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1 Abstract

Life-limiting conditions, which shorten or threaten to shorten life, are becoming increasingly

prevalent among young people in England, attributed partly to longer survival.

There are concerns about the transition from paediatric to adult healthcare.. Specialist
paediatricians oversee childhood healthcare, with needed allied services provided continuously.
A General Practitioner (GP) often coordinates adult healthcare; GPs may lack knowledge of the
young person or condition. There can be provision gaps in allied services. Sometimes no
equivalent adult service. These issues may lead to an increase in unplanned hospital care.
Previous research is limited to a few more prevalent conditions and has used small, potentially

unrepresentative, samples or used age to assign transition status, risking misclassification.

| aimed to determine whether there is an association between transition from paediatric to adult
healthcare and increased unplanned hospital care for young people with life-limiting conditions,
to understand the nature of the population, including changing medical complexity and to explore
the role of primary care. | used secondary data analyses of routinely collected healthcare data in
England and a systematic review. My research was the first to analyse healthcare use across the
transition using national data with transition point estimated for each individual, using a newly-

developed method.

| found the population of young people with life-limiting conditions transitioning to adult
healthcare is growing in size and medical complexity, with more comorbidities and consultants of
more different specialities involved. Evidence from previous studies was mixed and conflicting on
changes in healthcare use at transition and there was a lack of UK studies. My research found
unplanned hospital care increases for young people with life-limiting conditions after the
transition and regular contact with the same GP is associated with reduced use of unplanned

hospital care. The role of the GP should be considered in reforms to improve transition.



2 Table of contents
R Y o 1 i - ot O TSP PPRTOUPPPR 2
2 Table Of CONTENTS ..coiieiieiieee ettt sttt e sbe e s e sane e 3
3 LISE O TABIES et st s s s 5
O 1 Ao ) =W T YU PPPR SRR 6
I Yo (g Lo X[t ot a1 ) PRSP 7
6 AULhOI'S deCIaration ....ccouei it 8
6.1 CoNtriDULIONS O PAPEIS . .eviiieictiiee ettt e et e e e et e e e e e bte e e e sbtaeeesntaeeesstaeeeanns 8
/2 (4140 To [0 ot o Yo WO OO T T OO PPTOPPTOPRRRPRRRPPTO 10
7.1 Life-limiting conditions: definition and context........ccccccviieiiiiiiccn e, 10
7.2 Transition to adult NEAItNCAre ......cooviiiiiee e e e 11
7.3 Limitations of eXisting reSEArCh ........coccuvii i 13
7.4 1N [ a3 [0 o o o] =Tox £ V=TSRSS 14
8 IMIBENOAS ..ttt et s h e st sttt e b e b e reesaees 15
8.1 Routine healthcare data .......cc.eeiiiiiie e 15
8.2 Patient and public iNVOIVEMENT .......ccoeiiiii e e 18
9 ReSUItS - RESEAICH PAPEIS ..eeiiiiiiie ettt e s e e st e e s ta e e e e nta e e e e snaaee s 19
9.1 Paper 1: Numbers, characteristics, and medical complexity of children with life-limiting
conditions reaching age of transition to adult care in England: a repeated cross-sectional study
(o] o L=Tot 41V T ) I SRS 19
9.2 Paper 2: Transition of children with life-limiting conditions to adult care and healthcare
use: a systematic review (ODJECTIVE 2) .....ui it 22
9.3 Paper 3: Estimation of age of transition from paediatric to adult healthcare for young
people with long term conditions using linked routinely collected healthcare data (objective
B ettt ettt bttt h et bt a e bt e h et e bt et ekt e h e e bt ek e e a e e b e ea b ekt eh e et e eheeRe e bt ehe et e nbe et e nbeeatenben 24
9.4 Paper 4: Adult healthcare is associated with more emergency healthcare for young
people with life-limiting conditions (0DJECTIVE 4) ....ccccuviiieeiieeeeee e 26
9.5 Paper 5: GPs’ role in caring for children and young people with life-limiting conditions: a
retrospective cohort study (ODJECTIVE 5) ..ccuiiiiuiieeiiieciieciee ettt et et e e e v e eeaae s 28
10 DISCUSSION...uttiiiiitiii ittt s a e s a e s aa s 29
10.1  Summary and contributions to the field..........ccueeieeiie i 29
10.2  Strengths and IMItatioNS.........uuiiiiii i e e e e e 30
10.3 Implications for young people and their families ........cccccouveeeeiiieiiciiiie e, 34
10.4 Implications for healthcare providers and policy makers........ccccceevvvveeeeiiiieeesicieee e, 34
10.5 Implications for research and future research priorities......ccccccceeevvvieeeeciieee i, 36
11 CONCIUSIONS ...ttt ettt ettt et e s bt e e st e e s be e e me e e sabe e e aseesabeesneeesareeenneeas 38
12 RETEIENCES ..ttt ettt e st e st e e be e e s b e e sab e e s beeesneeesareeesaneens 38



Appendix 1: PUDLISNEA PAPEIS .....viiiiiiiie ettt s e e s e e e e e s e nanes 45

Al1.1 Paper 1: Numbers, characteristics, and medical complexity of children with life-limiting
conditions reaching age of transition to adult care in England: a repeated cross-sectional

Al1.2 Paper 2: Transition of children with life-limiting conditions to adult care and healthcare
(TR R BV (=] g b= LA ol <A VA =Y PP PPPPPPPPPPRE 65

Al1.3 Paper 3: Estimation of age of transition from paediatric to adult healthcare for young
people with long term conditions using linked routinely collected healthcare data................... 78

Al1.4 Paper 4: Adult healthcare is associated with more emergency healthcare for young
people with life-limiting CONAItIONS........uviiiiiiecee e e 101

A1.5 Paper 5: GPs’ role in caring for children and young people with life-limiting conditions: a
retrospective cohort study (ODJECTIVE 5) woocuuviiiieieee e 114

Appendix 2: Supplementary materials for the Papers ......cccceeeecee e 124

A2.1 Supplementary materials for paper 2: Transition of children with life-limiting conditions
to adult care and healthcare use: a systematiC reVIEW ........ueeeecvieeieciiee e 125

A2.2 Supplementary materials for paper 4: Adult healthcare is associated with more
emergency healthcare for young people with life-limiting conditions ..........cccceevvvieicvieeeennee. 212

A2.3 Supplementary materials for paper 5: GPs’ role in caring for children and young people

with life-limiting conditions: a retrospective cohort Study .........ccocciieiiiciiee e 280
Appendix 3: Data analysis plan for CPRD data (papers 3 and 4) .......cccceeeeceeeeecciieeeecieee e 288
7% % R 0] ol o fr 0= o =T = o o IS 288
A3.2  StatiStiCAl @NAIYSES . .viiiiiiiiie et e e e e e naaeae s 298
A3.3  REFEIENCES ...ttt sttt sttt ereens 299



3 List of Tables

Table 1: Categories of life-limiting conditions, adapted from (Chambers et al., 2009)



4 List of Figures

Figure 1: Typical included data files for HES and CPRD data requests used in this PhD - green:

healthcare records; blue: administrative and demographic data

Figure 2: Relationships between objectives (blue), data sources

(grey) and papers (green ) .........



5 Acknowledgements

| am grateful to my supervisors, Lorna Fraser, Gerry Richardson and Kate Flemming, for their
support, encouragement and generosity with their time and expertise. Their questions, comments
and perspectives from different research backgrounds and with different interests have proved
invaluable in focusing my research, seeing the bigger picture and (hopefully) making it intelligible
to people who don't work on research into children with life-limiting conditions and routine
healthcare data every day. Lorna and Gerry have been involved in the research since the idea's
first inception back in 2017 and through the process of securing funding to undertake the work.
Lorna has helped me develop as a researcher since | first began working with her in 2014 and has

always provided encouragement, support and both clinical and methodological expertise.

| have also benefitted from the insights of an engaged and knowledgeable Thesis Advisory Panel:
Trevor Sheldon, Rita Santos and Catherine Hewitt. Our meetings have always proved useful and |
am grateful for the support received. | must highlight the additional role played by Trevor
Sheldon, in first suggesting | might like to do a second PhD and in tirelessly helping me through

the process of applying for a fellowship.

During my PhD, | have seen the Martin House Research Centre, of which | am part, grow
considerably and become more and more vibrant as a research group under Lorna's leadership. It
has been a pleasure to work with my colleagues within the Centre, to discuss work and life and to
learn from their own research and insights. They bring a wide range of expertise, passion for
research and for helping young people with life-limiting conditions and - above all - are nice
people. Thanks also to Kate Pickett, Steph Prady and Su Golder for advice, support and cups of tea
and to my co-authors on the papers, not included in the above: Daniel Roberts, Roger Parslow and

Sarah Mitchell - it was a pleasure to work with you.

My research has also been supported generously by the Centre's Family Advisory Board through
the donation of their time to help inform researchers like myself and help us understand
something of the real lives that lie behind the data we analyse. | have found my meetings with the

FAB both informative and inspiring.

Thanks also to Sam, Anna and soon-to-be baby number three, none of whom have any idea what
Daddy does all day, but all of whom bring me untold joy. Last, but most important, | thank my
wife, Helen, who has now supported me through two PhDs. Your support and understanding have
been essential. Whatever the challenges of research and academic life, | am under no illusions

about who has the harder and more demanding job. | promise not to do a third PhD!



6 Author's declaration

The five papers forming this thesis are listed below together with details of my contribution to
each publication. | confirm that the integrative chapter linking the papers is entirely my own
work. | declare that this thesis is a presentation of original work and | am the sole author. This
work has not previously been presented for an award at this or any other university. All sources

are acknowledged as references.

Signed: Date: 27 May 2022

(Stuart Jarvis)

6.1 Contributions to papers

6.1.1 Jarvis, S., Richardson, G., Flemming, K. and Fraser, L., 2022. Numbers,
characteristics, and medical complexity of children with life-limiting conditions
reaching age of transition to adult care in England: a repeated cross-sectional
study. NIHR Open Research, 2, p.27.

Candidate contribution: Conceived the idea; designed the study; applied for data and gained

ethical approval; carried out the analysis; wrote manuscript.

Signed : Signed:
Vi
(Stuart Jarvis) (Lorna Fraser)

6.1.2 Jarvis, S\W., Roberts, D., Flemming, K., Richardson, G. and Fraser, L.K., 2021.
Transition of children with life-limiting conditions to adult care and healthcare use:

a systematic review. Pediatric research, 90(6), pp.1120-1131.
Candidate contribution: Conceived the idea; designed the study; wrote the search strategy;
carried out the search, screening and data extraction; wrote manuscript.

Signed : Signed:
/

(Stuart Jarvis) (Lorna Fraser)



6.1.3 Jarvis, S., Richardson, G., Flemming, K. and Fraser, L., 2021. Estimation of age of
transition from paediatric to adult healthcare for young people with long term
conditions using linked routinely collected healthcare data. International journal of
population data science, 6(1).

Candidate contribution: Conceived the idea; designed the study; developed the estimation

methods; applied for the data; carried out the analysis; wrote manuscript

Signed : Signed:
—
(Stuart Jarvis) (Lorna Fraser)

6.1.4 Jarvis, S., Flemming, K., Richardson, G. and Fraser, L., 2022. Adult healthcare is
associated with more emergency healthcare for young people with life-limiting
conditions. Pediatric Research, pp.1-12.

Candidate contribution: Conceived the idea; designed the study; applied for the data; carried out

the analysis; wrote manuscript.

Signed : Signed:
Pt

(Stuart Jarvis) (Lorna Fraser)

6.1.5 Jarvis, S., Parslow, R.C., Hewitt, C., Mitchell, S. and Fraser, L.K., 2020. GPs’ role in
caring for children and young people with life-limiting conditions: a retrospective
cohort study. British Journal of General Practice, 70(693), pp.e221-e229.

Candidate contribution: Designed the study; developed the measures of GP contact; contributed

to data application; carried out the analysis; wrote manuscript.

Signed : Signed:
—
(Stuart Jarvis) (Lorna Fraser)



7 Introduction

This thesis presents the findings from a programme of research investigating the transition from
paediatric to adult healthcare for young people with life-limiting conditions in the UK, with
particular focus on changes in healthcare use post- compared to pre-transition. Life-limiting
conditions have become increasingly prevalent among children and young people in the UK
(Fraser et al., 2012, Fraser et al., 2015, Fraser et al., 2020a). As a group, they are more common
than other conditions such as diabetes (2018: 97,000 children and young people with life-limiting
conditions in England (Fraser et al., 2020b), compared to 40,000 with diabetes in the UK (Diabetes
UK, 2019)). Given longstanding concerns about the transition to adult healthcare for young people
with chronic conditions, as detailed below, and the growing population with life-limiting

conditions, research into transition for this population is both timely and important.

The research is presented as five published papers, meeting specific research objectives set out
below. This integrative chapter provides background information on young people with life-
limiting conditions, previously identified problems with the transition to adult healthcare, existing
research in this area and an overarching description of the methods used within the research. It
summarises the findings of the papers, puts these in context with the wider literature and

highlights the implications of the research and the questions that remain unanswered.

7.1 Life-limiting conditions: definition and context

Life-limiting conditions are conditions that lead to premature death or threaten to do so
(Chambers, 2018). They can be split into four groups (Chambers et al., 2009) (Table 1). In North
America the terms complex chronic conditions or children with medical complexity are often used
to describe a similar population (Feudtner et al., 2000, Cohen et al., 2011). Hereafter, studies
relating to life-limiting conditions, complex chronic conditions and children with medical
complexity are all considered relevant. Except where a distinction is made between the various

definitions, the term life-limiting conditions is used throughout.
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Table 1: Categories of life-limiting conditions, adapted from (Chambers et al., 2009).

Category 1 | Life-threatening conditions - e.g. cancers, organ failure

Category 2 | Conditions for which premature death is inevitable - e.g. cystic fibrosis, Duchenne

muscular dystrophy

Category 3 | Progressive conditions without curative treatment options - e.g. Batten disease,

mucopolysaccharidoses

Category 4 | Irreversible, but non-progressive conditions leading to susceptibility to other

health conditions and likelihood of premature death - e.g. severe cerebral palsy

The number of children with life-limiting conditions has been increasing, attributed, at least in
part, to increasing survival (Fraser et al., 2020a) and there is evidence for increasing survival times
for specific conditions (Eagle et al., 2002, Van Ruiten et al., 2016, Cravelle et al., 2012, MacKenzie
et al., 2014, Blair et al., 2019). As survival times increase for conditions that, in the past,
commonly caused death during childhood, more children with life-limiting conditions reach

adulthood and experience the transition from paediatric to adult healthcare.

7.2 Transition to adult healthcare

Secondary healthcare providers are usually different for children and adults, both in the UK and in
other countries, and paediatric healthcare is recognised as distinct from adult healthcare (Wolfe
et al., 2016, Committee On Pediatric Workforce et al., 2015, Sawyer et al., 2019). For children with
life-limiting conditions, care in childhood is typically overseen by one or more paediatric
specialists and allied services such as physiotherapy are provided as needed on an ongoing basis
(Care Quality Commission, 2014, White and Cooley, 2018). Adult care is often coordinated by a
General Practitioner (GP) and allied services have to be booked in blocks with the potential for a

gap in provision (Care Quality Commission, 2014, Lemer, 2013).

Due to the division between paediatric and adult care, a transition is required at some point. In
the UK, this has typically been at age 16 years for most young people - e.g. a child under 16 years
requiring acute hospital treatment would tend to be admitted to a paediatric ward, while a young
person aged 16 years or over may be admitted to an adult ward, although policies do vary by NHS
Trust and wards within Trusts (Royal College of Paediatrics and Child Health, 2017). For young
people with on-going healthcare needs, transition has been more flexible, with a conscious
decision to transfer care from paediatric to adult services and, ideally, a transition process

involving both services (Willis and McDonagh, 2018). As such, transition age varies, although it is
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targeted to take place from 16 to 19 years, with preparation beginning around 14 years (Willis

and McDonagh, 2018, Care Quality Commission, 2014).

The requirement for transition to adult services for many chronic conditions, such as diabetes, has
been recognised for many decades. For these conditions, there has been extensive research into
transition and interventions to aid successful transition (Sheehan et al., 2015, Allen et al., 2012,
Allen et al., 2010, Hale and Hargreaves, 2017, Nakhla et al., 2009, Price et al., 2011). For some life-
limiting conditions, it was, until relatively recently, common for many children to die while still
under paediatric healthcare. As treatments have advanced, survival times have increased and
more children are surviving into adulthood (Landfeldt et al., 2020, Best and Rankin, 2016).
Therefore, increasing numbers of children with life-limiting conditions are undergoing transition

to adult healthcare. This has exposed a number of concerns around transition:

e Lack of planning, which can make the transition appear abrupt (Goodman et al., 2011,
Care Quality Commission, 2014, Lugasi et al., 2011, National Institute for Health and Care
Excellence, 2016, Fegran et al., 2014).

e Variations in transition planning and support between conditions and even between
service providers for the same conditions (Care Quality Commission, 2014, Doug et al.,
2011).

e Lack of training for GPs and a lack of familiarity with the children and their, sometimes,
very rare conditions (Lemer, 2013, Hudson et al., 2014, Doug et al., 2011).

e Lack of continuity in services (Care Quality Commission, 2014, Heery et al., 2015).

e An absence of adult equivalents of some paediatric services, such as community services
for complex neurological conditions (Kirk and Fraser, 2014, Tilton, 2018, Oskoui and

Wolfson, 2012).

Living with a life-limiting condition is extremely challenging, for young people and their families,
with impacts on mental health, income and expenses (DiFazio and Vessey, 2013, Kirk and Fraser,
2014, Clark et al., 2017, Commodari, 2010, Fiorentino et al., 1998, Kuo et al., 2011). Young people
with life-limiting conditions also represent challenges for healthcare services: they are typically
high users of healthcare and often have complex needs (Ananth et al., 2015, Berry et al., 2011,
Berry et al., 2013, Bramlett et al., 2009, Cohen et al., 2012, Cohen et al., 2011, Feudtner et al.,
2002, Feudtner et al., 2003). It is therefore important to make the transition from paediatric to

adult healthcare as good as possible to avoid exacerbation of these challenges.

The idea for this PhD arose from discussions with families, particularly at the Martin House

Research Centre consultation with stakeholders about research priorities (Beresford et al., 2017,
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Booth et al., 2018). The issues raised by families were that there are many potential negative
consequences associated with the transition which may lead to worse condition management
and, either due to deteriorating conditions or a lack of trust in primary care, in additional visits to
hospital for emergency healthcare. Many identified a lack of regular GP contact and a lack of
consistency in the GP seen as barriers to developing trust and confidence in primary care services.
Emergency hospital care may have negative implications for the young people themselves, due to
disruption to lives, travel away from family and support networks and possible emotional trauma
from emergency treatment (Compas et al., 2012, Findlay et al., 2008). There are also potential
impacts on parents and other family members whose lives (work, education etc.) may also be
disrupted by additional hospital visits and whom may experience additional emotional strain

(Franck et al., 2015, Commodari, 2010, DiFazio and Vessey, 2013, Wray et al., 2011).

It is important for healthcare providers and policy makers to have a good understanding of the
size and nature of the population of young people with life-limiting conditions who reach
transition to adult care and the possible impacts of transition on healthcare use to provide

suitable services, now and in the future.

7.3 Limitations of existing research

While there is previous research on young people with life-limiting conditions and the impacts of
transition, raising many concerns as outlined above, there are some important gaps and

limitations.

There have been studies estimating the current prevalence of life-limiting conditions and these
include young people at ages at which transition is likely to take place (Fraser et al., 2020b, Fraser
et al., 202043, Fraser et al., 2012, Jarvis et al., 2016). However, these studies have not
differentiated between those diagnosed in childhood (likely to undergo transition to adult
healthcare) and those diagnosed in adulthood (likely to go straight into adult healthcare). There
are, therefore, no estimates of the number of young people with life-limiting conditions likely to
be undergoing transition to adult care, so there is a lack of information on national demand for
transition services in this population. There is also a lack of information on the diagnostic profile,
demographics or medical complexity of this population at transition age, all of which are

important for service planning.

Pre-existing systematic reviews considering healthcare use at transition have tended to be
focused on one or a few of the more specific life-limiting conditions, such as cystic fibrosis (Coyne
et al., 2017, Coyne et al., 2016, Dallimore et al., 2018, Girgenti, 2015, Heery et al., 2015). There is

a lack of reviews including the less prevalent conditions. This is important as the more commonly
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studied conditions, such as cystic fibrosis and cancer, account for only a minority of those with
life-limiting conditions and have potentially very different prognoses with extended survival into
adulthood being common (Saletta et al., 2014, Keogh et al., 2018). While it may not be practicable
to study rarer conditions individually, there is value in research that covers a greater section of
those with life-limiting conditions. Basing policy on cancer patients, for example, risks
development of services that meet the needs of this small subsection of the population with life-
limiting conditions, but ignore those of others. Therefore, the existing research may not be
generalizable across all young people with life-limiting conditions. Studying all life-limiting
conditions increases potential sample size and ensures that less common conditions are also

represented.

Many previous studies have used data from a single clinic or insurance provider, possibly limiting
generalisability. Those that have used large, representative datasets have used a simple age-cut

off to assign transition status, with a risk of misclassification bias.

Finally, some studies have highlighted the importance of primary care and suggested that a lack of
expertise and familiarity with conditions and young people with life-limiting conditions in primary
care may exacerbate problems experienced at transition (Bhawra et al., 2016). However, there is
a lack of research considering what good primary care might look like for this population or linking
this to healthcare outcomes and use. Without an understanding of this, it will be hard for primary

care to develop to better serve this population.

7.4 Aims and objectives

This research aimed to determine whether there is an association between transition from
paediatric to adult healthcare and increased emergency hospital care for young people with life-
limiting conditions, to understand the nature of the population and to explore the role of primary
care. It has the following specific objectives, each addressing an identified gap or limitation in

previous research:

1. Assess national trends in the numbers, characteristics, and medical-complexity of young
people with life-limiting conditions reaching the age to transition to adult healthcare in
England.

2. Review the existing evidence for a change in health or social care use for young people
with life-limiting conditions post- compared to pre-transition.

3. Determine the feasibility and implications of estimation of transition age from routinely

collected health data.
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4. Establish whether there is an increase in emergency inpatient admissions and Emergency
Department visits when children in England with life-limiting conditions transition to adult
healthcare using a nationally representative dataset.

5. Assess the association between face-to-face GP surgery consultations and emergency

healthcare use in children and young people with a life-limiting condition.

The research is presented as a series of papers, one for each of the above objectives. The
common methodologies, links between them, relationships with previous research and

implications for future research and policy are set out below.

8 Methods

Detailed methods are reported in each of the papers. Apart from the systematic review, the other
papers are secondary analyses of routinely collected healthcare data. This approach and the data
sources are briefly introduced here, before the fuller implications of this approach are addressed

in the Discussion section.

8.1 Routine healthcare data

Although a substantial population overall, children and young people with life-limiting conditions
are still a small part of the overall population (Fraser et al., 2020a). | used routinely collected
healthcare data to ensure large sample size compared to using data from a single clinic, like many
previous studies, but also to use data representative of the general population (Herbert et al.,

2017).

The sources of routinely collected data used in my research were the Clinical Practice Research
Datalink (CPRD) GOLD (Herrett et al., 2015) and Hospital Episodes Statistics (HES) (Herbert et al.,
2017). CPRD includes primary and secondary care data for a subsample of the population. As of
2015, approximately 6.9% of the UK population, stated to be broadly nationally representative
were contained in CPRD GOLD (Herrett et al., 2015) and this increased to around 8% by 2017
(Kontopantelis et al., 2018). However, the nature of primary care datasets in the UK is that they
are derived from data held by individual companies providing software database systems to
primary care practitioners and there is substantial clustering of providers by geographical region,
meaning that the data from any one system may not be geographically representative
(Kontopantelis et al., 2018).. HES provides whole population secondary care data. The data
available from each source are summarised in Figure 1. HES data typically contained three

categories of healthcare records: inpatients, outpatients and Accident and Emergency
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Department (A&E) data. ONS death registration records could also be linked. CPRD data typically
included separate datasets for lists of patients, practices, staff, consultation data (e.g. date, time,
type, staff involved), clinical data (e.g. diagnoses) and referral data to other services. Deprivation
data, Office for National Statistics (ONS) death registration data and HES data were also available
for inclusion as linked data. Deprivation data in the CPRD data were in the form of Index of
Multiple Deprivation (IMD) scores. The IMD are area based measures of deprivation, comprising
scores over seven domains - income, employment, health, education, housing, crime and
environment - with an overall score a weighted combination of individual domain scores (Smith et
al., 2015). The IMD are frequently updated and the most recent available were provided for each
CPRD dataset, meaning the IMD 2015 were used (Smith et al., 2015). Within CPRD data, IMD are
available for both the LSOA of the practice at which a patient is registered and for the LSOA of the
patient's last known home address. The latter was used for the studies described herein as
deprivation levels for individuals was of greater interest than deprivation levels at locations of
practices. Often, the two may be the same or similar if a patient lives in close proximity to a
practice, but a practice could be located in an area of very different deprivation to a patient's
home address. Within HES data from NHS Digital, LSOA of residence was provided directly and the

most recent available IMD was applied based on this.

HES Consultation Patient file HES
Inpatients Data Inpatients

HES Clinical Data Practice HES
Outpatients information Outpatients
Referral Data

Staff
information

HES A&E HES A&E

ONS Death
Data

ONS Death

Deprivation

Data (IMD) Data

HES CPRD GOLD

Figure 1: Typical included data files for Hospital Episodes Statistics (HES) and Clinical Practice

Research Datalink (CPRD) GOLD data requests used in this PhD - green: healthcare records;

16



blue: administrative - e.g. Office for National Statistics (ONS) death registration data - and

demographic data.

For analysis of numbers of healthcare events, it was important to know the time for which each
person was at risk of the healthcare event occurring. This could be determined from the CPRD
data (start and end dates of registration with a GP are recorded) but for HES data only inferred
from hospital visits. A person absent from HES data in a year may still be resident and have had no
hospital contact or may no longer be resident in England and so not at risk. For objective 1
(describing the population with life-limiting conditions and its medical complexity) time at risk
was less important and the larger sample size of HES enabled analysis of differences between
groups of conditions. For objectives 4 and 5, time at risk was important (and, for objective 5,
primary care data were also essential) so CPRD data were used. There are now two primary care
datasets available from CPRD: GOLD and Aurum, based on different data providers. At the time of
writing, Aurum is by far the larger dataset and, although it, like GOLD, suffers from issues of
geographical generalisability due to distribution of contributing practices (as described above) the
larger sample size would have been advantageous in analysing the relatively small population of
children and young people with life-limiting conditions. If the research described in this thesis was
repeated today, Aurum would be used. However, when applications for data for these studies
were first made, Aurum was a relatively new dataset. A data resource profile was first published
in March 2019, with no published studies using Aurum at that point (Wolf et al., 2019). The study
herein exploring the role of GP care for children and young people with life-limiting conditions
(paper 5) used data for which the application was made in 2016, before Aurum was announced.
The data for studies described in papers 3 and 4 was first applied for in 2019. Given familiarity
with GOLD from previous research and a lack of completed studies using Aurum at that point, it

was chosen to continue to use GOLD for these studies.

The analytical approach taken in my papers, except for the systematic review, was secondary data
analysis. For objectives 3 to 5 | was interested in finding the transition point and/or assessing
healthcare use for a group of young people with life-limiting conditions. For these, | used
retrospective cohorts, identified using previously developed coding frameworks for life-limiting
conditions (Fraser et al., 2012). For objective 1, | was not concerned with following a single group
through time and assessing outcomes in relation to exposures, so | instead used a repeated cross-
section design, including, in each year, any individuals meeting the inclusion criteria, based on age

and diagnoses.
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8.2 Patient and public involvement

A common feature across the studies in my PhD research was public and patient involvement
through the Martin House Research Centre Family Advisory Board (FAB). This forms a key part of
the Centre's Public Involvement and Engagement strategy (Martin House Research Centre, 2019).
Established in 2018, it comprises parents and other adult family members of children with life-
limiting conditions and meets regularly with researchers from the Centre. At these meetings,
researchers update on progress on ongoing research and new studies and seek input into
research. FAB members have the opportunity to raise their own suggestions for areas of interest
and to provide feedback on findings and planned research. A decision was made early on, during
the application for Fellowship funding, to consult with parents and carers at multiple stages of the
research, to develop a better understanding of the context of healthcare transition and ensure

the research considered relevant issues.

The FAB was consulted three times during the course of my PhD. Their experience and insights
influenced the direction of research and interpretation of findings. Specifically, input from the FAB

led directly to the following:

e Adecision to adopt broad inclusion criteria for the systematic review (paper 2), with any
change in healthcare at transition being included, due to FAB input that healthcare use
changes extend beyond emergency care and increases in numbers of outpatient
appointments could be common, particularly where one paediatric specialist was
replaced with multiple adult specialists.

e The choice of estimation methods assessed in paper 3 and the recommendation for a
preferred method - FAB members reported that transition was not always clear cut, but it
was uncommon to see any paediatric specialists after the point of transition, while adult
specialists might be seen before transition.

e The inclusion of a group without any long-term conditions in analyses of changes in
healthcare use at transition (paper 4) due to the FAB highlighting that many other
transitions happen at a similar time, e.g. changes in education and, potentially, residence.

e An understanding of the importance of primary care and, in particular, the benefits of
consistently seeing and building up a relationship with a single GP, something assessed in

paper 5.

A number of other insights aided interpretation of results and reinforced issues already reported

in the literature, informing discussion sections of the papers. These included:
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e Fragmentation in adult care, with FAB members finding it necessary to explain to
different clinicians the need for services that were provided pre-transition.

e Experiences of gaps and waits for provision in adult care.

e Reduced parental access to adult hospital wards, preventing them from giving their

children the level of support they had been accustomed to in paediatric wards.

9 Results - Research papers

The papers presented in this thesis are interlinked, with each depending on and informed by the
findings of the others. The papers are described below. Their relation to the objectives, to each

other and to the data sources used are also illustrated in Figure 1.

9.1 Paper 1: Numbers, characteristics, and medical complexity of children with

life-limiting conditions reaching age of transition to adult care in England: a

repeated cross-sectional study (objective 1)

Good service provision for young people with life-limiting conditions transitioning to adult
healthcare is dependent on a good understanding of the size, nature and complexity of this
population (Care Quality Commission, 2014). As noted in the introduction, there is a lack of

research providing this information.

The first paper (Jarvis et al., 2022a) aimed to meet objective 1 by estimating the number of young
people in England with a life-limiting condition diagnosed in childhood reaching ages at which
transition to adult care takes place, their demographics and their medical complexity (a multi-
faceted concept indicative of healthcare and technology needs and impacts on families (Cohen et
al., 2011)). Demographics and medical complexity are useful for targeting services, ensuring that
they are well matched to users and understanding whether needs per person are increasing or

decreasing (Cohen et al., 2012, Yu et al., 2021).
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The paper addressed these questions using an extract of national HES data. HES was preferred as,
being whole population, it was better suited than CPRD for drawing inferences about geographical
distributions. CPRD, while broadly representative, has an uneven geographic spread with, for
example, fewer participants in Yorkshire and the Humber than in other regions (Herrett et al., 2015,
Kontopantelis et al., 2018). Primary care data were not critical for this study and it was expected that
the vast majority of young people with life-limiting conditions would have at least outpatient
hospital care each year, so there was little risk of underestimating the population actively receiving
healthcare by using only HES data. The study used existing coding frameworks (Fraser et al., 2012) to
identify young people with life-limiting conditions identified in childhood and then counted those
aged 14-19 years in each financial year from 2012/13 to 2018/19. Numbers of young people with
life-limiting conditions were reported rather than prevalence for two reasons. First, the paper
explicitly aimed to inform healthcare provision, particularly at the transition from paediatric to adult
healthcare. Here, it is more important to know the number of young people with these healthcare
needs than the prevalence (e.g. per 10 000 population) as the resource used is determined by
number of healthcare users (and their individual needs). A secondary consideration was that the
research was conducted during the year in which a new census was being conducted, so the most
recent definitive population figures were around a decade out of date. While mid-year population
estimates are available, these are imperfect and may be impacted by events such as Brexit and the
Covid-19 pandemic, meaning there would be uncertainty in the denominator used in prevalence
estimation. The 14-19 years criterion was used to identify individuals who would be likely to be
either in the early stages of transition planning, undergoing transition or in the first few years post
transition (Care Quality Commission, 2014) i.e. a population for whom service providers should be

providing transition support.

The study found a greater rate of increase in numbers of 14-19 year olds with life-limiting conditions
diagnosed in childhood than previously reported for 14-19 year olds with life-limiting conditions as a
whole (diagnosed as children or as adults) (Fraser et al., 2020a). This is important for healthcare
transition planning as those diagnosed with a life-limiting condition as an adult (i.e. after age 16
years) may go straight into adult healthcare and so not undergo a transition from paediatric to adult
healthcare. Relying on estimates of changes in numbers of 14-19 year olds with life-limiting

conditions from previous studies would underestimate the increasing demand for transition services.

The reported changes in numbers were quite startling, increasing by 68%. This is comparable with

some other studies looking at numbers of children and young people with life-limiting conditions
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(Fraser et al., 2012, Jarvis et al., 2016) but it should be noted, in common with those studies, that the
reported increases may not be entirely reflected in increases in the number of young people with
life-limiting conditions in the population. Numbers from earlier years may be underestimates, as
young people with life-limiting conditions are only detected when they have a hospital record with a
relevant diagnosis - young people in a stable stage of condition without hospital attendance may be
missed for a number of years. Related to this, changes in data recording and - particularly - more
complete recording of relevant diagnoses over time could also lead t reported numbers increasing
more rapidly than real prevalence in the population. There are also potential issues with specificity
of the coding framework, which may mean that not all people included have life-limiting conditions

so that the overall numbers could be an over estimate.

There were differences in changes in size of the transition population between regions. There were
also larger increases in the population within non-White ethnic groups, underlining the importance
of culturally appropriate transition and adult services. Finally, the study found indications of
increasing complexity in terms of numbers of chronic conditions (including life-limiting conditions)
and the number of distinct main specialities of consultants involved in care for the population with
life-limiting conditions reaching transition ages. This is likely to make transition more challenging for
young people and service providers as more different services are involved in care and multiple
transitions take place. While there was limited evidence for increased healthcare use per person
over time, the increasing size of the population - which has high healthcare use in general - points

towards increasing demand for healthcare.

The paper also had some findings in common with an earlier single centre study (Horridge et al.,
2016) with young people most likely to have relatively low numbers of reported indicators of

complexity, but a substantial minority having many more indicators of complexity.

The research also has wider relevance in being the first study to operationalise concepts of medical
complexity in routinely collected healthcare data in England, making reproducible assessments of
medical complexity possible without primary data collection or detailed medical notes review. The

approach could be applied to other populations - e.g. those with other chronic conditions.

9.2 Paper 2: Transition of children with life-limiting conditions to adult care and

healthcare use: a systematic review (objective 2)

Although there have been previous studies looking at healthcare use around transition for young
people with chronic conditions; few have looked specifically at life-limiting conditions. Many studies
looked at interventions to improve transition and compared outcomes before or after interventions

were introduced or used trial designs.
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| conducted a systematic review (Jarvis et al., 2021b) that assessed the evidence for changes in
healthcare use post- compared to pre-transition in Organisation for Economic Co-Operation and
Development (OECD) countries. While previous systematic reviews have looked at transition for
young people with life-limiting conditions, they have mainly focused on experiences, interventions
and biological indicators of disease progression rather than healthcare use and focused on a few of
the more common conditions. Reviewing the evidence on healthcare use was important to avoid
duplication of previous work in my research and to identify gaps in knowledge or limitations in
methodology. The review had broad inclusion criteria, reflected in the search strategy, considering
evidence for any healthcare use or social care use or cost outcome, apart from those that were
purely prescribing data. This was to increase sensitivity to try and capture as much as possible of the
evidence in this area. Evidence was considered from all OECD countries from studies published from

1990 onwards.

The reported outcomes, from eighteen included studies, covered outpatient attendance, inpatient
admissions, Emergency Department visits, inpatient bed days, intravenous antibiotics,
physiotherapy, access to HIV care, GP contact and healthcare costs. However, outcomes were
focused on outpatient attendance and inpatient admissions (eleven and ten studies, respectively,
with no more than five studies for any other outcome). Studies were also dominated by some of the
more common life-limiting conditions (five for cystic fibrosis, four for renal conditions, three for
cerebral palsy). Other neurological conditions, despite affecting 12% of children with a life-limiting
condition and a major referral group for paediatric palliative care, were under-represented. Most

studies were from North America and only one was from the UK.

Evidence was mixed and conflicting, particularly for the more commonly reported outcomes of
outpatient attendance and inpatient admissions. There were some differences by country (where
there were sufficient studies to draw conclusions about differences between studies in different
countries being larger than differences between studies from a single country, i.e. comparing
Canada and the United States). Given the conflicting evidence and limited number of life-limiting
conditions represented, no clear conclusions could be drawn about the associations between
transition and most types of healthcare use. Use of a meta-analysis to pool results was rejected due
to the differences in research questions of papers, outcomes considered and settings. While pooling
is always possible, it would not have been meaningful to produce a pooled estimate for any of the
outcomes covering different countries where effect direction for transition appeared to be opposite.
Even for countries with multiple studies (e.g. United States, Canada) the differences in settings were

such that | did not consider it useful to conduct a meta-analysis. There was however evidence for
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increases in emergency department visits after transition, one of the aspects of emergency care use

of primary interest for my research.

The review also showed that the studies fell largely into two groups. There were small studies from a
single or small group of clinics which had the advantage of a well-defined transition point from
paediatric to adult care: transfer of a young person from a paediatric to adult clinic or from a
paediatric to adult clinician within the same clinic. However, as noted in the introduction, the
findings from these studies could lack generalisability as the clinic population could be
unrepresentative of the wider population due to geographical location, with a catchment population
differing to the general population or, in healthcare systems that were not single payer, due to
healthcare use differing between those with different health insurance provision. There were also
larger studies, using national data either from healthcare records or from condition-specific
registries. These, however, lacked information on when a young person transitioned from paediatric
to adult care and so generally used an age-based cut-off. Transition does not take place at a single

age for all people, so there is a risk of misclassification bias.

The review identified evidence for an increase in emergency department use after transition. It
reinforced the importance of studying changes at the transition across a full range of life-limiting
conditions, the lack of UK-based research and highlighted the need for a better method of
ascertaining, from routine healthcare records, whether a young person was in paediatric or adult

care.

9.3 Paper 3: Estimation of age of transition from paediatric to adult healthcare for

young people with long term conditions using linked routinely collected

healthcare data (objective 3)

The third paper (Jarvis et al., 2021a) addressed the limitations in preceding research exposed by the
systematic review around ascertainment of transition status. In studies that used large datasets
without access to detailed clinical records, age was generally used as a cut-off for assignment to pre-
and post-transition groups, with a risk of misclassification bias. This paper aimed to meet objective 3,
developing improved methods of ascertaining transition status from routinely collected healthcare

records in England.

A previous scoping review (Shulman et al., 2020) found two main approaches to estimating
transition: using the last paediatric visit and/or first adult visit (where recorded, e.g. in records from
a single clinic) or using an age cut-off. It would be possible to estimate transition point from

routinely collected healthcare data if there was some means of identifying healthcare visits as taking
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place under either paediatric or adult care. Routinely collected hospital records available for
research (e.g. HES) are not explicit in whether an episode of care is paediatric or adult, but
information can be gleaned from the specialty codes recorded for inpatient and outpatient care. HES
data record the treatment specialty and the main specialty of the consultant in charge of care and,
from 2007 onwards, many of these (particularly treatment specialities) are classified as either
paediatric or adult. At least some records could therefore be classified as specifically under either

paediatric or adult care.

A classification system, defining treatment and consultant main specialities as paediatric, adult or
unknown, was developed and applied to the data. The classification system was reviewed to check
whether any 'adult' specialties were particularly common at ages at which young people were very
unlikely to be in adult care (i.e. under 14 years). Such specialties were then reclassified as unknown,

indicating neither paediatric nor adult care.

Three methods were then evaluated for estimating transition point from the classified records:

e using the last recorded paediatric record as the transition point
e using the first recorded adult record as the transition point
e using a statistical fitting approach to find a transition point that minimised the number of

adult records before transition and paediatric records after transition

The results were taken back to the Family Advisory Board and there was further discussion on how
meaningful each of the methods might be. Use of the first adult record was rejected based on the
data and Board members' experiences. The data showed that many children had 'adult' records at
young ages and the Board members reported that there might be isolated visits during childhood to
services that were not paediatric specific. More consideration was given to the fitted and last
paediatric record approaches, but it was felt that the last paediatric record marked a more
meaningful transition point, as the completion of transition: it was unlikely, after transition had

taken place that there would be further paediatric healthcare.

A question remained around the importance of estimating transition point from the data, rather
than using an age cut-off: did the possible misclassification bias from use of an age cut off have a
significant effect on detection of differences in outcomes pre- and post-transition in practice? This
was explored through simulation, allocating to the study population simulated numbers of events
for a healthcare outcome, based on each method of estimating transition. Regression analyses were
then used to try and detect the change in event count at transition (set to 20% in the simulated

data) using each of the transition estimation methods and an age cut-off at 16 or 18 years. Using an
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age cut-off resulted in detection of changes at transition that were smaller than half that assigned.
Such an approach could therefore compromise sensitivity of studies looking at healthcare changes at
transition, leading to underestimation of such effects. It could potentially lead to conclusions of no
significant effect depending on the power of the study - for example a study powered to detect
changes of 20% in a healthcare outcome at transition might fail to find a significant difference in a
population with a real change of 20% at transition, but a detected change of only 10% due to
misclassification bias. It is, however, important to note that there is no gold standard available for
objectively assessing performance of the estimation methods - there is no definitive answer as to
what the transition status is for each individual in the data. The simulation therefore only shows that
there is potential for estimation of transition point for each individual to improve sensitivity. The
error associated with estimating transition (and associated potential for misclassification bias) is

unknown.

This paper therefore showed that it was possible to estimate transition point from routinely
collected healthcare data and that doing so could potentially offer advantages over use of a simple

age cut-off, enabling better research into transition with large, representative datasets.

9.4 Paper 4: Adult healthcare is associated with more emergency healthcare for

young people with life-limiting conditions (objective 4)

The development of a technique for estimating transition point from routinely collected hospital
records (paper 3, above) opened up the opportunity to use these data to better answer the question
of whether there are changes in healthcare use at the transition to adult care for young people with

life-limiting conditions in England.

It was recognised, and highlighted in discussions with the Family Advisory Board, that there are
other transitions taking place around the same ages as the healthcare transition. There may be
transitions in education and transitions in access to benefits and associated support. For young
people able to live independently without close support, there may be transitions between
households (for example when moving for study or employment). For those requiring more support,
there may be transitions between residential settings. Changes in healthcare use may also be linked
to changes in risk taking behaviours (Finkelstein et al., 2017, Sawyer et al., 2007). | decided to
compare young people with life-limiting conditions with those with no long-term condition for this
reason: any changes in healthcare use not related to the healthcare transition should also be

apparent in this comparator population.

There are also questions around what a ‘good’ transition should look like (recognising this might

differ for young people, families and health service providers) and what effect this might have on
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healthcare use. | decided to compare young people with life-limiting conditions to a second group
(young people with diabetes) for whom transition has long been established and there is extensive
research on transition processes (NHS England Medical Directorate, 2016, Kontopantelis et al.,
2013). This second comparator group provided an indication of what change in healthcare use might

be expected for a well-managed healthcare transition.

The fourth paper (Jarvis et al., 2022b) looks at changes in emergency hospital visits (emergency
inpatient admissions and A&E visits) in England associated with being in adult care compared to
being in paediatric care. It focused on these outcomes as two that may be expected to be linked to a
worsening of care at transition and that can be seen as largely negative. While A&E visits and
emergency inpatient admissions can be necessary, they are disruptive and traumatic events
(Compas et al., 2012, Findlay et al., 2008, Franck et al., 2015, Commodari, 2010, DiFazio and Vessey,
2013, Wray et al., 2011, Clark et al., 2017) and there is no clear reason why they should increase at
transition under optimal care. This is in contrast, for example, to other healthcare outcomes, such as
GP consultations or outpatient appointments, for which an increase at transition could be reflective
of additional support rather than additional problems. Changes for the young people with life-
limiting conditions were compared to those for young people with diabetes or no long-term
conditions, to provide comparisons with, respectively, a group experiencing only meaningful non-
healthcare transitions and a group with a more established transition pathway from paediatric to

adult healthcare.

After extensive consideration and discussion with supervisors and the Thesis Advisory Panel, |
decided to analyse these data on a yearly basis (with random intercept models due to clustering
within individuals across years) rather than another method such as interrupted time series. This
was due to the difficulty in accounting for multiple time variables in an interrupted time series
model - age of individual, time since transition and calendar year are all potentially relevant, to
account for disease progression, short and longer term effects of transition and changes in service
provision respectively. | now appreciate that it would be possible to include multiple variables in this

way.

The study found evidence for increases in both emergency inpatient admissions and A&E visits in
adult care, compared to paediatric care, in common with some previous studies (Blinder et al., 2013,
Young et al., 2014, Young et al., 2007, Young et al., 2011, Wijlaars et al., 2018). However, unlike
previous studies, comparison groups were included and increases in emergency hospital visits were
found only for the life-limiting conditions group. The transition was not associated with changes in

these events in the other groups. While no causal link was proven, some other explanations, such as
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non-healthcare transitions at similar ages, seem less likely given the lack of changes in the
comparison groups. A possible alternative explanation would be an acceleration of disease
progression in the life-limiting conditions group coincident, but not due to, transition. Age was
included in the model, so relationships between disease progression (with age as proxy) and the
outcomes would be accounted for as long as they could be fitted well with the log link. Poor fitting
could lead to changes in outcomes instead being wrongly linked to the transition variable. There are,
however, reasons to believe that this is unlikely to have happened on a scale that would greatly
change the results. For the association with transition to be, in fact, due to disease progression
would require a consistent acceleration in disease progression (or, at least, numbers of emergency
hospital care events) at ages coinciding with transition so that there were more events after
transition than could be explained based on age. Estimated transition took place at a range of ages
while any age-based acceleration in deterioration of condition would be expected to take place
more consistently (at least, there is no reason to expect it to be correlated with transition age).
There is no clear reason to expect any acceleration in emergency hospital care to happen more after
transition than before transition. Nonetheless, it would be useful, in a large dataset, to explore
associations of emergency hospital care events with transitions across some of the more common
life-limiting conditions with well understood disease progression to check whether results differed
between those know to have acceleration in deterioration during transition years with those known
to have such acceleration either before or after transition ages. This is the first paper to assess
changes in healthcare for young people with life-limiting conditions transitioning to adult healthcare

using a large, representative dataset without assigning transition status based on age.

9.5 Paper 5: GPs’ role in caring for children and young people with life-limiting

conditions: a retrospective cohort study (Objective 5)

Discussion with parents and reports of limitations of primary care in the literature (Care Quality
Commission, 2014, Mitchell et al., 2016, Neilson et al., 2015) raised the question of what good GP
care would look like for young people with life-limiting conditions and whether this might be
associated with reduced use of emergency hospital care. Discussions with parents helped to clarify
this from their perspective, with parents raising a lack of regular GP contact and inconsistency in GP

seen as frustrations and potential barriers to the most effective care.

The fifth paper (Jarvis et al., 2020) focuses on these two aspects of GP care, defining measures of
regularity of GP contact (coefficient of variation: standard deviation of length of gaps between face
to face GP appointments divided by mean gap (Johnson and Welch, 1940)) and consistency in GP

seen (usual provider of care index - proportion of face to face appointments with most commonly
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seen GP (Barker et al., 2017)). Only appointments recorded as face to face were included due to
ambiguity around the meaning of other recorded events - e.g. which other events were clinical and
which were administrative. However, there are also issues around the nature of face-face
appointments, for example the role of the staff member involved - it may be that some young
people would have both regular appointments with one GP and with one or multiple nurses. My
research found that, in England, less regularity in GP consultations was associated with higher
numbers of emergency inpatient admissions and A&E visits and that greater consistency of GP seen

was associated with lower numbers of A&E visits.

These findings are consistent with ideas that a lack of familiarity with a GP may lead to increased
A&E visits, bypassing primary care (Barker et al., 2017, Care Quality Commission, 2014, Lemer,
2013). They are also consistent with research from the United States linking attendance at 'well
child' checks to reduced hospital admissions (Shumskiy et al., 2018). The paper did not specifically
look at pre- and post-transition populations due to limitations in sample size when also assessing
associations with ethnic group and condition category. It does show that irregular contact and lack
of consistency in GP seen is associated with more emergency hospital care. This ties in with other
research indicating the importance of consistent and accessible primary care (Pereira Gray et al.,

2018, Palmer et al., 2018).

10 Discussion

10.1 Summary and contributions to the field

Overall, my research shows:

e that the population of young people with life-limiting conditions in England reaching ages at
which transition to adult healthcare takes place is growing rapidly and becoming more
complex in terms of different specialties of care and numbers of comorbidities

e thereisinternational evidence for an increase in emergency department visits associated
with the transition to adult healthcare in this population

e that there is an increase in emergency hospital care associated with the transition to adult
healthcare for this population in England

e that consistent and regular GP contact is associated with reduced emergency hospital care in

England.

| have also developed methods that will aid future research in estimating transition point and

assessing medical complexity from routinely collected healthcare data.
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My research has increased understanding of the population of young people with life-limiting
conditions reaching the ages at which transition to adult healthcare is expected to take place. It
provides the first estimation the size of this group, with life-limiting conditions diagnosed in
childhood and surviving to adulthood. It also provides the first assessment of medical complexity in
this population and operationalises concepts of medical complexity in routinely collected hospital

records.

I, for the first time, reviewed systematically the evidence for changes in healthcare use across the
whole population with life-limiting conditions, rather than focusing on a few of the more specific
conditions. | found evidence for increases in Emergency Department use after transition to adult
healthcare and also showed the lack of research using larger representative datasets without being

limited by using a simple age cut-off to assign transition status.

| developed a method for estimating the point of transition from paediatric to adult healthcare from
routinely collected hospital records, overcoming limitations of previous research in this area,
compared it to other methods and showed, through simulation, its potential to increase sensitivity

by reducing misclassification bias.

| used the developed methods to undertake the first analysis of changes in emergency healthcare
associated with transition in this population that used a large, nationally representative dataset
without relying on a simple age cut-off to assign transition status. The use of comparison groups
provides greater confidence that observed changes are not simply associated with other transitions

and events happening at similar ages to the healthcare transition.

Finally, | demonstrated that what parents have suggested they see as good primary care - regular
access to the same GP - is associated with reduced emergency hospital care for young people with

life-limiting conditions.

The methods | have developed have applicability, not only for future studies on young people with
life-limiting conditions, but on assessing transition to adult care and for assessments of medical

complexity in wider populations with chronic conditions.

10.2 Strengths and limitations

There are a number of strengths to my PhD research, but also limitations related to data, data
availability and the time limitations inherent in doctoral research. These are considered in detail in

the papers, but some broad areas applicable across studies are set out below.
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10.2.1 Routine healthcare data

This research makes use of routinely collected healthcare data from England, providing national,
representative time series data. Other countries, particularly those with single-payer healthcare
services, have healthcare data that may be used for research. However, England has one of the
largest datasets, with consistent data collection across NHS hospitals. This is useful when studying

small sub-populations with rare conditions.

Routinely collected healthcare data have had limited use in this population, with (as illustrated in my
systematic review) many studies focusing instead on single-clinic samples. This may be due to
barriers in data access (for good reasons of data protection and governance) and in the skills
required to analyse such data, with a need for quality control and linkage of multiple, large datasets
requiring specialist software such as statistical packages and, often, databases. Small samples of data
from a single clinic may be easier to obtain (particularly for clinical staff who already have access to
the data for other purposes) and may be richer in detail (e.g. including full written notes) than
national routinely collected data. However, as described above, they may lack generalisability to the

wider population.

The available routine data do, also, have limitations. The HES data lack information on presence,
other than that which is inferred through interactions with hospital services. If a young person has
no interaction with a hospital in a year then that person is absent from HES data in that year - they
could be present in the population, have migrated (including to another of the UK nations) or have
died. While the last can be determined from linked Office for National Statistics Death Registration
data, for individuals not known to have died, it is impossible - in the absence of presence in the data
- to know whether they were still alive and resident in England. This has implications for estimates of
prevalence (as those without hospital interactions may not be counted). It also affects estimates of
complexity as the known population is limited to those with hospital interactions and so skewed
towards those with greater medical complexity. This may not be a major problem for the population
with life-limiting conditions - outpatient appointments (at least) might be expected - but may be a
greater issue for other chronic conditions. HES data also, being hospital only, give no insights on
primary care. They are also limited in diagnostic information, using the International Classification of
Diseases 10th Edition system, which can lack specificity for some diagnoses (e.g. all types of
muscular dystrophy share a single diagnostic code). When attempting to identify a population of
interest from diagnostic codes, this lack of specificity may lead to an imperfect sample, including -

for example - some individuals that do not truly have life-limiting conditions.
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The Clinical Practice Research Datalink overcomes some of these issues and was selected for three of
the secondary data analysis papers presented. Primary care data, including dates of registration with
a GP, solve the problem of determining presence - if a person is registered with a GP in England then
they are counted as present. However, CPRD data come with their own limitations. Although broadly
nationally representative, CPRD GOLD is geographically skewed as noted above. There can be issues
with limited follow-up - if a person moves from one GP practice to another (even if both GP practices
contribute data to CPRD GOLD) then they cannot be identified as the same person. This introduces
possible issues of representativeness if, for example, those in more deprived areas move more often
(Cohen et al., 2013) they may be more likely to be lost to follow-up. There is also a possibility of
double counting: if someone moves from one included practice to another they appear as two
distinct people. These issues have particular relevance to paper 5, in which it should be
acknowledged that there are regional variations in the outcomes considered, particularly A&E
attendances, and also potential for regional variations in the variables of interest (particularly usual
provider of care index if practice sizes vary). It cannot be discounted that some of the observed
variation may be due to these issues. As previously noted, CPRD Aurum provides larger (and
different) geographical coverage and could be an interesting comparison dataset. Inclusion of mean
counts of A&E visits in the general population of the same age within the same region would also be

a potential control for this variation.

Demographic data are also limited in CPRD data: ethnic group comes only from linked HES data and
so is only available for those having interactions with hospital services and deprivation category is
based on the last known address only. The latter, in particular, makes it impossible to study any
trajectories in deprivation - if someone moves location, even if they stay registered with the same
GP, previous data on deprivation is lost. HES data provided linked to CPRD data is also less rich than
HES data from NHS Digital, with some data fields deliberately omitted or limited to prevent linkage
with other HES extracts (for example, full HES can contain Lower Super Output Area of residence,
useful for applying alternative or population weighted deprivation measures; these data are not
available in CPRD HES data). The largest problem, however, with CPRD GOLD data for the analyses
presented here is sample size. Although a large sample (approximately 8% of the England
population) when studying relatively rare conditions, there are challenges around statistical power
and limited ability to study sub-groups of conditions or ethnic groups. In the presented studies,
choices had to be made between comparisons of age groups (or transition status) and comparisons
between ethnic groups or condition categories; in national HES data, the study population can be
large enough to consider all of these together. Finally, data management in CPRD is more

challenging than in HES, particularly when linking with HES (see Appendix 3: Data analysis plan for
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CPRD data (papers 3 and 4), page 288, for more detail on the data management required), increasing

analysis complexity and the risk of errors.

The proposed new NHS Digital dataset for primary care potentially addresses many of these issues,
promising full population primary care data that is readily linked with full HES data (de Zulueta,
2021). Availability of such data for the present research would have enabled analysis of sub-groups
of conditions not possible in the papers using CPRD data and, potentially, simplified analysis

depending on the ease of linking data.

Finally, children's hospices can be an important part of care for this population and can be involved
in care for many years (Taylor et al., 2010), but these interactions are not captured in any available
routine data. It is not possible to determine from HES or CPRD data whether a young person has
contact with a hospice at all (there may be some instances where admission or discharge is from or
to a hospice, but this fails to capture other individuals receiving hospice support). The data - and my

research papers - are therefore silent on the role of hospices in transition.

10.2.2 Patient and public involvement

The Martin House Research Centre, shortly before the start of this research, developed a Family
Advisory Board composed of parents or former parents of children with life-limiting conditions
(Martin House Research Centre, 2019). Meeting regularly, issues can be raised with the FAB at short
notice and feedback sought. This proved invaluable for my research as highlighted above. A
limitation was that feedback was sought primarily from carers, rather than from the young people
themselves. The latter is more challenging, due to issues around capacity of some young people with
life-limiting conditions to take part in such discussions, limited experience among many of them of
transition to adult healthcare and practical issues around arranging meetings around treatment,
education etc. (Mitchell et al., 2019). During my doctoral research, the Centre has nonetheless
begun to involve young people themselves more in PPl for future research. | look forward to working

with this group in the future.

10.2.3 Breadth and focus

A strength of my research, given many pre-existing studies focused on individual clinics and
individual conditions, has been looking widely across life-limiting conditions and making use of
nationally representative data. This has enabled rare conditions to be included in analyses. There are
also limitations in treating a population as diverse as that of young people with life-limiting
conditions as a single group. Not all experiences are the same and transition may have different

effects by condition, demographics and geographic region, particularly when services differ. These
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can however be addressed in future studies, making use of the techniques | have developed and

future, more comprehensive, primary care data.

10.3 Implications for young people and their families

The findings from this research reinforce the views held by young people and their families that
there are problems with the transition to adult healthcare and that these may be linked to increased
use of emergency hospital care. The research on GP contact suggests that regular consultation with
a GP, particularly the same GP, is associated with reductions in emergency hospital care.
Development of the relationship between GP, family and young person, increasing understanding
and knowledge, may provide benefits for young people and their families in providing a more local
and potentially less distressing setting for receipt of care and advice. However, there are limitations
to the role of the GP for this population, given current practices around out of hours working and

home visits (Kenway and Palmer, 2007).

There is little that young people and their families can directly change. The lack of change in
emergency hospital care use for young people with diabetes does suggest that a transition to adult
healthcare with limited impact is possible. This, however, remains mainly the responsibility of

policymakers, commissioners and service providers.

10.4 Implications for healthcare providers and policy makers

The research adds to existing evidence of in increases in emergency hospital care use after transition
(Wijlaars et al., 2018). It shows that the population of young people with life-limiting conditions
reaching transition ages is growing rapidly, with increasing complexity in terms of numbers of
comorbidities and numbers of different main specialties of consultants involved in care. Healthcare
providers face increases in the numbers of young people with life-limiting conditions going through
transition, the complexity of that transition (with different care teams involved) and increasing

demand on healthcare services, particularly emergency healthcare services, after transition.

There are some suggestions, from the present research, from the literature and from recent policy
developments on how improvements may be achieved. The present research suggests that diabetes
services handle the transition with minimal impacts on emergency care use. While people with
diabetes are a very different population without necessarily progressive needs and lower routine
healthcare needs, there may be lessons to be learned (NHS England Medical Directorate, 2016). My
systematic review revealed differences in evidence for healthcare use post- compared to pre-
transition in different countries. For example, most studies from Canada showed increases in
outpatient attendances and decreases in inpatient admissions post-transition, while most studies

from the United States showed the reverse (Jarvis et al., 2021b). This may be due to different
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payment systems in those countries, with adolescents with special health care needs in the United
States having higher risk than the general population of losing public health insurance on reaching
adulthood (Okumura et al., 2007), which could explain reductions in outpatient attendance. Lower
utilisation of outpatient healthcare services has also been linked to high inpatient use in the United
States (Ozturk et al., 2014). It is likely that healthcare needs in the population with life-limiting
conditions do not decrease after transition (with progressive conditions, they are likely to increase)
and so must be met either through a combination of primary and outpatient care or, if this is lacking,
are likely to be met through emergency care. Providing good routine care that meets needs should

be a priority.

The NHS long term plan sets out a vision of "selectively moving to a 0-25 years service" (NHS
England, 2019). While there is a risk that this merely moves the problem of transition, there are
many arguments in its favour. At present, an exemplar of transition begins with planning and
consultation by around 14 years, when the young person is still a child (National Institute for Health
and Care Excellence, 2016). As such, while there are aims to involve children and parents in the
decision making, parents are still the primary decision makers during this process and so there is a
danger that the child's wishes are not fully heard (Azzopardi et al., 2016, Bensen et al., 2015, Coyne
et al., 2017, Coyne et al., 2016, Fegran et al., 2014). Transitioning during adulthood would potentially
give those young people with life-limiting conditions more agency (if they have capacity) in the
nature of their on-going care. A transition at age 25 years would also avoid other transitions
currently taking place around the same time as the healthcare transitions, such as in education and
residential settings and, potentially, in employment and independence in other areas of life. Finally,
delaying transition until 25 years would enable those who are unlikely to survive to that age to avoid
transition altogether - a significant proportion of deaths still occur from 16-25 years (Gibson-Smith

et al., 2020).

Even without a formal healthcare transition, there will be many changes as a young person reaches
adulthood. For those with capacity, ultimate decision making over care and consent to treatment
passes from parents to the young person and - as noted above - there are a number of other
potential transitions. Moving to residential care away from the family home that may necessitate
changes in healthcare providers for geographical reasons. However, for young people staying in the
family home and particularly for those lacking capacity, transition and its problems might be
eliminated or at least substantially delayed and able to take place at a time when there are fewer

contemporaneous changes.
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The role and remit of children's hospices should also be considered. There is a lack of available
research data from these organisations, which prevented my research from considering their role.
Children's hospices differ from each other in the maximum age to which they offer services and the
services they provide to young adults, although some provide services to young people aged up to
26 years (Knighting et al., 2018). As such, some children's hospices offer a degree of continuity of
support during the transition from paediatric to adult healthcare in the NHS. Careful consideration
should be given to whether age limits for children's hospice support should be aligned with NHS

services transition, particularly if the NHS moves to a 0-25 years service.

It is important that the views of young people and their families are considered and services are
designed around their needs and desires. There should be flexibility in transition depending on
individual circumstances and prognosis - some young people may wish to change to more age
appropriate services prior to 25 years and it should be recognised that transition is not always
negative (Sheehan et al., 2015, Fegran et al., 2014). Services continuing to 25 years can no longer be

seen as purely paediatric or treat young people as children when they are adults.

10.5 Implications for research and future research priorities

My research identifies a number of implications for research and priorities for future investigation.

My analysis of the numbers and medical complexity of young people with life-limiting conditions
reaching transition ages underlines the importance of this group for study. The group is growing
markedly and shows greater complexity in numbers of conditions and numbers of consultants with
different main specialties overseeing care, but limited evidence for increasing healthcare use overall.
It is important, in designing the best services for this population - including unified services up to 25
years as outlined above - to understand variations within the healthcare needs of this population.
The analyses | have conducted may mask variations within this group - with some conditions, for
example, being associated with an increased period of greater stability and lower hospital healthcare
use along with greater survival times, while others may have a longer period of instability and
greater healthcare use. Understanding these possible variations and size and growth rate of these

populations will be essential for planning good services and should be a research priority.

The systematic review showed conflicting evidence, with many different measures and common
limitations in studies either having small, potentially unrepresentative samples or large samples
relying on a simple age cut-off to assign transition. My work on estimation of transition age shows
that a simple age cut off misclassifies many individuals and has the potential to lead to significant
underestimation of differences between pre- and post-transition care. Given the ability to estimate

transition point from routine data (by my methods or others) it is important that future research
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should, where possible, seek to use nationally representative data and estimate transition point
from the data in the absence of explicit information on transition. As noted above, there is now a
need to explore the trends in population size and healthcare use of those with different conditions
as they approach transition. For the less common conditions, this is most realistically done with large

scale routinely collected data.

My secondary data analysis on healthcare use changes associated with the transition focused on
emergency hospital care, due to this being highlighted in earlier studies and by the Family Advisory
Board as an aspect of care expected to be impacted by transition. However, this does not give the
full picture. My research on the role of the GP in caring for young people with life-limiting conditions
shows an association between GP contact and emergency healthcare. It would be useful to explore
this further, specifically within the population undergoing transition, to see whether there is an
association between pre-transition GP contact and post-transition changes in emergency care use.
My systematic review also showed different patterns between post-transition outpatient attendance
and post-transition inpatient admissions in Canada and the United States; it would also be useful to
investigate any association between outpatient and inpatient care in England after transition. This
research would help to highlight potential areas in which investment might be made to mitigate

negative effects of transition.

Qualitative research also has an important role in this population, to better understand the reasons
for increases in emergency healthcare use after transition and to potentially highlight good practice
that might reduce this. While there are qualitative studies looking at transition experiences, there is
potential for more focused studies looking at particular aspects, for example experiences of primary

care from the perspective of both clinicians and service users.

Many changes to transition services have been proposed, from best-practice guidelines to the use of
transition clinics or specialist adolescent services. These should be rigorously evaluated and should
incorporate economic analyses to identify service models that provide best value for money. While it
is challenging in this population to evaluate benefits to service users, the development of outcome

measures will enable better comparisons.

Finally, it is important that proposed 0-25 years services should be rigorously evaluated if
introduced. Changes in NHS services are too often left unevaluated and it is important to establish
the benefits (if present) of such services given that they may cost more than current services. It will
also be important to understand whether there are groups for whom a 0-25 service may not be
desirable, to understand whether 25 years is an appropriate target age to transition to standard

adult services and to take account of different experiences and needs. Children's hospices (and adult
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hospices) will also need to consider the age ranges they wish to and are able to support and how this
aligns with any reorganisation of NHS services. This too, points towards a need for a mix of

qualitative and quantitative studies.

11 Conclusions

There is an increase in emergency hospital care for young people with life-limiting conditions
associated with the transition to adult healthcare. The population of young people with life-limiting
conditions transitioning to adult healthcare is growing rapidly and becoming more complex with
more comorbidities and consultants of more different specialities involved in their care. This makes
managing transition well for this population both more challenging, due to the numbers of
healthcare teams involved, and more important than ever due to the increasing numbers reaching

transition.

Regular contact with the same GP is associated with reduced use of emergency healthcare and the
role of the GP should be considered as part of any reforms to improve experiences of transition to

adult care and of adult healthcare itself.
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Abstract

Background: The number of children with life-limiting conditions in
England is known to be increasing, which has been attributed in part
to increased survival times. Consequently, more of these young
people will reach ages at which they start transitioning to adult
healthcare (14-19 years). However, no research exists that quantifies
the number of young people with life-limiting conditions in England
reaching transition ages or their medical complexity, both essential
data for good service planning.

Methods: National hospital data in England (Hospital Episode

Statistics) from NHS Digital were used to identify the number of young

people aged 14-19 years from 2012/13 to 2018/19 with life-limiting
conditions diagnosed in childhood. The data were assessed for
indicators of medical complexity: number of conditions, number of
main specialties of consultants involved, number of hospital
admissions and Accident & Emergency Department visits, length of
stay, bed days and technology dependence (gastrostomies,
tracheostomies). Overlap between measures of complexity was
assessed.

Results: The number of young people with life-limiting conditions has

increased rapidly over the study period, from 20363 in 2012/13 to
34307 in 2018/19. There was evidence for increased complexity
regarding the number of conditions and number of distinct main
specialties of consultants involved in care, but limited evidence of
increases in average healthcare use per person or increased

technology dependence. The increasing size of the group meant that

healthcare use increased overall. There was limited overlap between
measures of medical complexity.
Conclusions: The number of young people with life-limiting
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conditions reaching ages at which transition to adult healthcare
should take place is increasing rapidly. Healthcare providers will need
to allocate resources to deal with increasing healthcare demands and
greater complexity. The transition to adult healthcare must be
managed well to limit impacts on healthcare resource use and
improve experiences for young people and their families.
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Plain english summary

Life-limiting conditions are conditions that shorten or threaten
to shorten life. Children with these conditions receive health-
care from specialist children’s services. As adults, they get
treated in adult services, often overseen by a General Practitioner
(GP). The transition often happens between 14 and 19 years.

Healthcare providers need information on these young people
to provide good services. We don’t know much about how
many there are, what conditions they have, whether they are
male or female, what ethnic group they are in or where they
live. We also don’t know whether their healthcare needs are
becoming more complex.

We aimed to discover how many of the children survive into
adulthood. We also wanted to know the number of people from
different ethnic groups, regions, areas of high or low depriva-
tion and how many were male and female. We looked at how
complicated healthcare needs were by counting how many
long-term conditions they had and how many different care
teams were involved. We also counted admissions to hospital
and visits to Accident & Emergency (A&E) Departments and
how many needed technology to help with eating or breathing.
This was all done using records routinely collected by the NHS.

The number of young people with life-limiting conditions
surviving to adulthood had increased. There were 20363 in
2012/13 and 34307 in 2018/19. The number from minority
ethnic groups had increased, particularly the Mixed and Pakistani
groups. The young people had more long-term conditions as
time went on. They also had more different medical teams
involved in care. They had more visits to A&E Departments.
Admissions to hospitals per person had not increased.

Healthcare providers need to be aware of these changes.
Increasing numbers make it more important to get transition
right. Increasing numbers of conditions and medical teams
involved make this more difficult.

Introduction

The number of children with life-limiting conditions in
England has increased over the past two decades'?. These
conditions often involve medical complexity and include
conditions that inevitably lead to premature death and also
life-threatening conditions that may result in premature death,
but may also be cured (e.g. cancer)’.

These increases in prevalence of life-limiting conditions have
been attributed, at least in part, to increased survival'**>.
A consequence of this is the expectation that more children with
life-limiting conditions will survive long enough to transition
from paediatric to adult healthcare, something that typically
happens from 14 to 19 years in the UK®. The transition - and
associated problems - have been an area of increasing research
and policy interest, with variations in experience identified
between conditions and availability and remit of local
services’’3. Providing good transition care is important for
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efficient use of health services and reducing emotional trauma
for young people and their families'*'.

Concepts of medical complexity, indicative of the need for
‘extra time, expertise, and resources necessary to achieve opti-
mal health outcomes’®, have been used as a tool to identify
young people, with life-limiting or other chronic conditions,
who have extensive healthcare needs® . These children have
been shown to be major users of healthcare across multiple
specialties®* and the related group of children with
disabilities has been shown to also have complex care needs
and healthcare use correlating with complexity®.

High healthcare use across multiple specialties associated with
medical complexity, coupled with the acknowledged challenges
in transitioning children with life-limiting conditions into adult
care, presents challenges for service providers. There is a need,
for good service planning, for knowledge on how many young
people with life-limiting conditions are at ages where transi-
tion to adult care should take place, whether their characteris-
tics (such as category of health condition or ethnic group) are
changing over time and how complex their medical needs are.

While previous studies have estimated the numbers of young
people with life-limiting conditions, including within age
groups close to transition ages'?, these studies have not
differentiated between those with conditions diagnosed in
childhood (and therefore likely to undergo transition) and those
with conditions diagnosed in late adolescence (who may go
directly into adult care). There are no studies assessing the medical
complexity of this population on a national basis in England.

This study wuses routinely collected hospital records to
assess national trends in the numbers, characteristics, and
medical-complexity of young people with life-limiting con-
ditions reaching the age to transition to adult healthcare in
England.

Methods

Ethical approval

Health Research Authority ethical approval was obtained for
this study from Wales Research Ethics Committee 5 (REC
reference 20/WA/0149, chair Dr Jason Donal Walker, Integrated
Research Application System project ID 282131).

Patient and public involvement

The Martin House Research Centre Family Advisory Board®,
which comprises parents and carers who either have or had
children with life-limiting conditions, was consulted about the
challenges of transition and the complexity of healthcare in
this population. Their input helped to determine the aspects of
healthcare assessed in this study.

Data

Hospital Episode Statistics (HES) (records of hospital
care in England funded by the National Health Service
(NHS)¥) data were requested from NHS Digital. Inpatient
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(1 April 2006 - 31 March 2019), outpatient (1 April 2006 - 31
March 2019) and Accident & Emergency (A&E, 1 April 2007 - 31
March 2019) were requested for all children and young people
aged 12-23 years at any point between 1 April 2007 - 31
March 2019.

Data management

Data were managed in Microsoft SQL Server 2019. Other SQL
servers such as MariaDB (MariaDB, RRID:SCR_021763)
or MySQL can also be used. Analyses and graphs were
produced using R project version 3.5.3 (R Project for Statistical
Computing, RRID:SCR_001905).

Population of interest. This was a repeated cross-sectional
study. In each year, individuals were included if they met the
following criteria:

e Had a diagnosis of a life-limiting condition in HES
inpatient or outpatient records, matching a previously
developed' International Classification of Diseases, 10th
Edition®® (ICD-10) coding framework in that year or a
previous year while aged 16 years or younger. Perinatal
diagnoses from the framework were excluded as,
without subsequent life-limiting diagnoses in another
category, they were not deemed indicative of an ongoing
life-limiting condition at transition ages (Table 1).

e Had a HES record in the year while aged 14-19 years
and was a resident in England.

Individuals were excluded in a year if they:
e Had only a non-central nervous system cancer
life-limiting condition diagnosis (see Table 1) and were

NIHR Open Research 2022, 2:27 Last updated: 24 MAY 2022

first diagnosed more than five years earlier (those having
another life-limiting condition diagnosis were not
excluded). The rationale for this was that few young
people with a non-central nervous system cancer
diagnosis more than five years earlier would still be
considered life-limited'.

Demographic data. Age for each person in each year was set
to the age of the first record (inpatient, outpatient, or A&E)
for that person in each year. Sex was assigned as the most
commonly recorded sex in the data. Ethnic group was recorded
in the data based on 2001 census groups”. These were
collapsed to eight groups (White, Indian, Bangladeshi, Pakistani,
Black, Chinese, Mixed and Other) to avoid small numbers and
then each person was assigned to the most commonly recorded
group. Government Office Region of residence was assigned
according to the first non-missing value recorded in each year.
In the event of no non-missing values in a year, the value
from the nearest previous year with a non-missing value was
used. Deprivation category was assigned based on the first
non-missing Lower Super Output Area (LSOA - a geographic
area of, on average, 1500 residents, although sizes vary) of
residence recorded in each year - deprivation categories were
assigned by population weighting so that approximately 20%
of 14-19-year-olds in the general population were in each group.
In the event of no non-missing LSOA values in a year, the
value from the nearest previous year with a non-missing value
was used.

Study period. Data from 1 April 2006 to 31 March 2019 were
used to determine inclusion eligibility (i.e., analysed for presence

Table 1. Coding framework for life-limiting conditions.

Diagnostic Group ICD-10 diagnostic codes

Neurology

Haematology
Oncology
Metabolic
Respiratory E84 841 )96 J984
Circulatory 1211270142 1613 181
Gastrointestinal K550 K559 K72 K74 K765 K868

Genitourinary N17 N184 N185 N19 N258

A17 A810 A811 F803 F842 G10 G111 G113 G12 G20 G230 G238 G318 G319 G35 G404 G405
G600 G601 G702 G709 G710 G711 G712 G713 G800 G808 G823 G824 G825 G934 G936 G937

B20 B21 B22 B23 B24 D561 D610 D619 D70 D761 D81 D821 D83 D891
C D444 D48 (Central Nervous System: C70, C71, C72, D33, D43)
E310 E348 E702 E71 E72 E74 E75 E76 E77 E791 E830 E880 E881

Q000 Q01 Q031 Q039 Q040 Q042 Q043 Q044 Q046 Q049 Q070 Q200 Q203 Q204 Q206
Q208 Q213 Q232 Q218 Q220 Q221 Q224 Q225 Q226 Q230 Q234 Q239 Q254 Q256 Q262

Congenital

Q264 Q268 Q282 Q321 Q336 Q396 Q410 Q419 Q437 Q442 Q445 Q447 Q601 Q606 Q614
Q619 Q642 Q743 Q748 Q750 Q772 Q773 Q774 Q780 Q785 Q792 Q793 Q804 Q81 Q821

Q824 Q858 Q860 Q870 Q871 Q872 Q878 Q91 Q920 Q921 Q924 Q927 Q928 Q932 Q933

Q934 Q935 Q938 Q952
Other

H111 H498 H355 M313 M321 M895 T860 T862 Z515

ICD-10 diagnostic codes were used to identify life-limiting conditions in this study. Where codes shorter than four digits are quoted, all
four-digit sub-codes are included. ICD-10: International Classification of Diseases, 10th Edition.
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of life-limiting conditions and other diagnoses). However, only
data from 1 April 2012 to 31 March 2019 are presented, due to
left-edge effects, ensuring that all included individuals had at
least three years of data aged 16 years or younger in which a
life-limiting condition - and eligibility for inclusion - could be
detected (Figure 1).

Numbers and characteristics of young people of transition
age. Numbers of young people aged 14-19 years and known to
be present in England (i.e., with an inpatient, outpatient, or A&E
record while a resident in England) were calculated each year,
overall and by age, sex, ethnic group, Government Office Region
of residence and deprivation category.

Medical complexity. Analyses of medical complexity drew on
earlier work®, matching concepts of complexity to the available
data (Figure 2). While the data lack information on family
identified needs or impacts on the family, the HES data do
provide insights on the other three main concepts of presence of
chronic conditions, healthcare use and functional limitations.
These were measured as follows.

Chronic conditions

This aspect of complexity was assessed through the presence of
life-limiting conditions, as described above, and also a meas-
ure of the number of distinct categories of conditions (including
life-limiting and other chronic conditions) using previously
developed® groupings for chronic conditions (Table 2 - explic-
itly perinatal diagnoses were again excluded as they were
not relevant in a population aged 14-19 years). For distinct
categories of chronic conditions, in each year for each person
the total number of diagnostic categories recorded in inpatient
and outpatient records in that, or previous years, was calculated.

Healthcare use - multiple service providers
The ‘multiple service providers’ aspect of complexity was assessed
through the number of distinct consultant main specialties

Age (years)
14 15 16
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2010711 [
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(MAINSPEF field in inpatient and outpatient datasets, as
detailed in the Hospital Episode Statistics Technical Output
Specification) recorded for each person in each year in the
inpatient and outpatient data. Similar paediatric and adult
specialties were considered a single specialty (Table 3) to
prevent any variations in the numbers in paediatric or adult care
from skewing results; all other unique specialty codes were
considered distinct.

Healthcare use - high resource use

The ‘high resource use’ aspect of complexity was assessed
through different measures of hospital events: total A&E
visits, inpatient admissions, emergency admissions and inpatient
bed days for each person in each year. Length of stay was also
assessed in each year.

Functional limitations

Technology dependence was assessed through the numbers of
young people with life-limiting conditions with a gastrostomy
or tracheostomy present in each year. Insertion (permanent
or temporary), attention to or removal of a gastrostomy or
tracheostomy was considered evidence of presence in a given
year. Permanent insertions were assumed to remain in later
years until there was evidence of removal. Presence, insertion
and removal of gastrostomies and tracheostomies were identi-
fied through ICD-10 diagnostic codes® and OPCS Classifi-
cation of Interventions and Procedures Version 4 (OPCS-4)
procedure codes recorded in the inpatient and outpatient data
(Table 4).

Overlaps between measures of complexity

Finally, the interconnectedness of measures of complexity
was assessed by using UpSet graphs, using the R package,
UpSetR  version 1.4.0. UpSet graphs are an alternative to
Venn or Euler diagrams, which show sizes of intersec-
tions between many different sets’'. Set sizes are shown with
bar graphs to the left of set names, while a matrix shows

19
[l Years when aged over 16 years

Fewer than three previous years of data
while aged 16 years or younger

- Usable years for age

Figure 1. Years of data that could be used in the analysis. Years of available data showing the years in which, for each age in that year,
there were data for at least three earlier years while a young person of that age was aged 16 years or younger.
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Complexity

Figure 2. Conceptualisation of complexity and relevant data. Inner two rings, adapted from earlier work?’, show conceptualisation of
complexity. Outer ring shows relevant measures in the data.

Table 2. Grouping of chronic conditions to count numbers of distinct chronic conditions.

Category

Substance abuse

Self-harm
Other mental health problems

Behavioural/ developmental
disorders

Neoplasms

Immunological disorders

Anaemia and other blood disorders

HIV

Other chronic infections

Asthma and chronic lower
respiratory disease

Cystic fibrosis

ICD-10 codes

E244, F10-F19, F55, G240, G312, G405, G621, G720, G721, 1426, K292, K70, K852, K853, K860,
0354, R781-R785, Y47, Y49, 2502, 2503, 2714, Z715, 2722, 7864

X60-X84, Y10-Y34, Y870, Y872, 7915
FOO-FO1, FO28, FO3-FO9, F20-F48, F50, F53, F54, F59, F60-F69, F99, 7093, 7504, 7865, 7914
F70-F79, F800-F802, F808, F809, F81-F84, F88, F89, F90-F98

C00-C97, D00-DO2, DO5-D0OY, D12, D13, D141-D144, D15, D20, D32-D35, D37-D48, D630, E340,
E883, G130, G131, G533, G550, G631, G731, G732, G941, M360, M361, M495, M820, M906,
M907, NO81, N161, Y431-Y433, Y842, 708, Z510-2512, Z541, 7542, 785, 7860, 7923

D80-D84, G532, Q980

D50, D560-D562, D564, D568, D569, D570-D572, D578, D58, D610, D619, D64, D66, D67, D680-
D682, D684-D689, D69, D70-D76, M362-M364, M904, N082, 2862

B20-B24, FO24, R75, 221

AS50, A81, B18, B371, B375, B376, B377, B381, B391, B401, B440, B447, B45, B46, B487, B500,
B508, B510, B518, B528, B520, B55, B572-B575, B580, B59, B67, B69, B73, B74, B787, B90-B94,
FO21, K231, K931, MO0, N330, P350-P352, P358, P359, P37

14147

E84, P75
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Category

Respiratory injuries

Respiratory congenital anomalies
Other respiratory

Diabetes

Other endocrine
Metabolic

Digestive

Renal/ genitourinary

Congenital anomalies of the
digestive/ renal/ genitourinary
system

Digestive/ renal/ genitourinary
injuries

Other/ unspecific metabolic/
endocrine/ digestive/ renal/
genitourinary

Musculoskeletal/ connective tissue

Skeletal injuries/amputations

Chronic skin disorders

Musculoskeletal/ skin congenital
anomalies

Epilepsy
Cerebral palsy

Injuries of brain, nerves, eyes or
ears

Chronic eye conditions
Chronic ear conditions
Congenital anomalies of

neurological or sensory systems

Other neurological

Congenital heart disease

Other cardiovascular

Non-specific chronic conditions

NIHR Open Research 2022, 2:27 Last updated: 24 MAY 2022

ICD-10 codes

S17,527,S28,T27, 1914

Q30-Q37, Q790

G473, )60-J70, J80-J86, 961, ]98, P27, Y556, Z430, Z930, 2942
E10-E14, G590, G632, 1792, M142, N0O83, 024, Y423

E0O, E030, E031, EO71, E220, E230, E25, E268, E291, E31, E341, E342, E345, E348, G132, G735,
Y421

D55, E70-E72, E74-E78, E791-E799, E800-E803, E805, E807, E83, E85, E880, E881, E882, E888,
E889, G736, L990, M144, M143, N163

K20, K210, K22, K238, K25-K28, K290, K291, K293-K299, K31, K50-K52, K55, K57, K592, K630-
K633, K66, K72-K76, K80-K83, K850, K851, K858, K859, K861-K869, K870, K90, M074, MO75,
MO091, M092, T864, Z432-7434, 7465, 7903, 2904, 7932-7935

D638, G638, G998, 1688, M908, N084, NOO-NO5, NO7, N11-N15, N160, N162, N164, N165, N168,
N18, N19, N20-N23, N25, N26, N28, N29, N31, N32, N338, N35, N36, N391, N393, N394, N40-
N42, N70-N74, N80-N82, N85, N86, N87, N88, P960, T824, T831, T832, T834-T839, T855, T861,
Y602, Y612, Y622, Y841, 749, 7936, 2940, 7992

Q380, Q383, Q384, Q386-Q388, Q39, Q402, Q403, Q408, Q409, Q41, Q42, Q431, Q433-Q437,
Q439, Q44, Q45, Q500, Q51, Q520-Q522, Q524, Q540-Q543, Q548, Q549, Q550, Q555, Q56,
Q601, Q602, Q604-Q606, Q61, Q620-Q626, Q628, Q630-Q632, Q638, Q639, Q64, Q792-Q795,
Q878,Q891, Q892

S36, 537, 538, 5396, 5397, T065, 128, T915

E66, G633, G990, M145, N92, 7863, Z938

G551-G553, G635, G636, G737, 990, J991, L620, MO5, MO6, MO70-M073, M0O76, M08, M098,
M10-M13, M140, M146, M148, M30-M35, M40-M43, M45-M48, M50-M54, M60-M62, M638,

M801-M809, M811-M819, M821, M828, M840-M842, M848, M849, M85, M863-M866, M89,

M900, M91-M94, NO85, Y454

S13,5220-5222, 5225, S23, S32, S33, S683, S684, S688, S77, S78, S87, S88, S97, S980, S982-5984,
T02, TO4, TO5, T203, T207, T213, 1217, 1223, T227,T232, T233, T236, T237, T243, T247, 7252,
T253, 1256, 1257, 7293, T297, T303, T307, T312-T319, T322-T329, T873-T876, T912 T918, T926,
T931, T934, T936, T940, T941, T950, T951, T954, T958, T959, Y835, Z891, 2892, Z895-2898, 7971

L10, L110, L118, L119, L12-L14, L28, L40-L45, L57, L581, L59, L87, L88, L90, L92, L95, L93, L985,
MO090, Q80, Q81, Q870-Q875, Q894

Q188, Q650-Q652, Q658, Q659, Q675, U682, Q683-Q685, Q71-Q73, Q74, Q753-Q759, Q761-
Q764, Q77, Q78, Q796, Q798, Q820-Q824, Q829, Q862, Q897-Q899

F803, G400-G404, G406-G409, G41, R568, Y460-Y466
G80-G83

S05-S08, S12, S14, S24, S34, S44, S54, S64, S74, S84, S94, T060-T062, T26, T904, T905, T911,
T913,T924

HO051-H059, H133, H17, H18, H193, H198, H21, H26, H27, H280-H282, H31, H328, H33, H34,
H35, H40, H420, H43, H44, H47, H540- H542, H544, T852, T853, Z442

H602, H652-H654, H661-H663, H690, H701, H731, H740-H743, H750, H80, H810, H814, H830,
H832, H900, H903, H905, H906, H91, Z453

Q00-Q07, Q104, Q107, Q11-Q12, Q130-Q134, Q138, Q139, Q14-Q16, Q750, Q751, Q85, Q860,
Q861, Q868, Q90-Q93, Q952, Q953, Q97, Q99

F022, F023,G00-G09, G10-G12, G138, G14, G20-G23, G241-G249, G25-G30, G310-G311, G318,
G319, G32-G37, G43-G46, G470-G472, GA74-GA79, G50-G52, G530, G531, G538, G54, G558,
G56-G58, G598, G60, G61, G620, G622-G629, G64, G70, G71,G722-G729, G730, G733, G90-G93,
(G942, G948, G95, G96, G98, G991, G992, 160-167, 1680, 1682, 169, 1720, 1725, T850, T851, Y467-
Y468, 7982

Q20-Q26, Q893

100-128, 131-139, 141, 1420-1425, 1427-1429, 1430, 1431, 1432-1438, 1441-1447, 1451-1459, 146-151,
1528, 170-171,1721-1724,1728, 1729, 173-177,1790, 1791, 1798, 181-182, 198-199, M036, N088, Q27,
Q28, 526, T820-T823, T825-T829, T862, Y605, Y615, Y625, Y840, Z450, Z500, 2941, 295

R62, R633, 7431, Z515, 2755, 7931, 2993

ICD-10 diagnostic codes for chronic conditions (including life-limiting conditions) grouped into categories for the purpose of counting numbers of distinct
chronic conditions. ICD-10: International Classification of Diseases, 10th Edition; HIV: human immunodeficiency virus.

Page 7 of 20

53



NIHR Open Research 2022, 2:27 Last updated: 24 MAY 2022

Table 3. Related paediatric and adult consultant main specialties.

Codes Descriptions of specialties

141,142,149 Restorative Dentistry; Paediatric Dentistry; Surgical Dentistry

320, 321 Cardiology; Paediatric Cardiology
400, 421 Neurology; Paediatric Neurology
710, 711 Adult Mental Iliness; Child and Adolescent Psychiatry

Consultant main specialties spanning paediatric and adult disciplines that were treated
as a single specialty for the purposes of counting distinct consultant main specialties
each year. Codes are from the Hospital Episode Statistics Technical Output Specification
(https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/
hospital-episode-statistics/hospital-episode-statistics-data-dictionary) for field 'MAINSPEF
in Admitted Patient Care and Outpatient datasets

Table 4. Codes used to identify presence of gastrostomies and tracheostomies.

Coding
system

1CD-10
1CD-10
OPCS-4
OPCS-4

OPCS-4

OPCS-4
OPCSs-4

ICD-10
1CD-10
OPCS-4
OPCS-4

OPCS-4
OPCS-4

OPCS-4
OPCS-4
OPCS-4

Code

Z430
7930
E421
E423

E425

E426
E427

7431
7931
G341
G342

G343
G344

G345
G445
G447

Interpretation

Tracheostomy present and assumed to remain until evidence of removal
Tracheostomy present and assumed to remain until evidence of removal
Tracheostomy present and assumed to remain until evidence of removal

Temporary tracheostomy - counted as present in year, but not in subsequent years unless evidence of subsequent
permanent tracheostomy

Tracheostomy removed - counted as present in year, but not in subsequent years unless evidence of subsequent
reinsertion

Tracheostomy present and assumed to remain until evidence of removal

Tracheostomy removed - counted as present in year, but not in subsequent years unless evidence of subsequent
reinsertion

Gastrostomy present and assumed to remain until evidence of removal
Gastrostomy present and assumed to remain until evidence of removal
Gastrostomy present and assumed to remain until evidence of removal

Temporary gastrostomy - counted as present in year, but not in subsequent years unless evidence of subsequent
permanent gastrostomy

Gastrostomy present and assumed to remain until evidence of removal

Gastrostomy removed - counted as present in year, but not in subsequent years unless evidence of subsequent
reinsertion

Gastrostomy present and assumed to remain until evidence of removal
Gastrostomy present and assumed to remain until evidence of removal

Gastrostomy removed - counted as present in year, but not in subsequent years unless evidence of subsequent
reinsertion

ICD-10 and OPCS-4 codes considered indicative of presence of gastrostomies or tracheostomies in a year and/or following years. ICD-10: International
Classification of Diseases, 10th Edition; OPCS-4: OPCS Classification of Interventions and Procedures Version 4.

combinations of intersections and bar graphs above the matrix analyses were limited to indications of high complexity: inter-
show the size of each intersection. To reduce the number of sections between membership of approximately the top 10%
comparison groups for simplicity in the UpSet graph matrix, of each measure in the final year (2018/19) were compared to
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see whether being in the top 10% on one measure was indica-
tive of being in the top 10% for another. In addition, it was
intended to use only one measure for each of the four second
level aspects of complexity for which data were available:
diagnoses, multiple service providers, high resource use and
technology dependence (middle ring, Figure 2). Where an
aspect of complexity had multiple measures (e.g., technology
dependence, high resource use) UpSet graphs were used to
analyse overlap between individual measures.

Results

Numbers and characteristics of young people aged
14-19 years with life-limiting conditions

A total of 121626 young people with life-limiting conditions
diagnosed while aged 16 years or younger were identified in
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the data. From financial year 2012/13 to 2018/19, the number
of young people aged 14-19 years with a life-limiting condi-
tion diagnosed at age 16 years or younger increased from 20363
to 34307 (Figure 3). Proportions in each year of age remained
similar over time.

There were increases over the study period in the number of
young people aged 14-19 years with each of the categories
of life-limiting conditions (Figure 4). Congenital conditions
remained the largest group throughout, increasing from 7201 in
2012/13 to 13230 in 2018/19. The proportion with congeni-
tal (2012/13: 35.4%; 2018/19: 38.6%), haematology (2012/13:
13.6%; 2018/19: 15.5%) and genitourinary conditions (2012/13:
9.5%; 2018/19: 12.0%) increased and the proportion with
oncology conditions - for which a five-year limit from first

100

80
17 years
40 -
20
0 -

4/15
5/16 -
6/17 -
17/18 —
18/19 -~

12/13 —
13/14 —

Financial year

Figure 3. Numbers and ages of young people aged 14-19 years with life limiting conditions. Numbers (left) and proportions (right)
of young people aged 14-19 years with a life-limiting condition, by age, by year.
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Figure 4. Categories of conditions of young people aged 14-19 years with life limiting conditions. Numbers (left) and proportions
(right) of young people aged 14-19 years with a life-limiting condition with each category of condition, by year.
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diagnosis was imposed, except for central nervous system
tumours - decreased (2012/13: 16.7%; 2018/19: 11.9%) despite
an increase in absolute numbers (2012/13: 3401; 2018/19: 4077).
The proportions with other categories of condition remained
largely constant.

The balance between recorded sexes remained similar
over the study period, with more male than female patients
(2012/13: 54.6% versus 45.4%; 2018/19: 54.0% versus 46.0%,
Figure 5).

The number of young people in each ethnic group increased over
the study period, but the proportion in the White ethnic group
decreased (2012/13: 79.2%; 2018/19: 73.6%) as did the pro-
portion in the Chinese ethnic group (2012/13: 0.31%; 2018/19:
0.22%, Figure 5). All other ethnic groups increased as a propor-
tion, with the largest increases in the Mixed (2012/13: 1.6%;
2018/19: 2.4%) and Pakistani ethnic groups (2012/13: 4.8%;
2018/19: 6.4%).

There were increases in the number of young people aged
14-19 years with life-limiting conditions in each of the Gov-
ernment Office Regions (Figure 5). The largest proportional
increase was in the West Midlands, where numbers grew by
98% over the study period (2012/13: 2319; 2018/19: 3785) and
the smallest in the South West, where numbers grew by 51%
(2012/13: 1957; 2018/19: 2959)

There were small variations in the proportion of young peo-
ple in each deprivation category (Figure 5), with small move-
ments towards less deprived categories, e.g., increases in those
in group one (2012/13: 19.5%; 2018/19: 21.1%) and decreases
in those in group five (2012/13: 20.8%; 2018/19: 19.6%). Over-
all, there was a very even distribution between deprivation
categories.

Medical complexity

Chronic conditions. The number of distinct types of chronic
condition (including life-limiting conditions) increased over
the study period, with the largest proportional increase in the
number of young people having eight or more chronic condi-
tion categories recorded, up from 7.6% in 2012/13 to 14.0%
in 2018/19 (Figure 6). There was a decrease in those with
only one chronic condition category recorded, from 18.2% in
2012/13 to 13.5% in 2018/19.

Healthcare use - multiple service providers. An increased pro-
portion of young people with life-limiting conditions were
treated by consultants across six or more main consultant spe-
cialties (2012/13: 7.9%; 2018/19: 11.0%, Figure 7). There was
a fall in the proportion treated by consultants with four or fewer
main consultant specialties and a small increase in those treated
by consultants with five consultant specialties (2012/13: 7.4%;
2018/19: 7.9%).

Healthcare use - high resource use. There was a propor-
tional (and absolute) increase in A&E visits per person per
year, with a small drop in those having no A&E visits in a year

NIHR Open Research 2022, 2:27 Last updated: 24 MAY 2022

(2012/13: 63.2%; 2018/19: 61.4%, Figure 8). Total A&E visits
increased from 15241 in 2012/13 to 28019 in 2018/19.

Inpatient admissions per person per year decreased over the
study period, with increases in those having no admissions in
a year (2012/13: 52.8%; 2018/19: 60.3%, Figure 8). Propor-
tions with more admissions reduced correspondingly. There was
also a decrease in emergency admissions per person, although
to a lesser extent, with an increase in those with no emer-
gency admissions (2012/13: 76.6%; 2018/19: 79.9%, Figure 8).
The proportion of young people with no inpatient bed days
in a year increased over the study period (2012/13: 51.6%;
2018/19: 59.8%). The group with 29 or more inpatient bed days
decreased proportionally the most (2012/13: 6.5%; 2018/19:
4.0%). Total bed days increased from 142557 in 2012/13 to
157298 in 2018/19.

Length of stay (for those spending at least one night in hos-
pital - i.e., excluding day cases) also decreased slightly, with
more young people having single night stays (2012/13: 20.8%;
2018/19 35.2%, Figure 8). There was, however, also an increase
in the longest stays, of 29 days or more, up to 2017/18, at least
(2012/13: 2.6%; 2017/18: 3.1%). Day cases increased from 62.3%
to 65.0% of admissions over the same period.

Functional limitations. Numbers of young people with gas-
trostomies or tracheostomies increased over the study period
(gastrostomies: 2012/23: 1801, 2018/19: 3143; tracheostomies:
2012/23: 208, 2018/19: 357; Figure 9). However, the propor-
tions changed little for gastrostomies (2012/13: 8.8%; 2018/19:
9.2%, but with variation in both directions over the period)
and did not vary between the start and end of the study
period for tracheostomies (1.0%).

Overlaps between measures of complexity. Analysis of inter-
sections between the five measures of high resource use showed
little overlap between being in the top 10% for A&E vis-
its and the other indicators (Figure 10) so two indicators were
retained - being in the top 10% for A&E visits and being in
the top 10% for bed days (this being the most interconnected
of the remaining measures and combining aspects of num-
bers of admissions and length of stay). Presence of a gastros-
tomy was retained as the measure of technology dependence,
due to the low number (approximately 1%) with tracheosto-
mies and the high overlap of those with tracheostomies also
having gastrostomies (70%, Figure 10). As a result, member-
ship of the top 10% of five measures in 2018/19 was compared:
diagnoses (number of chronic conditions); multiple service
providers (number of distinct consultant main specialties);
technology dependence (presence of a gastrostomy); resource
use (A&E visits and bed days, Figure 10).

The number of young people present in the top 10% of any
of the five measures in 2018/19 was 11488 (33% of all young
people present in 2018/19). There was limited intersection
between the five groups. The five largest categories were for
each of the groups alone and totalled 5945 - i.e., 52% of those in
the top 10% for any of the five measures were only in the top
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Figure 5. Demographics of young people aged 14-19 years with a life-limiting condition. Numbers (left) and proportions (right) for
each recorded sex, ethnic group, Government Office Region of residence and deprivation category, by year.
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Figure 6. Numbers of chronic conditions for young people aged 14-19 years with a life-limiting condition. Numbers (left) and
proportions (right) of young people aged 14-19 years with a life-limiting condition having different numbers of chronic condition categories

recorded, by year.
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Figure 7. Numbers of main consultant specialties for young people aged 14-19 years with a life-limiting condition. Numbers
(left) and proportions (right) of young people aged 14-19 years with a life-limiting condition receiving treatment from consultants under

different numbers of consultant main specialties in each year.

10% for one of the measures. Only 1.2% were in the top 10%
for all five measures. However, overlap was seen between tech-
nology dependence and number of diagnoses - 5% of those
in the top 10% on any measure were in the top 10% for both
technology dependence and number of diagnoses - and to a
lesser extent between bed days and multiple service provid-
ers and between diagnoses and multiple service providers.
Overall, high numbers of diagnoses (being in the top 10%) was
more indicative of being in the top 10% on at least one other
measure than the other four measures - 75% of those in the top
10% for number of diagnoses were also in the top 10% for one
of the other measures. This compared to 50% for A&E visits,
40% for technology dependence and 35% for bed days.

Discussion
This study shows increasing numbers of young people with
life-limiting conditions reaching the ages at which they transition

to adult healthcare. There is also evidence of increased
complexity with regard to numbers of recorded chronic condi-
tions and consultants of different specialties seen, but limited
evidence for increased instability or hospital healthcare use.
It was found that 33% of young people with life-limiting con-
ditions reaching the ages at which they transition to adult
healthcare were in the top 10% on at least one of the five meas-
ures of complexity, indicating that medical complexity is
common in this population.

The increase in numbers of young people with life-limiting
conditions at transition ages and with their conditions first
diagnosed in childhood is large - 68% larger in 2018/19 than
2012/13. It shows increasing proportions with congenital,
haematology and genitourinary diagnoses and a falling
proportion with oncology diagnoses who are within five years
of first diagnosis (for non-central nervous system tumours)
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Figure 9. Technology dependence for young people aged 14-19 years with a life-limiting condition. Numbers (left) and proportions
(right) of young people aged 14-9 years with a life-limiting condition also having a gastrostomy or tracheostomy present in each year.

although this group still increased in absolute terms. There has
been an increase in those from non-White ethnic groups, par-
ticularly the Mixed and Pakistani ethnic groups. By region,
the biggest proportional increases have occurred in the West
Midlands.

This study is, to the best of the authors’ knowledge, the first
attempt to describe medical complexity in young people with
life-limiting conditions on a national scale using routinely
collected data. It found that there was an increase in the num-
bers of young people with more different categories of chronic
condition recorded, particularly among those with eight
or more categories recorded. Similarly, there was an increase in
the proportion treated by consultants with six or more distinct
main consultant specialties in a year. There was however also
an increase in the proportions with no inpatient and no emer-
gency inpatient admissions, although a small increase in those
with one or more A&E visits in a year. For length of stay, there
were both increases in those having single night inpatient stays
and those having the longest stays (29 nights or more). There
was an increase in those having no inpatient bed days in the
year and a marked decrease in those having 29 or more bed
days. The proportion with gastrostomies increased from 8.8%
to 9.2%, but there was no notable change in the proportion with
tracheostomies.

The lack of overlap between young people in the top 10% of
most of the measures of complexity suggests that complexity is,
as previously suggested”*, a multi-faceted phenomenon and
that multiple measures are required for assessment. Numbers
of distinct chronic diagnoses were the strongest indicator of
complexity in other categories, with 75% of those in the top
10% for number of diagnoses also in the top 10% for at least
one of the other measures.

Comparisons with previous studies
In common with a previous study covering a similar time
period', this study found an increasing number of young

people with life-limiting conditions, but the numbers of young
people aged 14-19 years with a life-limiting condition
diagnosed in childhood showed a greater proportional increase
in this study compared to the previous study. This may be due
to the previous study not separating those with conditions
first diagnosed in childhood from those with conditions first
diagnosed in adulthood. If increases in survival, rather than
incidence, are the main driver for increased numbers of
young people with life-limiting conditions then it would be
expected that there would be a greater increase in those with
life-limiting conditions diagnosed in childhood (driven by
increased survival) than those diagnosed as adults (driven mostly
by incidence).

In contrast to the previous study looking at a 0-19 year old
population with life-limiting conditions', there was a close to
even distribution across the deprivation categories in this study,
rather than larger numbers in the most deprived categories.
This may be due to differences in conditions (with differing
life expectancies) between deprivation categories or due to
differences in survival times for a given condition dependent on
deprivation category. There is evidence of differential survival
or progression for some conditions depending on deprivation
status**** although not all studies show this*.

While there are no other studies looking nationally at medical
complexity among young people with life-limiting conditions
at transition ages in England, there is a study looking at com-
plexity among children and young people with disabilities at a
single centre”. This used a measure of complexity combining
numbers of conditions, family reported issues and technology
dependence. It found that the children most commonly had one
to three issues, with a decrease in numbers with more issues
but a significant group with 10 or more issues. This is similar
to some of the findings in the present study, for example that
young people of transition ages are most likely (18.0%) to have
two distinct chronic conditions reported, a drop off in num-
bers with more conditions but a significant group (14.0%) with
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eight or more conditions. Also, while numbers of young peo-
ple decreased with increasing numbers of consultant main
specialities recorded in a year, 11.0% had more than six. These
young people with greater medical complexity may be expected
to have more healthcare use®.

61

There are also studies from North America that quantify numbers
of children with medical complexity?***’. Unlike the present
study, these studies have not looked at trends in complexity
over time, but have attempted to quantify sizes of populations
with medical complexity, under varying definitions, finding
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between 0.4% and 6% of study populations to be complex. The
present study did not define a cut-off for having or not having
medical complexity, focusing instead on whether there were
changes in the level of complexity over time.

There was a lack of evidence for increases in inpatient health-
care use per person in the present study. This corresponds with
previous findings on falls in length of stay and bed days per
person in a related population with neurological conditions®
and increased clinical stability in young people with
life-limiting conditions in Scotland®. Increased survival times
for life-limiting conditions may be accompanied by increased
time in a relatively stable state - while young people with greater
medical complexity may increasingly be surviving to transition
ages, those who were already surviving to these ages may be
more stable than in the past. Better management in the community,
in primary care and allied services, may reduce the need for
inpatient admissions in this population®. Inpatient admissions
and A&E visits are still much higher among young people
with life-limiting conditions than in the general population* >4,

This study found increases in the numbers of young people with
gastrostomies present, in line with previous analyses of HES
data in England" and similar data in a related population in
Australia®”. In line with the Australian study, there was little
evidence for changes in the proportions of young people with
life-limiting conditions at transition ages with gastrostomies.
The increase in absolute numbers does however represent an
increasing number of young people with high care needs. Esti-
mated numbers with tracheostomies from the present study are
comparable to that in a recent report on long term ventilation®,
but that report looked at ages 0-24 years and was not restricted
to those with life-limiting conditions. It did, however, only col-
lect data from hospitals considered long term ventilation cen-
tres, in contrast to the present study using data from all NHS
hospitals in England. The present study may also include some
individuals not on long term ventilation.

Other studies have looked at overlap between indicators of
complexity??*, Although measures differed, they also found that
multiple chronic conditions were associated with greater levels
of technology dependence, including gastrostomies* and that
it is not unusual for a young person with complex healthcare
needs to present with only one or two aspects of complexity®.
Multiple measures are needed to identify young people with
complex healthcare needs.

Implications for policy

This study shows that the population with life-limiting
conditions likely to need transition to adult care is increasing
rapidly. This is particularly true for the non-White ethnic groups,
underlying the importance of transition programmes that serve
all sectors of the community. There were also differences in
the rate of increase by Government Office Region, suggesting
some areas may have greater increases than others in resource
use for young people of these ages.

NIHR Open Research 2022, 2:27 Last updated: 24 MAY 2022

Increasing numbers of chronic conditions present and num-
bers of distinct consultant main specialties required for care
has implications for the complexity of transition. A number
of transitions between care teams treating different aspects
of a young person’s condition and associated co-morbidities
are likely to take place. This increases the need for coordina-
tion between care teams, not only paediatric and adult but also
across different specialties, which may improve care and reduce
unnecessary healthcare use? -7,

While there was a lack of evidence for increases in some
aspects of hospital healthcare use per person, the rapidly increas-
ing size of the population means that absolute numbers of
admissions, emergency admissions, A&E visits and bed days
are increasing greatly. This study also shows that one third of
children and young people with life-limiting conditions are in
the top 10% on at least one measure of complexity. Service
planners will need to be aware of this.

There is evidence that emergency healthcare use increases when
young people with life-limiting conditions in England tran-
sition to adult care*® and wider evidence for an increase in
A&E visits®. As the population undergoing transition increases
in size, this will increase pressures on healthcare systems and
mean that a larger group is impacted by any negative experi-
ences of emergency care. It is increasingly important for expe-
riences of young people and for efficient healthcare resource
to optimise transition processes.

Implications for future research

This research leaves some unanswered questions. There is a dis-
connect between the apparent increasing complexity of the pop-
ulation reaching transition ages, at least in terms of diagnoses
and numbers of consultants from different specialities involved
in care and the lack of evidence for similar increases in
hospital care use. Further research looking at individual con-
ditions or closely related groups of conditions and at the last
few years of life would be needed to assess whether increased
survival is accompanied by longer periods of stability and
whether this varies across conditions. In addition, there may be
a lack of specificity in the coding framework for life-limiting
conditions, due to a lack of specificity in ICD-10 diagnostic
codes or due to changes in the diagnoses that should be
considered life-limiting. Studies including primary care may give
insights into whether care is moving more into the community
for this population, with perhaps more or more frequent
primary care contact replacing hospital admissions. Analysis
of community prescribing would also provide information on
whether patterns of prescribing are indicative of an increasingly
stable population and potentially give insights on other aspects
of complexity, e.g. polypharmacy®.

There is also a need for additional qualitative research in this
population to understand medical complexity as experienced by

young people, families, and clinicians and for research to develop
better methods of measuring these from the available data.
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Smaller studies reviewing medical records or using mixed
methods may provide greater insights, particularly on aspects
of medical complexity not investigated in this study.

Strengths and limitations

This study has a number of strengths. It draws upon established
frameworks for defining medical complexity and identifying
young people with life-limiting conditions. It uses national,
whole-population data and so is representative with respect
to the population of England. The methods are reproducible,
enabling further updates to monitor changes into the future
or application of alternative conceptualisations of medical
complexity.

There are also limitations. Notably, several aspects of medical
complexity previously identified”® cannot be assessed at all
with the data used. In particular, the data are silent on family
experiences and on measures of condition severity. As sug-
gested above, these might be addressed through smaller and
mixed method studies. There are also inevitable limitations to
analysing data on a large scale, in the level of detail possible
in defining life-limiting conditions, categories of life-limiting
conditions and categories of distinct chronic conditions. While
these were based on previously developed frameworks, other
categorisations would be possible and may result in different
findings.

Conclusions

The group of young people with life-limiting conditions reach-
ing ages at which transition to adult healthcare should take
place is increasing rapidly, more quickly than for the population
of children and young people with life-limiting conditions as
a whole. This group is also increasing in medical complexity
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as far as numbers of conditions and numbers of consultant
main specialties required for treatment and one third of included
young people were in the top 10% for at least one measure of
complexity. The increasing size of the group also means that
use of hospital care, including emergency care, is increasing.
There is limited overlap between measures of complexity,
so multiple measures are required.

Healthcare providers will need to allocate resources to deal with
increasing healthcare demands and greater complexity in con-
ditions present and numbers of different care teams involved.
Transition to adult healthcare must be managed well to limit
impacts on healthcare resource use and improve experiences
for young people and their families.
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1 April 2007 — 31 March 2019 from the following datasets:

e Hospital Episode Statistics ‘Admitted Patient Care’ dataset
(records from 1 April 2006 — 31 March 2019)

e Hospital Episode Statistics ‘Outpatient’ dataset (records
from 1 April 2006 — 31 March 2019)

e Hospital Episode Statistics ‘Accident & Emergency’
Department dataset (records from 1 April 2007 — 31 March
2019
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