growth spurt, simply due to
greater weight and size, and the challenges
of sexuality and menstrual management are
generally greater for carers of adolescents
with intellectual disability. Control of
diabetes across the pubertal years is more
challenging due to the effects of growth
hormone on insulin resistance. Lung function
commonly deteriorates in adolescents with
CF following puberty, especially in girls.
As a result of changes to renal and hepatic
metabolism during puberty, more care is
required in monitoring medications.

Maturing cognitive capacities in early
adolescence can result in new anxieties
from chronic conditions, whether in terms
of newfound sensitivity about long-standing
physical differences, or the challenging
implications that accompany more mature
understanding of the life-limiting nature of
conditions such as CFE This is commonly a
feature of early adolescence.

However, despite these new insights,
adolescents are not greatly influenced by

concerns about the future consequences
of current behaviour, such as smoking or
poor adherence to treatment. Together
with the concept of invulnerability (i.e. that
bad consequences happen only to others),
adherence to treatment can become more
problematic at this time. Young people’s
desire to fit in may prevent them from
adhering to their treatment regimen; in
most circumstances, peer engagement
will be prioritised over disease control (e.g.
taking medication), especially at school.
Although it is often assumed that adoles-
cents with chronic conditions are less likely
to participate in health-risk behaviours
such as smoking and drinking, there is no
evidence to support this; indeed, they are
at least as likely to engage in health-risk
behaviours as their healthy peers [22]. In the
context of their underlying chronic disorder,
many suffer from a ‘double whammy' due
to the higher attributable risk from these
behaviours [23]. For example, smoking
can worsen the health outcomes of young
people with asthma, CF and diabetes; late-
night parties and alcohol binges can compli-
cate the management of adolescents with
epilepsy; and dieting, irregular meal times
and consumption of high-energy fast food
make diabetes more difficult to control.

Consulting with adolescents

Whereas most child health education is
targeted at parents, health education for
adolescents requires specific engage-
ment with the young people themselves.
Consulting with adolescents alone for part
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of the consultation provides many different
opportunities. First, it signals to parents
that adolescents are growing up and need
to acquire the skills to consult alone with
clinicians. This is an equally important
signal for adolescents to appreciate — even
if they cannot acknowledge it at the time.
Second, it provides a safe space for adoles-
cents to ask questions about any aspect of
the disease and its management, however
‘dumb’ they think the question might be.
Third, consulting alone provides the mecha-
nism for confidentiality that is an essential
requirement for adolescents to engage
honestly and openly with healthcare profes-
sionals around more sensitive aspects
of their health such as poor adherence,
substance misuse, sexuality and emotional
well-being [24].

Consulting with adolescents does not
imply a diminished role for parents at
this time, although this is commonly how
parents perceive it [25]. Parents continue
to provide crucial support for their children
throughout adolescence. They certainly
continue to provide essential informa-
tion to the healthcare team. However, it
does signal that adolescents are no longer
regarded as young children, that they face
a different set of health issues as they
mature, and that it is the responsibility of
healthcare professionals to ensure that
holistic healthcare is appropriately provided
in order to ensure that the best possible
health and developmental outcomes can
be achieved.

Arguably, healthcare systems have yet to
become sufficiently oriented to the health
issues and developmental challenges
of adolescents. Using the framework of

‘Adolescent Friendly Health Services’,
the World Health Organization has urged
healthcare systems to respond to the
leading barriers experienced by young
people in accessing healthcare services
[26]. Beyond CFspecific expertise, clini-
cians require the attitudes, knowledge
and skills to provide ‘adolescent friendly’
healthcare to young people. This includes:
knowledge of adolescent development
and the changing burden of disease across
the adolescent and young adult vyears;
knowledge of the medico-legal context of
working with young people and their fami-
lies; skills to take a psychosocial history,
provide anticipatory guidance and basic
counselling; knowledge of when, where
and how to refer young people with more
significant concerns, such as persistent
depression; and skills to build up the capa-
bility of young people to better look after
their health as they mature.

A key challenge for child-focused clini-
cians who provide healthcare to adoles-
cents is the need to gradually shift their
focus of engagement and communication
from the parents to the young person
themselves while maintaining commu-
nication with the parent. A key challenge
for adult-focused clinicians is to appreciate
that despite their physical maturation,
many adolescents and young adults are still
maturing emotionally and cognitively and
can still benefit from their parents being
engaged with their healthcare in ways that
are respectful of the young person.

This might sound complicated. However,
adolescents are in a strong position to tell
you what they need. If in doubt, just ask
them.
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Table 1

Developmental characteristics of adolescence and young adulthood [1].

Physical
development

Early
adolescence
(~10-14 years)

Puberty: growth of
body hair, increased
perspiration and oil
production in hair and
skin; great physical
growth (both height
and weight); breast
and hip develop-
ment and onset of
menstruation (girls);
growth in testicles and
penis, wet dreams,
and deepening of
voice (boys).

Cognitive
development

Growth in capacity
for abstract thought;
mostly interested

in present with little
thought about the
future; expansion

of and increased
importance placed on
intellectual interests;
deepening of moral
thinking.

Social and emotional
development

Struggle with sense of identity;
feel awkward about them-
selves and their body; worry
about being normal; realise
their parents are not perfect;
have heightened conflict with
parents; become increasingly
influenced by peer group; have
a raised desire for independ-
ence; return to childish behav-
iour when stressed; are prone
to mood swings; test rules and
limits; become more private;
have a growing interest in sex.

Mid-
adolescence
(~15-19 years)

Physical growth slows
for girls but continues
for boys.

Continued growth in
capacity for abstract
thought; increased
capacity for setting
goals; interest in moral
reasoning; think about
the meaning of life.

Have intense self-involvement,
alternating between high
expectations and poor self-
identity; continue to adjust to
changing body; worry about
being normal; tend to distance
themselves from their parents;
have a continued drive for
independence; are driven

to make friends and have

a greater reliance on them
(popularity can be an impor
tant issue); have a height-
ened capacity for emotional
regulation; experience feelings
of love and passion; have
increasing interest in sex.

Late
adolescence
or early
adulthood
(~20-24 years)

Young women are typi-
cally fully developed
physically; young

men continue to gain
height, weight, muscle
mass, and body hair.

Ability to think ideas
through from begin-
ning to end; ability

to delay gratifica-

tion; examination of
inner experiences;
increased concerns for
the future; continued
interest in moral
reasoning.

Have a firmer sense of iden-
tity, including sexual identity;
have increased emotional
stability, concern for others,
and independence and self-
reliance; still place importance
on peer relationships; develop
more serious relationships;
regain some interest in social
and cultural traditions.
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1 Introduction

Physiological and emotional changes that
challenge all adolescents can be accom-
panied by accelerated progression of lung
disease in the adolescent with cystic fibrosis
(CF), leading to irreversible morbidity and
increased risk of mortality. In this chapter,
the epidemiology of lung disease progres-
sion in adolescents with CF and the physical
and psychosocial factors that may influence
this process will be reviewed. The published
literature on the epidemiology of adolescent
CF lung disease is currently dominated by
studies of North American populations that
are followed in the US CF Foundation (CFF)
Patient Registry [1] and the Epidemiologic
Study of Cystic Fibrosis (ESCF) [2]. There is
reason to believe, however, that adolescent
CF experiences and outcomes vary to some
degree from country to country as a result of
differences in genetic backgrounds, health-
care delivery systems, clinician practice
patterns, available treatments and cultural
behaviours among adolescents, peers and
families. A comprehensive analysis of the
epidemiology of adolescents with CF would
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ideally include comparisons across all coun-
tries with adolescent CF populations. When-
ever possible, epidemiological data from as
many different countries as possible will be
included in this review.

Assessing pulmonary disease
progression by spirometry

Today, more than 80% of CF deaths result
directly or indirectly from loss of pulmonary
function [1], although only a small fraction
of these deaths occur among adolescents.
In 2010, 74% of all patient deaths reported
in the 2010 US CFF Patient Registry
occurred among patients 12-17 years old,
comprising only 0.63% of the 12-17-year
old US CF population [1]. Despite the rela-
tive rarity of death in the adolescent CF
population, there is an increased probability
of irreversible loss of lung function during
adolescence [3] that increases the subse-
quent risk of mortality [4].

When characterising CF lung disease,
there has been a traditional emphasis on
spirometry, and in particular forced expira-
tory volume in 1 sec (FEV,) and the fraction
of FEV, present compared with a refer
ence population (FEV,% predicted) [5].
As FEV,% predicted is lost, lung disease
stage advances and predicted 2-year
survival decreases [4]. It is important to
note, however, that inflammation-induced
lung damage precedes the ability to detect
functional loss by spirometry. Air trapping,
bronchial wall thickening, and bronchiec-
tasis can be detected in infants with CF
by high-resolution computed tomography
[6-9] and chest X-ray [10]. Similarly, venti-

lation inhomogeneity can be discerned
well before spirometric changes [11-13].
Unfortunately, there are relatively few
published data describing the epidemiology
and progression of early structural or ventila-
tion changes in the CF lung, whereas spiro-
metric data are widely available. Although
Rosenthal [14] has suggested that the reli-
ance by the clinical community on FEV, as
an indicator of CF health status is question-
able, the measure remains an influential
driver of patient management, including (but
not limited to) defining lung disease stage
[5] and disease aggressiveness phenotype
[5,15], supporting the diagnosis of pulmo-
nary exacerbation [16], evaluating response
to exacerbation management [17-22]
and demonstrating treatment efficacy in
controlled CF clinical trials [23-28]. Several
different normative equations have been
employed to estimate the fraction of FEV,
an individual retains compared with a refer
ence population of the same sex, height
and age (FEV,% predicted) [29]. In this
chapter, unless otherwise stated, FEV, %
predicted values will be determined using
the reference equations of Wang et al. [30]
for females up to age 15 years and males up
to age 17 years, with the reference equation
of Hankinson et al. [31] for older individuals.

Variability of lung disease
progression

Not surprisingly, individuals with CF who
die at younger ages experience greater
average rates of FEV, loss over their life-
times compared with those who die at older
ages [32]. However, rates of FEV, decline
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are not constant across all ages [3,33]. Only
a minority of children with CF experience
substantial FEV, loss by the age of 6 years.
For example, 91.0% of 3456 children in an
ESCF study had an FEV, =70% predicted
at age 6 years, with 83.3% having an FEV,
>80% predicted and 68.1% with an FEV,
>90% predicted [34]. Unfortunately, mean
rates of FEV, decline increase as children
get older, with an ESCF analysis of children
6-18 years of age identifying FEV, decline
rates of 1.12% predicted/year for 6-8-year
olds (n=1811; p=0.369), 2.39% predicted/
year for 9-12-year olds (n=1696; p=0.0060)
and 2.34% predicted/year for 13-17-year
olds (n=1359; p=0.042) [3].

FEV,% predicted
versus age

Individuals with CF advance through
progressive stages of lung disease.
However, CF lung disease progression is
heterogeneous, with the age at which an
individual reaches a given lung disease
stage providing an indication of the relative
aggressiveness of his or her lung disease
phenotype [5]. Heterogeneity of CF lung
disease stage (as FEV,% predicted) within
the adolescent population suggests that
individual FEV, decline rates vary broadly
prior to adolescence (Fig. 1).

Changes in FEV, distributions observed
in successively older adolescent groups
in Fig. 1 are consistent with lung disease
progression continuing during adolescence.
For example, 37.7% of 12- and 13-year-olds
followed in the US CFF Patient Registry
had a best recorded FEV, =100% predicted

in 2010 compared with 30.8% of 14- and
15-year-olds and only 20.9% of 16- and
17-yearolds (Fig. 1). Similarly, 12.2% of
the youngest adolescents had a best FEV,
<70% predicted in 2010, whereas 18.4% of
14- and 15-year-olds and 26.7% of 16- and
17-yearolds found themselves in the same
situation. However tempting it is to employ
such cross-sectional data to infer lung
disease progression, they are inadequate to
estimate rates of FEV, decline from year to
year. Accurate estimation of decline rates
during adolescence requires longitudinal
analyses of the same population over time
to avoid bias introduced by demographic
differences between age groups as well
as patients entering or leaving the popula-
tion due to new diagnoses, relocations or
deaths.

Lung disease aggressiveness
phenotypes

In 2006, Schluchter et al. divided homozy-
gotes for the most common CFTR muta-
tion, Fb08del, from the US CFF Patient
Registry into quartiles by FEV, % predicted
at each age to create a topographical map of
age versus FEV, in order to identify F508del
homozygotes with the most and least
aggressive CF lung disease phenotypes
[15]. These investigators demonstrated
that ~95% of patients identified as having
a 'mild" or ‘severe’ phenotype based on
mapping (Fig. 2A) remained in their respec-
tive phenotypic zones during subsequent
years [15]. The potential utility of disease
aggressiveness phenotypes in the manage-
ment of the entire CF population has been
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reviewed [5]. Interestingly, adolescents
with CF who are under 15 years of age and
have relatively high FEV, % predicted prove
difficult to categorise using the aggressive-
ness phenotype algorithm (Fig. 2A), as their
disease progression ‘fate’ has yet to be fully
realised. For these individuals, the extent
to which their FEV, is preserved or lost
during adolescence determines whether
their disease phenotype will ultimately be
categorised as ‘mild" or ‘intermediate’ in
aggressiveness (Fig. 2B).

Risk factors for adolescent
pulmonary function decline

As noted previously, cross-sectional anal-
yses of adolescent CF populations (Fig. 1)
suggest substantial heterogeneity in lung
disease progression. To identify risk factors
associated with variability in lung disease
progression in children with CF Konstan
et al. identified 11 demographic or clinical
parameters (of the 28 initially studied) that
exhibited significant univariate associations
with rate of FEV, decline in any of three
age groups: 6-8 years, 9-12 years and
13-17 years [3]. These 11 parameters were
incorporated into a multivariate model to
predict rates of FEV, decline over 5-6 years.
The parameters retained included: clinical
presentations (sex, sputum production,
crackles, wheeze and sinusitis); objective
measures (FEV, % predicted, culture history
for Pseudomonas aeruginosa, weight-for
age [WFA| percentile, and liver function test
[LFT] results); and intervention histories
(treatment with intravenous [IV] antibiotics
for pulmonary exacerbation and prescrip-

tion of pancreatic enzyme supplements)
[3]. Seven of these parameters were found
to be statistically significant with respect
to predicting rate of FEV, decline in adoles-
cents aged 13-17 years: baseline FEV, %
predicted (p<0.001), sex (p=0.002), WFA
percentile (p=0.021), sputum production
(p=0.003), crackles (p=0.010), past IV antibi-
otic treatments for exacerbation (p<0.001)
and pancreatic enzyme use (p=0.041).
Parameter estimates and their 95% confi-
dence intervals from this model are shown
in Fig. 3.

Using Fig. 3, an individual's future rate
of FEV, decline is estimated by summing
his or her parameter status estimates. For
example, the estimated future rate of FEV,
change for a 13-year-old boy with an FEV, of
95% predicted, a WFA in the 55th percen-
tile and no P. aeruginosa infection, sputum
production, crackles, wheeze, sinusitis,
prior year history of exacerbation treated
with IV antibiotics or elevated LFT, but
who requires pancreatic enzyme supple-
ments would be (-2.34) + (-0.37) + (-0.3)
+(0.13) + (0.41) + (0.33) + (0.18) + (-0.04)
+(0.0) + (0.42) + (0.02) + (-0.04) = -2.42%
predicted/year.

With this method, the effects of differ
ences in a single parameter on the rate of
lung function decline can be assessed, all
other parameters being equal. For example,
overall adolescent male FEV, decline rates
are predicted to be 0.61% predicted/year
greater than female decline rates (Fig. 3).
This result may seem counterintuitive given
previous reports of more aggressive CF
lung disease progression among females
compared with males [35], but the contribution
of other parameter estimates may offset
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these differences, and FEV, decline rate
calculations for individuals require summa-
tion of all parameter estimates.

Lung disease progression:
nature versus nurture?

Some parameters captured in the rate of
FEV, decline modelling (Fig. 3) suggest
underlying biological factors that are
markers for lung disease and are for the
most part beyond the influence of clini-
cians. Sputum production and crackles
suggest exaggerated airway inflammation
and obstruction, and it is not surprising
that these symptoms are associated with
more rapid FEV, decline. Similarly, some
individuals with CF carrying at least one
‘mild” CFTR mutation are pancreatic suffi-
cient and do not require pancreatic enzyme
supplementation [36,37]. These individuals
also enjoy arelatively greater overall survival
compared with those with two ‘severe’
CFTR mutations [38,39]. In this context, it
is not surprising that rates of FEV, decline
are higher in individuals prescribed pancre-
atic enzyme supplements than in those not
prescribed supplements.

Relationships between FEV, decline
rates and other parameters may be more
complicated than they first appear. For
example, an association between history
of pulmonary exacerbation and future FEV,
decline makes intuitive sense, as it has
recently been suggested that a substan-
tial portion of patients with CF treated
for pulmonary exacerbation fail to recover
associated FEV, loss [20]. However, by
sheer numbers, more pulmonary exacer

bations in North America are treated with
inhaled and/or oral antibiotics than with
IV antibiotics [40], and thus a clinician's
decision to choose IV antibiotics to treat
an exacerbation may include a subjective
assessment of his or her patient’s disease
status and risk of progression, as well as
an objective assessment of exacerbation
severity.

Finally, relationships between some
parameters and FEV, decline rates seem
counterintuitive and inexplicable in strictly
biological terms, and these may provide
insight into variations in standards of care.
For example, it is difficult to rationalise a
biophysical relationship between the pres-
ence of wheeze and a reduced FEV, decline
rate (a relationship that was observed to
be statistically significant in younger chil-
dren and nearly so in adolescents [3]).
However, if one postulates that the pres-
ence of wheeze may increase the rigour of
pulmonary management and/or treatment
adherence, then wheeze can be viewed
as an indirect marker of better pulmonary
care and it would make sense for it to be
associated with better FEV, outcomes. The
most striking example of a counterintuitive
relationship between a parameter’s status
and estimated future rate of FEV, decline
can be found with FEV, % predicted itself,
where greater baseline lung function is
associated with greater future decline.
Understanding that patients with the very
lowest FEV, % predicted values have little
room for further lung function decline (i.e.
there is a basement effect), there is no
biological basis from which to conclude
that the very highest lung function levels
should cause accelerated FEV, decline.
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However, it has been documented that CF
clinicians can be more hesitant to prescribe
chronic pulmonary therapies to healthier
adolescents [41,42] and also that healthier
patients can be less motivated to adhere to
prescribed therapies [43]. Furthermore, it
has been shown that the responsibility for
adherence shifts more and more towards
the adolescent and away from their parents/
caregivers, creating a potential for reduced
adherence [44]. Viewed in this context,
better lung function may be a marker for less
rigorous management/adherence and in turn
a marker for increased risk of FEV. decline.
Interestingly, this phenomenon appears to
extend beyond adolescence and into young
adulthood, where higher FEV, values have
also been associated with a greater risk of
near-term lung function decline [45].
Evidence that clinician and patient behav-
iours affect adolescent lung disease progres-
sion is largely indirect, but substantial. First,
at least three chronic CF pulmonary thera-
pies have been shown to reduce mean
rates of FEV, decline: high-dose ibuprofen
[46-48], inhaled corticosteroids [49], and
dornase alfa [50]. It follows that a clinician's
decision to prescribe or not prescribe such
therapies has the potential to impact future
FEV, decline, as does a patient’s decision
to be adherent to these therapies or not.
Second, the tendency to prescribe chronic
pulmonary therapies has been shown to be
heavily influenced by lung disease stage,
with the proportion of patients prescribed
therapies increasing with  decreasing
FEV,% predicted [41,42]. If clinicians are
less inclined to prescribe therapies that
reduce the rate of lung function decline in
patients with better lung function [41,42], it

is perhaps not surprising that these patients
are at relatively greater risk of FEV, decline.

Additional evidence that clinical practice
may play a role in adolescent lung disease
progression can be found in comparisons of
FEV, distribution among adolescents from
different countries, where practice patterns
presumably differ to some extent (Fig. 4).
Although simple in premise, such compari-
sons must be tempered by recognition of
the potential for bias introduced by differing
patient genetic backgrounds, CF diagnostic
methods, and death rates. Perhaps more
importantly, such comparisons are compli-
cated by fundamental differences in CF
registry data collection across geographical
regions that can be challenging to tran-
scend [51]. Beyond the obvious problem of
comparing data collected in different (but
proximal) years (Fig. 4), it should be noted
that regional registries do not employ a
uniform standard for calculating FEV, %
predicted; the UK CF Registry data in
Fig. 4 are calculated using the normative
equations of Knudson et al. [52], whereas
data from the other regions are calculated
using the equations of Wang [30] and
Hankinson [31]. Furthermore, assigning a
single pulmonary function value for each
patient in a given year is, in itself, a some-
what arbitrary practice, and varies by region.
For the most part, data in Fig. 4 employ the
‘best recorded’ FEV, % predicted that year,
with exceptions being data contributed to
the ECFS Registry by France (N=898), which
reported the final FEV, measure of the vyear,
and Germany (N=950), which reported the
FEV, closest to the patient’s birthday. Finally,
the UK CF Registry records pulmonary func-
tion from an ‘annual encounter”.
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Given the many caveats associated with
demographic comparisons across geograph-
ical areas [51], Fig. 4 does suggest that there
is geographical variability in CF lung health
in adolescents, and it is not unreasonable
to conclude that how children with CF have
been managed in these regions has at least
partially contributed to these differences.

A final indication that differences in patient
management can influence adolescent
lung disease progression can be found in a
comparison of US adolescent lung disease
distributions between 1995 and 2010. Again,
cross-sectional comparisons of different
adolescent CF populations of the same
age may be prone to bias due to an inability
to account for demographic differences.
Recognising these caveats, the percentage
of 12- and 13-yearolds in the US CFF Patient
Registry with an FEV, =100% predicted
increased from 22.4% to 37.7% between
1995 and 2010, while the percentage of 16-
and 17-yearolds with FEV, =100% predicted
nearly doubled from 11.4% to 20.9% over
the same time period (Fig. 5).

Incremental improvements in the pulmo-
nary health of adolescent CF populations
are remarkably consistent between 1995
and 20710 and coincide with a decrease in
signs and symptoms of respiratory disease
in adolescents [53]. Perhaps not coinciden-
tally, a steady increase in the use of chronic
pulmonary therapies within the adolescent
ESCF population also occurred between
1995 and 2005, with prescriptions for
inhaled antibiotics increasing from 8.0% to
50.0%, prescriptions for inhaled corticoster-
oids increasing from 18.1% to 53.5%, and
prescriptions for dornase alfa increasing
from 57.6% to 76.0% (Fig. 6) [42]. Increased

use of chronic pulmonary therapies over
this time period are notable because they
occurred in a population with improving lung
function [63] against the trend that prescrip-
tion of these therapies is lower in patients
with higher FEV, % predicted than in those
with lower FEV, values [41,42]. Observed
increases in pulmonary health in the US
adolescent CF population are likely also
related to the remarkable improvements in
the nutritional status, growth and stature
of younger children with CF that has been
achieved in recent decades [1].

Conclusions

Inexorable lung function loss and prema-
ture death are characteristic of a majority
of individuals with CFE However, mean
rates at which lung function is lost are not
constant across an individual's lifetime
or between individuals of the same age.
Progressive damage to CF airways can
begin early in life, but the most common
measure of lung disease in CF FEV,%
predicted, is only modestly affected
in early childhood. Mean rates of FEV,
decline increase as children with CF get
older. By adolescence, overall rates of
FEV, decline are roughly double what they
had been when individuals were 6-8 years
of age. Despite an overall increase in the
rate of lung disease progression at the
population level immediately prior to and
during adolescence, individual rates of
FEV, decline can vary widely, creating a
distribution of lung disease stages at a
given age.
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Although adolescence is characterised
by an increased risk of CF lung disease
progression, remarkable improvement in
the pulmonary health of adolescents with
CF has been realised over recent decades.
Circumstantial evidence that clinician and
patient behaviour can have a substantial
impact on lung disease progression (e.g.
through more rigorous use of chronic
pulmonary therapies) suggests that the
potential for further improvement in the
pulmonary health of adolescents with CF
remains.
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Figure 1
Patients (%
Age FEV1 Group %)
Group (% predicted) 0 10 20 30 40 50 60
>100
12-13 years | 70-<100
(n=1611) 40<70
L <40
=100
14-15 years | 70-<100
(n=1573) 40-<70
L <40
>100
16-17 years | 70-<100
(n=1614) 40-<70
L <40

Fig. 1. Heterogeneity of FEV, % predicted among US adolescents with cystic fibrosis (CF).
Distributions of adolescents followed in the 2010 CF Foundation Patient Registry [1] strati-
fied by their best recorded FEV. % predicted in 2010 for different age groups. Patients were
assigned to age groups based upon their age on their 2010 birthday, and the percentages
shown total 100% within each age group.
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Figure 2
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Fig. 2. Topographical mapping of cystic fibrosis (CF) lung disease phenotypes. Panel A: dis-
ease aggressiveness phenotype map adapted from Konstan et al. [5]. Patients with a ‘severe’
lung disease phenotype (black zone) are at greater risk for mortality at a younger age, where-
as those with a ‘mild" disease phenotype (grey zone) are more likely to survive to older ages.
The adolescent CF population is found between the vertical dotted lines. Panel B: disease ag-
gressiveness among CF adolescents 12-17 years of age. The disease aggressiveness pheno-
type of a 14-year old with an FEV, of 100% of his or her predicted value (circle a’) is uncertain
and dependent on rate of FEV, decline over the subsequent 2 years (circles ‘b’ versus ‘c’).
Adapted from Journal of Cystic Fibrosis, Volume 8S, Konstan MW, Wagener JS, VanDevanter
DR, Characterizing aggressiveness and predicting future progression of CF lung disease,
pages 8S:S15-S19, copyright 2009, with permission from Elsevier.
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Figure 3

Parameter estimates (FEV1 % predicted/year) with 95% CI
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Fig. 3. Multivariate modelling of FEV, decline rates in adolescents with cystic fibrosis
(CF) aged 13-17 years [3]. Parameters are shown in the left column. n = number of
patients included in the model with a given parameter value. Bars are 95% confidence
intervals (Cl). Dotted vertical line is the overall estimate for rate of FEV, decline for the
population (2.34% predicted/year). LFT = liver function tests; WFA = weight for age.
Adapted from Journal of Pediatrics, Volume 151 Number 2, Konstan MW, Morgan WJ,
Butler SM, Pasta DJ, Craib ML, Silva SJ, Stokes DC, Wohl MB, Wagener JS, Regelmann
WE, Johnson CA, Risk factors for rate of decline in forced expiratory volume in one second
in children and adolescents with cystic fibrosis, pages 134-139, copyright 2007 with permis-
sion from Elsevier.
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Figure 4
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Fig. 4. Distribution of lung function in adolescents with cystic fibrosis (CF) by age and
geographical location. Stacked bars show the proportions of adolescents with CF of a
given age group within different lung function ranges (as FEV, % predicted) by geographical
region. Aus 2009, patients followed in the Australian CF Registry in 2009; EU 2009, patients
followed in the European CF Society Registry in 2009 from Austria, Belgium, Czech Republic,
Denmark, France, Germany, Greece, Ireland, Israel, Italy, Latvia, Moldova, Portugal, Serbia,
Slovenia, Spain, Sweden, Switzerland and The Netherlands; UK 2010, patients followed in
the United Kingdom CF Registry in 2010; US 2010, patients followed in the US CF Founda-
tion Patient Registry in 2010.
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Figure 5
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Fig. 5. Changes in FEV, distribution among adolescents in the US Cystic Fibrosis Founda-
tion Patient Registry, 1995-2010. Left panel: FEV, % predicted distributions among 12- and
13-year-old patients. Right panel: FEV, % predicted distributions among 16- and 17-yearold
patients. Lines represent simple linear regressions of proportions of patients in each FEV,
category versus time, for which correlation coefficients (R?) and p-values are provided.
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Figure 6
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Fig. 6. Prescriptions of inhaled antibiotics, inhaled corticosteroids, and dornase alfa among
patients aged 13-17 years followed in the Epidemiologic Study of Cystic Fibrosis Registry
for the years 1995, 2000 and 2005 [42].
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1 Introduction

Due to early diagnosis, improved treat-
ment modalities and centralised care, life
expectancy for people with cystic fibrosis
(CF) has increased significantly over recent
decades [1]. Childhood is less characterised
by disease and decline in lung function, and
the majority of young people with CF are
likely to reach adulthood. This results in a
significant and increasing shift from paedi-
atric to adult care for individuals with CF
This process of transition is a major step
for the adolescent and their parents. There-
fore, assistance and guidance are needed
in order to optimise the outcome of this
major change in treatment environment.

In most clinics, preparation for the
transfer of individuals to the adult CF
clinic currently starts at about the age of
16 years. There is an increasing awareness,
however, that preparation for transition
should start at an earlier age, even from
birth. The process of transition should be
started by the paediatric clinic, preferably
in close collaboration with the adult clinic.
After the actual transfer, the process of
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collaboration should continue in order to
ensure continuity of care.

Cultural differences between the paedi-
atric and adult services have to be negoti-
ated in order to ensure a smooth transi-
tion both for the young person and their
parents. Both services should aim to
impose minimum emotional and physical
disruption so that the young person is
confident and assured that the change will
not be a step backwards. Transition is best
supported by implementation of a protocol
that is developed by paediatric and adult
services according to existing guidelines.

This chapter will discuss the meaning of
transition in general, the key players in the
transition of individuals with CF from paedi-
atric to adult care, and the challenges faced by
patients, parents and healthcare professionals.

The transition process

The definition of transition is the transfer

from one stage of life, or physical or mental

condition or from one social role to another,
which temporarily disrupts normal life and
requires a period of adjustment [1,2]. Tran-

sition involves people's responses during a

process of change in order to master and

regulate that change. It occurs over time
and leads to adaptation. It is an ongoing
process, not a solitary event.

Schumacher and Meleis [3] distinguished
four types of transition.

. Developmental transition: changes in
life stages of a human being; it is a
normal biological process, for example
from teenager to adolescent.

. Situation-related transition: changes
in social status, for example within a
family the changing roles between
parents and children.

s Transitions in health and sickness:
movement to a different stage of a
chronic illness, for example declining
lung function in CE

= Organisational transition: change from
provided care to demand-driven care;
centralisation of care.

All four types of change are involved in

the transition from paediatric to adult care.

The key players in this shift of care will

each undergo their own transition process

in order to negotiate the challenges they
encounter.

2.1. Factors that may influence the
transition process

In order to properly assist people moving
through the transition process of paedi-
atric to adult care, it is essential that
healthcare providers understand the
factors that may influence the process
[3,4] These include the expectations of
individuals, their families and healthcare
professionals and the level and type
of support available from family and
wider social networks. In addition, the
level of knowledge and understanding
of the chronic illness by the patient and
family, as well as by all healthcare profes-
sionals involved in the care of the indi-
vidual patient will affect their capacity to
respond to the changes associated with
increasing age and the movement to
adult care. The availability of resources to
support emotional and physical well-being
are also important.
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Key players in the transition
from paediatric to adult CF
care

The key players involved in the transition
from paediatric CF care to adult care are
the individual with CF, their parents and the
paediatric and adult healthcare services.

3.1. The individual with CF

All children undergo several developmental

changes, both physical and emotional, in a

relatively short period of time. These devel-

opmental steps are:

n  0-3 vyears: feeling safe and bonded
with their parents is very important

s 3-6 vyears: the child can make the
distinction between themselves and
their parents, develops a will of their
own and pushes the boundaries

s 6-10 years: the child learns how to
associate with children of their own
age, develops self-esteem, wants to
be independent but still relies on their
parents.

According to a World Health Organization
definition, adolescents are young people
aged between 10 and 19 years [5]. Indi-
viduals start developing their own identity
during adolescence and will undergo bodily
changes and become aware of their own
sexuality. They will look to the future and
the role they will play in it. They will face
choices about education, career, relation-
ships and family planning. Having CF can
make these choices more difficult, due
to an increasing awareness of limited life
expectancy and interruption of a natural
progression to self-sufficiency, particularly

in sensitive areas such as physical disability
and sexual awareness [2]. Developing their
own identity is a huge challenge, particu-
larly in the context of care, which they have
to accept from parents on the one side and
healthcare professionals on the other. At
this stage of their life they do not want to
be any different from their peers, and feel-
ings of isolation, insecurity and inadequacy
may be expressed as anger against them-
selves, their family and their caregivers [2].
This can have a negative influence on their
development to independence.

Adolescents with CF face the challenge
of disease at one of the most vulnerable
stages of their lives. To have an open atti-
tude and communicate equally with their
parents and caregivers is not an easy task;
at this stage of life, they have interests
other than CF and CFrelated therapy. It is
important that they feel supported by their
family and caregivers in making their own
decisions and are encouraged to correct
or change decisions if they have made an
oversight, regardless of their behaviour.
Adolescents with CF want to be treated
like adults and their parents and healthcare
professionals have to be aware of this need
and respond accordingly.

3.2. Parents

Parents form an important constant for
their child as they make the transition to
adult care. Over the years parents have
played an important role in providing the CF
care for their child.

After initially receiving the news that
their child had CF, parents also had to go
through a transition process. Not only did
they have to defy the emotional aspects
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but they also needed to adjust to their role
as health caregiver. Different emotions can
influence this process: fear for the future,
guilt, uncertainty, grief, anger and denial are
a few of them. It is important for parents to
recognise these emotions at an early stage
and strive to prevent them from becoming
extreme so that they do not have a negative
influence on their relationship with their child
and complicate the path to self-sufficiency and
self-management.

The transition from child care to adult
care is a logical step for the adolescent
with CF The individual wants to be more
independent and to take life into their own
hands. For parents this is an emotional
step; before, they were responsible for their
child's care and now gradually they have to
transfer it to their child and the adult health-
care professionals. This can cause fear for
loss of continuity of care and control of
their child's health. Therefore, the transi-
tion process should involve the parents and
include the provision of adequate parental
support and guidance. What they have to let
go, their child has to take over. The respon-
sibility they feel towards compliance of care
of their child and the fear of decline can be a
discouraging factor in their pivotal role in the
transition process. This is an understand-
able fear and can be difficult for parents to
overcome. For them it is a challenge not to
overrule a decision that their child makes
if the decision does not correspond with
their own; instead they need to support
their child in a positive way and teach them
to make their own decisions, accept the
consequences and adjust to the outcome
if necessary. Parents must lovingly accom-
pany their child to a life in the adult world as

it really is, even if it is not always what they
wished for or expected [2].

3.3. Paediatric care team

The preparation of individuals with CF for
the transition to adult care is carried out
mainly by paediatric healthcare profes-
sionals [6]. In fact, the process of transi-
tion starts as soon as the diagnosis of
CF is made, and in the case of neonatal
screening this will be very early. Parents
and child will enter the healthcare service
from the very beginning. They need optimal
guidance and support from the paediatric
healthcare professionals in order to estab-
lish an optimal relationship with mutual
respect towards each other [2]. Parents
must learn to trust their own judgement
and ability to give their child the right care.
They must be able to build up a normal rela-
tionship with their child and not a relation-
ship that is based on fear and concern. The
way a child responds to a chronic condition
is closely dependent on the reaction of the
parents and siblings. The experiences of
patients and their parents during paediatric
care affects their perception of the whole
transition period [7].

The challenge for the paediatric health-
care professionals, therefore, is to respect-
fully guide both parents and children and
to provide age-appropriate care. Paediatric
healthcare professionals are trained to treat
according to growth and development of
the child. However, guiding parents in their
learning process in administering care and
in building up a good relationship with their
child requires the additional skills of commu-
nication and empathy, as well as particular
knowledge and an investment of time.
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Parents and child can develop a strong
bond with the professional paediatric health
caregivers. It is important that the health-
care professional is aware of the fact that
it is a professional relationship that will end
[8]. It is mandatory that healthcare profes-
sionals have a positive attitude towards
the adult care system so that parents and
child can face the transition process with
confidence [2]. When the child becomes an
adolescent, parents have to step aside and
let their child gradually take over and the
paediatric team need to make a positive
contribution to this transfer process.

A protocol that is approved by all
concerning parties may be a helpful tool. It
can work as a guideline and can be useful
during evaluation of the service and in
monitoring the development of child and
parents.

Establishing optimal collaboration and
contact with adult care hospitals is impor
tant, not only to streamline the working
methods but also to keep each other
informed and to share experiences. Adult
care is more experienced in educational
issues, career planning and also in family
planning. Paediatric healthcare can benefit
from this experience and staff can inform
parents and their child according to the
latest developments in adult care. They can
also share protocols where appropriate.

For the adult healthcare professionals,
meeting the adolescent with CF in the
paediatric setting and participating in the
outpatient clinic can be helpful in becoming
familiar with the individual and their family.
[t is a way of initiating communication in
a familiar setting. The adult healthcare
professional can also benefit from the

experience of the paediatric care centre in
supporting adolescents and use this when
addressing the young adult in the adult
care setting.

An important role is set aside for the CF
nurse consultant/CF coordinator [4,8,9].
Nurses working alongside people can
help them to identify changes imposed
by illness and seek new possibilities from
disruptive experiences [4]. The tasks for
the CF nurse can include:

N keeping close contact with parents and
their child

= being the binding factor between
healthcare providers in child and adult
care by communicating with their
fellow CF nurse consultants/CF coordi-
nator

. being involved in the transition process
from the start and supporting parents
and child/adolescents in their rites of
passage

N ensuring that the professional health
caregivers involved all work with the
same methods where possible and
according to the same protocols and
guidelines

= communicating with the lead physician

s coordinating the joint paediatric and
adult outpatient clinic and introducing
the adolescent and their parents to
adult care

= being available for questions

m advising the adolescent and their
parents in their choice of hospital

N building bridges where differences in
culture exist between paediatric and
adult centres

= being the familiar face during the transi-
tion process.
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3.4. Adult care team

Healthcare systems have responded to
increasing numbers of adults with CF As a
result centralisation of care and multidisci-
plinary teams for adults with CF have been
established in most countries [1].

Adolescents around the age of 18 years
and sometimes younger, will transfer to
an adult care system, which must respond
appropriately to their needs [1]. The adult
healthcare professionals cannot treat the
adolescent as a full-grown adult yet, but have
to offer developmental-appropriate health-
care as a continuum from paediatric care.

It is a challenge to manage this sequence
in a structured way due to the differences
between paediatric and adult care. Choosing
one physician who is responsible for the
overall care is important. This key physi-
cian will be the healthcare professional with
whom the young adult will communicate
during their visits to the outpatient clinic.
Usually, in adult care, this key physician is the
pulmonologist. The CF nurse/CF coordinator
in adult care can again play an important role
in coordinating the many aspects of care
concerning CFE They can make the first visit
to the adult centre a personal experience
and make the young adult and their parents
feel at ease. The CF nurse can also ensure
that comprehensive referral information from
the paediatric centre is received by the adult
centre well before the first appointment so
that the adult team can gain a proper insight
into the specific details of care and the
complications related to CF [1].

Despite a better physical and emotional
start to life for the individual with CF the
burden of care remains high and will, in
most cases, increase with age. Adult care

will be more focused on the prevention and
treatment of progression of illness. Compli-
cations of CF become more frequent and
include CFrelated diabetes, metabolic bone
disease, multi-resistant pulmonary patho-
gens, multiple drug allergies and toxicities,
liver and kidney failure, and the psychoso-
cial consequences of living with a chronic
disease. Achieving successful pregnancy
for women and infertility treatment for men
has become possible, so managing a family
in the setting of a chronic illness such as
CF has become a reality and occurs with
increasing frequency [1,2]. Consequently,
more subspecialties are now involved in CF
care. It is important they these subspecial-
ists are educated in CF care and realise that
one problem never stands alone but involves
many aspects. Multidisciplinary communica-
tion between specialists becomes essential
for the young adult who needs to receive the
same message and attitude regarding treat-
ment; this is particularly important for young
adults who are still inexperienced in commu-
nicating directly with specialists without
the presence of their parents. If messages
regarding the healthcare plan differ, the indi-
vidual may start to feel insecure and vulner
able, which can undermine their confidence
both in the system and in their own manage-
ment of CF. Some specialist can be affronted
by a young adolescent who wants to discuss
everything and has a clear view of what they
want. Both situations require communication
skills, time and patience, which is not always
available. The specialist must realise that
the young adult may have more underlying
emotional disturbances than is immediately
obvious [2]. Good communication is a chal-
lenge for both.
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Treatment of young adults with CF in an
adult hospital requires certain resources.
Segregation policy for example advises single
rooms with bathroom facilities. Access to
the Internet becomes essential, as patients
spend most of the day in their room. House
rules need to be discussed with patients
as they attempt to stretch their bounda-
ries. Nursing staff need experience and
communication skills to deal with this kind
of behaviour, as well as an understanding of
CF; knowledge of the transition process and
factors that affect it are mandatory.

European guidelines for
transition to adult care

In 2005, a consensus committee appointed
by the European Cystic Fibrosis Society
developed standards of care for patients
with CF, including guidelines on transitional
care from paediatric to adult services [10].
The key points are as follows.

= Transitiontoadultcare shouldtake place
during emerging adulthood, 16-19
years of age.

= The age of transition should be flexible
but completed by 19 years of age.

s Transfer may be occasionally delayed
or accelerated for psychosocial or
medical reasons, for example trans-
plantation or developmental delay.

s The idea of transition to adult care
should be introduced soon after diag-
nosis. All patients and their parents
should have the opportunity to meet
the adult team prior to transfer.

»  There should be flexibility in the details
of transition.

= A written joint policy should be devel-
oped between adult centres and refer
ring paediatric clinics.

= A joint clinic between the teams from
the age of 15-19 years is a valuable tran-
sitional arrangement. A transfer report
including details of diagnosis and subse-
quent care from all key team members
and issues of special importance to the
patient and parents should be provided.

Model for a transition protocol

A transition protocol can provide a structure
for the delivery of CF care. Such a tool should
be developmentally appropriate and compre-
hensive for both paediatric and adult multidis-
ciplinary teams. The main goal of a transition
protocol for care of individuals with CF is to
facilitate the development of a system that
ensures continuation in the areas of learning
to cope with change, providing health and
care information, supporting family and social
networks, and encouraging the mastering of
self-management.

5.1. Key elements for paediatric services

Within the transition protocol there will be

elements of focus for the paediatric health-

care team that encompass their partnership
with the young person, their parents and the
adult healthcare team.

s Guide parents and their child in
learning practical and theoretical skills
related to CF.

= Monitor the coping strategies that
parents and child adopt and discuss
these with them when necessary.
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. Stimulate and guide parents to gradu-
ally hand over the responsibility of care
to their child.

s Guide the adolescent in taking charge
of their routine treatment, managing
problems and learning independence.

s Address the general healthcare
concerns of individuals, including life-
style issues (alcohol, drugs, nutrition
and physical activity) as well as sexual
health, fertility and reproduction, and
guidance around capacity for ongoing
education and employment.

= Accompany the adolescent on visits to
the paediatrician without their parents.

= Support and advise parents and child
on their choice of adult hospital.

N Pay attention to differences in working
methods regarding flushing a port or
changing a button at home or adminis-
tering antibiotics intravenously.

" Introduce parents and child to the
adult clinic.

5.2. Key elements for the adult service

Within the adult CF care centre, the

following key elements should be consid-

ered in the transition protocol.

n Keep up practical and theoretical skills
concerning CF and teach new ones.

. Be attentive to changed responsibilities;
less involvement of the parents and
more responsibility from the adolescent
for their own healthcare and therapy.

= Remain attentive for differences in
working methods regarding flushing a
port or changing a button or adminis-
tering antibiotics intravenously.

" Keep addressing general healthcare
concerns, including lifestyle issues

(alcohol, drugs, nutrition and physical
activity) as well as sexual health,
fertility and reproduction, and guidance
around capacity for ongoing education
and employment.

N Keep supporting self-care.

Well before the actual transfer, a written
referral report should be sent to the adult
professional healthcare team. The main
elements of this report should include
case history, complications, hospital admis-
sions, treatment, complications of treat-
ment, current medication, operations and
possible complications, and the psychoso-
cial development of the patient.

Summary

Adolescents prefer technically competent
healthcare providers who are honest and
trustworthy and attend to their needs.
As they gradually outgrow the paediatric
environment they desire staff attitudes
to become less childish and more age-
appropriate, and welcome being treated
as an equal partner in care. Healthcare
professionals should enquire as to prefer
ences and adjust their communication style
accordingly.

Everyone involved has a role in this tran-
sition process. It is a challenge for all key
players to constantly adjust to the ongoing
developments and stay amenable to new
changes; it is a personal transition process.

Not all child or adult healthcare services
will have the necessary support systems
recommended by existing guidelines.
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However, the most important element is [9]
communication and the ability to listen to
the patient, which is possible for everyone
involved in this transition process.

[10]
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CHAPTER 4

Growth, damage and repair

in the cystic fibrosis lung

1 Normal lung growth

1.1. Prenatal development

Prenatal development of the complex

systems of branching airways and gas-

exchanging alveoli is conventionally divided

into four phases [1].

s Embryonic (weeks 0-6): during this
period of organogenesis, the lung
appears as a ventral bud of the
oesophagus. Lobar and segmental

Jane C. Davies portions of columnar epithelium form
MB ChB, MRCP. MRCPCH, MD as the developing airway.
= Pseudoglandular (weeks 6-16):
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Correspondence: tures are completely formed by the
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Manresa Road down in the airway walls.
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Tel: +44-207-3518333 development of the pulmonary paren-
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capillary structures. Epithelium trans-
forms from a cuboidal appearance
into flatter structures in close contact
with these small vessels. In contrast
to airway development, alveolar forma-
tion starts peripherally via endothelial-
derived growth factors and signals and
progresses proximally; recognisable
type I and Il pneumocytes are present
by 20 weeks, although surfactant
production does not begin until later
in gestation. By the end of this period,
the gas-exchanging alveolar structures
are thin walled, providing an effec-
tive blood-gas exchange unit, and
surfactant is beginning to be produced
onto the epithelial surface.

N Saccular (weeks 24-term): this is the
period during which alveoli ducts and
sacs form, vessel numbers increase
dramatically and the surface area
of the lung increases significantly.
Surfactant production increases to
facilitate ex utero survival.

To date, most of the available evidence
would suggest that these mechanisms are
well preserved and normal in a foetus with
cystic fibrosis (CF). Post-mortem speci-
mens from several decades ago showed a
degree of obstruction of submucosal glands
or dilatation of the submucosal gland acini
[2-4] but otherwise largely normal lung
morphology; other studies have failed to
find even this abnormality [5]. Intriguing
studies of transient, intra-amniotic CF trans-
membrane conductance regulator (CFTR)
gene therapy to mice with CF raised the
hypothesis that CFTR was an important
regulator of lung differentiation antena-

tally and permanently reversed the lethal
gut phenotype [6], although these results
were not recapitulated in a later study using
similar techniques [7].

1.2. Postnatal development

Airway number and branching pattern is
completely formed by term but the periph-
eral airways are short and the parenchyma
contains numerous transitory ducts and
saccules. The majority of alveolarisa-
tion, whereby these structures grow into
numerous fully formed alveoli, is now
known to occur postnatally. This was
initially considered to be complete within
the first 2 years of life although some work
from the 1960s suggested that this might
continue until around the age of 8 years [8].
Recently, Narayanan et al. used a hyperpo-
larised helium-based magnetic resonance
imaging technique to study alveolarisation
beyond this age [9]. Their study provides
the first evidence that this process does not
stop in early life, rather it continues through
adolescence into early adulthood. These
data make a focus on early lung disease in
CF even more critical, if potentially irrevers-
ible damage is occurring during a time of, as
yet incomplete lung growth.

Mechanisms of damage
and insult in the CF airway

2.1. Infection and exacerbations of lung
disease

The basis of CF airways pathophysiology

is abnormal ion transport at the epithelial

surface that leads to a low volume of peri-

ciliary liquid (PCL), dehydrated overlying
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mucus and impaired mucociliary clearance
(MCC) [10]. However, in vivo, lack of normal
CFTR per se may be insufficient to reduce
MCC. In a culture model exposed to phasic
motion designed to mimic the in vivo lung,
high levels of adenosine triphosphate (ATP)
were present in the PCL, which corrected
ion transport and thereby maintained PCL
height and MCC [11]. This study implicated
the requirement for a ‘second hit’, in this
case in the form of a viral infection, which
raised ATPases and disrupted this well-
maintained balance. As it is impossible for
any child to avoid such infections, it follows
that MCC likely becomes abnormal at some
stage between birth and full maturity of
the lungs. The relative frequency of bacte-
rial infections and the tenacious mucus
produced by some young children would
certainly support this notion.

By mid-childhood to adolescence, and
despite modern, aggressive eradication strat-
egies, most children with CF will have expe-
rienced lowerairway bacterial infections and
in a significant proportion of them infection
will have become chronic. The commonest
organism is  Pseudomonas  aeruginosa,
although chronic infection with Staphylo-
coccus aureus and emerging Gram-negative
pathogens such as Stenotrophomonas malt-
ophilia and Achromobacter Xylosoxidans are
not infrequent [12]. Whereas in early childhood
atypical mycobacteria are rare, they become
more common with increasing age, Mycobac-
terium abscessus being the organism with the
greatest potential for adverse clinical conse-
quences and the most challenging to treat.
In part, the increasing prevalence of these
organisms, along with fungal species such
as Aspergillus fumigatus, seems to relate to

the cumulative antibiotic burden these young
patients have received, although other factors
are also likely to be relevant. Increasing focus
on molecular tools to study the entire ‘micro-
biome', rather than just selective culture of
organisms, has led to the realisation that there
are numerous species present in the CF airway
[13,14]; which of these are most relevant clini-
cally and whether any of them could actually
be beneficial remains to be determined.

With regard to P. aeruginosa in particular,
much is now understood about how this
bacterium adapts to the CF lung and estab-
lishes a chronic existence [15]. Alginate is
synthesised as a result of spontaneous
mutations in the Muc A gene, leading to
a mucoid phenotype. A mechanism of
quorum sensing, whereby soluble mole-
cules such as acylhomoserine lactones
diffuse freely across bacterial cell walls,
their concentration thereby an indicator
of bacterial density, triggers formation of
biofilms within which bacteria are protected
both from host defences and from antibi-
otics. Bacteria within biofilms are metaboli-
cally inactive, dividing very slowly, a state
in which antibiotics, even if present in the
surrounding environment, would be ineffi-
cient. On top of this chronic state of infec-
tion, patients experience ‘exacerbations’ of
their symptoms (increased cough, sputum
production, change in sputum consistency
or colour, breathlessness, wheeze and
less commonly, fever) with accompanying
reduction in lung function [16]. The cause(s)
of these exacerbations are incompletely
understood. Viruses have been implicated
[17] and may be more important in child-
hood than adulthood. Most of the evidence
is against a new pathogen or massive
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increase in bacterial load in the majority
of cases. Possible alternative explanations
include a subtle change in relative bacte-
rial proportions within the microbiome,
changes in the phenotype and secreted
exoproducts of the resident bacteria, or
even host-related switches in inflammatory
responses. \Whatever the underlying cause,
such exacerbations are far from benign,
being strongly implicated in the long-term
decline in lung function [18] and indeed
in approximately 25% of patients, leading
to acute drops in lung function that fail to
return to baseline [19,20].

2.2. Airway inflammation

CF inflammation is dominated by large
numbers of neutrophils influxing the airway
lumen. Although there is some evidence
from xenograft models that mutations in
CFTR may per se be pro-inflammatory
[21], the majority of evidence from clinical
studies [22] and more recently from the CF
porcine model [23] points, in my opinion, to
inflammation as a secondary phenomenon.
The trigger may be viral, bacterial or fungal
infections, or perhaps even inhalation of
particulate matter in polluted air. The epithe-
lium and resident macrophages produce
a variety of pro-inflammatory mediators
that are chemoattractant for neutrophils.
Interestingly, even when corrected for the
number of pathogens present, levels of
neutrophils and related mediators are higher
in the lower airway of patients with CF than
in children with lower-airway bacterial infec-
tion without CF [24]. Several mechanisms
have been proposed for this including
increased ligation of pathogen-associated
molecular patterns with their pattern-

recognition receptors [25], higher levels of
activation of calcium-dependent signalling
[26] and overload of the endoplasmic retic-
ulum with misprocessed CFTR [27].

For an inflammatory response to be
most useful to the host, it needs to both
initiate and halt appropriately. In the latter
regard, the CF response appears deficient.
[-10, one of the major anti-inflammatory
cytokines, is low in the CF airway [28], and
levels of lipoxins, which are major media-
tors of inflammatory resolution, have also
been shown to be low [29]. Several studies
support the concept of delayed apoptosis in
CF neutrophils [30]. These and other mech-
anisms may explain the persistent inflam-
mation seen in the airways of apparently
uninfected CF cases. Although interpreted
by some as supporting the primary inflam-
mation hypothesis, | would suggest that
it is equally likely that these mechanisms
have achieved bacterial killing but normal
removal from the airway is delayed by
impaired apoptosis or failure of anti-inflam-
matory switch mechanisms.

Once in the airway, the job of a neutro-
phil is to aid in the eradication of infecting
organisms, a mechanism that works well
in non-CF hosts with lowerairway infec-
tions. This mechanism may be fully effec-
tive in early CF and may successfully
eradicate organisms, particularly when
aided by prompt recognition of infection
and targeted administration of antibiotics.
However, at later stages of disease, and
certainly by adolescence, the presence
of chronic infection despite significant
neutrophilia implies that host defence
mechanisms are now incompletely effec-
tive. There are some data suggesting that,
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as white blood cells express CFTR, their
function is inherently abnormal in CF; work
from murine models undergoing bone
marrow transplants supports this (as do a
number of clinical studies) [31]. In addition,
once significant inflammation is present,
neutrophil-derived proteases cleave recep-
tors involved in bacterial clearance off
the surface of neighbouring neutrophils,
rendering them inactive [32]. Thus, at the
early stages of disease, the host defence/
inflammatory response may be reasonably
well preserved, but at later stages, adoles-
cence and beyond, it may be starting to suffer
from its own overexuberance. This is clini-
cally significant because in addition to failing
to perform its primary function, the inflam-
matory response leads to high local levels of
enzymes such as neutrophil elastase, matrix
metalloproteinases and cathepsins [33].
These impair the function of newly recruited
inflammatory cells but are also likely to be
the prime cause of the airway wall destruc-
tion that translates into radiologically evident
bronchiectasis and leads, ultimately, to a
shortened life expectancy.

2.3. Airway wall remodelling and
destruction

The lungs from patients who have died
of CF or which have been removed prior
to transplantation (these days thankfully
few of them adolescents) are character
ised by massive bronchial dilatation, airway
wall thickening, mucus gland obstruction
and underlying fibrosis. The relatively slow
time course over which this happens, trans-
forming what was a healthy respiratory
tract at birth, and the limited tools available,
make studying this process difficult. It has

been shown using bronchoscopic lavage
and endobronchial biopsy that remodelling
begins even in childhood, with thickening of
the reticular basement membrane, increased
quantity of smooth muscle and raised levels
of glycosaminoglycans indicative of tissue
breakdown [34,35]. Other groups have
reported increased levels of such break-
down products, such as desmosine, in the
urine [36]. Some of these processes seem
to relate directly to lumenal inflammation,
but others appear uncoupled, suggesting a
parallel process; the fact that the inflamma-
tory infiltrate in the airway wall itself is largely
comprised of T-cells [37], including the newly-
described Th17 phenotype [38], may relate to
this and merits further exploration.

Normal mechanisms
of lung repair

As the vast majority of CF pathology occurs
in the airways rather than the alveolar
region, this section focuses on the former
with regard to repair mechanisms.

3.1. Cell migration

Following an insult to the airway that results

in a breach of epithelial integrity, a combi-

nation of cell spreading and migration initi-

ates the repair process. Cell migration is a

complex process, which can be divided into

five stages [39,40].

N Morphological polarisation: progenitor
cells close to the wound edge acquire
directionality towards the wound; this
is important in the formation of cellular
protrusions, lamellipodia and filopodia. It
is likely triggered in part by the lack of
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