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Abstract

Due to increasing pressures on healthcare services resulting from unscheduled

care, healthcare providers are increasingly seeking to develop alternative care

pathways to reduce avoidable hospital admissions for frail and elderly people.

Previous research indicates mixed results on the effectiveness of such

programmes. This thesis reports the results of a mixed -methods evaluation of a

community -based programme called 6 C/ os er [ amedHat mrevénting

hospital admissions among frail and elderly people living in the NHS Forth Valley

health board in Scotland .

The evaluation sought to 1) understand the structures and operational processes

of the programme , 2) identify whether participation was associated with reduced

hospital activity outcomes and 3) understand the benefits and barriers to
implementation. The methods used in the evaluation included process mapping

in an exploratory research phase to understand the programme processes, a

scoping literature review to identify key features of previous studies evaluating

community -based admission avoidance interventions, a quantitative

retrospective cohort study evaluatng t he pr ogrammeds effect on |
outcomes and a qualitative study using Normalisation Process Theory (NPT) to

analysestak e hol der s 6 p e r Prpgeamme inapelemerdationt h e

This research found no evidence to support the hypothesis that the programme is

associated with reduced hospital activity, but it also highlighted the difficulty in

objectively evaluating such programmes due t o non-randomised roll -out,

characteristic of community -based interventions. Healthcare professionals
however, per cei ved <cl ear benefits in the provisi
extending beyond merely preventing hospital admissions.

This research provides the first comprehensive mixe d-methods evaluation of a

hospital admission avoidance programme within NHS Forth Valley. It is clear

t hat 0Cl oser to Homed servi ce $cahhealttearea key r
ecosystem but that the lack of full integration into the healthcare system

prevented them from reaching their full potential and that the assessment of such

services against healthcare resource use provides a limited view of the associated



benefits, highlighting the need to expand the focus of evaluation of such

programmes on out come measures that capture wider impacts.
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Clarification of terms and abbreviations

The following key terms and abbreviations used throughout this thesis are

outlined as a reference for the reader.

NHS Forth Valley: A National Health Service (NHS) health board area located in

the central area of Scotland.

Reshaping Care for Older People (RCOP) programme 1: A Scottish government
strategic programme supporting the vision t|
asset, their v oices are heard and they are supported to enjoy full and positive lives

in their own home or in a homely setting. 6
6Closer t o Ho meldcollgrtived of rcermoméy: -based interventions

aimed at avoiding unnecessary hospitalisation for frail, elderly patients in the

NHS Forth Valley health board of Scotland. Its three main components are the

Enhanced Community Team (ECT), GP Fellows programme  and the Advice Line

for You (ALFY).

Enhanced Community Team (ECT): A component of the ©6CI os
programme comprising a multidisciplinary team whose main aim is to avoid

unnecessary hospitalisations for frail and elderly people through provision of

eguivalent home - and community -based medical care for medical conditions that

can be effectively treated in a community setting.

GP Fellows: A fellowship programme for GPs in training, aiming to bridge the gap

between primary and secondary care. GP Fellow became a core aspect of the ECT,

providing additional support and medical expertise to the multidisciplinary team.

1 NHS Scotland, The Scottish Government and COSLA, 2011. Reshaping Care for Older
People: A Programme for Change 2011 -2021. Available at:
<https://Ix.iriss.org.uk/content/reshaping -care-older-people-programme -change-2011-
2021>



Advice Line for You (ALFY): A component of the 06CIl oser

aiming to prevent unnecessary hospital admissions through a nurse  -led
telephone advice line providing medical advice, referral to onward services for
people over the age of 65.

Information Services Division (ISD) Scotland:  a division of NHS Scotland
providing health information and intelligence, supporting quality impro vement
in health and care

SPARRA (Scottish Patients at Risk of Readmission and Admission) 2: a risk

prediction tool developed by the Information Services Division in Scotland,

t

(0]

predictive of a persond6s risk of emergency

2 NHS National Services Scotland, 2012. Scottish Patients at Risk of Readmission and
Admission (SPARRA): A Report on the Development of SPARRA Version 3 . [online]
Available at: <https://www.isdscotland.org/Health  -Topics/Health -and-Social-
Community -Care/SPARRA/SPARRA-Model/>
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Chapter 1 Introduction

1.1 Motivation

Population ageing has been described as a defining characteristic of developed

countries (Crilly, 2007) . Based on 2014 National Population Projections, the Office

for National Statistics reported that the population of over 75s in the UK would

rise from 5.2 million in 2014 to 9.9 million by 2039 (90.4% increase)  (Office for

National Statistics, 2015) . In Scotland these figures are expected to increase fr om

0.43 million to 0.8 million (85% increase). In the first ten years of the projection

period in Scotland , this population is expected to rise by 29% (0.43 million in 2014

to 0.56 million in 2024) (National Records of Scotland, 2015) .

The implications on health and social support systems have prompted
governments to place increased priority on developing programmes aim ed at

providing alternatives for elderly patients requiring additional care . In Scotland,

ageing issues prompted the Scottish government to develop the 2011-2021
6Reshaping Care for Older Peopbléeedpeapleinat egy,
Scotland ar e valued as an asset, their voices are heard and older people are

supported to enjoy full and positive lives in their ~ own home or in a homely setting &

(NHS Scotland, The Scottish Government and COSLA, 2011, p.5)

A wide variety of interventions have been developed as a result, at differents  tages

of the patient journey (Levin and Crighton, 2017) . Common among these are
integrated care initiatives, aeaiterbygvertidallyi ng t og
integrating between acute and community and social  care or horizontally across

acute services6 and are usually complex, with several inter -connected parts
(Kumpunen et al., 2019, p.4) . Admission avoidance programmes are among these

integrated care initiatives, bringing together multidisciplinary teams to provide

hospital -level care in the community and home, as an alternative for older

patients requiring acute medical care. One such programme developed under the
6Reshaping Care for Ol der Peopled strategy
programme, a collection of initiatives  implemented in NHS Forth Valley aimed at

providing community and home-based alternative for elderly patient s who may

otherwise require unscheduled secondary care medical assistance.



The effectiveness of integrated care and admission avoidance programmes for
older people has been of considerable interest to healthcare and health policy
researchers in recent yea rs. H owever, studies evaluating these programmes have
thus far found mixed & and at times conflicting 0 results regarding the
effectiveness of these programmes, particularly around their impact on
emergency hospital activity (Liljas et al., 2019; Huntley et al., 2017; Shepperd et
al., 2016; Caplan et al., 2012; Low, Yap and Brodaty, 2011; Shepperd et al.,
2009a).

This research aimed to evaluate the 06Cl oser
its impact on emergency hospital utilisation  and also to understand the wider
impacts and challenges faced by the programme. A mixed -methods approach o
using both quantitative and qualitative = methods 6 was employed for this research.
This evaluation provides the first comprehensive assessment of a hospi tal
admission avoidance programme within NHS Forth Valley and aims to add to the

existing body of research around these programmes.

1.2 Research aim and questions

The overall aim of this research was to provide a comprehensive evaluation of the
effect and bene f i t s of t he 6Cl oser t o Ho me d hosp
community -based intervention programme, aimed at preventing hospital
admissions among frail and elderly people living in the NHS Forth Valley health -
board in Scotland .
This work sought to investi gate the following research questions:
RQ1. What w ere the structures and operational pr ocesses of  he 0 (
Homedé programme?
RQ2. | s participation I n the o6C/loser to Hom
reduced hospital activity outcomes?
RQ3 What benefits and barriers to the O0C/ 0s
identified by key stakeholders involved in implementation or delivery of
the programme?
RQ1 was primarily investigated in Chapter 4 (&xploratory Phase and Process
Mapping R esults §, using a desk -based review of policy and operational documents
oft he 6Closer to Homed® programme, followed by

services and activities within the NHS Forth Valley health board. The descriptive



analysis of the 6Closer to Homed services us
was presented in Chapter 8. The quantitative study design and methods used to

address RQ2 were informed by the scoping review presented in  Chapter 5 and the

narrative review of quantitative evaluation approaches presented in 0. The data

collected and used towards addressing RQ2 was described in Chapter 7

(@iantitative  Data Collection §. RQ2 was investigated in  Chapter 9

(@uantitative Analysis and Resultsy using a Oretrospective co
and statistical models including logistic and Cox proportional hazards regression

to assess the quantitative effect of the programme on hospital activity outcomes.

Finally, RQ3 was investigated in  Chapter 10 (@ualitative Analysis and Results §,

using a theory -based approach to analyse the benefits and barriers to

i mpl ementation of 6Cl| oser t ostridtoreddnferviewsom t r an
with health and social care staff. The research questions are related to the

research phases and thesis chapters in more detail in  Chapter 2 (dJethodological

Framework .

1.3 Thesis outline

An outline of the thesis is provided below, along with key research contributions.

1 Chapter 2 Methodological Framework
introduces the overall evaluation approach and underpinning fra mework
that guided the evaluation along with an overview of the main methods
employed at each phase of the project .

i Chapter 3 Overview of policy context i n NHS
Homedé in NHS Forth Vall ey
describes in detail the motivation and national policy context  for this
research as wel |l as introducing the ©6CIlo
local context.

1 Chapter 4 Exploratory Phase and Process Mapping R esults
outlines the resulting descriptions and process maps developed in the
exploratory phase of this research. Its ma in contribution is to provide an
in-depth description and process analysis of the key specific components of
the 6Cl oser to Hooutkndd inpthe@wgluah mmfeamework
for this research (presented in Chapter 2 ).

1 Chapter 5 Scoping Literature Review



provides a review of the existing evidence on the effectiveness of
community and home-based interventions providing preventative
treatment for elderly patients, with the  secondary aim of identifying the
methods used for e valuation of such interventions. The main contribution s
of this chapter included: i) a synthesis of the evidence on the effectiveness
of community and home -based hospital avoidance interventions andii) the
identification of th e scope of methods employed for evaluating these
interventions. This chapter was instrumental in further informing the
methods employed in this research.

Chapter 6 Narrative Review of Quantitative Evaluation Approaches in
Observational Research

provides the rationale for the specific methods selected for the quantitative
evaluation in this research, reviewing a range of existing methods,
discussing their suitability and describing th e methods selected in this
research. This chapter was essential given the wide range of methods
available , and the complexities associated with handling  confounding in
observational research. The main contributions of this chapter included: i)
the selection of the @etrospective cohort study &as an appropriate study
design for this evaluation and ii) the identification of methods that
effectively handle confounding, including matching methods and
multivariable regression. In combination with the results from Chapter 5
(scoping review), these findings informed the design of the quantitative
analysis (see Chapter 9) employed in this research.

Chapter 7 Quantitative Data Collection

describes in detail the guantitative data available for use in the evaluation
of the 0 CI| omogrammnte oThédmam eodtribution of this chapter
is to provide an in -depth description and documentation of the data
pertaining to the programme, including  reviewing data quality issues and
limitations , as outlined in the evaluation framework for this research
(presented in Chapter 2) .

Chapter 8 Services Use and Activity

provides a descriptive analysis of

to Homed Issamain cootebation is to provide insight into the

t

he



operational processes of the programme and into the level of reach of the
programme.

Chapter 9 Quantitative Analysis and Results

provides the results of the retrospective cohort studies comparing the effect

of each of the 06Closer to Homed intervent
(specifically emergency inpatient hospitalisation,  emergency department
attendances and emergency inpatient length of stay). The  main
contributions  of this chapter include: i) a quantitative evaluation
measuring effect of programmé , Gathiohsfeund nb o Ho me
evidence that the programme is associa ted with reduced hospital activity,

and ii) a brief discussion of the methodological challenges associated with
objectively evaluating such interventions retrospectively.

Chapter 10 Qualitative Analysis and Results

provides the results of the qualitative analysis of  semi-structured

interviews with health and social care staff, exploring their perspective on

t he benefits of t he 60Cl oser to Ho me &
implementation using Normalisation Process Theory (NPT) . The main
contribution of this chapter included finding that the benefits of the
programme extend beyond merely preventing hospital admissions

However, the benefits were not fully realised due to significant barr iers to
implementation at scale. As a consequence, t he programme was ultimately

not successfully embedded into routine care . These results complemented

the quantitative results (presented in Chapter 9), providing a more

nuanced and in -depth understanding of the lack of effect on hospital

activity outcomes observed.

Chapter 11 Discussion and Conclusion

summarises the main findings of this research, addressing each research

question and relating the findings to each other. Reflection on the

limitations of this research and its findings is provided and suggestions

are made for future work and new avenues of study that emerged from this

research.



1.4 Main contribution

The main contribution of thi s multidisciplinary, health informatics research is the
provision of the first comprehensive, mixed -methods evaluation of a hospital
admission avoidance programme within NHS Forth Valley. The 0QGloo sHorme 0
programme employed new policies and new models of care that had never been
implemented before. This research provides the first comprehensive look at the

data collected surrounding the programme, the first robust statistical analysis

quantitativel y evaluating the intervention effect and the first qualitative enquiry
analysing the views of those involved in the
This research adds to the existing body of evidence on home and community -based
hospital avoidance programmes, namely that the effectiveness of such
programmes remains uncertain and subject to local contextual factors and that

their evaluation, implementation and full  -benefit realisation remain challenging.

This research also highlights the  practical difficulties in retrospectively
evaluating such programmes and highlights the  need to expand the focus of
evaluation of such programmes on other outcome measures that capture wider

impacts than merely healthcare resource use.



Chapter 2 Methodological Framework

This chapter describes the overarching methodological framework used to conduct

this research and the six main phases of the framework . The detailed methods

employed for each study phase are described at the beginning of each
corresponding chapter representing the outp uts from the study phases (mapped

outin Section 2.1). This chapter describes the overall processand summarises the

sequential study phases, providing an overview o f the methods employed in each

of these phases. It is important to note at the outset that the evaluation work was

conducted retrospectively, meaning this research is completely observational.

The six phases of this research were guided by Glasgow, et al. & anplementation

science RE-AIM (Reach Effectiveness Adoption Implementation Maintenance)

framework for evaluating public health impact in health promotion interventions

(Glasgow, Vogt and Boles, 1999).

The use of research frameworks is recommended towards improving research

quality as it helps facilitate rigorous evaluation by providing theoretical and

practical guidance, helps simplify complex processes and helps to contextualis e

results among other ben efits (Ibragimo va and Phagava, 2021; Bradford et al.,

2019). The RE-AIM framework is one of the most widely applied frameworks for

evaluating the implementation of healthcare interventions (D6LiIi ma, Soukup :
Hull, 2022; Fynn et al., 2020) . The framework takes a holistic approach to

evaluation, aiming to capture the complexities of a sys tem that needs to be

evaluated as a whole, and how idiosyncrasies and context affect effectiveness.

When conducting this research, the RE -AIM framework was being rolled out

within Forth Valley as a standard for evaluation among the governing bodies

deliveri ng service redesign in older peANI eds c
an appealing option for use in the 0Closer t
Other frequently used frameworks for  guiding the evaluation of healthcare

interventions which also aim to capture contextu al complexities and identify

mechanisms for change include the Medical Research Council (MRC) framework

for implementing and evaluating complex interventions, the Consolidated

Framework for Implementation Research (CFIR) and the realist evaluation

approach (Bradford et al., 2019) . These and other frameworks have been reviewed



and compared elsewhere (Bradford et al., 2019; Fynn et al., 2020) . The main
reasons RE-AIM was selected to guide this research over other frameworks were
that 1) it is a structu red framework with clear components, lending itselfto  clear
reporting and relevant to both process and outcomes meaning it is applicable to a
wide range of evaluation objectives ( e.g. when compared to MRC and CFIR
frameworks) (Fynn et al., 2020), 2) in seeking a guiding methodological
framework, itis more comprehensive, systematic and granulated that some more
loosely defined frameworks (e.g. realist evaluation) (Kaminska, 2016) but not too
broad or highly complex (e.g. CFIR) (Bradford et al., 2019) , and 3) there is a wide
body of literature on the use and development of RE -AIM, with examples of its
application (Fynn et al., 2020) .
The use of RE-AIM led to the development of an evaluation framework used for
guiding the overall research approach , which has also been described elsewhere
(Martin et al., 2017) . The evaluation fr amework consisted of the following aspects:

1. Understanding and documenting the context

2. ldentifying the range of relevant data

3. Selecting a robust study design and identifying outcomes and

performance measures
4. Synthesising all of the above into a coherent evaluation of the 6 C/ oser t o
H o me@régramme

Several study phases resulted from adopting this evaluation framework as the
overall methodological approach. The study phases and how they relate to the

evaluation framework are described in the next section s.

2.1 Overview of Study Phases

The study phases along with the  corresponding evaluation framework

components are illustrated in Figure 2.1.



Figure 2.1 0 Study phases and how they relate to the developed evaluation framework for ‘Closer
to Home, ' thesis chapters and research questions
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1 Phase I consisted of an exploratory phase, aiming to provide an in  -depth
understanding the 6 Cl os er tprogratdmem énfaddition, the data
available i n r el ati on t o Nelderlypapuldtidn avidadata ey 0 s
collection processes were mapped out in this phase. (Phase | results are
documented in Chapter 4 d&xploratory Phase and Process Mapping
Results §.

1 Phase Il consisted of a review of the scientific literature which included: i)

a scoping literature review to identify key features of previous studies of
home and community -based interven tions aiming to reduce avoidable
hospital admissions (Chapter 5 &coping Literature Review g and ii) a
narrative review of quantitative methods used in observational research
(06



1 Narrative  Review of Quantitative Evaluation  Approaches in
Observational Researchd.

1 Phaselll occurred in parallel to Phase Il and consisted of the development
of an analytical dataset for evaluation ofthe 6 Cl| os er pragrarththteme &
using data linkage and cleansing techniques validated through
consultations with clinicians and data managers in Phase | (the
construction and resulting datasets are described in Chapter 7
duantitative Data Collectiond. Phases Il and Il related to the third
aspect of the evaluation framework, to select a robust study design and
identify outcomes and measures for assessing effect .

1 Phase IV consisted of a descriptive analysis of the service activity of the
6Cl oser t o Ho mendce grtviteg rirvestigating the reach and
adoption of the range of services in order to understand and document the
programme context (Chapter 8 &ervices Use and Activity 0.

1 Phase V consisted of a retrospective cohort study where elderly patients
from the full Forth Valley population were selected based on their exposure
to 60Cl oser t interventomnsetd identify whether receipt was
associated with reduced hospital activity = outcomes for frail, elderly
patient s in Forth Valley (Chapter 9 @uantitative Analysis and Resultsd.

1 Phase VI consisted of a qualitative study involving semi -structured
interviews with key stakeholders (healthcare staff involved in
implementation or deliveryof 6 CI o s e r ) toaentfytmee @enefits and
barriers to implementationof 6 Cl o s e r ihterventiansie tbe view of
the participants (Chapter 10 @ualitative Analysis and Results g.

Phases V and VI comprised the main quantitative and qualitative strands
of this research asoceeasrsitng HdhOme ,ed fvelcitc o ft
to synthesise the main findings of this research into a robust evaluation of

the programme.

Each of the study phases have been linked to the corresponding research

questions it sought to answer in Figure 2.1.
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2.2 Mixed methods study design

In accordance with the RE -AIM framework, t his research combines both

gquantitative and qualitative methods in an effort to provide a holistic e

of t he

0 ClI

oser

to

Ho me 0

progr amme.

valuati on

The use of mixed methods is widely accepted and recommended as an appropriate

study design for the evaluation of complex interventions

(Datta and Petticrew,

2011; Blackw ood, 2006; Campbell et al., 2000). Bl ac kwood s thareiss

internati onal agreement that mixed meth ods are useful not only in evaluating

complex interventions, butal so i n

p.613), which has very much been the case in this research
approaches were required in Phase
meetings and interviews to develop process maps of the

and visual maps of the available data. The qual

defini

ng

t hat

t(Bhaekivaod, 206Gnp one n't

oser

itative outputs of Phase

. Qualitative
| to collect information through informal
0 Cl

| were

used to guide the quantitative construction of the analytical datasets. In addition,

mixed methods

constructing analytical

information services and the

quantitative steps taken. Qualitative

of the literature

revi

approaches were

datasets

ews 0

o0 Cl

required

oser

t hemati c

throughout

Phase 1 11l

when

through continuous consultation with

tserviceH lead® @alid ating the

methods to identify relevant themes as part

anal y sl BhasexlV e

and V were conducted using quantitative methods. These phases were

complimented by the qualitative

interpretation of

the study results. In practice

study conducted in Phase V, for further

, the qualitative and quantitative

research activities were conducted in parallel as illustrated

in Figure 2.2.

Figure 2.2 d Steps involved in mixed methods research (Creswell and Plano Clark, 2011)
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2.3 Phases with hypotheses and aims

2.3.1 Phase | & Exploratory and process mapping phase

The first phase of this research was exploratory, intended  for the familiarisation
withthe r ange and scope ointenée@ions and relatedaataHlb me &
involved several informal consultations with service leads and clinicians as well
as NHS Forth Valley information services. Two main lines of investigat ions were
followed in this phase: 1) an in-depth description of the context ofthe 6 Cl oser t o
H o mesérvices and general elderly care and 2) a review of the data and data
collection processes pertaining to the 6 Cl oser tservicdd canteeiderly
patients in Forth Valley. This phase was essential in order to address the first
two steps of the evaluation framework: i.e. /) to understand and document the
broader context and i) to identify the range of relevant data.  Not only wa s this
essential to the following phases, but it was also necessary in order to document
the context and potential transferability of the results of this research.
The main outputs of th is phase were: process maps and detailed descriptions of
eachofthe6 Cl o s er derwicesias wed &6 the data collection processes, which
are further described in Chapter 4 (&xploratory Phase and Process Mapping
Results §, addressing the first step of the evaluation framework.
This phase alongside Phase IV, contributed towards answering the first research
guest R@InWhatower e t he structures and operationa
to Homedbé pmwWogr amme?
Phase | Aim :
1. Understand and document the particular structures and operational
processes involved in the O06ClIoser to Hol

collection processes

2.3.2 Phase Il d Scoping literature review and review of
guantitative methods

The main purpose of Phase Il was to review the scientific literature to further
instruct the most appropriate  study design for this research, as well as to identify

the range of existing m odels of care and outcome measures used for such
evaluation studies . Initially, a scoping review was conducted to identify key
features of the studies evaluating home and community -based interventions

aiming to reduce avoidable hospital admissions for elderly patients , using a

12



systematic approach . The scoping review not only enabled the identification of the
main study designs and outcomes being used in the assessment of effectiveness of
such interventions, but also provided a better understanding of the key features
of these interventions and the current evidence of their effect iveness. The results
are described in Chapter 5 (&coping Literature Review §.

Given that this research was | imited to observational methods & and partly as a
result of the scoping literature & it was further established that quantitative
observational study designs and methods are complex, require careful
consideration and offer a variety of options, hence a further  investigation of the
literature on such methods was undertaken . A discussion of these methods and
the rationale for the selection of the final study design for the quantitative

evaluation are providedin 0 (6
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Narrative Review of Quantitative Evaluation Approaches in Observational
Researchd, including the justification for the selection of:
1 The retrospective cohort study design with confounder adjustment
1 The use of matching methods, specifically direct matching and propensity
score matching where a pre -defined control group could not be determined
1 The use of multivariable logistic and Cox proportional hazards regression,
particularly a multiple -failure Cox extension model (Anderson and Gill
model), accounting for use of matching where appropriate (conditional
logistic regression and robust variance estimators in Cox regression)
1 A combined approach using causal diagrams and empirical covariate
selection to identify potential confounders

1 The use of missing data indicators for handl ing missing data in analysis

2.3.3 Phase 111 & Construction of analytical dataset

The main aim of Phase |1l was to construct an analytical dataset that could be
used for research. This phase involved thorough study and consultation with
information services on all the available datasets pertainingtothe 6 Cl oser t o
H o mepdogramme and the elderly population in  Forth Valley , in order to
understand the linkages between them and any significant data quality issues
This process resulted in the building of mind map s of relevant databases available
within NHS Forth Valley information services along with detailed descriptions,
and identification of data quality issues  (described in Chapter 7 @uantitative
Data Collection §, addressing the second step of the evaluation framework.  This
phase also involved significant work to develop database queries (Structured
Query Language scripts) that processed the raw data into a form that was  both
usable for research and addressed the data quality issues identified. The aim was
to bring together the several data sources identified, containing information
relatingtothe 6 Cl o s er pragrariheerard @lderly patients in  Forth Valley
to obtain optimised datasets that co uld be used for research. The construction of
the analytical dataset and its contents are also described in Chapter 7
(@uantitative Data Collection §.
Phase Ill Aims:

[l.L1. To gain an in -depth understanding of the relevant data available and

the linkages between different data sources

14



ll.2.  To identify any data quality issues and take best course of action to
resolve or improve them where possible
l1.3. To construct an analytical dataset maximising use of available data

pertaining to the general elderly population in Forth Valley

2.3.4 Phase 1V 0 Descriptive analysis of service ac tivity

The aim of Phase IV was to describe the service use and activity of t he O6Cl oser
Homed pr o, qusing rthm eesearch -ready datasets compiled in Phase lIl.

Documenting the use of the service contributes towards understand ing and
documenting the context, as part of the evaluation framework, specifically

providing some insight into the level of reach of the programme. This phase

alongside Phase |, contributed towards answering the first research question

( BQ1. What were the structuresandope r at i onal processes of t he

programme?a)

2.3.5 Phase V 9 Retrospective cohort study assessing
intervention effect on hospital use
Phase V involved aretrospective cohort study comparing 6 C| o s er patentHo me 6
to comparable groups of patients, ¢ areful ly selecting appropriate control group s
for each of the interventions. One of these interventions (the Enhanced
Community Team) required the use of matching techniques to identify a suitable
group. As determined by the narrative methodological review conducted as part
of Phase Il, s everal matching strategies including direct covariate matching and
propensity score matching with varying numbers of matches per controls and
varying calipers (closeness of matches) were explored and are reported.
Identification of potential confounders for inclusion in multivariable  models
involved a combination of causal diagrams and empirical covariate selection, as
determined by the narrative methodological review conducted as part of Phase 1.
The primary analy tical method for measurement of effect was a variation of the
standard Cox Proportional -Hazards model that enabled time -dependent
covariates and repeated measures (Andersen and Gill model also known as the
6counting pr).cConligogab logistic d redression was also used in the
analysis of the Enhanced Community Team where matched control groups were
used and logistic regression was used in the analysis of the GP Fellows

programme.
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The specific methods employed are described in further detailand  the full findings
of this phase are reported in Chapter 9 ( Quantitative Analysis and Resultsd Jhis
study phase directly contributed to answering the second research question
(RQ2. /'s participation I n the 0Closer to H
reduced hospital activity outcomes?d0)
Phase V Aims:
[1.1. Assessthe effectofeachd C| oser to Homed interventi ¢
activity outcomes & namely emergency inpatient hospitalisation,
emergency department attendance and emergency inpatient length
of stay & appropriately accounting for confounding
[II.2. Examine the characteristics of the full study population, highlighting
key differences

[11.3. Identify potential confounders for consideration in any analysis

2.3.6 Phase VI & Qualitative study assessing benefits and
barriers to implementation

Phase VI involved a qualitative enquiry into the 6 C| o ska me@mramme to
analyse the implementation process, in particular identifying the main benefits
and barriers to implementation.  This phase involved semi -structured interviews
with 18 key stakeholders in the 6 Cl oser tprgraMmen |idging from
clini cians to senior managers and policy makers , specifically those involved in
implementation or delivery of the programme. Interview transcripts were
obtained in order to conduct qualitative  thematic analysis . The methods employed
are described in detail in Chapter 10 (@ualitative Analysis and Resultsd ) .
Normalisation Process Theory (NPT) (May et al., 2009) was used as the thematic
framework for analysis. The results of this phase are also described in Chapter
10. This study phase directly addressed the third and final research question
(ORQBhat benefits and barri erigtervéenton wéree 6 C/ 0s
identified by key stakeholders involved in implementation or delivery of the
programme?0 )
Phase VI Aim:

1 Analyse the implementation processof 6 Cl o s er ,tdentifythg mmeend

benefits and barriers, by drawing on Normalisation Process Theory.

16



2.4 Research governance and ethics

This research was considered a service evaluation, as retrospective analysis was
conducted on primarily locally held, routinely collected data to evaluate a quality
improvement pro gramme . The research and development officer for NHS Forth
Valley confirmed that all the phases of the proposed study did not require NHS
ethics or research and development approval. Caldicott approval within  Forth
Valley and the Information Services Divis ion (ISD) Scotland was obtained for the
request for prescribing data (ID: CALO0000619, approved 22/03/2018) and for
SPARRA (Scottish Patients at Risk of Admission and Readmission) scores  (ID:
CAL 0000775, approved 31/07/2019, extension approved 16/06/2020), which were
not locally held in Forth Valley . University departmental ethics approval was
obtained for conducting the qualitative enquiry in Phase IV (ID: 829, approved
18/10/2018). A data management plan was put in place prior to starting the
research study to ensure the data was securely stored and processed. All data was
pseudonymised, meaning that t he raw data was anonymised and given a code
name, with the key for code names stored in a separate location from the raw data
within NHS Forth Valley 6 sIT systems. All analys es were conducted on
pseudonymised data and only aggregated data are reported in the results of this

study and in any related publications.
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Chapter 3 Overview of policy context in
NHS Scotland and O6Cl ose
NHS Forth Valley

The aim of this chapter is to provide an overview of the national and local context

for the implementation ofthe &6 C/ o0 s e r pragranthe indNAS Forth Valley,

the regional healthcare delivery programme which is the focus of this research.

This chapter beginsbydi scussing the national policy co
care in Scotland, the 2011-2021 Reshaping Care for Older People (RCOP) strategy

(NHS Scotland, The Scottish Government and COSLA, 2011) . The regional

delivery of t he strategy in the NHS Forth Valley health board , is then briefly

described, including implementation ofthe 8 Cl o s e r progranthe rared @ther

closely related services.

3.1 National policycont ext for ol der peo
Scotland

Demographic changes and financial pressures on the NHS occurring within
Scotland mean that previous and current models of care for older people are no
longer sustainable in the long -term (NHS Scotland, The Scottish Government and
COSLA, 2011). Rather than being designed to monitor and rehabilitate, these
6 r e a ambdels wede built ont he assumption that care would always be required
(ibid. Changi ng 061 e dasprved axtcechalyl challenging, since they
often developed infrastructures with little room for adaptation and flexibility,
which in turn hindered any substantial services  redesign over time (ibid). Yet, the
need for change is clear, hence the Scottish Government has been taking action
in recent years to develop policies in order to promote the redesign of reactive
models of care and develop new models that promote a more pr oactive approach
to care, including supporting the independence of older people in Scotland and
embracingan 0 aapert c@id)h 0

This section will further explore this need for change and will discuss the actions
and policies that the Scottish Gover nment has developed alongside the NHS and

other stakeholder organisations.
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3.1.1Theneed for change in older peopl

One of the main strategic priorities of the Scottish Government is the provision of

high quality care and support for older people (NHS Scotland, The Scottish

Government and COSLA, 2011) . The combined effects of demographic change and

difficult publi c¢ finance in the last two decades have caused this to be one of the

most pressing issues Scotland faces (ibid). Aside from these pressures, this type

of care provision is a ofwundamental principl
hall mark of a caring an(itidpadmpassi onate soci e
In 2011, £4.5 billion of public funding was spent on health and social care for over

65s in Scotland, of which £1.4 billion a year was spent on emergency admissions,

(based on 2007/08 figures) (ibid). Of the total expenditure, only 6.7% was spent on

care at home (See Figure 3.1).

Figure 3.1 8 Health and Adult Social Care Expenditure 2007/08 for Scottish Population aged 65+
(Total=£4.5bn) (NHS Scotland, The Scottish Government and COSLA, 2011, p.7)
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This expenditure is expected to continue growing as the population of this

demographic grows. Previous models of care in place for older people in Scotland

are unable to sustain the demographic changes and financial pressures on the

NHS in Scotland, due to their lack of a preventative focus. Additionally, these

models of care did not p rovide sufficient support for unpaid carers, who play a

crucial role in helping older people remain at home, many of whom are older
themselves. I n 2011 it was estimated that 0]
Scotland received more than 20 hours of p aid care per week while over 40,000

people over 65 provide more t hédhdp6pOlbdepour s un|

people are valuable assets to society and provide far more care and support than
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they receive. H aawpiprr go atchids tplegsasiotdsearfocys ero
building their capabilities and independence and hence tackle the demographic
changes and financial pressures. Part of changing the fragmented and disjointed
models of care previously in place for their care is to change the attitud es that
exist around older people and focus on personalised care, working with older
people to design services that will truly help them.

The Scottish Government has considered all of these factors triggering a need for
new models of care and has developed various national policies governing the
changes that need to take place. One of these, called Reshaping Care for Older
People (RCOP) which launched in 2010, is a national programme for change
aimed at improving care for a growing population of older peop le in Scotland
(ibid) . Alongside RCOP, various other national policies have been put in place to
support older people living in Scotland such as the  National Dementia Strategy
(2013), the Seff-Directed Support Strategy (2013), the Caring Together Car er 6 s
Strategy (2010) and the Living and Dying Well action plan (2008) which followed
from the Better Health, Better Care (2007) action plan for health and wellbeing.
The national policy context for RCOP can be seen in  Figure 3.2 in the form of a

timeline.
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Figure 3.2 0 National policy context for older people's care - various policies over recent years aim
to improve ser vices for older people (Audit Scotland, 2014, p.13)
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3.1.2 RCOP approach and commitments

Through the RCOP strategy, the Scottish Government has made several
commitments to change the current models of care and prepare for an increase in
demand with the overall aim of providing the best possible care for older people

in Scotland. The RCOP visio n (NHS Scotland, The Scottish Government and

COSLA, 2011, p.5) is that:
00/ der peopl e i n Scrmassétaheidvoices ace heasdbrwe d as a
older people are supported to enjoy full and positive lives in their own home
or in a homely setting. 6

This vision relates directly to Scotlandds n

fifteen (Scottish Government, 2016) :

60Our people are abl e to maintain their 71
are able to access appropriate support wl
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The approach of the RCOP strategy has been outlined as follows (NHS Scotland,
The Scottish Government and COSLA, 2011, p.20) :
w 6Grow societal support for the mptoithl osophy
in principle and in practice;
w Support a shift in expectation away from institutional care settings,
towards community and home -based care;
w Nurture a philosophy of care that embraces self -management, supported
self-care and re -ablement;
w Adopt an asset approach that value and empowers older people and their
communities; and
w Promote the development of third sector organisations which harness the
energy of local communities and provide services responsive to the needs
of Il ocal people. 0
In 2012, the Scott i sh Governmentds I ntegration and Re
worked together with the Joint Improvement Team (JIT) and NHS Health
Scotland to develop an outcomes framework for the RCOP strategy. The JIT was
a partnership between the Scottish Government, NH S Scotland, COSLA, the
third sector, the private sector, and the housing sector established in 2004 to
facilitate health and social care integration  (Joint Improvement Team, 2016) . The
ful | strategic outcomes model can be found in Appendix A, Figure A-1. One of its
focuses was to shift towards greater investment in preventative measures and
less in acute care services. Additionally, these outcomes can more clearly be seen
in the Reshaping Care pathway developed by the Scottish Government, NHS
Scotland and the COSLA i n their review of RCOP in 2013. The pathway
establishes four 6pill arséd of i nterventi or

community and acute sectors (seeFigure 3.3).
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Figure 3.3 0 Reshaping Care pathway including 4 pillars’
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It is evident that one of the strategies of the RCOP programme to fulfil its
outcomes consists in shifting the care of older people towards care provision in the

pati ent 6 s amdeommunitymiResults from the previously mentioned public
engagement programme showed that a key message from stakeholders was that

st ay (NH® Scetlénd, /The o wn

Scottish Government and COSLA, 2011, p.12) . This k ey message is consistent

ogi ven t hoee ogppltel ownant t o

with previous research, highlighting that older people prefer care at home over
hospital care (Shepperd et al., 1998) and that for older people (i.e. over 65) living
andependently 6vas synonymous with d@ving at home GRoberts and Mort, 2009) .

3.1.3 RCOP funding, partnership support and structure

One of the commitments of the RCOP strategy in 2011 was to double the
proportion of the total he alth and social care budget for older people that was
spent on care at home from 6.7% to at least 13%, to support the shift to care at

home (NHS Scotland, The Scottish Government and COSLA, 2011)
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As part of the RCOP strategy, the Scottish Government set aside £300 million for
a Change Fund, with the purpose of supporting the 32 health and social care
partnerships across Scotland to carry outt he RCOP strategy over a four year
period (ibid). Each of the 32 partnerships were required to put together a
programme of change (Local Change Plan) that satisfied the council, NHS Board,
the third sector and independent sector, to access the Change Fund  (ibid) . From
2012, each partnership was required to put together a joint strategic
commissioning strategy as a submission to access the Change Fund (Walker and
Gillies, 2014) . Once the four -year Change Fund ended in April 2015, an Inte  grated
Care Fund of £100 million was set aside for 2015 -16. Its purpose was to support
new initiatives in the same way that the Change Fund did rather than to be used

for existing initiatives funded through the Change Fund. Change Fund guidance

in 2014/15 stated that partnerships should be doing their own planning to sustain

existing initiatives.

Health and social care partnerships across Scotland existed during the
development of the RCOP strategy b ut were formally put in place following
government legisl ation in 2014 (Public Bodies (Joint Working) (Scotland) Act
2014) to implement health and social care integration. The legislation required
that all partnerships needed to submit their local integrated care plans to the
Scottish Government for approval by 1 April 2015 and fully integrated services
were to be operational by April 2016 (The Scottish Government, 2015) . Originally,
each of these partnersh ips were given access to a member of the JIT. This meant
that each partnership had access to support in putting together their local

delivery plans and in the overall delivery of the RCOP programme.

Once the health and social care partnerships were offici ally established, an

Integration Joint Board (1JB) was put in place for each of the partnerships to fulfil

this supporting role. The 1 JBs Obring toge!
members and senior staff from the relevant partner organisations along wi th

carer, service user and third sector representatives, to oversee the work of the

partnerships and ensure they deliver a number of key local and national

out c o (NeESFoarth Valley etal., 2016, p.1) . The IJBs can receive various forms

of fund ing from the Scottish Government for the development of local integration

plans within local partnerships , such as the Delayed Discharge Fund and the
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Integrated Care Fund. The structure of the governing bodies discussed can be

seen in Figure 3.4.
Figure 3.4 d Structure of RCOP governing bodies

Scottish
Government

Joint Improvement Team

Integration Joint Boards

Local health and social
care partnerships

. Health Board
Local Councils

Various audits and reviews indicate improvement since the implementation of the

RCOP strategy. Audit Scotland found that although the rates of emergency
admissions have increased, the rates of bed days for those admissions per 1,00 0
population over 75 in Scotland have decreased by 10.3% from 2009/10 to 2014/15
(Audit Scotland, 2014; Hendry et al., 2016) . Additionally, the rates of long -stay
residents in care homes have reduced and the rates of telecare for over 75s have

increased over this period (Audit Scotland, 2014) .

3.2 RCOP in NHS Forth Valley 0 local context for
6Cl oser to Homed

NHS Forth Valley, the health boar d of interest to this research, is one of the 14
regional health boards serving the Scottish population and is located in central
Scotland. The health board administers an annual budget of £485.3 million
(2016/17) and has a draft budget of £494.7 million for 2016/17 (The Scottish
Government, 2016) . The Forth Valley area has a population of 302,650 people,
based on 2015 mid-year estim ates (ISD Scotland, 2016) . Of the to tal population,
18.3% are aged over 65 (SeeFigure 3.5).
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Figure 3.5 0 Age distribution of total Forth Valley Populatio  n based on 2015 mid -year estimates
(ISD Scotland, 2016)
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NHS Forth Valley is expected to see a 95% increase in its population aged 75 and
over from 2014 to 2039 making it the health board with the fifth highest projected
increase, exceeding the national average (See Figure 3.6). This NHS Board area
is made up of three Ilocal authority areas: Falkirk, Stirling and
Clackmannan shire. Clackmannanshire is the local authority area with the second
highest expected increase in population over 75 in Scotland by 2039 (112%

increase) (See Appendix A , Figure A-2).

Figure 3.6 d Projected percentage change in population aged 75 and over, by NHS Board area,
2014 to 2039 (National Records of Scotland, 2016, p.34)
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There is hence a clear need for the new models of care in place in Forth Valley to

sustain the se demographic changes. To govern this change in alignment with the
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RCOP strategy and government legislation on integration of health and social
care (Public Bodies (Joint Working) (Scotland) Act 2014) , two healt h and social
care partnerships were set up in the Forth Valley area 0 one for Falkirk and one
for Stirling and Clackmannanshire. For each of the two partnerships, in
accordance with government legislation, an Integration Joint Board (IJB) was
created to oversee and support the work of the partnerships. As one of the 14
health boards in Scotland, NHS Forth Valley has been a recipient of RCOP
funding (both the initial Change Fund and the Integrated Care Fund).

With this funding, various initiatives or projec  ts have been put in place within
each of the two partnerships. Some of the initiatives span across the whole health
board, however each of the two Forth Valley 1JBs are responsible for running
them within their partnerships. A timeline of significant event s related to the
RCOP strategy in Forth Valley can be seenin  Appendix A, Figure A-3. Over the
course of the Change Fund, around £7 million in total were allocated to the
Stirling and Clackmannanshire partnership throughout 2011/12 to 2014/15 (NHS
Forth Valley, 2015b) . In the first year of funding (2011/12) about 15 projects were

in place, increasing to about 30 projects and finally about 28 projects in the final
year of the Change Fund. The projects all fit under one of five categories:
Development of Intermediate Care Services, Anticipatory and Prevention, Carers,
Supporting Service Users with Dementia and Mental Health conditions, or
Developing Community Capacity/Com munity Supports (Niven, Middlemiss and
McNairney, 2015) .

Appendix A , Table A-1 contains full details on all the projects that were put in
place using the Stirling and Clackm annanshire partnership Change Fund, along

with their category and funding allocation.

As the Change Fund came to an end, The Integrated Care Fund was put in place
for 2015/16 as discussed in the previous section. The Integrated Care Fund

allocation for the Forth Valley NHS B oard area can be seen in Table 3.1.

Table 3.1 3 Funding allocation of the Integrated Care Fund fo r2015-16 for the Forth Valley NHS
Board area by Local Authority (The Scottish Government, 2014, p.7)

Local Authority Allocation

Clackmannanshire £0.96m

Falkirk £2.88m
£1.52m
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Forth Valley total £5.36m

One of the projects that received funding from the Integrated Care Fund was a
programmecalled 6 C/ o0 s er & wlleddanmfanjtigives aimed at preventing

hospital admissions for older people and supporting their independence at home.

Todate,evaluat i on of the 0Closer to Homed programm

reports of activity without any use of comparison groups. This programme will

now be discussed in detail in the following section.

336Cl oser to Home,d an NHS
initiative
Having established the national policy context for  the initiatives that have been
developed as a result of the RCOP strategy, this section will proceed to give an
overview of a specific initiative within ~ NHS Forth Valle y. This initiative, called
&loser to Home,d0 a direct recipient of RCOP funding . It was formally put in
place in December 2015 (Falkirk Integration Joint Board, 2016) . The programme
covers arange of services across NHS Forth Valley that aim to enable o  Ider people
to remain at home, through the use of various initiatives aimed at preventing
admission to hospital. In its development, the integration of social care and health
services has been a key element. This unique partnership aimed to bring together
two differing organisations towards one goal of improving care for older people in
the surrounding areas of Forth Valley. This section will briefly describe the
individual sub -initiatives th a t form part o f O0Th&threes main
componentsofthe 6 Cl oser t o Homeasfglows:gr a mme

1. Enhanced Community Team (ECT) : A team of primarily nurses who
provide admission avoidance care in the home of elderly patients referred
by their GP or identified through other routes (e.g. ambulance service,
community services) as requiring hospital -level care. A team of GPs (GP
Fellows) was subsequently added to the team in the second year of the
service.

2. GP Fellows: A team of General Practitioners (GPs) initially funded
through a pilot GP Fellowship aiming to br  idge the gap between primary
and secondary care. They provide medical support and expertise to the
ECT.
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3. Advice Line for You (ALFY) : A telephone advice line for people aged over
65, led by nurses, providing health advice, reassurance, information about
local services and referral on to appropriate community services as
required, with the primary aim of  supporting older people to remain well

at home.

3310therservices connected to O6Cl oser

Al ongside 6Closer to Homed ar esthmatconributecet y of
towards supporting frail elderly people to remain at home. These services interact

with the 6Closer to Homed programme and may
are not expressly aimed at admis sion avoidance hence are not classified under the

0Cl os er OumbrellH.o me

1. Community Nursing (CN)/ Night Nursing (NN) Teams: These are teams
of nurses who carry out home visit for patients who may need a short visit
following a non -serious or non -recurring accident or illness. This service is
different to the Enhanced Community Teams in that these nursing teams
will generally provide a one -time service, while the ECT aim s to provide
care for acute presentations and provide support for a period of recovery
time. Hence, CN/NN Teams may refer pati ents to the ECT after visiting
them. Additionally, the nurses working in the CN/NN Teams, may also
work within the ECT.

2. Rapid Access Frailty Clinic (RAFC): This clinic, widely referred to as the
OFrailty Clinic,® was set um20ldtodgiver t h Val
older people in the community access to a service providing specialist
assessment for older people, with the aim of reducing avoidable hospital
admissions and supporting older people in the community. The service is
available to over 65s liv ing in a care home requiring tests or treatment, or
over 75s living at home who may require further assessment. During the
assessment a range of blood tests, cognitive tests, X -rays and scans are
carried out and the patient is seen by a consultant geriatri ~ cian. The service

assesses both the patientds health and

N

conjunction with social work, who are able to connect the patient with an
appropriate care package or necessary support at home. This way they are

normally able to re turn home the same day.
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3. Rehabilitation and Assessment in the Community and Home (ReACH):
Part of a Falls Management Programme, this is a service which provides
four one-hour assessments at home for people who have had a fall, and
50% of these people are then referred to the Falls Management Clinic for
further assessment and therapy. This re -ablement service is available to
any patients over 16 years of age who may need it.

4. Mobile Emergency Care Services (MECS): This is a telecare service aimed
at helping p eople with confusion or dementia, those who are frail, have a
physical disability, a sensory impairment, predisposition to falls/accidents
at home, or have been in a violent or abusive relationship, to live
independently at home. The service installsequip ment i n a personds
such as an alarm unit with a trigger device, door sensors or pressure mats,
which when triggered connect through a phone line to a control centre,
open 24 hours a day. The service was a joint initiative between local
councils and NH S Forth Valley.

5. Anticipatory Care Planning (ACP) and & our Plan & Both of these services
are focussed on helping older people prepare in advance for future
difficulties they may face and to help them put a plan in place for their
care. ACP is normally asso ciated with end-of-life care but is a service that
can be used at any stage. It provides a way for patients to plan for a change
in health status and provides an opportunity for patients to involve their
family in their wishes for their care and discuss th ese with health
professionals. During an ACP assessment, a nurse trained for ACP visits
a patient home and will ask them some questions and encourage
discussion surrounding their future care. During the session, nurses do not
use a form to fill in and do n ot take notes but focus on making the
di scussion completely cent et Plamgisa he pat
modified version of this service but does not require a nursing visit and
instead takes the form of a document that the patients themselves fill i n
regarding their future care and wishes. The ALFY team promote d 0 Yo ur
P | aand completed documents were sent back to the ALFY team. The
purpose of 6 Yo ur wad ta hetp patients begin thinking about their
future care and their ithzanaldoitrigger@an ACRv ol v e me

assessment if required.
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6. Joint Loan Equipment Service (JLES): This medical equipment loan
service is a joint initiative between local councils and NHS Forth Valley.
The service provides patients with access to equipment that wil | help them
live independently at home and prevent accidents such as shower chairs

or walking trolleys.

I n addition to the three main O0Cl|l oser
services cover for the most part all the frail and elderly services in NHS Forth
Valley.

Figure 3.7 displays a diagram created by the 6 Cl| os er evaluatdio teeend
within NHS Forth Valley, displaying 6 Cl o s er demwiceslamndrhevd they were
originally expected to interact with other services, however there have been
various changes to the services which are further investigated in Phase IV of this

research.

Figure 3.7 d Community Hub diagram created by t he 6 Cl o s eavaluation tddm rtiNHE
Forth Valley, 2016b)
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3.4 Conclusion

This chapter has set t he national policy context for
programme in NHS Forth Valley, as well as put into perspective how it relates to

national government policies and targets. The need for initiatives such as these

is clear, and even more so the need to ev aluate them in order to further instruct

the constant improvement and adaptation of services put in place for the care for

older people. Further, this chapter has described in detail the primary services of

t he 060Cl oser t o Ho me d pr ogf disaussion ofadthern g wi t
interconnecting services. Providing this overview is an essential first step towards

understanding the quality improvement programme with the aim of investigating

its value and effectiveness. It also proves helpful in understanding wh  ere the

programme sits within national  policy implementations and what the service s

cover.
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Chapter 4 EXxploratory Phase and Process

Mapping R esults

Having introduced the national policy context for the 6 Cl oser to Hom
programme, this chapter provides the results of the exploratory phase of this

research (Phase I), where the primary aim was to u nderstand and document the
particular structures and operational proces
programme. An in-dept h description of the main comp
Homed initiative and a collectiorepfocedsessnvalvedpatei on o f
provided . The outputs of this chapter provide a documentation of context which

contributes towards f irst stage of the evaluation framework used to guide this

research( 6 Under st anding and documeandaddrgssthene br oa
firstresearch question( 0o RQ 1 . What were the structures an:

of the 06C/ oser t o,adddescehdiwChaperza mme ? 6 )

4.1 Methods

The primary method s used in Phase | were informal consultation s with key
members of staff knowledgealdl seaboecttst aamdbdClt
collection processes followed by concept and process mapping. In order to contact
the relevant members of 6 Cl| os er tfav comboltation) the information
services manager for NHS Forth Valley made the appropriate introductions,
usually by e -mail. Consultations were mainly within NHS Forth Valley, however
several consultations were also made with NHS Tayside and NHS Fife as well as
other services such as NHS National Services and the Information Services
Division (ISD) for Scotland . These informal consultations , which took primarily
took place between December 2016 and March 2017, were usually held face-to-
face at a location suitable to the relevant person, however some consultations
were made over the phone and several over e -mail. Notes taken during these
consultations and internal documents shared following the consultations were
used to develop the concept maps and process maps presented here. In addition,
the qualitative study conducted in Phase VI presented the opportunity to g ain an

indepth understanding of the roles and respc
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Home, 06 rel evant t o P has eoncépt map denmetoped frome r es ul
interviews with key stakeholders in Phase VI s included here.

Process mapping was used as a tool for breaking down complexity and gaining a

shared understanding of processes, which is a main benefit of using this method

within healthcare quality improvement  (Antonacci et al., 2018). Process mapping

has also been highlighted to not only help understand the activities ongoing

within a process but also the connections and interactions between activities,

departments or areas (Bjorn Andersson and Tobias Brink, 2013)

42Main compoQlesert 8 6bméod

As briefly describedin Chapter3,t he o6 Cl| oser t o IHovarssadanger ogr a mi
of overlapping services; however, three main services are considered its main

components. These are: the Enhanced Community Team (ECT), the GP

Fellowship Programme and the Advice Line for You (ALFY) . These three

components will each be discussed in further detail and in order to help the reader

understand how they relate to each other, this section will beginwi  th a case study

displaying the interaction of these services. Data collection processes are briefly

discussed for each service, however specific details of data relevant to this

research are described in detail in Chapter 7 (@uantitative Data Collection J,

where the resulting datasets developed as part of Phase 1l of this research are

described.

4.2.1 Case study 0 patient using ALFY , ECT and GP Fellows
services
The following case study is provide d to introduce and illustrate the use of the
main components of the 6Closer to Homed prog
a promotional video developed by the NHS Forth Valley ALFY service (NHS Forth
Valley, 2015 a).
Moira Smith is 71 years old and lives at home but has been feeling dizzy and
had a rfall. She also hasndét been eating o
Jane is concerned about her and recalls receiving a leaflet about the Aavice
Line for You (ALFY) Service for over 65s. She decides to call /ate that
morning on behalf of her mother as she is quite worried about her and gets

through to a community nurse who begins by asking some details about the
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Situation to ensure this is not an emergency and asks f  or consent from Moira
fo be able to speak to Jane about her. Jane describes the situation and the
nurse gives her reassurance and tells her that they will send a community
nurse out to see her at home that afternoon and assess the fall as  she does
not appear to be seriously injured. Once this has taken place, the community
nurse confirms there is no serious injury but sees that Moira has reduced
mobility due to the fall and is feeling more unwell and dizzy so to prevent

an admission they decide to refer Moi ra on to the Enhanced Community
Team (ECT). Fol |l owing the visit, a [letter
them of her fall and of the visit and that she has been referred to the ECT
service. An ECT nurse provides a rapid response visit that evening to asse  sS
Moira, where they identify that she may have a urinary tract infection so
they request relevant testing and provide medication for her pain as it has
become more severe. The team also provides a thorough initial assessment

to identify areas of need such as equipment needs.

For the next few weeks, community nurses, home care staff and a
physiotherapist from the ECT go out to see her. Although she seems to be
recovering from the fall and pain subsides, the nurses notice that Moira is

still feeling dizzy a nd suspect a new infection so they decide to involve GP
Fellows, a team of GPs who work as part of ECT and  are able to specifically
treat elderly and frail people in their homes but provide more specialised
treatment than the ECT nurses and allied health professionals . A GP Fellow
visits Moira at home and assesses her situation. He believes she will need
to be admitted t o @laybs)uaderhldcalte tolbectbsely s h or t
monitored for a day or two, get rehydrated and ¢  arry out specific diagnostic
tests he thinks are necessary. Following results from the tests, the GP
Fellow prescribes the necessary medication for Moira and she is able to
return home, with a few more visits from the ECT until she can live

independently a t home.

4.2.2 Enhanced Community Teams

A core element of the 6Closer to Homed progr :

Community Team (ECT ), aimed at providing care at home for older people after
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having had an accident, illne ss or stay in hospital. The ECT service components
and processes involved are described in this section. A process map describing the

service can be seen in Figure 4.1.
4.2.2.1 Implem entation

The ECT was rolled out in December 2015 with the first contact occurring 9
December 2015. The service aimed to then be progressively rolled out across the
whole Forth Valley area in the first year by promotion to and contact with GP
practices an d emergency services. By June 2016, ECT covered all 57 GP practices
in Forth Valley . As discussed and investigated in Phase VI of this research
however, there was difficulty in encouraging its widespread use and promotion

(presented in Chapter 10 ).
4.2.2.2 Team resources

From the start of the service, the core teams have consisted of nurses dedicated
to ECT (ECT nurses). In 2016, the core ECT team consisted of one Advanced
Nurse Practitioner and six Senior Staff Nurses funded by the health and social
care partnerships in Forth Valley (Sharp, 2016). Funding was also provided for
social care input which resulted in health care assistants also forming part of the
core team. This core team has direct access and input from other resources
however, which form part of other services, hence are not considered dedicated
ECT resource. This includes access to allied health professionals
(physiotherapists and occupational therapists from the Rehabilitation and
Assessment in the Community and Home services described in Chapter 3, Section
3.3.1), community practice nurses (CPN) including night nursing and  social work
including home care staff. In January 2017, the additionalr  esource of GPs called
GP Fellows (described in Section 4.2.3) was made available to ECT. These services
are managed separately but the ECT caseload is within their remit, hence they

form part of the same team.
4.2.2.3 Care provided

The services provided by the ECT are designed to provide immediate support in
the intermediate phase of arranging long -term support (NHS Forth Valley et al.,
2016). Nurses are able to monitor vital signs, change dr essings, provide
medication and request sample testing, physiotherapists help people get back on

their feet, occupational therapists may conduct equipment assessments and home
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care staff can prepare food as well as aid with washing, toileting and dressing.
The ECT service is generally provided for up to 7 days, however this is flexible
according to a (Shap 20&6h.tPatients metewed 0 ECT remain

under the overall medical direction of their own GP  (Sharp, 2016).
4.2.2.4 Range of conditions and pathways

Referrals can be made to ECT through various sources including GPs, ¢ ommunity

services, the Scottish Ambulance Service and through the telephone advice line

which is also a part of ©6CI| os asrseethioFigdremed ( 0 /
4.1. Generally , the service is for patients over 65, however those under 65 with a

chronic condition such as multiple sclerosis (MS), chronic obstructive pulmonary

disease (COPD) motor neuron dis ease (MND) would be considered. In addition , to

meet the service criteria , the patient should have been seen by a medical

practitioner and have a diagnosis or reason for referral . The range of conditions

typically seen by the ECT include chest infections, urinary tract infections,

delirium, cellulitis , falls with no suspected fracture , acute exacerbation s of chronic

condition s and reduced mobility due to acute illness es (Sharp, 2016).

In the first year of the service the service intended to have two main pathways

(i.e. types of patients), one f or O6unwel |l adultsd which requir
to have been seen by a medical practitioner and have a diagnosis or referral

reason. This pathway was for patients requirini
hospital admission in a crisis or deteriora ting condition and to provide post-

discharge support for patients who still require medical  attention which could be

treated at home following a hospital stay (t his i s refer-dedndo as
service). The second pat hwahomadyseqdireAHPO uni nj u
input but may benefit from the remaining ECT services. As the service developed,

and pressures in hospitals in  Forth Valley increases, the service found itself

requiring a third path way f or 6di schadgdhtf sciplaitothavtaiy o nw e
patients who were not able to be discharged from hospital primarily due to lack

of social care arrangements. ECT took on these patients, primarily providing

home care visits from their social work resource , which was not originally

intended for the serv ice (further investigated in  Chapter 10). For many of these

patients, healthcare needs were also identified where ECT healthcare

professionals provided input accordin gly.
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4.2.2.5 Recording data

ECT record details of their patients and their care on the community information
system MIDIS (Multidisciplinary Information System) . The data entry process
can be seen in Figure 4.3. Data entry is only possible at the ECT office base, where
MiDIS is accessible. Hence, for home visits or any other activity outside the team
base, there will be a delay between the occurrenc e of activity and the recording of
data which may have implications on data quality  (further discussed in Chapter
7). Discussion with several ECT nurses however indic ated that members of ECT
recorded some data on paper when visiting patients (such as the triage and
general assessment forms & seeFigure 4.3), which is then entered o n MiDIS upon

return to the office.
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Figure 4.1 0 Process map of ECT service including Jan -Sept 2016 (Quarters 1 -3 statistics). Data source: (Henderson and Locke, 2016)
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4.2.3 GP Fellows

The GP Community Hub Fellowship Programme was put in place to develop a

new role that bridges the gap between primary and secondary care. The one -year

fellowship enables GPs (called GP Fellows) to develop further experience working

in intermediate care bet ween the home and acute setting. Following the first year,

GP Fellows have the opportunity to hold a two -year health board funded position

as a community physician. The Fellowship Programme  was piloted in NHS Fife

and NHS Forth Valley, and officially launc  hed in Forth Valley in January 2017.

The GP Fellows in Forth Valley work very closely with the ECT and form part of

the team, receiving referrals directly from them, but are managed separately. A

GP Fell owbs treatment within thevsBGF servi
patients with complex conditions requiring c
where they may also prescribe medicine and request further testing. Previously

without the GP Fellows resource these patients would likely have been admitted

tohospi tal. GP Fellows in Forth Valley also
Bodness Hospit al-stay bhelds theycamuseeto aslirhitdheit patients

where hospital equipment is required to continue care, as an alternative to acute

hospital admission. Once the GP Fellows have carried out their treatment, they

may hand the patientds care back to the ECT
Fellows use MIDIS to record patient and activity information. The data entry

process is the same as for ECT except that there is an additional form that they

fill in specific to their needs, as seen in Figure 4.3.
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Figure 4.3 3 Data entry process map and data items collected for the ECT and GP Fellows services
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4.2.4 Advice Line for You

The Advice Line for You (ALFY) service was a nurse -led telephone service aimed
at supporting older people to remain at home by providing advice on health and
social care support or simply reassurance. Aimed at people over 65, it provided
support 24 hours a day and began on the 1st December 2015. The advice line aimed
to cater towards the need for simple reassurance or advice among elderly people
in Forth Valley, aiming to prevent hospital attendances by providing appropriate
advice or reassurance over the phone to avoid further deterioration where
possible. Since its launch until September 2016, 45% of calls have been for the
purpose of simple advice or reassurance (NHS Forth Valley, 2016a) .

Figure 4.4 displays a concept map of the current ALFY service and its potential

outcomes.
4.2.4.1 Implementation

Following t he identification of a need for a service where elderly people can obtain

simple reassurance and advice, the service was initially pi | ot ed in the
area of Forth Valley, within the Falkirk partnership. Following positive feedback

from the pilot, it was rolled out more widely across Forth Valley with promotional

materials being sent to those aged 65 or over identified as being a tincreased risk

of hospital admission (based on a Scottish Patients at Risk of Admission and
Readmission score of 40 or above in September 2015 i.e. are said to have a2in 5

chance of being admitted to hospital in the prediction year) and posters

advertising the service throughout hospitals and GP practices in Forth Valley.
4.2.4.2 Team resources

In contrast to a service such as NHS 24 (the national general healthcare advice
line), this advice line is operated by experienced community nurses who are
especially knowledgeable on the care provision and services available to over 65s
in NHS Forth Valley . The service is provided through h ospital -based telephone
lines, however s ome night nurses also have mobile handsets through which ALFY

calls are routed if they are on call for community nursing.
4.2.4.3 Recording data

While on a call, nurses primarily record data through electronic forms on the ward

management system eWard, although they may also take paper notes, which are
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| at er transcri bed electronically, on their
through the conversation (See Appendix A, Figure A-4). Until September 2018,
when the ALFY service came to an end, ALFY collected data forincomi ng callsin

a ward management system called eWard.
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Figure 4.5 displays a process map of data entry and data items collected by the

ALFY service.

Figu re 4.4 d Concept map of ALFY service with routings from Jan

Data source. (NHS Forth Valley, 2016a)

-Sept 2016 data (Quarters 1 -3).
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Figure 4.5 3 Data entry process map and items collected for the ALFY service
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43Rol es and responsibilities ir

The main roles and responsibilities of staff members involved in each component

of the 6Closer to Homed progr dasedeniricamale b e en
consultations taking place early on in this research , however, as previously

described, the semi -structured interviews with staff taking plac e during Phase VI

of this research provided an opportunity to gain further insight into the roles and

responsibilities involved in the programme. Hence, the  concept map developed

based on participantsd responses about t hei
fulfilling the Phase | aim to document the structures and operational processes

invol ved i n 6 (Figares 46). The ole $lod theevdirious interconnecting

services and structures | i nkedclegiertihPhasel os er
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VI, including the role of primary care, secondary care, community s  ervices and
Health and Social Care Partnerships which have bee n included in this concept

map.

4.4 Summary and conclusion

This chapter has provided the outputs of Phase I of this research, the exploratory

phase aimed at understanding and documenting the structu  res and operational
processes involved in the 6Closer to Homed ¢
first research question and contributing towards the first stage of the evaluation

framework focused on understanding and documenting the context. Towards

addressing the first research question, namely, 6 What were tthe struct
operational processes of t héthedolbivings pointst o Hom

summarise the findings from this exploratory phase.

1 The exploratory and process mapping exercise conf irms the 6 Cl os er t o
Homed pr ogr amme healthcase imteovempoh,ewth various
interconnecting parts , which have been well documented in this chapter

T The dedi cat ed 06Cl oser to Home o componer
Community Team (ECT), GP fellows an d the Advice Line for You (ALFY)
make use of a wide variety of existing community resources and are
therefore interlinked with existing services and systems

1 Aside from community services, primary care, sec ondary care and Health
and Social Care Partnerships pl ay key roles within the
programme

1 There are data collection processes in place at least at each point of
referral, contact and di scharge from tF
therefore it is feasible to use existing data to build an inter  vention cohort

and understand activity of the services
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Figure 4.6 d Concept map describing r oles within 'Closer to Home ,
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Chapter 5 Scoping Literature Review

5.1 Purpose of this R eview

Increased dependency on health care services by a growing population of elderly
patients has led to a movement of healthcare provision towards community  -based
care. Various heterogeneous models of this type of care have been described
(Young, 2009; Boult et al., 2009) . This review is concerned wit h interventions
providing home or home -setting treatment of acute or subacute medical conditions
in elderly patients, at risk of unscheduled hospital admission. Various studies
evaluate the effectiveness of these types of interventions, many of which are
Randomised Controlled Trials (RCTs). In hospital avoidance schemes, it is often
the case that randomisation is unfeasible or inappropriate (Steventon et al.,
2012). Reviews of these studies usually include only RCTs (Shepperd et al., 2009a,
2016; Caplan et al., 2012) . Some reviews also include no n-randomised controlled
trials (NRCTs) (Huntley et al., 2017; Low, Yap and Brodaty, 2 011), however there
are few that include all comparative study designs  (Victor and Higginson, 1994) .
Hence this review is concerned with studies employing any comparative
methodologies, including those where an RCT was not possible, which is the case
in many healthcare envi ronments, including thethedCl oser
community -based health care intervention of interest to the evaluation.
The aims of this scoping literature review are to review existing research on
interventions providing home treatment of acu te medical conditions in elderly
patients, at risk of unscheduled hospital admission with the following three aims:

1) Document and identify themes, categories and classifications across the

range of interventions
2) Identify methods and measures of effectivenes s being used to evaluate the
comparative effectiveness of such interventions
3) Review the existing evidence on the comparative effectiveness of these

interventions
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5.2 Methods

This is a scoping review which takes a systematic approach to reviewing existing
evidence from a broad range of study designs and methods . Sucharew and
Mucaluso (2019) describe the purpose of a scoping review as providing ¢an
overview of the available research evidence without producing a summary answer

to a discrete research question éand they highlight that it i s particuarly useful
approach when the information on a topic has not been comprehensively reviewed

or is complex and diverse 6(2019, p.416). These features made the scoping review
an attractive approach to the specific aims of the review previously outlined. The
specific methods employed for this scoping review including information sources,
search strategy, criteria and quality assessment are described in the following

sections.

5.2.1 Information sources

The search was conducted using PubMed, CINAHL and additional hand search,

for research articles published between 2004 and August 2018 inclusive, where

studies were in English and pertained to human subjects. In setting the date

limits, systematic reviews making a similar investigation as this review  were

searched. Upon finding a suitable review, the date of the search in the review was

used as scientific justification in aiding the selection of a start date for this review.

The identified review was of O6Complex inter\
functonand i ndependence in elderly peopled publis
et al. in 2008, however the search was conducted in 2005 (Beswick et al., 2008) .

In addition, in selecting the start year, the research motivation was t hat in 2004

the General Medical Contract (GMC) for General Practitioners (GPs) allowed

t h e m opt aut obresponsibility for providing out  of-hours care to their patients,

transferring responsibility tothei r | oc al pri ma(The CaraQualityt r ust , 0
Commission, 2014, p.8) which includes out -of-hours home visits. This would

indicate a growth in the provision of home treatment through alternative

interventions. Hence, the search sta rt year was set as 2004.

5.2.2 Reference management and s tudy screening

References were managed using Mendeley reference management software. Once

duplicates were removed in Mendeley, results were imported into  Rayyan, a web
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application for screening of studie s in systematic reviews , for the abstract
screening of studies (Ouzzani et al., 2016) . The result s were exported as a CSV
file and full -text screening was conducted on Mendeley with observations
recorded on this CSV file. The file contains details of each study along with a

decision, exclusion reason and tag for study design.

5.2.3 Search strategy

The search was for studies evaluating interventions providing home or home -
setting treatment of acute or subacute medical conditions (including
rehabilitation) in elderly patients, at risk of unscheduled hospital admission or

institutionalisation by using the following search terms:

("ol der patients" OR "geriatric patients'
AND (("Nurse -led” AND "community” AND "care") OR ("Community based”

AND "nursing”) OR "Hospital at home" OR "Hospital in the home"” OR "home

versus hospita l” OR "supported discharge” OR ("case management” AND

"home") OR (("GP" OR "general practitioner” OR "nurse”) AND ("home"” OR

"house") AND ("visits” OR "visiting") AND ("frail” OR "acute” OR 'postacute”

OR 'chronic” OR ‘illness” OR 'severely ill"))) AND (e ffect” OR
"effectiveness” OR "Evaluation” OR "case control” OR "retrospective study”

OR "cohort s t u-a@xparimed#®’ OR dauasis-éxperiment” OR
ocoobservational studyoé OR randomi zed trial

5.2.4 Inclusion and exclusion criteria

TheUniver sity of Yorkodés Centre for Reviews and
for a review protocol were used in this review (Centre for Reviews an d
Dissemination, 2006) . Publications were included if they were articles published

in the English language in peer reviewed journals and fit the following criteria:

1 Population aged over 60 years of any gender living in any country, at risk
of hospital admission or institutionalisation, excluding nursing home
residents

1 Intervention providing short term home or home -setting treatment of
acute or subacute medical conditions

9 Control group receiving usual care (including but not limited to acute
hospital a dmission)

f Outcomes of intervention effectiveness in
use or cost of health services, patient -related outcomes (including
survival, quality of life and functional outcomes) and satisfaction with
care
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1 Study designs employed are actual rather than proposed using primary
data through randomised and non -randomised comparative designs
(including controlled trials, quasi -experimental studies, before and after
studies, prospective an d retrospective cohort studies and case-control
studies)

5.2.5 Extraction of information and thematic analysis

Several pieces of information were collected for each of the included studies
relating to methodology and other study details. For each study the following
elements were extracted: publication year, study location and setting , study
design, sample size, target population (eligibil ity), intervention group definition,
comparison group (control group) definition, matching strategy if one was used to
select comparison groups, baseline assessments conducted, primary and
secondary outcomes measured, follow-up period (or duration of outcome
measurement) , analysis performed (and adjustment factors used in the analysis )
and results of outcome measures of each study. Data e xtraction was conducted in
NVivo qualit ative data analysis software by encoding details of each study into
nodes representing each of the aforementioned elements.

After completing the data extraction instrument, thematic analysis was
conducted finding classifications or themes for the majority ~ of the items in the
data extraction instrument. The following items were included in the thematic
analysis: target population, setting, types of interventions, study design, baseline
assessments conducted, study outcomes, analysis employed by the studies
including adjustment factors and the findings of the included studies.

Meta -analyses were not performed primarily due to being outside of the remit of
this review, however, in addition, the heterogeneity of interventions, study
designs and outcomes would have made formal meta -analytic methods
challenging, which is a feature of scoping reviews due to their broad scope

(Sucharew and Macaluso, 2019) .

5.2.6 Quality assessment of included studies

Assessment of study quality was conducted using the Downs and Black  quality
assessment for randomised and non -randomised studies (Downs and Black, 1998) .
This quality assessment tool was selected as it allowed for a co nsistent tool to be

used across all the studies and it was originally developed to be suited for studies
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evaluating healthcare interventions. The original assessment tool contained 27
items covering the following four domains:

(1) dReporting ( 10 items) i which assessed whether the information provided
in the paper was sufficient to allow a reader to make an unbiased
assessment of the findings of the studly.

(2) External validity (3 items) ii which addressed the extent to which the
findings from the study could be generalised to the population from
which the study subjects were derived.

(3) Bias (7 items) i which addressed biases in the measurement of the
intervention and the outcome.

(4) Confounding (6 items) fi which addressed bias in the selection of study
subjects.

(5) Power (1 item) i which attempted to assess whether the negative findings
from a study could be due to chance. 6(Downs and Black, 1998, p.378)

A modified version of their checklist was used, as presented by Korakakis et al.
(2018). This version modifies the scoring of the final item of the checklist (item
27) referring to the power of the study, where instead of giving a rating according

to a range of study powers, the rating is give n based on whether the study
performed a power calculation or not, hence the maximum score for item 27 was

1 (a power calculation was conducted). Hence, the maximum score for the
checklist was 28 instead of 32 and corresponding quality levels were given as
previously reported (Hooper et al., 2008) as excellent (26-28); good (20-25); fair
(15-19); and poor (<14).

The study quality scores were taken into account in the  reporting of individual
study findings, using the quality grading presented by Hooper et al. (2008)

1 1a (very strong): the findings are  supported by the results of 2 or more
studies of at leas t excellent quality

1 1b (strong): the findings are supported by at lea st 1 study of excellent
quality

T 2a (moderately strong): the find ings are supported by 2 or more

studies of at least good quality

2b (limited): the findings are supported by a t least 1 study of good quality

1 2c (weak): the findings are supported by at least 1 study of fair or poor
quality

1 3 (consensus): in the absence of evidence, there is agreement by a group
of experts on the appropriate treatment course

1 4 (conflicting): there is disagreement between the findings of at least
2 randomized controlled trials.

|
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5.3 Search results

The Pubmed search yielded 323 articles and the CINAHL search yielded 227
articles. Additional hand search identified 27 articles. After duplicates were
removed, a total of 421 articles were screened by abstract for inclusion. Of these,
379 articles were excluded based on the exclusion and inclusion criteria (reasons
can be seen in Table 5.1), leaving 42 articles for full -text screening. Of these, 19
were excluded from the review as a result of not meeting the inclusion criteria
and one was excluded due to lack of response on clarification from the author  (full
reasons can be seen in Table 5.2). This meant that 22 articles were included and
data was extracted for each of these studies. The PRISMA diagram for the search
results can be seenin Figure 5.1. Full references for the included studies and their
assigned study codes used throughout this chapter can be seen in  Appendix B
Table B-1.

Table 5.1 3 Abstract screening exclusions by reason

N
\‘

Article type
Study protocol
Intervention description or protocol
Process evaluation
Background discussion
Commentary
Conference proceedings
Letter to the editor
Population
Nursing home residents
Non acute telehealth
Nursing home or home care staff
Caregivers
Primary care nurses
Intervention 197
No intervention 59
Non acute case management or monitoring 29
Education, training or counselling for patients, caregivers or ¢
providers 18
Primary care interventions including frailty screening, CGA, P 10
NH, assisted living or long term care 10
Discharge planning
Medical or surgical intervention
In hospital
Exercise and/or diet programmes
Social or psychosocigterventions
Palliative care
Medication management only

el
w ™
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Fall prevention 5
Adult day or respite services 5
Community mental health 4
Nurse led cardiovascular dementia prevention 3
Non acute telehealth 3
Use of screening or stratificatidnols 2
Informal care 1
Infection prevention intervention in NH residents 1
Electronic health record 1
Comparison group 22
No comparison group 11
Other variations 11
Outcome 3
Characteristics of home care supporting clinics 1
Enrolment reasons 1
Unwanted incidents 1
Study design 101
Review 68
Exploratory case study 15
Exploratory pilot study 8
Cross sectional 6
Longitudinal study with no comparison group 2
Process evaluation 1
Discrete choice experiment 1
Table 5.2 0 Full -text exclusion reasons
Study code Exclusion reason
Cappelleri 2017 INT- Blood pressure monitoring in home with device vs hospital
Chow 2014 INT- Case management (education and monitoring pdistharge)
Courtney2012 | INT- Exercise programme (pesischarge plan with home visit and follow up
calls)
Del Sindaco 200 INT- Non acute disease management (letegm, intensive postlischarge
follow-up)

Godwin 2016  INT- PHV (home visits for medically stable indepertdeall elderly to identify
any unmet needs)

Gregersen2012 | Required clarification but no response from authors (primarily anaspital
geriatric team, but with followup physio home visits which are not describec

Hofstad 2013  INT- Study protocol

Isaia 2010 CG- Comparing hospital at home patients with and without pressure ulcers

Janse 2016 INT- Primary care frailty screening, CGA and PHV

Jeffs 2005 INT- Patient education (Chronic disease sedinagement for COPI®. no
treatment)

King 2018 INT- Primary care frailty screening, CGA and PHV

Kirkham 2014  INT- Home medication management

Looman 2014  INT- Primary care frailty screening and case management

Prasad 2014 INT- Primary care &se management, coordination, transitional care and
monitoring by one ANP

Rosenberg 2012 INT- Primary care CGA and case management

Shepperd 2017 | AT- Study protocol
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Sinclair 2005 INT- Patient education (two postlischarge cardiac support home visits no
medical treatmen}

Strupeit 2013  INT- Discharge planningith scheduled patient education and counselling
home visits (i.e no medical treatment)

Thygesen 2015 INT- Discharge planning (with scheduletkdication review and care planning
home visitd.e. no medical treatment

Watkins2012 INT- Discharge planning (transitional care)

Lbe¢lréLyiSNBSylGA2ysé [/ DI' &/ 2YLI NR&az2y 3INEdzZL

Figure 5.1 d PRISMA diagram for review of home or home -setting treatment of acute or subacute
medlical conditions in elderly patients, at risk of unscheduled hospital admission or
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5.4 Results of the thematic analysis

The following section aims to describe the results of the thematic analysis carried
out on the information extracted for each of the included studies.  The following
items were included in the thematic analysis:  target population, setting, types of
interventions, study design, study outcomes, analysis employed by the studies
including adjustment fact ors and the findings of the included studies.  Full details

collected for each of the included studies can be seen in Appendix B Table B-2.

5.4.1 Target population

All studies targeted patients aged 60 or over (only one study  (Senior et al., 2014)
also included those over 55 specifically for indigenous groups in New Zealand).
The average age was 80.3 for intervention patients and 7 9.9 for comparison group
patients. Ten studies (45.5%) targeted patients with a range of conditions (8
unspecified, 1 frailty and 1 acute medical or orthopaedic). The remaining 12
studies (54.5%) targeted patients with specific illnesses or conditions: thr ee
studies targeted Chronic Heart Failure (CHF), two studies targeted orthopaedic
conditions, two studies targeted hip fracture surgery, two studies targeted four
specific illnesses (community -acquired pneumonia, COPD, CHF or cellulitis) , one
study targete d specific acute and subacute infections and the remaining two
studies individually targeted Chronic Lung Disease (CLD) and COPD. Details can

be found in Table 5.3.

5.4.2 Setting

Out of the reviewed publications, 11 (50.0%) were European studies, 4 (18.2%)

studies were conducted in Australia or New Zealand, 4 studies (18.2%) were

conducted in Hong Kong, two were conducted in the USA and one in Taiwan. All

studies except for one included both hospital and community elements either as

part of the study design (recruitment) or as part of the intervention. The

remaining study recruited an d compared patients from the community

exclusively. All studies except for one delivered interventional care primarily at

home. One study delivered interventional care in short -stay residential care
facilities in addition t othetstudies peactconduntedd s h o me

within the same setting (same hospital or location) with either variations of a
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similar intervention, or separate analyses of the same data (or subgroups of data).

The unique interventions identified will be discussed in a separ  ate section.
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Table 5.3 d Setting, target patient category and specification of included studies

Setting

Acute care hospitals and community at 3 sites
Buffalo, NY, Worcester, MA and Portland, OR

2 Acute hospitals and community in Shatin an
Taipo, Hong Kong
University hospital andommunity in Vitoria
Gasteiz, Spain

University hospital and community in Torino,
Italy

Hospital and community in northern Taiwan

University hospital and community in Gotebor
Sweden
Tertiary referral teaching hospital and communi
in Sydney, Australia

Acute hospital, intermediate care hospital anc
community in Badalona, Spain

2 Home visiting nursing service centres in
Geneva, Switzerland
4 acute care hospitals and their community
nursing services in Hong Kong

Day hospital anc&community in Dublin, Ireland

1 acute care hospital, 3 rehabilitation hospitals
and community in Hoy Kong
Tertiary hospital and community in Waikato, Ne
Zealand
Hospital, shortstay residential care facilities anc
community in New Zealand.
Hospitaland community in London, UK

Study code
Leff2005

Leff2006

Kwok2004
Kwok2008

Mendoza2009

Aimonino2008
Isaia2009

Tibaldi2009
Shyu2013

Ziden2008

Caplan2005
Caplan2006

Mas2016
Closa2017
Mas2017
DiPollina2017
Leung2015
Lewis2017
Lin2015
Parsons2018

Senior2014
Wright2013

Patient category
lliness/conditiorspecific: four target
illnesses

lliness/condition specific: four target
illnesses

lliness/conditiorspecific: CLD
lliness/conditiorspecific: CHF
lliness/conditiorspecific: CHF

lliness/conditiorspecific: COPD
Range of conditions (unspecifed)
lliness/conditiorspecific: CHF

lliness/condition specific: Hip
fracture

lliness/condition specific: Hip
fracture

lliness/conditiorspecific: infections
Range of conditions (unspecified)
lliness/conditiorspecific:
Orthopaedic
lliness/conditiorspecific:
Orthopaedic

Range of conditions (acute medical
and orthopaedic)

Range of conditions (frailty)

Range of conditions (unspecified)
Range of conditions (unspecified)
Range of conditions (unspecified)
Range of conditions (unspecified)
Range of conditions (unspecified)

Range of conditions (unspecified)
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Patient specification

Attending ED or assessed at ambulatory setting as requiring admissiol
target illnesses (communigcquired pneumonia, COPD, CHF or celluliti
Attending ED or assessed at ambulatory setting as requiring admissiol
target illnesses (communigcquired pneumonia, COPD, CHF or celluliti
Admitted to acute hospital for CLD and at high risk of readmission
Admitted to acute hospital for CHF and at high risk of readmission
Attending ED with exacerbation of HF with pexisting CHF diagnosis

Attending ED with exacerbation of COPD

Attending ED with acute illness covering a range of conditions
Attending ED with acute decompensation of CHF with-gxesting CHF
diagnosis

Admitted to hospital for hip fracture requiring surgery

Admitted to a hospital emergency unit with hip fracture requiring surge

Attending ED with targeted subacute and acute titdes
Admitted to acute hospital and referred for geriatric rehabilitation
AttendingED or admitted to acute hospital for acute orthopaedic condi

Attending ED or admitted to acute hospital for acute orthopaedic condi

Attending ED, admitted to acute hospital or community patients for act
medical or orthopaedic conditions
Communitydwelling identified as frail ad at risk of hospitalisation

Admitted to acute hospital for range of conditions and at high risk of
readmission

Admitted to hospital, day hospital or attending outpatient geriatric clinic
assessed as frail with complex needs

Admitted to acute hospital at high risk of readmission

Admitted to acute hospital at risk of hospitehdmission or
institutionalisation

Admitted to hospital or rehabilitation service at high risk of
institutionalisation

Attending ED assessed having complex needs requiring hospitalisatiol



5.4.3 Types of interventions

This section aims to describe the types interventions  evaluated within the

included studies. The section will begin by describing the existing model

definitions of interventions included in this review in order to define how they

were classified in this review. A wide variety of interventions providing home

treatment of acute medical conditions have been described in international

literature (Leff and Montalto, 2004) . Various models of comprehensive care

models for older adults with chronic conditions have been described  (Boult et al.,

2009)as well as models of intermediate care de
expansion and devel opment of c ommgyoundg,y heal
2009, p.S21). Within these model descriptions, th e main recognised model

providing home treatment of acute and subacute medical conditions is the

O0hos paitt ahlomeé (HaH) model

Hospital -at-home (HaH) has been described as "a service that provides active

treatment by healthcare professionalsinthepati ent 6s home for a cond
otherwise would require acute hospital inpatient care, and always for a limited

time period" (Goncgalves-Bradley et al., 2017, p.6) . Two main models of HaH have

been described: admission avoidance and early discharge (Boult et al., 2009;

Young, 2009). Shepperd and colleagues have conducted several reviews on HaH

services resulting in two well -known Cochrane reviews of each of these models
(Goncalves-Bradley et al., 2017; Shepperd et al., 2016) . These models were both

identified within the reviewed studies.

An additional model was identified in the review ed studies that did not appear to

be explicitly described as a separate model in academic literature  (Boult et al.,

2009; Young, 2009). This may be because it is closely related to the early discharge

HaH model hence, some authors may group it within this model, however, it has

clear distinctions. The distinctive model could be described a s 0 paute t

discharge support 6o r O r e s taa reshiéh sugports patients after hospital

di scharge (rather than o6earlyd) for subacute
of readmission, but do not provide substitution for a hospital stay at discharge.

Though | iterature des corivbheiscdesignedamiacilithte o n a | C

smoother, safer, and more -efficient transitions from hospital to the next site of
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care (another healthcare settingorhome) , 6 transitional care is ¢
transition between settings rather than care provision after transition (Boult et
al., 2009, p.2332)

Hence, the interventi ons within the reviewed studied were identified as being
based on one or more of the following three models: admission avoidance HaH,
early discharge HaH or post -acute discharge support. Some of the reviewed
interventions included more than one of these mo dels or combined these models
with additional elements, which will be later discussed. This is as expected, as
having multiple components is a defining characteristic of complex interventions
(Campbell et al., 2007). The three models will be described in detail in the next

section.
5.4.53.1 Admission avoidance HaH

I n admission avoidance (also referred to as
provided in lieu of acute hospital care and they are characterised by orapid
respons e dYoung a009. Admi ssi on avadmit[s patients HaH 0
directly from the community thereby avoiding physical contact with the hospital,

or may admit from the emergency room O (Shepperd et al.,, 2016, p.8) after

asses s ment conf i rtientreggresthbspital o-level treatment but can be

treated safely at home [ é by a HaH team that includes a physician, nurses,

technicians , and rehabil it ®dultetal. 2009,r2383) i. Iseff and

Montalto (2004) further define admission avoidance HaH as meeting the following

criteria:

(1) It provides care that substitutes entirely for an inpatient acute hospital
admission.

(2) It provides an intensity of care, including medical and nursing care,
similar to that provided in the hospital appropriate to the severity of the
illness treated.

(3) It provides care that cann ot be provided by usual community -based home

care services (Leff and Montalto, 2004)

Due to the difficulty of defining the above criteria (e.g. What defines a hospital -

level intensity of care?) and sometimes lack of clarity of descriptions in
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interventions within the studies included in this review, rather than using this

criteria explicitly, studies were categorised as admission avoidance HaH if the
intervention was defined as Osubstitutiveo
hospitalisatio n 6 or i f intervention patients wer e
admi ssion. 6 Interventions that were categor
achieved entire substitution of an inpatient acute hospital admission by means of

either 1) hospital -level care at home or 2) supportive and diagnostic care at home

combined with access to a specialised day hospital or clinic. These interventions

were further identified as admission avoidance if their comparison groups were

described as receiving usual inpatient acute care in "hospital" or "geriatric ward ."
5.4.3.2 Early discharge HaH

After an initial hospitalisation, e  arly discharge HaH substitutes the remainder of

a patientds hospital admi ssion by providing
home, involving rehabilitation that would usually be provided in a hospital.

Speci f iaftecalpdtignt 6 ® me di cal ¢ on dedintheohospitalatske st abi |
patient returns home and is treated there by a HaH team consis  ting chiefly of

nurses, techni cians, and rehabilitative therapists 6 (Boult et al., 2009, p.2332) . If

it were not available then the p atient "would not be discharged early and would

remain on an acute hospital ward" (Gongalves-Bradley et al., 2017, p.6) . Studies

were categorised as early discharge HaH if the intervention was defined with

terms such as oearly discharge HaH, 6 oearly
rehabilitation. 6 These i nt edasearlydisochargeifwer e f u
their comparison groups were described as receiving rehabilitation in a

"rehabilitation unit/ward " "intermediate care unit" or "geriatric ward" or

receiving usual care in hospital without early discharge.
5.4.3.3 Post-acute discharge supp ort

Post-acute discharge support was identified separately from early discharge

models, as this model does not provide substitution for a hospital stay and does

not provide discharge O6earl y®6 but rather sup
patients who may be at risk of further hospitalisation at discharge from the acute

setting, with the aim of restoring or enhancing functional ability at home. This

model was often combined with the admission avoidance HaH model after the

initial discharge support, wit h the capability of offering admission avoidance HaH
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in the event of a presentation of an acute condition after discharge, or access to a

day hospital or specialised clinic to avoid an inpatient admission.
5.4.3.4 Ildentified types of interventions

All interventio ns provided either home treatment or support for acute or subacute
medical conditions (including rehabilitation and post-discharge support) in
elderly patients . Out of the 22 included studies, 18 unique interventions were
identified. The interventions coul d be broadly categorised into admission
avoidance HaH, early discharge HaH and post -acute discharge support, some
including more than one of these models or combining additional elements, as

previously mentioned. These can be seenin Table 5.4.

Table 5.4 8 Intervention models and additional elements

Number of
Intervention models and distinctive additional elements unique
interventions

Admission avoidance HaH 6
No further interventions identified 5
With access to day hospital, preceded by preventive home visiting 1

Early discharge HaH 5

Both early discharge HaH and admission avoidance HaH 1

Postacute dischargesupport 6
No further interventions identified 2
In shortstay residencial care followed by supported home rehabilitation 1
With access to day hospital (for any further acute presentations) 1
With capacity for admission avoidance HaH (for any furtharte presentations) 1

1

With capacity for admission avoidance HaH and access to day hospital (for
further acute presentations)

Total unique intervention models

The staff involved in care for each of the interventions are presented in Table 5.5

below. Full details of the 18 individual interventions can be seen in Table 5.6.

Table 5.5 d Medical and social care professionals involved in each intervention model observed in
reviewed studies

| Study code | Interventiongroup | G | P | N | PT | OT | SCW | Other

Admission avoidance HaH

DiPollina2017 = Admission avoidance HaH 6 0 0 0 0 Psychologists
Aimonino2008 = Admission avoidance HaH 0 0 0o 0 0 Counsellor
Isaia2009

Tibaldi2009

Leff2005 Admission avoidance HaH 0 O

Leff2006

Mendoza2009 Admission avoidancelaH 0 O

Wright2013 Admission avoidanceHaH &6 0 0
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Caplan2005 Admission avoidance HaH 6 0 0O 0 Hospital

doctors
(specialty
unspecified)
Early discharge HaH

Caplan2006 Early discharge HaH 60 o 0 Doctors
(specialty
unspecified)

Parsons2018 | Early discharge HaH 6 06 o6 © 0 0

Shyu2013 Early discharge HaH 0 6 o

Ziden2008 Early discharge HaH 0 0 o0 0 0 Dietician

Mas2016 Early discharge HaH 6 0 o6 © 0

Closa2017

Both early discharge HaH and admission avoidance HaH
Mas2017 Both earlydischarge HaHanc 6 6 O 0 0
admission avoidance HaH
Postacute discharge support

Kwok2004 Postacute discharge support 8 ©6 0

Kwok2008 Postacute discharge support 0 0 Cardiologist

Leung2015 Postacute discharge support 8 ©6 0 AHPs
(specifics
unspecified)

Lewis2017 Postacute discharge support 0 0 0 0 Pharmacist

Lin2015 Postacute discharge support o 6 6 6 0

Senior2014 Postacute discharge support

_n_

G=Geriatrician, P=Physician, N=Nurse,  PT=Physiotherapist, OT=Occupation al
Therapist, SW=Social Care Worker
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Table 5.6 d Intervention details for each included study

Study code

Available
staff

Intervention
specification

Intervention description

Avg
duration

Num of visits
(average unless
otherwise

DiPollina2017

Aimonino2008

Isaia2009

Tibaldi2009

Leff2005

Leff2006

Mendoza2009

Wright2013

P, PT, OT,
Psychologists,
SCW, N

P, G, N, PT,
SCW,
Counselor

Admission
avoidance HaH
(with access to

day hospital,
preceded by
preventive home
visiting)

Admission
avoidance HaH

Admission
avoidance HaH

Admission

avoidance HaH

Admission
avoidance HaH

Admission avoidance HaH

Integrated care at home defined as formally coordinating existing services: home visiting nursing
with nursing teams and a community geriatric unit (CGU) team of hasiteng physicians, PTs, OTs
psychologists and SWs. Nursing teams were ahpedeide the same care they usually provide, as in
control group (includes management of patient needs and home hospitalisation). The physician pt
home geriatric assessment in the following domains: cognition, mood, functional status, g&agnnt
pain and medication review and adherence. Results were shared with the patient's physician
nursing teams. CGU teams and nursing teams held meetings for any complex issues. Patients ar
teams were instructed to contact patient's pigisio an emergency and if unavailable, patients had ac
to a 24/7 medical call service from the CGU. A day hospital was also part of the provided service:
Immediate transfer home from ED by ambulance to physieidmsubstitutive hospitedt-home care
(GHHS), provided by a multidisciplinary team of three geriatricians, 13 nurses, two PTs, one SW i
counsellor, with access to seven carsadidition to usual ED care. HospHalel care included blooc
tests, ECG, antimicrobials and other medicines, blood transfusions, surgical treatment of pressul
echocardiograms, echographs, Doppler ultrasonographies. Other care includes phpsio
occupational therapy, patient and caregiver disease management education and counselling
requiring hospital diagnostics (e.g-ray, endoscopy) were transferred to hospital during the Gl
episode but returned home within a few hours. bt few days, patients receive daily physician and ni
visits, followed by daily nurse visits and physician visits eve8ydays subsequently.

Transfer home from ED or ambulatory site by ambulance for substitutive hemgitaine programme
provided by physicians and nurses, evaluated by the physician either at ED or shortly after arrivin
where they wre met by a nurse. The hospigdhome program involved subsequent direct-on@ne
nursing supervision initially for at least 8 hours (site 3) or 24 hours (sites 1 and 2), followed by i
daily visits from both nurses and the physician, who wadlaWe 24 hours a day for emergency vis
The program also included other care components such as medical equipment, oxygen therapy,
IV antimicrobials, skilled therapies, pharmacy support, home radiology and diagnostic studies
radiograpy). A Lifeline medical alarm device was provided to patients without caregivers.
Hospital at Home (HaH) unit after ED, including scheduled and urgentatsitsme by internal medicin
physician every other day depending on condition and a daily by a specialist nurse. Care includec
and clinical evaluation, home ECGs, sample collection for laboratory tests. Discharge to primary
cardiology wardn case of no response to treatment. Outside of normal working hour98ampatients
were instructed to call emergency services. Access to hospitgl Xnd ECG services.

Triage and Rapid Elderlpssessment Team (TREAT) following ED attendance. Admissions that
transferred to TREAT received CGA at the ED followed by prompt intervention and tailored
supported discharge on the day of admission, by a multidisciplinary team of a consuitgritige,
specialist registrar, nurse practitioner, OT and an administrator. Immediately after dischargecatpc
care enablement team provided shiertn nursing support, monitoring and treatment for up to 5 days
a rapid access geriatric 'holinic' provided followup investigations and tracked recovery progr
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20.7 days

3.2 days

Up to 5 days
(nursing
support)

6.3 home
visits/telephone
consultations

4.1 nursing, 9.9
physician

13.8 nursing, 11.1
physician

1.5 by physician,
1.4 nurse.



Caplan2005

Caplan2006

Parsons2018

Shyu2013

Ziden2008

Mas2016

Closa2017

Mas2017

P, N, PT, OT,
Hospital
doctors

N, PT, OT,
Doctors

N, PT, OT,
HA P, G

N, PT, G

PT, OT, N, G,
SCW,
Dietician

P, G, N, PT,
oT

P, G, N, PT,
oT

Admission
avoidance HaH

Early discharge
HaH

Early discharge
HaH

Early discharge
HaH

Early discharge
HaH

Early discharge
HaH

Both erly
dischargeHaH

(unclear who provided the clinic and where it took place). TREAT was available during working hc
weekdays anéam1pm on weekends or holidays.
Transfer home from ED within 24 hours to admission substitution to hogpitiaéhome (HITH),
provided primarily by nurses. Treatment according to diagnosis at ED, including medi
administration, blood transfusions, IV antibiotics, subcutaneous enoxaparin injections and warf;
DVT.

Early discharge HaH
Transfer home from inpatient hospital stay to early discharge rehabilitation at home provided by a t
based multidisciplinary team of nurses, doctors, PTs and OTs. Care provided include rehab
treatment of any deterioration such as infeditimough IV antibiotics and provision of equipment.
Early supported discharge for hoibased rehabilitation from a team of healthcare assistants, regi:
nursesPTs and OTs, providing home visits up to 4 times daily, 7 days a week up to 6 weeks. \
multidisciplinary team meetings with consultant geriatricians and close collaboration with GF
practice nurses. Care provided utilised functional rehabilitgforciples maximising recovery throug
incorporating exercises with ADL tasks, setting rehabilitation goals with a care plan. Once disc
from the team, patient care was returned to their GP. (Inclusion criteria: consented to being treatec
andagreed with the objectives set by the team)
Early discharge subacute care model or comprehensive care model. The subacute care mode
geriatric nurse consultation (CGA, physicabgnitive, functional and nutritional assessment bel
surgery), geriatrician evaluation based on assessment results before surgery, continuous reh
beginning in hospital after surgery and continuing at home after discharge and early dislctranige) |
(including assessment of home, caregiver's competence, family functiecarseHbility, need for long
term care) providing care up to 3 months. The comprehensive care model included the componel
subacute model in addition to heaftiaintenance interventions to prevent falls (falls risk assessm
nutritional assessment (dietician referral based on results) and depression screening and manag:
Geriatric home rehabilitation programme with supported discharge in addition to usual care (c
provided by a PT, OT, nurse and hospital geriatrician. During hospital stay the patient was offi
individually tailored rehabilitation programme amés accompanied by the PT and OT at discha
Home rehabilitation consisted of PT and OT visits for up to 3 weeks, focusing on physiotk
encouraging confidence in locomotion and physical activity, with a focus on outdoor ambulat
addition to ateast one nurse visit (not able to fulfil for all patients due to resources). Hospital geria
was medically responsible for patient care during rehabilitation and patients could be readmitte
necessary. Access to a medical social worker agtit@in where needed.
Rehabilitation at home (HHU) within 24 hours of discharge from the acute setting, from specialist g
health team providing CGA, MDT review and rehabilitation therapy but in a home settin
rehabilitation medicine physicians, geriatricians, nyrgdysiotherapists, and occupational therapi
Management of comorbidities and acute illness, with specialist nurses able to manage complex ct
such as severe functional loss and delirium with access to diagnostic techniques (e.g. blood tgs
and acute treatments (e.g. IV treatments) from acute hospital.

Both early discharge HaH and admission avoidance HaH

Rehabilitation/early supported discharge at home (HHE3D) after discharge from the acute setting
admission avoidance hospiathome (HHU- AA) after attendance at ED oroim the community
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10.1 days

15.97 days

Up to 1 year

Up to 3 weeks

50 days

49.4 days

46.6 days

9 nursing, 0.8
physician, 0.9
hospital doctor, 0.2
PT, 0.1 0T

20 rehabilitation
team

Up to 4 home visits
daily

7.5 nursing and 2.5
PT for subacute
model, 10.9 nursing
and 3.2 PT for
compréaensive care
model.

24PT,16 0T

5 physician, 15
nursing and 19 PT
or OT

Up to 7 nursing
visits and upto 5
therapy sessions pe
week

Up to 23 visits per
day



Kwok2004

Kwok2008

Leung2015

Lewis2017

N, G, P
(Respiratory)

N, G,
Cardiologist

N, P, AHPs, G

N, PT, OT,
SCW,
Pharmacist

and admission
avoidance HaH

Postacute
discharge
support

Postacute
discharge
support

Postacute
discharge
support
(with capacity
for admission
avoidance HaH
for any further
acute
presentations)
Postacute
discharge
support
(with capacity
for admission
avoidance HaH

and access to da

hospitalfor any

providing the same acute or p@siute protocol of usual care (control group) but in a home setting,
up to 23 visits per day. All the same staff providing usual care were available for both- HISD and
HHU - AA. Management of combidities and acute illness such as infections or heart failure,
specialist nurses and therapists able to manage complex conditions such as severe functional lo
to immobility, delirium or behavioural symptoms, with access to diagnostic itpe® (blood anc
microbiologic tests, ECG, radiology) from acute hospital.

Postacute discharge support
Supported discharge program through intensive home visits by community nursing teams (CN)
visit in hospital for health promotion and education, encouraging use of a trained clerk telephone
in case of deterioration, as part of the interi@nf{any messages were relayed to nurses by pagen).
discharge home visits within 7 days of discharge weekly up to 4 months and monthly thereafter
months for monitoring vital signs, health promotion and education, psychosocial support fatr goradi
family, arrangement of health and social care services as required. Patients refusing home visits
monitored by phone. Nurses had direct access via phone and pager to hospital geriatricians and r
physicians and could alter medicatiregimes and arrange urgent hospital outpatient and inpatient se
after discussion. Prior to the intervention nurses received training and ward experience in manag
chronic lung disease.
Supported discharge program through intensive home visits by community nursing teams (CN) in
to usual care (control). Initial visit in hospital for health promotion and education ¢drogliance and
dietary advice), encouraging use of a trained clerk telephone hotline in case of deterioration, as p
intervention (any messages were relayed to nurses by pagerjlisttsirge home visits within 7 days
discharge weekly up to thonths and monthly thereafter up to 6 months for monitoring vital si
medication and compliance review, monitoring CHF control, health promotion and dietary and e
education, arrangement of health and social care services. Patients refusingshsemnNd be monitorec
by phone. Nurses liaised with hospital geriatricians and cardiologists and could alter medication
and arrange urgent hospital outpatient and inpatient services after discussion. Average number
visits per patient: 8. Average number of telephone calls per patient: 15.0.
Postdischargesupport (“virtual ward") to prevent readmission provided at home by a team of n
physicians, geriatricians and other AHPs. Hospéaél care included bloods measurement, insi
administration, wound dressing with first nursing visit for a healdessnent within 48 hours froi
discharge, first physician visit within first week, with 4 visits per week on average. Other services pi
at home visits by nurses included symptom monitoring, management and health education as
psychosocial suppbfor patients and carers. Patients and their carers also had access to extende
hours service and telephone consultation service aimed -dtdeking patients to other services such
enhanced nonemergency ambulance transport.

Community virtual ward (CVW) model, overseen by a clinical case mafs&@pr nurse working acros
primary and secondary care) providing risk stratification and conducting home visits and tel
consultations alongside a primary care team (including GP, public health nurse, PT, OT, £
pharmacist). The CVW had accessa specialist therapittd integrated care team for those at risk
admission due to functional decline, a ntdies® community intervention team for horbased
interventions such as IV therapy, a day hospital in case of clinical or functional deitemi@eateeding
primary care team service and/or a planned admission to hospital, and increased social support
medication management and nutrition if required. Conditions managed include delirium, dement
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further acute

management, symptomatic polypharmadghydration, heart failure, exacerbation of COPD, cl

presentations) infection and cellulitis
Lin2015 N, G, PT, OT, Postacute Integrated Care and Discharge Support (ICDS), including risk stratification, multidimensional asse:
SCW discharge (including CGA) and discharge planning in hospital, provided by link nurses (serving as 'link' be
support community and hospital care) working with gétigians. After assessment, link nurses allocate pati
(with access to  to either 1) Integrated Care Model (ICM) case management witkdEz$targe home visits (wound car
day hospitafor  home oxygen) and telephone support for kigh patients with complex medical and social proide
any further acute provided by SWs, PTs, OTs and APN for around 3 months (44%) or 2) Home Support Team
presentations) = services, for patients requiring urgent social services, providing rapid and intensive community
(meal delivery, household cleaning, respite care and hagsessment and modification) (56%). Li
nurses, ICM case managers and HST hold weekly multidisciplinary meetings chaired by gerie
Access to rehabilitation in geriatric day hospital and-fiestk or followup clinics.
Senior2014 N, PT, OT Postacute Postdischarge 'Promoting Independence Programme’ (PIP) to restore function and return patient
discharge in the community, coordinated by a case manager, conducting CGA with care plan develc
support (integrating physical activity and ADL) in hospital and delivering supported discharge at @tslyc
(in shortstay  residential care facility, where care plan was delivered by a nBiBeand OT, followed by hom
residential care = rehabilitation on discharge from residential cartBnes per week over 2 to 3 months by a rehabilita
followed by assistant after which care was handed over to trained support workers when sufficient progi
supported home occurred. PT and OToaducted a 3nonth visit to reassess care plan and if goals were attained, pat
rehabilitatior) were monitored by phone and contacted monthly. Patients were referred to specialised care ir
decline. Prior to discharge from shatay residential care, an OTrhucted a home assessment for ¢
modification needs.
=Geriatrician, P=Physician, N=Nurse, PT=Physiotherapist, OT=Occupational Therapist, SW=Social Care Work er
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5.4.4 Study design

Study design was classified accor d(Reeges,t o Ree
Well s and Waddington, 2017) classification of study designs evaluating the effects

of health care interventions (Box 2 in their paper). This was done to facilitate

thematic analysis of study designs. Self -reported study design was also collected

for comparison. Communicating study design is challenging outside of

randomisation, with descriptions or lab els often described ambiguously.

Differences in how study designs are understood between research fields also

cause these difficulties (Reeves, Wells and Waddington, 2017) . Hence a

standardised classification was used comparing the self -reported designs.

Thirteen experimental designs (where the researcher is actively involved in
allocating study groups ) and nine observational designs (where groups are
identified based on existing information) were identified among included studies.

Of the included studies, 11 (50.0%) were classified as randomised controlled trials
(RCT), one (4.5%) as a quasi-randomised controlled trial (Q -RCT), one as a
nonrand omised controlled trial (NRCT), which are experimental designs. F ive
(22.7%) were classified as concurrently controlled prospective cohort studies
(PCS), one as a historically controlled cohort study (HCS), one as a retrospective
controlled before -and-after study (CBA) and two (9.1%) as before -and-after
studies (BA) (self -controlled) , which are all observational designs . Both the self -

reported and classified study designs can be seenin Table 5.7.
5.4.4.1 Randomised controlled trials (RCT)

Of the 11 identified RCTSs, all except one used a traditional 1:1 intervention to

control allocation, with only one study using a 2:1 allocation. The study stated

t hat t h tosallowveffiendfunctioning of the home rehabilitation service

without affecting the power of the study 6 (Caplan et al., 2006, p.55) . One study

used randomisation with minimisation (Senior et al., 2014) , whi crhethbdsof a 0
ensuring excellent balance between groups for several prognostic factors , [with]

treatm ent allocated to the next participant enrolled in the trial depend [ing]
(wholly or partly) on the characteristics of those participants already enrolled o]
(Altman and Bland, 2005, p.843) .
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5.4.4.2 Quasi-randomised controlled trial (Q -RCT)

The termexpeggquameint al studyd caus EReevgsdNMeltsi cul ar
and Waddington, 2017) . Il nstead, here wendonlisads si fi ed a o0
controll eRCTY i @agidbnd QReeves, Wells and Waddin

Individual participants, or clusters of participants, are allocated to intervention
or comparator in a quasi -random manner. In hea Ith care evaluation studies, the
allocation rule is often by alternation, day of the week, odd/even hospital, or social
security number (Reeves, Wells and Waddington, 2017, p.35)

The identified Q -RCT allocated patients into intervention or control nursing

teams using sequential allocation (two clusters of participants b ased on
geographic area were sequentially allocated to an intervention or control nursing
team in their area ) (Di Pollina et al., 2017) . According to Reeves, Wells and
Waddington, in a Q -R C T, he allbcation rule may be as good as random but,

typically, gives rise to a less credib le study 6(2017, p.35).
5.4.4.3 Nonrandomised controlled trial (NRCT)

The 6énonrandomised controlled trialdd(NRCT)
Waddington takes on the following definition:

& allocation to intervention and comparator is not random or quasi  -random and
/s applied by research personnel 6 (Reeves, Wells and Waddington, 2017, p.35)
This design has often al soexpean méas al i bBad d:

6natur al exper i me n tentified &snaa NRCT with yallocatirs to i
intervention or control groups applied prospectively by researchers by an
organisational factor (the intervention was applied to three hospitals and leaving
care as usual in one hospital) (Leung et al., 2015) . This study attempted to ensure
balance between groups (similarly to minimisation previously described), by
selecting from the control hospital patients that individually matched the

characteristics of those allocated to the inter vention group.
5.4.4.4 Concurrently controlled prospective cohort studies (PCS)

The 6éconcurrently controlled prospective coh
0A cohort study in which subjects are identified prospectively and classified as
having received th e intervention or comparator of interest on the basis of the
prospectively collected i n f o r m&ResvesMElls and Waddington, 2017, p.35)

This design is similar to the NRCT but differs in respect to the method of

allocation which is not based on application of the intervention according to some

factor decided by rese arch personnel but is rather determined by information that
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is collected prospectively. Of the five studies classified under this study design,
four of them considered patients in the intervention group to be those who
consented to intervention (information collected prospectively), while those not
consenting to the intervention were considered part of the control group. One of
the studies did not explicitly state their allocation rule, however according to the
r e s e ar lest pdgérent of the description of the study, allocation appeared to
be based on some information collected prospectively (Isaia et al., 2009) . All of
these studies had a concurrent control group (selected and followed -up during the

same time period).
5.4.4.5 Historically controlled cohort study (HCS)

Like the PCS, the O6historically controlled
group based on information collected prospectively, however the control group is

selected as a group that did not receive the intervention in a period pri  or to the
intervention taking place, hence the comparison is not of contemporaneous

groups. Within this study design according to Reeves, Wells and Waddington

(2017), the historical control group is selected retrospectively, however for the

included study fitting the description of a HCS, the control group was a historical

group of patients who would have been eligible for the intervention and were

prospectively identifi ed prior to the intervention. For this study, the selected

intervention group, was a group of eligible patients for the intervention after it

was implemented regardless of whether they were treated or not.
5.4.4.6 Retrospective controlled before-and-after study ( RCBA)

One study was identified as being a combination of two designs described by

Reeves, Wells and Waddington (2017). These were the Oconcurre
retrospect i ve studyd (RCS) anéndtalie edbconturdyldl € oC BiAe
RCS is described as 06a cohort study in which

records and classified as having received the intervention or comparator of

interest onthe basisof t he hi storic informationd and t he
0study in which outcomes are assessed at t w
[ é] [ which are] classified into i(Reevesi venti o

Wells and Waddington, 2017, p.35) . Hence, this design retrospectively identifies

several clusters of both i ntervention and control groups from record reviews, and
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compares their outcomes during two periods, one before and one after the

intervention.

I n

correspond to the same indivi du al s

this desi

gn

oOobservati

dur i

ng

ons

usually

t he (Reeves, Wellame

and Waddington, 20 17, p.35). One study was identified as a RCBA and fit this

description, comparing groups of hospital admissions rather than groups of

patients. The study compared a group of emergency department admissions

regardless of whether they were treated or not,

compared to control groups of admissions (Wright et al., 2013) .

measured outcomes through r etrospective record review.

5.4.4.7 Before-and-after studies (BA)

before and after the intervention,

This study

Two studies were identified as before -and-after studies (BA), with intervention

patient acting as their own controls. Both studies measured outcomes for a single

group of patients exposed to the int ervention 6 months prior to enrolment to the

intervention as well as after the intervention, with one study measuring outcomes

at

the other study measuring outcomes 6 months after discharge
One study measured outcomes retrospectively through record review
al., 2017), while the other measured outcomes prospectively

before and after the intervention.

di scharge

from

t he

i nt e (Lews mttal., 8017) farar

(Lin et al., 2015) .
(Lewis et
(Lin et al., 2015)

Table 5.7 3 Study designs (both classified and self -reported) of the included reviewed studies

Study code | Study design (classified) Study design (sek
reported)

Aimonino2008

Tibaldi2009

Caplan2005
Caplan2006
Kwok2004
Kwok2008
Mendoza2009

Parsons2018

Experimental i Randomised controlled trials (RCT)

Randomised singiblind controlledtrial (RCT)

Randomised singitblind controlled trial (RCT)

Randomised controlled trial (RCT)

Randomised controlled trial (RCT)
Randomised controlled trial (RCT)
Randomised controlled trial (RCT)

Randomised controlled trial (RCT)
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Randomised controlled trial (RCT) with 2:1 allocation

Randomised singielind
controlled trial (RCT)
Prospective singhelind
randomised controlled
trial (RCT)
Randomised controlled
trial (RCT)
Randomised controlled
trial (RCT)
Randomised controlled
trial (RCT)
Randomised controlled
trial (RCT)

Prospective randomised
study

Randomised controlled
trial (RCT)

t

represe

peri

h e



Senior2014 Randomised controlled trial (RCT) with minimisation by Randomised controlled
residential care need®igh' or 'very high'), age, gender and trial (RCT)

living alone.
Shyu2013 Randomised controlled trial (RCT) Randomised controlled
trial (RCT)
Ziden2008 Randomised controlled trial (RCT) Randomised controlled
study
Experimental i Quaskirandomised controlled trial (Q-RCT)
DiPollina2017 @ Quasirandomised control trial (®CT) (two clusters of Prospective contrtgdd

participants based on geographic area were sequentially  trial
allocated to an intervention or control nursing team in their

area)
Experimental i Nonrandomised controlled trial (NRCT)
Leung2015 Nonrandonmsed controlled trial (NRCT) (nerandom Matchedcontrol quasi

prospective allocation to concurrent groups by research experimental study
personnel applying intervention to patients from three
hospitals and leavincare as usual for patients at fourth
hospital as the control group)
Observationali Concurrently controlled prospective cohort study (PCS)

Isaia2009 Concurrently controlled prospective cohort study (PCS) Prospective non
(allocation decision seems to be based on information randomised observationa
collected prospectivelyotentially availability of resources, = study
specified as observational but allocation rule not described

Mas2016 Concurrentlycontrolled prospective cohort study (PCS) Observational cohort
(allocation based on patient and caregiver consent (assign study
control if declined treatment), i.e. allocation decision based
information collected prospectively)

Closa2017 Concurretly controlled prospective cohort study (PCS) Quasiexperimental
(allocation based on patient and caregiver consent (assign longitudinal study
control if not met), i.e. allocation decision based on
information collected prospectively)

Mas2017 Concurrently controlled prospective cohort study (PCS) Quas-experimental
(allocation based on patient and caregiver consent (assign longitudinal study
control if declined treatment), and availability of resources |
allocation decision based on information collected
prospectively)

Leff2006 Concurrently controlled prospective cohort study (PCS) Prospective, non
(allocation based on patient consent (received usual care if randomised clinical trial
declined treatment) and operating hours of intervention
(availability of resources) i.e. alloéah decision based on
information collected prospectively)

Observationali Historically controlled cohort study (HCS)

Leff2005 Historically controlled cohort study (HCS) (slight modificatic Prospective quasi
of this design: botikomparator group and intervention groug experimental study
selected prospectively, comparator group was a group of
eligible patients observed prior to the implementation of the
hospitatathome programme, intervention group was a grot
of eligible patients treated, presathi@nd declined) or not
presented (due to being outwith operating hours) with the
option of hospitakthome, after it had been implemented)

Observationali Retrospective controlled beforeand-after study (RCBA)
Wright2013 Retrospectiveontrolled beforeandafter study RCBA) Pre and post
(Several clusters identified retrospectively, one cluster retrospective cohort study
including intervention patients and those matching their
admission details, another cluster of all ED geriatric
admissions, and a thirduster of the residual ED geriatric
admissions not matching the intervention patients admissic
details. Observations represent episodes of care i.e. admis
as is usual with this design. Rather than adjustment for the
before period observations, thisdy uses the comparator
groups as reference groups.)
Observational i Before and after studies (BA)

73



Lewis2017 Before and after (BA) (Single exposed cohort with outcome Quantitative
measured 6 months before intervention andischarge from = observational study
intervention, retrospectively)

Lin2015 Before and after (BA) (Single exposed cohort with outcome Prospective cohort study
measured 6 months before and after intervention,
prospectively)

5.4.4.8 Control groups

Control groups within the included studies were not often well described, which
has also previously been observed in a review of hospital -at-home interventions
(Shepperd and lliffe, 2005b) . Control groups were most commonly cited as being
patients receiving usual hospital care. For the nine studies with admission
avoidance HaH interventions, comparison groups were patients receiving usu  al
hospital inpatient care (sometimes specified to be in a geriatric or specialist ward)

in eight of the studies, while in one study, the comparison group comprised of
patients receiving usual community home visiting and home hospitalisation (the
intervent ion group was admission avoidance HaH through integrated care i.e.
formal coordination of services with a community geriatric unit for HaH and home
CGA (Di Pollina et al., 2017) ). For the six studies with early discharge HaH
interventions, comparison groups were patients receiv ing usual care in an in -
hospital geriatric rehabilitation unit, or in a hospital ward where patients
received usual rehabilitation sessions. For the study in which both early discharge
and admission avoidance HaH were offered, the comparison group was made up
of patients receiving usual inpatient hospital care followed by care in an
intermediate care bed -based unit offering rehabilitation where necessary  (Mas et
al., 2017).

For the remaining six studies with post -acute discharge support interventions, in
four of these studies comparison groups were patients discharged from hospital
receiving usual care comprising outpatient or community nursing care. The
remaining two studies were before -and-after studies, hence intervent ion patients
acted as their own controls, with little to no detail provided about care before the
intervention. In these two studies, patients receiving usual care before the
i nt ervent ina formallg risk stratified and often had multiple service
providersinvolved 6 i n o n(keewisdtal. ®2§17) and no details of care prior to

the intervention were provided in the other study (Lin et al., 2015) .
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5.4.4.8.1 Matching
Three studies used a matching strategy to select a comparison group that was

similar in baseline characteristics to the intervent  ion group. One study used
propensity score matching, in which each subject in the sample is assigned a
probability (propensity score) of receiving treatment based on observed baseline
characteristics and using this score, control subjects are matched to in  tervention
subjects. Two studies used direct matching on selected covariates, with one study
selecting one control for each intervention subject, and the other study, an RCBA,
making selections of ED admissions rather than patients of all eligible admissio ns
matching the selected characteristics. The details of the studies that used
matching and the details of their matching strategy can be seen in Table 5.8
below.

Table 5.8 0 Studies using matching to select control groups and details of their matchings strategy

Study code = Study design (classified) Matching strategy
Closa2017 Concurrently controlled Oneto-one propensity score matching including age
prospective cohort study gender, Charlson index score, baseline Barthel inde
(PCS) score, Barthel index score at admission to
rehabilitation, number of geriatric syndromes,
prevdence of delirium at admission, cognitive
impairment, and main clinical diagnosis.
Leung2015 Nonrandomized Oneto-one direct matching on age (5 years), gend:
controlled trial (NRCT)  patient disease diagnosis (COPD, chronic heart faill
cancer, othdr Clinical Frailty index, carer relationshij
with patient.
Wright2013 = Retrospectiveontrolled  All matchingED admissionglirectly on HRG,
beforeandafter study treat ment function and
(RCBA) admissions used to find TREAMatding admissions

as comparison group

Of the 19 studies that did not use matching to select a control group, two were
before-and-after studies hence intervention patients acted as their own controls
and seven reported no significant differences in baseline  characteristics between
intervention and control groups (these were all either RCTs or Q  -RCTs). Of those
remaining 10 studies that did not use matching and reported some differences

between groups, seven used statistical adjustment for confounding covariat  es in
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their analysis while in the remaining three, no adjustment was reported.

Statistical adjustment will be further discussed in the analysis section.

5.4.5 Quality of included studies

As previously described, information was collected for each of the studies on items
relating to study quality included in the Downs and Black checklist for assessing
study quality of studies evaluating healthcare interventions (Downs and Black,
1998). The study quality scoring was then used to identify a quality grading for
each study according t@o0O8ooper et al.ds grad
Of the 22 included studies, none were identified as being of excellent quality, six
were identified as being of good quality, 15 were identified as being of fair quality
and one was identified as poor g uality. The good quality studies mostly included
RCT designs, however one prospectively cohort study (PCS) and one non-
randomised controlled trial (NRCT) was graded as being of good quality. The poor
quality study was of a before -and-after (BA) study.

These quality gradings were considered in the summary of individual study

findings.
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Table 590 Resul t s of quality assessment using t he Do amsédandnaondranBomsead studigs anbdifiedwersivs $Kerakakivetnt oo/
al., 2018))

Study code Aimonino2008 Isaia2009 Tibaldi2009 Caplan2005 Caplan2006 Mas2016 Closa2017 Mas2017 DiPollina2017 Kwok2004 Kwok2008
Study design code RCT PCS RCT RCT RCT PCS PCS PCS QRCT RCT RCT
Q1: Aim clearly described? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No
Q2: Outcomes cleartiescribed? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Q3: Patients characteristics clearly Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
described (inclusion/exclusion criteria)
Q4: Interventions clearly described? Yes Yes Yes Yes Yes Yes Yes Yes Yes No No
Q5: Principal confounders clearly Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Partially
described?
Q6: Main findings clearly described? Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes
Q7: Random variability for main Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
outcome provided?
Q8: Adverse events reported? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Q9: Losgo-follow up reported? Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Q10: Actual pralue reported? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Q11:Sample asked to participate Yes Yes Unable to Unable to Yes Yes Unableto  Unable to Yes Unable to Unable to
representative of the population? determine determine determine  determine determine  determine
Q12: Sample agreed to participate Unable to Yes Yes Unable to Unable to Unableto  Unableto  Unable to Unable to Unable to Unable to
representative othe population? determine determine determine determine  determine  determine determine determine  determine
Q13: Staff participating representative Yes Yes Yes Unable to Yes Yes Yes Yes Yes Unable to Unable to
oftheldr GASydaqQ Sygal determine determine  determine
Q14: Attempt to blind participants? No No No No No No No No No No No
Q15: Attempt to blind assessors? Yes No Yes No No No No No No No Unable to
determine
Q16: Data dredging based results Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
stated clearly?
Q17: Analysis adjusted for length of Yes Yes Yes No Yes No No No Yes Yes Yes
follow up?
Q18: Appropriate statistics? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Q19: Reliable compliance? Unable to Unable to Unable to Yes Unable to Yes Yes Yes Unable to No Unable to
determine determine  determine determine determine determine
Q20: Accurate outcome measures? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Q21: Same population? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Q22: Participants recruited at the sam Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
time?
Q23: Randomised? Yes No Yes Yes Yes No No No No Yes Yes
Q24: Adequate allocatioconcealment? No No No No No No No No No No No
Q25: Adequate adjustment for Yes No No Yes Yes Yes Yes Yes Yes No No
confounders?
Q26: Loss of follow up taken into Unable to Unable to Yes Unable to Yes Yes Yes Yes Yes Unable to Unable to
account? determine determine determine determine  determine
Q27: Power calculation? Yes No Yes Yes Yes No No No Yes Yes Yes
Total sore/28 22 19 19 18 22 20 19 19 21 17 15

026580 excellent (2025 Good 1519  Fair 34N Poor
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Study code Leff2005 Leff2006 Leung2015 Lewis2017 Lin2015 Mendoza2009 Parsons2018 Senior2014 Shyu2013 Wright2013 Ziden2008

Study design code HCS PCS NRCT BA BA RCT RCT RCT RCT RCBA RCT

Q1: Aim clearly described? Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes

Q2: Outcomes clearly described? Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes

Q3: Patientzharacteristics clearly Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes

described (inclusion/exclusion criteria)

Q4: Interventions clearly described? Yes Yes Yes Yes No Yes Yes Yes Yes No Yes

Q5: Principal confounders clearly Yes Yes Partially No Yes Yes Partially Partially Yes No Yes

described?

Q6: Main findings clearly described? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q7: Random variability for main Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

outcome provided?

Q8: Adverse events reported? Yes No Yes Yes Yes Yes Yes Yes No No Yes

Q9: Losgo-follow up reported? Yes Yes Yes No Yes Yes Yes Yes Yes Yes No

Q10: Actual pralue reported? Yes Yes Yes Yes Yes Yes Yes No No Yes Yes

Q11: Sample asked to participate Unableto  Unableto  Unable to Unable to Unable to Unable to Unable to Yes Unable to Yes Yes

representative of the population? determine  determine  determine determine  determine determine determine determine

Q12: Sample agreed to participate Unableto  Unableto  Unable to No Unable to Unable to Unable to Unable to Unable to Unable to Yes

representative of the population? determine  determine  determine determine determine determine determine determine determine

Q13: Staff participating representative| Unableto  Unableto  Unable to Yes Unable to Yes Unable to Unable to Unable to Yes Yes

2F¥ GKS LI GdASyidaqQ determine  determine  determine determine determine determine determine

Q14: Attempt to blind participants? No No No No No No No No Yes No No

Q15: Attempt to blind assessors? Unableto  Unable to No No No No Yes No No No No
determine  determine

Q16: Data dredging based results statt Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

clearly?

Q17: Analysis adjusted for length of Yes Yes No No No Yes Yes Yes Unable to Yes Yes

follow up? determine

Q18: Appropriate statistics? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q19: Reliable compliance? Unableto  Unable to Yes Yes Yes Unable to Unable to Yes Unable to Yes No
determine  determine determine determine determine

Q20: Accurat®utcome measures? Yes Yes Yes Unable to Yes Yes Yes Yes Yes Yes Yes

determine

Q21: Same population? Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes

Q22: Participants recruited at the same No Yes Yes No No Yes Yes Yes Yes Yes Yes

time?

Q23: Randomised? No No No No No Yes Yes Yes Yes No Yes

Q24: Adequate allocation concealmeni No No No No No No No No No No No

Q25: Adequate adjustment for Yes Yes No No No Yes No Yes Yes No Yes

confounders?

Q26: Loss of follow up taken into Unableto  Unableto  Unable to Unable to Yes Yes Unable to Unable to Yes Yes Yes

account? determine  determine  determine determine determine determine

Q27: Power calculation? No No Yes No No Yes Yes Yes Yes Yes Yes

Total £ore28 16 16 15 [ 12 | 15 21 18 19 17 17 22

J2658 Excellent 2025 Good 1519  Fair [E34M Poor
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5.4.6 Study outcomes

The included studies included several outcome measures used to evaluate
intervention effectiveness, covering a range of domains. The four main domains
identified were functional, physical, and mental health out comes in addition to
mortality outcomes, quality of life (QoL) outcomes, satisfaction with care
outcomes and use or cost of health care services outcomes. This section aims to

describe the outcome measures identified within each of these domains.
5.4.6.1 Function al, physical and mental health outcomes

Functional, physical and mental health outcomes were used as measures of
intervention effectiveness in 16 of the included studies (10 RCTs, 5 PCSs and 1
HCS). These outcomes included differences or changes in functional ability or
independence (ADL, IADL BI, IAM, FAIl, FIM) ( Aimonino2008, Tibaldi2009,
Caplan2006, Caplan2005, Mas2016, Closa2017, Mas2017, Leff2005, Lin2015,
Mendoza2009, Parsons2018, Ziden2008 ) (one of these studies reported the change
in Bl as a p roportion of length of rehabilitation (Mas2016) and another as
achieving functional resolution or not i.e. recovering at least a third of functional
loss (Mas2017), level of functional handicap (LHS) (across mobility, independence,
occupation and orientati on domains) (Kwok2004 , Kwok2008), physical mobility
[exercise capacity (6-min walking test) (Kwok2004, Kwok2008), proportion
walking outdoors/indoors, basic mobility (TUG), lower muscle strength (STS) and
balance confidence (FES) (Ziden2008) and w alking ab ility (MFAC) (Lin2015)]
cognitive status (MMSE, MSQ, AMT, InterRAlI -HC CPS) (Aimonino2008,
Tibaldi2009, Caplan2006 , Caplan2005, Lin2015, Senior2014), depression (GDS,
InterRAI -HC DRS) (Aimonino2008, Tibaldi2009, Caplan2006, Senior2014),
psychological healt h (GHQ) (Kwok2004), incidence, risk, severity and duration of
delirium ( Isaia2009, Ti baldi2009, Caplan2006, Leff2005), incidence of medical
complications (including infections and falls) (  Tibaldi2009, Leff2005 ), nutrition
(MNA) (Aimonino2008, Tibaldi2009) and instability in health (InterRAI  -HC
CHESS) (Senior2014). For a chronic lung disease specific intervention study,
respiratory function was used as an outcome measure (peak expiratory flow rate
and oxygen saturation at rest) (Kwok2004). In addition, the u  se of psychoactive

drugs (Isaia2009) was reported in one study, while prescription of sedative
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medication and use of chemical restraints (Leff2005) were reported as adverse

events another study.
5.4.6.2 Mortality

Mortality was used as an outcome measure in nine of the included studies.
Mortality was assessed over two weeks in one study (Leff2005), 3 -months in one
study (Leung2015), six months in four studies (Aimonino2008, Isaia2009,
Tibaldi2009, Caplan2006), 12 -months in two studies (Mendoza2009, Senior2014),
and two years in one study (DiPollina2017). All these studies compared mortality
rates between groups, with three of these also measuring cumulative proportion
mortality (Aimonino2008, Tibaldi2009, DiPollina2017) and one measuring

absolute risk reduction of mo rtality (Senior 2014), over the given time periods.
5.4.6.3 Quality oflife

Measures of quality of life (QoL) for either patients or caregivers were reported in

12 of the included studies. Eight of these studies used validated patient or
caregiver QoL instruments (Aimonino2008, Isaia2009, Kwok2004, Leung2015,
Mendoza2009, Senior2014, Shyu2013, Tibaldi2009), while nine included other
measures relating to quality of life (Closa2017, DiPollina2017, Mas2016,
Mas2017, Senior2014, Shyu2013, Aimonino2008, Tibaldi2009, Kwo k2004). The
validated patient QoL outcomes included were the NHP QoL measure (emotional,
social and physical health) (Aimonino2008, Tibaldi2009), the mQOLC -E QoL
measure (emotional, physical discomfort, value of life, existential distress, care
and support, and food-related concerns) (Leung2015), and the SF -36 health -
related QoL measure (mental and physical component summaries in addition to
general health, general mental health, physical functioning, disability due to
emotional problems, disability due to  physical health problems, bodily pain, social
functioning and vitality ) (Mendoza2009, Shyu2013). The validated caregiver QoL
measures used were caregiver stress (RSS) (Aimonino2008, Isaia2009,
Tibaldi2009), caregiver health -related QoL (SF-36) (Senior2014) and caregiver
burden (CRA, CCI) (Senior2014, Kwok2004).

The measures relating to quality of life were the proportion of patients discharged
home (Mas2016, Closa2017), proportion achieving health crisis resolution
(recovered at least a third of functional loss and discharged to community/primary
care) (Mas2017), incidence of home death (DiPollina2017), pain (InterRAlI  -HC
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Pain scale) (Senior2014, Shyu2013), time to first readmission (Aimonino2008,
Tibaldi2009), perceived control of healt h (HLC) and level of social handicap (LHS)
(Kwok2004).

5.4.6.4 Satisfaction with care

Measures of patient, caregiver or GP satisfaction with care received were assessed

in four of the included studies. Two of the included studies used ad -hoc
questionnaires to rate patient, caregiver or GP satisfaction (Aimonino2008,
Caplan2006), while the other two used a modified Picker Hospital Survey covering
several domains ( physician, nurse, staff, comfort and convenience, safety, pain
management, admission procedu res, discharge procedures and overall) in
addition to measuring the p roportion reporting they would choose to receive care
again in the same setting and the proportion reporting that they would
recommend the type of care they received to other family members or frien ds
(Leff2005, Leff2006).

5.4.6.5 Use or cost of health services

The use or cost of health care services was included as an outcome measure in 20
of the included studies. Outcomes for use of health care services included numbers
of inpatient hospital admissions (6 studies: Tibaldi2009, DiPollina2017, Leff2005,
Leung2015, Lewis2017, Lin2015), numbers or incidence rate of at least one
readmission (6 studies: Aimonino2008, Caplan2006, Kwok2004, Kwok2008,
Leff2005, Mendoza2009) and numbers of ED attendances (4 studies: Kwok2004,
Leff2005, Lewis2017, Lin2015) or incidence rate of at least one ED attendance (1
study: DiPollina2017), incidences of nursing home admissions (including
institutionalisation, admission to skilled nursing facilities) (4 studies: Isaia2009,
Tibaldi 2009, DiPollina2017, Leff2005) or absolute risk of permanent residential
care placement (1 study: Senior2014), cumulative incidence of the first
hospitalisation or ED attendance and cumulative incidence of unnecessary
hospitalisations (1 study) (DiPollina2 017) and numbers of home health visits (1
study : Leff2005), Length of stay (LOS) outcomes included h ospital bed days or
LOS over a given time period [7 studies: one over 3-month follow -up (Leung2015),
four over 6 -month follow -up (Kwok2004, Parsons2018, Lew is2017, Lin2015), one
over 12-month follow -up (Wright2013) and one over 3 -year follow -up

(DiPollina2017)], LOS of the index acute care episode and/or rehabilitation

81



episode provided in the intervention or usual care setting (10 studies:
Aimonino2008, Isaia 2009, Tibaldi2009, Caplan2006, Mas2016, Closa2017,
Mas2017, Leff2005, Parsons2018, Ziden2008), LOS of the first readmission (1
study: Tibaldi2009) and time spent in the ED before transfer (2 studies
Caplan2005, Leff2005 ).

Outcomes for the cost of health care services were reported in 10 studies and
included total costs of care per patient or per patient per day or pervi  sit (and cost
of rehabilitation or acute episode only) (Aimonino2008, Isaia2009, Tibaldi2009,
Caplan2006, Closa2017, Leff2005, Lin2015, Mendoza2009, Parsons2018) and
total public health costs per patient, total health and social care costs per patient
and total personal costs per patient (1 study: Kwok2008). Additional outcomes
related to the use of health care included the primary cause o f the first
readmission (2 studies: Kwok2004, Kwok2008) and the proportion of same -day
discharges (1 study: Wright2013).

5.4.7 Analysis

This section aims to describe the analysis of outcome measures described in the
included studies. Full details of each of the study analyses can be found in
Appendix B Table B-3.

5.4.7.1 Statistical techniques employed by the included studies

It was observed within the included studies that clarit y in the description of
analyses was variable. There were several studies that d id not explicitly state
their selected statistical analyses in sufficient detail to understand what
statistical tests were carried out.

Generally, the included studies carried out unadjusted analyses with about half

of the studies additionally carrying out adjusted analyses and/or survival
analyses.

In order to compare outcome measures without adjustment, twenty  -one of the
included studies reported using specific parametric and non -parametric tests,
while one study did not report the specific hypothesis te  sting used and reported
only p-values of their unadjusted analysis (Mas2017). Sixteen studies reported
using paired or unpaired t -tests for comparing continuous normally distributed

outcomes.
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The non-parametric tests used for comparing ordinal or continuou s outcomes
included the Kruskal -Wallis test (Mas2016, Closa2017), Mann -Whitney U -test
(Kwok2004, Kwok2008, Mendoza2009, Wright2013, Ziden2008), the Wilcoxon
signed-rank test (for paired data) (Leung2015, Lewis2017, Lin2015, Ziden2008).
The non-parametric t ests used for comparing categorical outcomes and
proportions included Fisherots exact test (fo
Caplan2005, DiPollina2017, Leff2005, Leff2006, Ziden2008), Chi -square test
(Aimonino2008, Isaia2009, Tibaldi2009, Caplan2006, Mas2016, Closa2017,
DiPollina2017, Kwok2008, Leff2006, Mendoza2009, Parsons2018, Shyu2013,
Ziden2008), Mann -Whitney U -test (Caplan2006 Kwok2004, Kwok2008,
Mendoza2009, Wright2013, Ziden2008), Mantel -Haenszel Chi-squre (Ziden
2008) , Mc Ne mar & s iplet ebsetvatiohsp ftogistim udgtession (for
dichotomous outcomes) (Leff2005) and ANOVA (Senior2014, Shyu2013).

The statistical techniques used for analysis of outcomes adjusting for residual
differences between treatment groups were multivariable linear r egression
(Mas2016, Closa2017, Mas2017, Leff2005), multivariable logistic regression
(Isaia2009, Mas2017, Leff2005, Leff2006) reporting odds ratios (ORs) or risk
ratios (RRs), multiple regression analysis (Caplan2005), analysis of variance
(Parsons2018), analysis of covariance (Mendoza2009) and a mixed model
(Senior2014). There were two studies that reported ORs but did not describe any
adjusted or regression analyses (Caplan2006, Wright2013). The adjustment
factors reported in the included studies are desc ribed in the next section.

Six of the included studies carried out survival analyses (Aimonino2008,
Isaia2009, Tibaldi2009, DiPollina2017, Leff2005, Senior2014). Five of these
studies employed Kaplan -Meier survival analysis for analysing cumulative
proportion survival for mortality or institutionalisation (Aimonino2008,
Isaia2009, Tibaldi2009, DiPollina2017, Leff2005) with three of these reporting

the use of a log-rank test to compare survival curves (Isaia2009, DiPollina2017,
Leff2005). Three studies empl oyed Cox proportional hazards regression for
mortality (DiPollina2017), cumulative incidence of delirium (Leff2005) and

6i nst iftruetei osnur vi val 8 (Senior2014), with one

to compare cumulative incidences (DiPollina2017).
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5.4.7.2 Adjustment factors

Twelve of the reviewed studies carried out statistical adjustment for different
factors in their analysis. The adjustment factors selected included age (7 studies:
Caplan2005, Mas2016, Closa2017, Mas2017, Leff2005, Parsons2018,
Senior2014), gender (8 studies: Isaia2009, Caplan2005, Mas2016, Closa2017,
Mas2017, Leff2005, Leff2006, Senior2014), functional status at admission or pre -
admission (5 studies: Mas2016, Closa2017, Mas2017, Leff2005, Shyu2013),
history or current status of deliium o r confusion (4 studies: Isaia2009, Mas2016,
Mas2017, Caplan2005), comorbidity (3 studies Charlson index: Mas2016,
Closa2017, Mas2017, 1 study APACHE II: Leff2005), number of geriatric
syndromes (3 studies: Mas2016, Closa2017, Mas2017), cognitive impairment or
cognitive status (3 studies: Mas2017, Leff2005, Leff2006), mood disorder or
depression (3 studies: Mas2017, Leff2005, Leff2006), living alone or living
arrangements (3 studies: Caplan2005, Leff2006, Senior2014), length of acute stay

or rehabilitation s tay (2 studies: Caplan2005, Mas2017), and primary diagnosis
or diagnostic group (2 studies: Mas2017, Leff2005). In the majority of these
studies, these adjustment factors were added into  multivariable models analysing
intervention effect directly, but in o ne study (Mas2017), these were added into a
propensity score model from which a propensity score was used as an adjustment
factor in the multivariable analysis of intervention effect.

Additional patient factors selected were poverty and number of medicatio ns
(Leff2005), Obasal |l evel sé6 (e. g. oxygen sat
disability needs level (Senior2014) and attrition (deaths and dropouts)
(Shyu2013). Caregiver factors were selected including caregiver health
(Leff2006), caregiver functional status (Leff2005, Leff2006) and having a child as

a caregiver (Leff2005). Finally, additional adjustment factors relating to the
intervention were selected by three studies including treatment strategy
(Mas2017), treatment site (Leff2005) and allocated nu rsing team for an

intervention where multiple nursing teams were involved (DiPollina2017).

5.4.8 Findings of included studies

This section aims to describe the findings of the included studies with regards to
the evaluated outcome measures. The findings were inc luded if they were

statistically significant and can be seen in detailin ~ Appendix B Table B-4.
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5.4.8.1 Functional , physical and mental health outcomes

All the included studies assessing the functional, physical and mental health
outcomes outlined reported either no difference or a positive impact of the
intervention on these outcomes (of statistical significance).

There is conflicting evidence (category 4: disagreement between the findings of at
least 2 RCTs) among the 12 studies evaluating functio nal ability or independence
with four studies reporting a statistically significant improvement in one or more
aspects of functional ability (1 good quality and 3 fair quality studies including 3
RCTs) (Caplan2005, Lin2015, Ziden2008, Parsons2018) and the remaining eight
studies reporting no statistically significant difference (4 good quality and 4 fair
quality studies including 4 RCTs) (Aimonino2008, Tibaldi2009, Caplan2006,
Mas2016, Closa2017, Mas2017, Leff2005, Mendoza2009), though one of these
seven studies showed an improvement in an adjusted analysis. The two studies
evaluating functional handicap (across mobility, independence, occupation and
orientation domains ) also show conflicting evidence with one study showing an
improvement (Kwok2008) and one study showing no difference (Kwok2004) (both
fair quality RCTSs).

There is also conflicting evidence (category 4: disagreement between the findings
of at least 2 RCTs) among the four studies evaluating physical mobility. Two
studies (1 good quality and 1 fa ir quality study including 1 RCT) reporting a
statistically significant improvement in walking ability before and after the
intervention (Lin2015) and a statistically significant increase in the proportion
walking outdoors/indoors and an improvement in basic mobility (TUG), lower
muscle strength (STS) and balance confidence (FES) compared to a control group
(Ziden2008). Two studies (2 fair quality, both RCTs) showed no statistically
significant difference in the 6 -minute walking test indicating exercise cap acity
(Kwok2004, Kwok2008).

There is moderately strong evidence (category 2a: the findings are supported by
2 or more studies of at least good quality ) that there was no significant effect
of the interventions on cognitive status with all six st udies reporting no
statistically significant difference between comparison groups (2 good quality and

4 fair quality studies, including 5 RCTs) ( Aimonino2008, Tibaldi2009,
Caplan2006, Caplan2005, Lin2015, Senior2014).

85



There is conflicting evidence (catego ry 4) among the five studies evaluating
depression or psychological health, with two studies indicating an improvement

in depression (1 good quality and 1 fair quality study, both RCTs) (Aimonino2008,
Tibaldi2009) and three studies indicating no difference in depression or
psychological health (1 good quality and 2 fair quality studies, all RCTS)
(Caplan2006, Senior2014, Kwok2004).

There is conflicting evidence (category 4) among four studies evaluating the
incidence or risk of delirium. Three studies found a statistically significant
lowered incidence or risk of delirium (3 fair quality studies including 1 RCT)
(Isaia2009, Tibaldi2009, Caplan2006) and one study found no significant
difference (1 good quality RCT) (Leff2005). One of these studies also invest igated
duration, onset, and severity of delirium and it found a statistically significant
lowered duration, slower onset and lower severity of delirium (1 fair quality study)
(Isaia2009), hence there is weak evidence of these results.

There is weak eviden ce (category 2c:the findings are supported by at least 1 study
of fair or poor quality ) among the two studies evaluating complications that the
interventions made no statistically significant difference to the incidence of
medical complications including infections and falls (2 fair quality studies
including 1 RCT). One study evaluated the intervention effect on infections and
found no difference (Tibaldi 2009) and the other evaluated the intervention effect

on bowel complications, urinary infections, emergency situations, falls, physical
restraints and nosocomial infection s, and again found no significant effect
(Leff2005). The latter study however, did a find lower incidence of critical
complications, hence there is also weak evidence of lowered criti cal complications.
With regards to additional adverse events in terms of the use of adverse drugs,
there is weak evidence from two fair quality studies (no RCTSs) of significant
reductions in their use, one finding a reduction in the use of psychoactive dru  gs
(Isaia2009) and the other finding a reduction in prescription of sedative
medication and use of chemical restraints (Leff2005).

There is conflicting evidence (category 4) between two studies evaluating the
intervention effect on nutrition with one study finding an improvement in
nutrition (1 fair quality RCT) (Tibaldi2009), and the other finding no difference

(1 good quality RCT) (Aimonino2008).
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There is weak evidence from one study evaluating general instability in health
(InterRAI -HC CHESS) that there is no significant difference between
intervention and control groups (1 fair RCT)  (Senior2014).

Finally, fora chronic lung disease specific intervention study, there weak evidence
that there is no significant difference in  respiratory function (peak expi ratory flow

rate and oxygen saturation at rest) (1 fair RCT) (Kwok2004).
5.4.8.2 Mortality

Overall, seven of the studies found no statistically significant difference in
mortality rates while two of the studies found a statistically significant reduction
(DiPollin a2017, Leff2005). There is moderately strong evidence (category 2a: the
findings are supported by 2 or more studies of at least good quality ) from
four studies that there is no significant difference in six ~ -month mortality rates
between interven tion and control groups (2 good quality and 2 fair quality studies
including 3 RCTs) (Aimonino2008, Isaia2009, Tibaldi2009, Caplan2006). There is
also limited evidence (category 2 b: the findings are supported by at least 1 study
of good quality ) from two o f these studies of no difference in six -month cumulative
proportion survival (1 good and 1 fair quality RCT 0 limited evidence)
(Aimonino2008, Tibaldi2009).

There is limited evidence (category 2b) from two studies that there is no
significant difference i n 12-month mortality rates between intervention and
control groups (1 good quality RCT - Mendoza2009, 1 fair quality RCT -
Senior2014) and in addition, weak evidence (category 2c) of no difference in 12 -
month absolute risk reduction from one of these studi es (Senior2014). There is
weak evidence (category 2c¢) of no difference in 3 -month mortality rate from one
fair quality study (Leff2005 -HCS).

Two studies found a reduction in mortality rates. There is weak evidence of a
statistically significant reduction  in two -week mortality rate from one fair quality
study (Leung2015 -QRCT). There is limited evidence of a statistically significant
reduction in two -year mortality rate and no difference in  two-year cumulative

proportion survival from one good quality study (DiPollina2017 -NRCT).
5.4.8.3 Quality oflife

There is conflicting evidence (category 4) among the five studies reporting the

intervention effect on patient QoL scores. Three studies reported a statistically
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significant improvement in overall patient QoL (1 good g uality and 2 fair quality
studies including 2 RCTs) (Aimonino2008, Tibaldi2009, Leung2015) while one
study reported no significant difference in overall mental and physical QoL
(Mendoza2009 & good quality RCT) and another study found no difference in the
mental component but an improvement in the physical component of QoL
(Shyu2013 ¢ fair quality RCT).

There is also conflicting evidence (category 4) among the five studies reporting
the intervention effect on caregiver QolL, including health  -related QoL, car egiver
stress and caregiver burden. Two studies observed no statistically significant
difference between comparison groups in caregiver stress (1 good and 1 fair
quality RCT) (Aimonino2008, Tibaldi2009), while one study observed an increase

in caregiver st ress in the control group with no change in the intervention group
(Isaia2009 & fair quality PCS) and another study observed no difference in the
change in caregiver burden (Kwok2004 & fair quality RCT). The last study
observed a slower decline in caregive r physical health -related QoL but no
difference in other health -related QoL components or in caregiver burden
(Senior2014 & fair quality RCT).

There is limited evidence (category 2b) among two studies indicating no
statistically significant difference bet ween comparison groups in the proportion
who are discharged home (1 good quality and 1 fair quality study not RCTS)
(Mas2016, Closa2017). There is weak evidence (category 2c) from one fair quality
study indicating a statistically significant improvement in health crisis resolution
(recovering at least a third of functional loss and discharged to
community/primary care) (no difference in unadjusted analysis) (Mas2017 & PCS).
There is limited evidence (category 2b) of a statistically significant increase in t he
incidence of home death in one good quality study (DiPollina2017 6 Q-RCT). There
is weak evidence (category 2b) indicating no statistically significant difference in
pain among two fair quality RCTs (Senior2014, Shyu2013). There is limited
evidence (category 2b) of a statistically significant increase in the time to
readmission in the intervention group among two RCTs (1 good quality and 1 fair
quality) (Aimonino2008, Tibaldi2009). Finally, there is weak evidence (category
2c) from one fair quality RCT i ndicating no difference in perceived control of
health and stability observed in the level of social handicap of the intervention

group while worsening in the control group (Kwok2004).
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5.4.8.4 Satisfaction with care

There was conflicting evidence (category 4) of the intervention effect on patient
satisfaction with their care. Three studies reported statistically significant
improvement s in patient satisfaction in the intervention group compared to the
control group (1 good quality and 2 fair quality studies includ ing 1 RCT)
(Caplan2006, Leff2005, Leff2006), while one study reported no statistically
significant difference (Aimonino2008 & good quality RCT).

There is limited evidence (category 2b) among three studies indicating a
statistically significant increase in caregiver satisfaction in the intervention
compared to the control group (1 good quality and 2 fair quality studies including

1 RCT) (Caplan2006, Leff2005, Leff2006).

There is limited evidence from a good quality study indicating no difference in GP
satis faction with care (Caplan2006).

One of these studies (fair quality, indicating weak evidence) also  measuring the
proportion reporting they would choose to receive car e again in the same setting
and the proportion reporting that they would recommend the typ e of care they
received to other family members or friends found no significant difference in
these measures (Leff2006).

5.4.8.5 Use or cost of health services

5.4.8.5.1 Use of health services

There is limited evidence (category 2b) among six studies indicating no
statistically significant difference in the number of inpatient admissions between
comparison groups (1 good quality, 4 fair quality and 1 poor quality study
including 1 RCT) (Tibaldi2009, DiPollina2017, Leff2005, Leung2015, Lewis2017,
Lin2015)

There is conflicting evidence (category 4) among four studies evaluating the
intervention effect on the number of readmissions with three studies finding no
statistically significant difference in the number of readmissions (2 fair quality
studies, including 1 RCTs) (Kwok2004, Leff2005) and one study finding a
statistically significant reduction in the number of readmissions (1 fair quality
RCT) (Kwok2008). There is conflicting evidence (category 4) among five studies
evaluating the intervention effect on the incidenc e rate of at least one

readmission, with four studies finding no statistically significant difference (2
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good quality and 2 fair quality RCTs) (Caplan2006, Kwok2004, Kwok2008,
Mendoza2009) and one good quality RCT finding a lower incidence of readmission
in the intervention group (Aimonino2008 )

There is weak evidence (category 2c) among two studies finding no statistically
significant difference in the number ED attendances between comparison groups

(2 fair quality studies, including 1 RCT) (Kwok2004, Leff2005), although two
before and after studies (of fair and poor quality) indicate lowered ED attendances
(Lewis2017, Lin2015). There is limited evidence (category 2b) of a lower incidence
rate of at least one ED attendance found in the intervention grou  p from one good
quality Q -RCT (DiPollina2017).

There is conflicting evidence (category 4) among four studies evaluating
institutionalisation, with two studies finding a statistically significant reduction

in institutionalisation rate in the intervention g roup (2 fair studies including 1
RCT) (Isaia2009, Tibaldi2009) and two studies finding no statistically significant
difference (1 good and 1 fair quality study including 1 Q -RCT) (DiPollina2017).
There is weak evidence (category 2c) of no statistically sig nificant difference in
absolute risk reduction of permanent residential care placement from one fair
quality RCT (Senior2014).

There is limited evidence (category 2b) from one good quality Q -RCT finding a
statistically significant reduction in cumulative i ncidence of the first
hospitalisation or ED attendance and cumulative incidence of unnecessary
hospitalisations (DiPollina2017).

There is weak evidence (category 2c¢) from one fair quality study finding no
statistically significant difference in the number of home health visits between
comparison groups (Leff2005).

There is conflicting evidence (category 4 ) among seven studies evaluating hospital
bed days or LOS over a given time period with three studies finding no
statistically significant  difference (DiPollina2017 & 3-year follow -up, Kwok2004 &
6-month follow -up, Leung2015 & 3-month follow -up) (1 good quality and 2 fair
quality studies, including 1 RCT) and four studies finding a statistically
significant reduction (1 poor a nd 3 fair quality , including 1 RCT) (Lewis2017 & 6-
month s before and after, Lin2015 & 6-month follow -up, Parsons2018 & 6-month
follow -up, Wright2013 & 12-month follow -up).
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There is conflicting evidence (category 4) from ten studies on the intervention
effect on the length of the index acute episode and/or rehabilitation . Three studies
found an increase (1 good and 2 fair quality studies including 1 RCT )
(Aimonino2008, Isaia2009, Tibaldi2009), six studies found a reduction (2 good and
4 fair quality studies including 2 RCTs) (Caplan 2006 , Mas2016, Closa2017,
Mas2017, Leff2005, Parsons2018) and one study found no difference (1 good
quality RCT ) (Ziden2008).

There was weak evidence (category 2c) among one fair quality RCT finding no
statistically significant difference in the length of sta  y of the first readmission
(Tibaldi2009). There was also weak evidence (category 2c) among one fair quality
RCT finding a shorter time spent in ED before transfer home or hospital of

statistical significance (Caplan2005).

5.4.8.5.2 Cost of health services
Although t en studies reported cost outcomes, one of them did not appear to have

tested the differences statistically

and

savingso hence the result of this study i

nine studies that teste d cost differences statistically, all of them found a
statistically significant reduction in at least some costs for the intervention group
compared to the control group. There is moderately strong evidence among  eight
studies indicating a statistically si  gnificant reduction in patient care provision
costs with the intervention compared to the control groups (in terms of total cost

of episode per patient, or total costs of episode per patient per da y) (3 good quality
studies and 5 fair quality studies including 3 RCTs) (Aimonino2008, Isaia2009,
Tibaldi2009, Caplan2006, Closa2017, Kwok2008, Leff2005, Mendoza2009). There
is conflicting evidence (category 4) of the effect of the interventions on longer term
costs with one good quality RCT finding no difference in the costs per patient over
one year (Mendoza2009) and one fair quality RCT finding a greater reduction of
health -related costs in the intervention group over a six -month follow -up period
(Parsons2018). There is weak evidence ( category 2c) from a fair quality study of a
statistically significant reduction of total health and social care and personal costs

per patient (Kwok2008).

There is weak evidence from two fair quality RCTs indicating no difference in

primary cause of readmi ssions (Kwok2004, Kwok2008). There is weak evidence
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from one fair quality RCBA indicating an increased proportion of sa  me-day

discharges (Wright2013).

5.5 Summary of findings

This scoping review aimed to
1) Document and identify themes, categories and classifica tions across the
range of interventions
2) Identify methods and measures of effectiveness being used to evaluate the
effectiveness of such interventions
3) Review the existing evidence on the effectiveness of these interventions

The findings of this review are s ummarised according to these aims.

5.5.1 What categories and classifications can be identified
across the range of interventions?
A range of classifications and configurations of interventions were identified
among the included studies, even within the relative  ly narrow focus interventions
providing home treatment of acute medical conditions in elderly patients, at risk
of unscheduled hospital admission. They were also identified as having multiple
components which was as expected, given this is a defining characteristic of
complex interventions (Campbell et al., 2007) .
Eighteen unique interventions were identified across the 22 included studies. The
following models of care were identified among th e range of interventions in these
studies:
1 Admission avoidance (or substitutive) Hospital at Home (HaH): provides
medical and nursing care that substitutes entirely for inpatient acute
hospital <care, characterised by oOorapid r
be provided by usual community -based home care services
1 Early discharge Hospital at Home (HaH ): substitutes the remainder of a
patientds hdtserital pasttiagntadbs medi cal cond i
following initial hospitalisation , which involv es rehabil itation, usually
provided in a hospital
1 Combined early discharge HaH and admission avoidance HaH

combination of the above two models
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1 Post-acute discharge support (or restorative care) : rather than
substituting for a hospital stay or providing early discharge, patients
recovery following a hospital stay is supported at home for where patients
are identified as being at risk of further hospitalisation following
discharge, aiming to restor e or enhance functional ability at home

Across these interventions with varying models of care, there was some
consistency in the types of healthcare professional roles involved in care delivery
(see Table 5.10). Nurses were involved in care delivery in all 18 of the unique
interventions identified across the 22 included studies. Geriatricians, physicians
(also known as General Practitioners) , physiotherapists and occupational
therapists were involved in care delivery in at least half of the interventions.
About a third of the interventions involved social care workers. Nine of the
interventions involved other health professionals including other type s of doctors

or specialists and pharmacists.

Table 5.10 0 Frequency of healthcare professional roles involved in care, observed among the
unique interventions in the included studies

Healthcare professionalole Number of unigueinterventionsamong
P included studieg% of total studies)

11(61.1%)
11(61.1%)
18 (100.0%)

12(66.6%)
10(55.6%)
5(27.8%)
9(50.0%)

5.5.2 What methods and measures of effectiv eness are being
used to evaluate the effectiveness of such interventions?

5.5.2.1 Methods

The specific methods employed for assessing the effectiveness of interventions
were reviewed in this scoping review. Specifically , this included the study designs
being employed including selection of comparison groups and the specific
statistical analysis methods including any statistical adjustment of observed
differences between groups.

Identifying study designs outside of experimental  designs was challenging due to
a lack of standardisation in literature around describing observational designs

and variation among research fields in how different designs are understood
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(Reeves, Wells and Waddington, 2017) . This is an interesting observation because

it highlights the complexity and ambiguity around observational designs, and the
need for greater clarity in reporting observational study design in literature.

Six main study designs were identified among the included studies , three
experimental designs and four observational designs . As indicated in Table 5.11,
experimental designs included 11 RCTs where intervention and comparison
groups were randomly allocated, a Q-RCT where groups were allocated ina quasi-
random manner (sequentially allocated) and a NRCT (also called a natural
experiment), where allocation was not random but was determined by
researchers. Observational designs included six studies employing a cohort study
design (most of them using concurrent comparison groups and one using histo  ric
control groups) and three before and after studies ( two of which were self -
controlled and one of which included a separate comparison group identified

retrospectively ).

Table 5.11 J Classified study design s identified among included studies

Number of studies
(% of total studies)
S EplEINE[GI S Randomised controlled trials (RCTs) 11 (50.0%)
allocated by Quasirandomised controlled trial ((RCT) 1(4.5%)
researchers) Nonrandomised controlled trial (NRCT) 1 (4.5%)
Concurrently controlled prospective cohort 5 (22.7%)

studies (PCS)

Historically controlled cohort study (HCS) 1 (4.5%)
Retrospective controlled beforand-after 1 (4.5%)

study (CBA)

Beforeand-after studies (BA) (setfontrolled) 2 (9.1%)

Study group selection  Study design

Observational (groups
identified based on
existing information)

Comparison groups are summarised in  Table 5.12. As previously noted, they were
not often well described as noted in other reviews of similar interventions
(Shepperd and lliffe, 2005a) . However, comparison groups were often described
as those receiving usual care, which depended on which model of care the

intervention employed.

Table 5.12 & Comparison groups used among included studies

Number of studies

Study group selection Comparison group (% oftotal studies)

Usual hospital inpatient care 8 (36.20)
Usual community home visiting and 1 (4.5%)
Admission avoidance home hospitalisation (intervention adde

ool el N (EIR)  integrated care, formal coordination of
services with a community geriatric unit
and home CGA)
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=EIACIEEIG SRR il Usual hospital inpatient rehabilitation 6 (27.36)
at Home (HaH) care

Combined admission Usual hospital inpatient care followed b' 1 (4.5%)
avoidance and early intermediate care in a rehabilitationnit
discharge HaH

Usual postdischarge outpatient or 4 (18.2%)
community nursing care

Postacute discharge Selfcontrolled (intervention patients 2 (9.0%)
SiloJele(ERIIEEREDN  acted as own controls in befo@nd-after

studies, little information provided abou

care prior to intervention)

To account for confounding due to differences between groups, included studies
most frequently used statistical adjustment  in their analyses. However in three
studies, matching methods were used to identify comparison groups to minimise
the differences between groups (the three studies were an NRCT, a PCS and a
RCBA). Two of these used direct matching (matching directly on specified
covariates) and one used prop ensity score matching (matching based on a
propensity score generated through a multivariable model developed to predict

the likelihood of forming part of the intervention group).

Covariates used for matching and for statistical adjustment were of interest , as
these are informative of the potential confounders one may face in the analysis of
effect of admission avoidance interventions. Table 5.13 summarises the

confounders used in matching or adjustment among the included studies.

Table 5.13 0 Confounders identified by studies in cluded in this scoping review

Risk factor Matching Statistical adjustment
Age V N=2 V N=7
Sex V N=2 V N=8
Living alone or living arrangements V N=3
Socioeconomic group V N=1
Caregiver factors including health V N=1 V N=2

Healthcare utilisation factors
Prior length ofhospital or V N=2
rehabilitation stay

Medical and health related factors

Overall diagnosis group (e.g. HRG) V N=2 V N=2

Specific medical diagnoses
Delirium or confusion V N=4
Mood disorder or depression V N=1 V N=3
Cancer V N=1

Comorbidity (Chgrlspn index, APACHE V N=1 V N=3

11, number of geriatricsyndromes)

Frailty index V N=1

Cognitive issues V N=1 V N=3



Functional dependency V N=1 V N=6

Clinical measurements (oxygen V N=1
saturation)
Number of medications V N=1

In terms of statistical analysis methods for measuring effect , it was quickly
recognised that analyses were poorly described in the included studies.
Descriptions of analyses and statistical tests used were often ambiguous and in a
few cases the specific analysis used could notbe welld et er mi ned from t he
descriptions. Generally, the investigation of the analyses conducted in these
studies included the reporting of unadjusted (specific parametric and non -
parametric test according to type of outcome and data distributions, unadjusted
survival analyses) and adju sted analyses (including multivariable linear
regression, multivariable logistic regression reporting odds ratios  or risk ratios,
multiple regression analysis, analysis of variance or covariance, mixed models
and adjusted survival analyses such as Cox prop ortional hazards regression), with
specific methods and statistical tests being appropriate to the specific
distributions of data and study designs , as is expected. It also highlighted a need

for reporting clearly and in detail the analyses being conducted  and why.
5.5.2.2 Measures of effect

Studies used a variety of measures of to evaluate the effect of interventions. They
could broadly be categorised into:

1 Functional, physical and mental health outcomes (16 studies)

1 Mortality outcomes (9 studies)

1 Quality of life outcomes (12 studies)

1 Satisfaction with care outcomes (4 studies)

9 Use or cost of health service outcomes (20 studies)
The variety of these measures is summarised in  Table 5.14 below.

Table 5.14 d Outcome measures used in studies included in this scoping review

Number of studies
(% of total studies)
Functional ability, independence or handica 14 (63.6%)
Physical mobility (walking ability, balance 4 (18.2%)

Domain Outcome

Functional, physical

and mental health confngnce)

outcomes (N=16) Cognltlw_a status _ 6 (27.3%)
Depression or psychological health 5 (22.7%)
Delirium 4 (18.2%)
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Incidence of medical complications (includir 2 (9.1%)
infections and falls)

Nutrition 2 (9.1%)
Instability in health 1 (4.5%)
Respiratory function 1 (4.5%)

Adverse events (use of psychoactive drugs, 2 (9.1%)
sedatives or chemicaéstraints)

Two-week mortality 1 (4.5%)
Mortality outcomes Threemonth mor.tality 1 (4.5%)
(N=9) Sixmonth mortality 4 (18.2%)

Twelvemonth mortality 2 (9.1%)

Twoyear mortality 1 (4.5%)

Validated patient QoL assessment measure 5 (22.7%)
or instruments

Validated caregiver QoL assessment 5 (22.7%)
Quiality of life (QoL) measures or instruments
outcomes (N=12) Other QoL measures (proportion discharget 9 (40.9%)

home, proportion achieving crisis resolution
incidence of home deathime to first
readmissionpain, social handicap)

SEURI @ N ReET=IN Various neasures of patient, caregiver or GF 4 (18.2%)
(N=4) satisfaction with care

Number of inpatient hospital admissions 6 (27.3%)
Number or incidence rate of readmission 6 (27.3%)
Number or incidence rate of ED attendance 5 (22.7%)
Incidence of nursing home admission or 5 (22.7%)
placement

Cumulative incidence of hospitalisation or E 1 (4.5%)
attendance

Number of homehealth visits 1 (4.5%)
Length of stay outcomes (hospital bed days 17 (77.3%)
or LOS over a time period, LOS of index
admission/episode, LOS of first readmissior

time in ED before transfer)

Proportion of same day discharges 1 (4.5%)
Cost of healtrservices (total cost of care per 10 (45.5%)
patient, total public health cost per patient,

total health and social care costs, total

personal costs)

Use or cost of health
services (N=20)

5.5.3 What does the existing evidence tell us about the
effectiveness of these interventions ?

A summary of the study findings is presented in  Table 5.15, including the overall
evidence grading for the findings presented against each outcome. The evidence
reviewed indicates that overall there are several areas of conflicting findings
across the outcomes investigated. Where evidence has not been conflicting,
findings are mostly classified as weak or limited evidence , given quality and

design of the r eviewed studies. However, some generalisations can be made. It
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appears that the impact of home - and community - based interventions for treating
acute conditions on functional, physical and mental health outcomes is overall
either positive or there is no si gnificant impact on these outcomes. While most
findings were conflicting or of weak evidence grading, here is moderately strong
evidence that these interventions have no impact on cognitive status. These
findings highlight that for these physical outcomes, = home- and community -based
treatment is at least as effective as hospital treatment and that there is no
detrimental impact.

When it comes to mortality, there is moderately strong evidence that there is no
significant impact of these interventions on six -month mortality. Across other
follow -up times, evidence was weak or limited, but indicated either no difference
or an improvement in mortality rates hence overall the evidence points to these
interventions being atleast as effective as hospital treatment w ith no detrimental
impact on mortality .

Across the nine studies reviewing either patient or caregiver quality of life, there
was conflicting evidence as to whether these interventions are associated with an
improvement or have no significant impact.  There was weak or limited evidence
across the studies evaluating a variety of other quality of life indicators overall
finding either no difference or an improvement across groups. The studies  finding
a positive impact on these other quality of life indica tors found an improvement
in health crisis resolution (weak evidence, 1 study), an increase in time to
readmission (limited evidence, 2 studies) , an increase in incidence of home death
(limited evidence, 1 study). Those finding no difference included no si  gnificant
difference in proportion discharged home (limited evidence, 2 studies), no
difference in perceived control of health (weak evidence, 1 study) and no difference

in pain (weak, 2 studies). Hence, again, overall across quality of life indicators,

th e evidence points to these interventions being at least as effective as hospital
treatment with no detrimental effect on quality of life.

The reviewed evidence indicates conflicting evidence across the four studies
measuring patient satisfaction with care , finding either no difference or an
improvement. There was limited evidence from three studies finding an
improvement in caregiver satisfaction. There was weak evidence (1 study) of no
difference in GP satisfaction and limited evidence (1 study) of no dif ference in

recommender rates. Hence overall, again, satisfaction with care is at least as good
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as usual care satisfaction across the various satisfaction measures, with some
indication that caregiver satisfaction may be significantly improved.

As with othe r outcomes, use or cost of health services included a variety of
outcomes, across which there were mixed results and conflicting evidence. In
particular there were several areas of conflicting evidence across the number and
incidence of hospital admission or attendance outcomes, finding either no
difference or a reduction in these outcomes (see Table 5.15 for details). Where
evidence was not conflicting, there was limite d evidence from six studies
indicating that there is no difference in the number of inpatient hospital
admissions and there were some areas of limited evidence indicating a reduction

in outcomes including ED attendance incidence rate and cumulative inciden  ce of
hospitalisation or ED attendance. Hence, these results around number and
incidence of hospitalisation are very mixed.

Length of stay outcomes also pointed to conflicting results. Studies found either

no difference or a reduction in length of stay ov er a given follow -up time period .
Among studies assessing length of stay of the index acute care episode and/or
rehabilitation (provided in either intervention or usual care settings), results were
more conflicting finding either no  difference, an improvem ent or an increase in
length of stay. There is some weak evidence of an association with shorter time in
the ED before transfer.

In terms of cost outcomes, there is moderately strong evidence of a reduction in
patient care provision costs of the acute epis ode from eight studies as well as weak
evidence of a reduction in total health and social care and personal costs per
patient from one study. However, results on longer term costs seem to be
conflicting with one study indicating a reduction and another ind icating no
difference. Hence, of all the outcomes reviewed, evidence appears strongest for an
effect on costs, particularly in reducing patient care provision costs of the acute
episode.

Table 5.15 d Summary of evidence across outcomes and evidence grading identified among studies
included in this scoping review

Outcome Evidence gradiny Summary of study findings
no difference
positive effect
negative effect

Functional, physical and mentdlealth outcomes (N=16) ]

Functional ability, independence or | (4) Conflicting evidence  Either no difference (N=9)
handicap(N=14) or an improvement (N=5)
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Physical mobilityexercise and walkin¢ (4) Conflictingevidence

ability, balance confidence) (N=4)
Cognitive statugN=6)

Depression opsychological health
(N=5)
Incidence or risk ofelirium (N=4)

Duration, onset and severity of
delirium (N=1)

Incidence of medical complications
(including infections and fallgiN=2)
Nutrition (N=2)

Instability in health(N=1)
Respiratory functiofN=1)

(2a) Moderately strong
evidence

(4) Conflicting evidence
(4) Conflicting evidence
(2c) Weak evidence
(2c) Weak evidence

(4) Conflicting evidence

(2c) Weak evidence
(2c) Weak evidence

Adverse events (use of psychoactive (2c¢) Weak evidence

drugs, sedatives or chemical
restraints)(N=2)

Either no difference (N=2)
or an improvement (N=2)
No difference (N=6)

Either no difference (N=3)
or an improvement{N=2)
Either no difference (N=1)
or an improvement (N=3)
Improvement (N=1)

No difference (N=2)

Either no difference (N=1)
or an improvement (N=1)
No difference (N=1)

No difference (N=1)
Improvement (N=2)

Mortality outcomes (N=9)
Twoweek mortality(N=1)
Threemonth mortality (N=1)
Sixmonth mortality (N=4)

Twelvemonth mortality (N=2)
Two-year mortality(N=1)

(2c) Wealevidence
(2c) Weak evidence
(2a) Moderately strong
evidence

(2b) Limited Evidence
(2b) Limited Evidence

Reduction (N=1)
No difference (N=1)
No difference (N=4)

No difference (N=2)
Reduction (N=1)

Quality of life (QoL) measures (N=12)

Validated patient QoL asssment
measures or instruments (N=5)

(4) Conflicting evidence

Validated caregiver QoL assessment (4) Conflicting evidence

measures or instrumentéN=>5)

Other QoL measures (proportion
discharged home, proportion

(2b) Limited or (2c)

weak evidence across

achieving crisis resolution, incidence these measures

home deathtime to first readmission,
pain, so@l handicap]N=9

No difference (N=1), an
improvement (N=3) or
improvementin physical QoL
component but no
difference in mental QoL
component (N=1)

No difference (N=3), no
deterioration compared to
control group (N=1) or slower
deterioration compared to
control group (N=1)

Improvement (N=}or no
deterioration compared to
control group (N=p

Patient, caregiver or GP satisfaction with care (N=4)

Various measures of patient
satisfaction with car¢éN=4)
Various measures caregiver
satisfaction with careg(N=3)

GP satisfaction with care (N=1)
Proportion recommending care to
family or friends (N=1)

(4) Conflicting evidence
(2b) Limited evidence

(2b) Limited evidence
(2c) Weak evidence

Either no difference (N=1)
or an improvement (N=3)
Improvement (N=3)

No difference(N=1)
No difference (N=1)

Use or cost of health services (R6)

Number and incidence of hospital admission or attendance outcomes
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Number of inpatient hospital (2b) Limited evidence No difference (N=6)
admissiongN=6)
Numberof readmissions (N=4) (4) Conflicting evidence  Either no difference (N=3)
or a reduction(N=1)
Incidence rate of readmissiqiN=5) (4) Conflicting evidence Either no difference (N=4)
or areduction (N=1)
Numberof ED attendance (N=4) (2c) Weak evidence No difference (N=2)
( though two beforeand-
after studies of poor and fair
quality found a reduction)
Incidence rate of ED attendance (2b) Limited evidence Reduction (N=1)
(N=1)

Incidence of nursing home (4) Conflicting evidence  Either no difference (N=3)
admission or placemer{ilN=5) or a reduction (N=2)
Cumulative incidence of (2b) Limited evidence Reduction (N=1)
hospitalisation or ED attendance

(N=1)

Number of homéhealth visitsN=1) (2c) Weak evidence No difference (N=1)

Length of stay outcomefN=17)
Hospital beddays or LOS over a tim (4) Conflicting evidence  Either no difference (N=3)

period (N=7) or a reduction (N=4)

LOS of indeacuteepisodeand/or (4) Conflicting evidence  No difference (N=1 a

rehabilitation (N=1 reduction (N=¢ or an
increase (N=3)

LOS of first readmission (N=1) (2c) Weak evidence No difference (N=1)

Time in ED bfore transfer(N=2) (2c) Weak evidence Reduction (N=1)

Cost outcomegN=10)
Patient care provision costs (total = (2a) Moderately strong  Reduction (N=8
costs per episode per patit or per = evidence
patient per day) (N=8
Longer term costs (total costs per (4) Conflicting evidence  Either no difference (N=1)
patient over a year) (N=1) or reduction (N=1)
Total health and social care and (2c) Weak evidence Reduction (N=1)
personal costs per patient (N=1)
Other outcomes

Primary cause of readmissions (N= (2c) Weak evidence Nodifference (N=1)
Proportion of same day discharges (2c) Weak evidence Increase (N=1)
(N=1)

Note Hooper et alb (®A08)evidence gradingvas used

1 1la (very strong): the findings are supported by the results of 2 or more studies of at le
excellent quality

1 1b (strong): the findings are supported by at least 1 study o&kent quality

1 2a (moderately strong): the findings are supported by 2 or more studies of at le
good quality

1 2b (limited): the findings are supported by at least 1 study of good quality

1 2c (weak): the findings are supported by at least Hygtaf fair or poor quality

1 3 (consensus): in the absence of evidence, there is agreement by a group of experts
the appropriate treatment course

1 4 (conflicting): there is disagreement between the findings of at least 2 randomi
controlled trials.
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5.6 Discussion and conclusion

This scoping review of literature forms part of Phase Il of this research where the
aim was to review existing literature to obtain guidance on the selection of a
robust study design and identification of outcome measures. The scoping review
not only enabled identification of the main study designs and outcomes being used

in the assessment of effectiveness of home- and community -based interventions
aiming to reduce avoidable hospital admissions for elderly patients, but also
provided a better understanding of key features of these interventions and
current evidence on their effect. The followi hg main observations arise from this
scoping literature review, which directly inform and influence the study design

for this research.

1 Though such interventions are varied with multiple features, some
categories and key features can be identified, enablin g categorisation
into admission avoidance (or substitutive) Hospital at Home (HaH ),
early discharge Hospital at Home (HaH), ¢ ombined early discharge HaH
and admission avoidance HaH and post-acute discharge support (or
restorative care). It is clear however that these interventions are
complex and involve several interconnecting parts, and that making
distinctions in terms of the processes involved and particularities of a
given intervention of such kind is important towards identifying
appropriate control g roups and comparative methods.

i Observational study designs and methods were used in only a small
proportion of the existing literature included in this scoping review. It
was highlighted that the description of study design lacked consistency
and clarity among the included studies and that particularly for
observational methods, the study designs and methods can be highly
complex. Hence, there is a requirement for further study of these
designs and analytical methods, which resulted in the narrative review
of quantitative evaluation approaches in observational research also
conducted as part of Phase Il of this research (presented in the chapter
that follows 0 0).

1 A variety of measures of effect are being used across studies evaluating
home- and community -based interventions aiming to reduce avoidable
hospital admissions among elderly patients. These could be broadly
categorised as functional, physical and mental healt h outcomes,
mortality outcomes, quality of life outcomes, satisfaction with care
outcomes and use or cost of health service outcomes. The most
frequently used outcomes are use or cost of health services indicating
that evaluation of such interventions is h  eavily focused on such
outcomes. The next most frequently used outcomes were functional,
physical and mental health outcomes; however, these outcomes were
widely limited to  studies employing experimental designs, which is
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expected as these types of functional measures require physical
assessment and are not routinely collected in electronic healthcare
systems hence often need to be prospectively collected.

1 Analyses were often not well described in detail and difficult to
determine, however, analyses usually included both unadjusted and
adjusted methods with the specific statistical tests and methods
selected according to data distributions and study designs, which
highlights the requirement for thorough consideration of the
appropriate statistical me thods to be employed for this research. This
was also considered in the narrative review of quantitative evaluation
approaches in observational research taking place as part of Phase Il of
this research (presented in the chapter that follows - 0).

The following observations can be made about the evidence reviewed across the
included studies in terms of the effectiveness of these interventions against the
study outcomes.

1 Inreviewing the evidence on the effectiveness of these interventions
against the identified outcomes, overall, it was clear that there are
conflicting results across all outcomes, primarily as to whether the
interventions lead to an improvement or make  no difference to the
range of outcomes. However, it appears that for the most part, these
interventions do not have a detrimental impact on study outcomes,
except in the case of length of stay of the acute care or rehabilitation
episode where several stud ies found an increased length of stay,
however, again, there were conflicting results with other studies
indicating no difference or an improvement on this outcome. It did
appear that overall, the strongest evidence for an improvement in a
given outcome was in cost outcomes, where there was evidence of
reductions in costs of care of the acute or rehabilitation episode in at
least eight studies, though results for longer term costs were conflicting
as to whether there was a reduction or no difference.

These observations align with the findings of other reviews investigating the
effectiveness of similar interventions. A Cochrane review of RCTs evaluating
admission avoidance hospital at home programmes found little to no difference on
mortality, little to no di fference on readmission, low -certainty evidence that
satisfaction with care may be improved, low -certainty evidence that cost of care
may be reduced and conflicting results on the impact on length of stay (Shepperd
et al., 2016) . A Cochrane review of RCTs evaluating early discharge hospital at
home programmes found insufficient evidence of a difference in mortality,
increased readmission rates, increased satisfaction with care and mixed evidence

on cost savings (Shepperd et al., 2009a) . Overall, systematic reviews and meta -
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analyses have identified mixed results across these types of interventions interms

of their effectiveness (Shepperd et al., 2009a, 2016; Caplan et al., 2012; Huntley

et al., 2017; Low, Yap and Brodaty, 2011) .

As Shepperd et al. (2009b) have highlighted, lack of agreed definition of complex

interventions across studies makes it difficult to reach conclusions on their

effectiveness due to the complexity and variation across the interventions.

Al ternative approaches eswdc ha nads-batdthermlydiss e al i st
have been proposed, focusing more on oOotryin
compl ex heal t h (Sheppee etale2009b, p.5) sThe following excerpt

highlights this issue well and expands on this proposal:

oThe wupshot of all of this s that syst e
interventions can and should be done, but if they are to shed more light than
darkness, the systematic reviewers need explicitly to consider doing two
things. First, they should search for and include relevant theoretical and
qualitative work. Second, where relevant, they should include data from a
broader range of experimental study designs than is currently normally the
case in most Cochrane systematic reviews. Such an approach will i n turn
necessitate development of better search strategies to locate this non -trial
literature and also the availability of techniques for the quality assessment
of such studies. Theory -driven analysis, wherever possible, should also
accompany the more conventional guantitative syntheses, the emphasis on
the latter being down -p | a y Etepperd et al., 20096, p.6)
These issues highlight confirm the need for the use of mixed methods in
evaluating the effectiveness of complex interventions, and the results of this
scoping review highlight that the effectiveness  of home- and community -based
interventions aiming to reduce avoidable hospital admissions for elderly patients
is mixed, hence justifying the need for continued research in this area, in
particular mixed methods research consideri:
ar e effective against speci fied out comes
circumstance®, andaf ot owdvd mat extent
It should be noted that this was a review of studies assessing comparative
effectiveness where comparison groups were used to assess a variety of outcomes,
some of which were qualitative (e.g. satisfaction with care), however, exclu  sively
qualitative studies (e.g. participant interviews and thematic analyses) were not
included in this review. This was outside the scope of this review as one of the
main aims was towards informing the methods for comparative quantitative

evaluation, wh ich required a narrower focus on such studies. However, it is noted
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as a limitation of this review , for example, in informing all possible types of
evaluation such as qualitative approaches. An area of future work which would
expand on this scoping review , is to review qualitative evaluative studies of

integrated care interventions such as those included here, which has also been

recommended by other researchers as noted previously.
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Chapter 6 Narrative Review of
Quantitative Evaluation Approaches in

Observational Research

6.1 Introduction

As described in Chapter 5, the complexity and variety of available quantitative
observational study designs and methods required further revie w in order to
identify a suitable approach for this research.  This chapter provides a narrative
review of the methods available for comparing the effect of an exposure on an
outcome in observational studies, identifying the methods suitable for the specifi C
setting of this research and presenting those being employed for each of the
comparative studies evaluatingthe compar ative effect of t he
programme .

Though the use of randomised controlled trials (RCTs) to evaluate the association
between an exposure and an outcome is the gold standard, research in healthcare
often requires alternatives for reasons such as ethical issues or due to an
evaluation being conducted in hindsight, requiring retrospective methods as is
the case here. In such set tings, other study designs and analytical methods exist,
with certain designs enabling the estimation of treatment effect despite the lack

of randomisation. This can be done by eliminating factors that may confound
estimation of treatment effects (due to t he lack of random assignment) in the
design and/or analysis in order to simulate an RCT. These types of studies are
called observational studies, where there is some control (quasi -experimental
studies, usually prospective) to no control (observational stu dies, usually
retrospective) over the implementation/assignment of the treatment.

Inferring causality to any degree of certainty requires experimental research
designs, however, well designed observational studies can be used to assess and
evaluate causal hypotheses about the effects of exposure on outcome (Levin, 2006;
Carlson and Morrison, 2009) . This research was limited to the use of retrospective

observational methods due to the retrospective nature of the evaluation, including
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the lack of control over treatment assignment. Hence, only retrospective methods

will be reviewed here.

6.2 Structure of this chapter

This chapter will comprehensively review the available methods for comparing
the effectiveness of t he addCsubsegeently describélo me 6
the specific methods selected for each of the comparative studies, providinganin -
depth description of the methods available and providing rationale for the
selection of the specific methods employed (methodology).
The following four main areas of quantitative evaluation approaches were
reviewed. This chapter is structured according to these four areas, describing the
available methods in detail and concluding with the rationale for the selected
approach for each of the four areas within this research.
T Retrospective observational study designs for evaluating associations
between exposures and outcomes
Matching methods for obser vational research
Statistical analysis for observational com parative effectiveness studies
(multivariable regression models)
Confounder identification and covariate selection

Handling of missing data in observational research

6.3 Retrospective observational study designs for
evaluating associations between exposures and
outcomes

Retrospective methods that take advantage of large administrative healthcare
databases have had increasing interest in the past decade, due to enabling a
comprehensive coverage of full populations, having a relatively low cost for
acquiring data on covariates and outcomes, and due to the ability to observe
exposures and outcomes in a natural environment rather than in a tightly
controlled RCT environment (Austin et al., 2012) . Retrospective cohort studies
and case-control studies are the two main types of retrospective observational
studies for evaluating associations between exposures and outcomes (Song and

Chung, 2010; Salkind, 2012) . In this section, these two designs are summarised,
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followed by a review of different types of control groups and ending with a
discussion of the control groups and study design selected for the quantitative

evaluation conducted for this research.

6.3.1 Retrospective cohort and case-control studies

In cohort studies, the study population is selected based on the ir exposure status
to some factor. In retrospective cohort studies (also known as historical cohort
studies), longitudinal exposure and outcome data is collected retrospectively
(Thiese, 2014). The following figure represents the general design of a cohort

study.
Figure 6.1 d General design of a cohort study

[ Study population ]

[ Exposed (treated) ] [Unexposed [controls}}
[ Outcome observed ] [ Outcome not observed ] [ Outcome observed ] [ Outcome not observed J

In case-control studies, the study population is selected based on their outcome or
event status where those with the outcome
the outcome are known a's 6control s. d The out come
characteristic that is developed in a participant, typically the presence or absence

of a disease or condition but can also be other features such as quitting smoking

or not (Hackshaw, 2014) . Because casecontrol studies select the study population

based on outcome, they are always retrospective by nature (Lewallen and
Courtright, 1998) . As with ret rospective cohort studies, in case -control studies,
exposure and outcome data is collected retrospectively. The following figure

represents the general design of a case -control study.
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Figure 6.2 0 General design of a case-control study

[ Study population

/\

[ Outcome observed (cases] Outcome not observed (controls) ]
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There are two main types of case -control studies: the nested case -control and the
case-cohort study (Ernster, 1994) . Both types are based on the identification of
cases and controls within a previously defined cohort. The nested case -control
study selects all cases and then sele cts time -matched controls (for example
matched on length of time in the cohort or date of entry)  (Ernster, 1994) . The case-
cohort study selects all cases and then selects a random sample of controls from
the entire sample. The main feature of case -control studies that contrasts them
from cohort studies is th atin all types of case -control studies, all cases are selected
but only a selection of controls are included, without regard for the number of
exposed and unexposed within these groups. This is why case -control studies are
best for studying rare outcomes. This feature is the main argument in favour of
case-control studies as they are associated with reduced costs in terms of burden

of data collection, given covariates must be collected from all cases but only from

a sample of controls (i.e. those where the outcome is not observed) (Austin et al.,
2012).

Considerations of cost in terms of burden of data collection are not relevant to
studies using administrative observational datasets however  (Austin etal., 2012) ;
hence, either cohort studies or case-control studies can be equally considered in
this respect. The traditional approach to conducting a retrospective observational
study using large observational datasets is the retrospective cohort study design,
however, case-control studie s have increasingly been used (Austin et al., 2012) .
Hence, some of the main further relevant advantages and disadvantages of

retrospective cohort and case -control studies are highligh ted in Table 6.1 below.

Table 6.1 d Advantages and disadvantages of retrospective cohort and case -control studies

Retraspective cohort studies Casecontrol studies

Advantages 1 Good for investigating rare 9 Good for investigating rare outcomes
exposuregSong and Chung, 201( (Song and Chung, 2010; Thiese, 201
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- 9 Can assessultiple exposures anc fCan assess multiple exposuréSong
outcomes(Song and Chung, 201C and Chung, 2010)
DIEELNEIEl[EN T Not good for investigating rare fNot good for investigating rare
outcomes(Thiese, 2014) exposuregSong and Chung, 2010)

fiCan only assess one outcorf&ong
and Chung, 2010)

Based on these highlighted advantages, the retrospective cohort study design
appears most appropriate for the co ntext of this research. In particular, the
retrospective cohort study design works best for contexts such as that of this
research where exposure is uncommon or rare (roughly 5% of the entire
population aged 65 or over received treatment), and it allows fo r the assessment
of more than one outcome which was desired for this research (several measures
of hospital activity). Further to this, Austin and colleagues (Austin et al., 2012)
found that retrospective cohort designs result in estimates with greater precision
and lower mean squared error in a comparison of the retrospective cohort study
design and the nested case -control design, using administrative datasets such as
in the context of this research (Austin et al., 2012) .

It is worth noting that it can be difficult to distinguish between these designs
which is observed in literature, where studies have reported the use of case
control studies where they have actually employed a retrospective cohort design
(Bredemeier, 2011).

6.3.2 Control group definition in retrospective observational
studies
Retrospective observational studies that use administrative datasets lend
themselves to some control over the choice of control group that will be selected
as a comparison to the treatment group, due to having access to datasets covering
full populations in these cases. In RCTs, for example, the choi ce of control group
is not necessarily at the discretion of the researcher, as allocation is random
(Malay and Chung, 2012) . The criteria used to define control groups in
observational studies contributes to their validity. In a review of control group
selection in retrospective observational stu dies (namely case-control and
retrospective cohort studies), Malay and Chung (2012) identified that many
studies used poorly defined control groups, often containing specific inclusion and

exclusion criteria, but having a lack of detail in describing how control groups
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were selected. This may contribute to the previously highl ighted difficulty in
distinguishing observational study designs in literature. However, they were able

to identify that retrospective observational studies usually employ two broad
types of controls: concurrent and historical controls  (ibid) .

Concurrent c ontrols are subjects who are from the same source population and
are followed during the same time period as the intervention group. In the case of
concurrent controls, a group is identified who did not receive the intervention or
received an alternative o r unrelated intervention at the time that the intervention
group received the intervention (Malay and Chung, 2012) . Concurrent controls
who did not receive the intervention can be identified as subjects who segregate
themselves into exposure status (e.g. voluntary enrolment into intervention such

as use of a public advice line, use of a repeat -prescribing app available to the
public) or are segregated into exposure status due to external factors (e.g. living
outside region of eligibility for intervention, treated in a hospital not offering
interve ntion) (Grimes and Schulz, 2002) .

Historical controls are subjects who, at some specified period in the past,  did not
receive the intervention and are followed during a period in the past that may be
parallel to the follow -up time period of the intervention patients. The use of
historical controls is subject to chronology bias (i.e. the effect of differingtimea  nd
place can confound the results), hence, it is advised that they should only be used

in settings where the selection of a concurrent control group is not possible  (Malay
and Chung, 2012) . These settings include those where it is unethical to use a
concurrent control group or where there is such  strong selection for the
intervention that it is uncontrollable even with rigorous methods (Setoguchi and
Gerhard, 2013) .

Figure 6.3 graphically represents the selection of concurrent and historical control

groups.
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Figure 6.3 0 Concurrent and historical control group selectio  n in retrospective observational

studies
CONCURRENT
[ Intervention group ]
[ Concurrent control group ]
TIME HIntervention start date Now {study
' start date)
HISTORICAL
[ Intervention group
Historical control group J
TIME !Intervention start date Mow {study
' start date)

Whether a concurrent or historical control group is chosen, how these are
identified is important. Sometimes these can be identified retrospectively as a
clearly defined group who received a different treatment or a group that was
defined in advance as being eligible or being a target group for the intervention.
However, there are times where a well -defined group is not available, hence the
control group must be identified from a pool of potential controls in the f ull
population.

It is important to identify whether the reasons for lack of exposure or selection to

the intervention are associated with the outcomes being studied  (Setoguchi and
Gerhard, 2013) . In the case of historical controls, the reasons for lack of exposure
are often due to lack of availability of the intervention at the time or receipt of a
different treatment. However, in the case of concurrent control g  roups, though
reasons for lack of exposure include lack of availability (e.g. treated outside of
region or hospital offering intervention) and receipt of a different treatment, there

may be other reasons for lack of exposure as the intervention is known to  have
been available when selecting the concurrent control group.

For example, lack of exposure may be due to lack of eligibility or lack of need of
the intervention, in which case there are likely to be observed differences between
the exposed and unexposed groups. This is less likely to be the case where a well -

defined control group has been identified in advance, however it can be difficult
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to distinguish reasons for lack of exposure where the control group must be
selected from a pool of potential cont rols in the full population.

Where observed differences between the exposed and unexposed groups are
associated with the outcome of interest, these are a source of selection bias and
need to be adequately adjusted for or controlled through the study design or
analysis (Setoguchi and Gerhard, 2013) . Incomparability of intervention and
control subjects can lead to selection bias due to unaccounted differences in the
characteristics between them (Malay and Chun g, 2012).

One way of selecting a comparable control group, where a well -defined group of
eligible or target patients has not been defined, is identifying control subjects from

a pool of potential controls who match the characteristics of intervention subjects.
This approach will be required within this research due to a lack of a well -defined
control group for the ECT intervention

While matched case -control studies are common and widely covered in literature,
matched cohort studies are less common an d not widely covered in literature
(Sjolander et al., 2012; Sjolander and Greenland, 2013) . Analysis of matched
cohort studies is sparsely covered in literature  (Cummings and Mcknight, 2004;
Holford, Bracken and Eskenazp , 1989). It is hypothesised that the reason for this
is due to availability of data sources as matched cohort studies require access to
large population -based data sources including exposure information  (Sjélander et
al., 2012). Though less common, they are increasingly recommended (Sjolander
and Greenland, 2013) . The literature on general matching methods, however, is

vast, hence these will be described in more detail in Section 6.4.

6.3.3 Control group definition for comparative evaluation of

0Cl oser to Homebod
As previously described, retrospective observational studies require the sel  ection
of a carefully selected and well -defined cohort. As identified by Roland and
colleagues (2005), this is particularly the ca se for evaluating admission avoidance
schemes for elderly patients, as admissions for this age group fall in subsequent
years after experiencing a crisis which means an inadequate control group could
result in the misattribution of falling admission rates to a given intervention. The
following excerpt by Roland and colleagues describes why this particular setting

necessitates careful selection of a control group:
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ofo attribute reduced admission rates to a healthcare intervention it is essential to

compare the intervention group with a carefully selected control population. If a

randomised trial design is not feasible then, at the very least, admissions after the

intervention should be compared witha contr ol group who satisfy
criteriausedt os el ect t he [ nt dRoland stal/, 2006, pR29%91py v p . O

Hence, it is vital to carefully identify and define appropriate control groups that

serve as a comparison to subjects who receiyv
As previously described, these should be groups who as much as possible, differ

from 6CHomedb patients only by their exposure
control groups can be identified as those who were target patients or eligible

patients for the interventions but did not receive them.

Retrospectively identifying a target populationwho  did not receive treatment ( i.e.,

a cohort of patients eligible for the intervention who did not receive the

intervention), can be difficult. As previously described, it is important to identify

whether the reasons for selection of the intervention are asso ciated with the

outcomes being studied as observed differences can be a source of selection bias.

In the context of this research, based on the proportion of recipients of the

intervention being very small and based on the lack of mainstreaming of the

services (which is explored in detail in  Chapter 10 ), it is likely that many patients

eligible for the intervention did not receive treatment due to reasons relating to

lack of mainstreaming (e.g. lack of capacity, lack of awareness) rather than due

to reasons related to their eligibility (unfortunately it was not possible to ascertain

the specific reasons as this data was not collected). This reasoning provides a

ration ale for seeking a comparison cohort within the source population.

However, the results from Phase V (6 Retrospective <cohort st
I ntervention effect on hvbichpwilltba /preserdetd inv /i t y 0L
Chapter 9) highlight that the intervention groups are significantly different from

the remainder of the source population. Hence, it became apparent that well -

defined, carefully selected comparison cohorts need to be identified out of the

source population.

Specific study cohorts will be defined in detail in the presentation of the results

in Chapter 9 Section 9.2, however, Table 6.2 gives an overview of the control

groups identified for each of the studies evaluating the comparative effectiveness

of each intervention. For two of the interventions (ALFY and GP Fellows), a well -

defined pre -determi ned comparison target population was available for use as the

114



unexposed group in their corresponding retrospective cohort studies. However, for
the ECT intervention, no clear or well -defined target population could be
identified, as no pre -determined compa rison target group was specified, and the
referral criteria are loosely defined (further explored in the Qualitative Results
chapter). Hence, to identify a comparison group for the ECT intervention,
matching methods were used. Matching methods are varied a nd extensive, hence
will be described in the next section, providing the rationale for the choice of
matching methods employed for the selection of a control group for the ECT
intervention.

Table 6.2 8 Comparison group definition for each of the ‘Closer to Home' interventions

Intervention Well-defined Concurrent or Target group who did not receive the
comparison target historical intervention (potential control group)
group available?

Enhanced Concurrent  Matched control group to be identifiec

Community (loosely defined referral criteria)

Team (ECT)

GP Fellows Yes Historical Patients receiving ECT before GP
Fellows was available

Advice Line for Yes Concurrent  Patients identified as high risk

You (ALFY) (SPARRAA40) who were sent ALFY
promotional materials (ALFY mailing
list)

6.4 Matching methods for observational research

This section provides an overview of matching methods and approaches informing

the selection of matchin g methods for the analysis of the Enhanced Community

Team intervention within the 6Closer to Home
literature indicates that variations in matching methods and approaches lead to

differing levels of bias of treatment effect estimates. Hence, these variations are

carefully investigated in this section, concluding with the selected methods to be

employed for the analysis based on the literature discussed.

6.4.1 Matching vs adjustment

There are several methods in existence for reduc ing bias due to lack of
randomisation such that causal effects can be estimated from observational data.
These include stratification methods such as matching, regression adjustment,

instrumental variables, structural equation models and selection models (Stuart,
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2010). Three key advantages of matching methods over other methods have been
highlighted (Stuart, 2010) :
1. Matching methods are complimentary to regression
2. Matching methods highlight areas of covaria te imbalance between
treatment and control groups, where treatment effect estimates would rely
heavily on extrapolation. Regression and selection models perform poorly
where there is insufficient overlap.
3. Matching methods have straightforward diagnostics to assess their

performance

Given these advantages and given that within the setting of this study the pool of
potential comparison group subjects have significantly different baseline
characteristics to the treatment group (as will be presented in Chapter 9),
matching methods aiming to identify similar groups with the potential to be
combined with regression adjustment will be considered for the evaluation of the
Enhanced Community Team (ECT). Hence, this section will briefly discuss the
relative advantages of matching and regression adjustment methods. Matching
methods are those where control subjects are selected to have similar covariate
distributions as treated su bjects, aiming to eliminate confounding on those
covariates and replicate a randomised experiment. Regression adjustment
methods refer to the statistical procedure of adjusting the estimated treatment
effects by estimating the relationship between the outc  ome and covariates in each
treatment group (Rubin, 1979).

Covariate adjustment is the traditional approach to correcting potential
confounding, covariate imbalance and selection bias (Elze et al., 2017) . However,
statistical adjustment through  multivariable regression has been criticised in
that models may be over -fitted where the number of outcome events is low
compared to the number of covariates, hence only a restricted number of
confounders can be included in the model before overfitting (Benedetto et al.,
2018; Elze et al., 2017). Matching on its own or as a precursor to covariate
adjustment provides a potential solution to this issue. However, some studies
have found that covariate adjustme nt and matching perform similarly ~ (Elze etal.,
2017; Posner et al., 2001) .
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Nevertheless, as highlighted previously, an advantage of matching is that it can
be combined with regression. Rubin has found that covariate adjustment in
matched samples is more robust (provides least biased treatment effect estimates)
than covariate adjustment in unmatched samples, hence matching increases the
robustness of statistical adjustments  (Rubin, 1979, 1973) . Hence the retrospective
cohort study comparing the effectiveness of ECT aims to use matching methods
combined with covariate adjustment. Covariate adjustment w ill be discussed
separately in S ection 6.5.3.1. Matching methods will be discussed in detail in the
following sections, as there is a wide range of matching methods and

configurations available.

6.4.2 Matching methods for rolling entry interventions

As is the case with 'Closer to Home' services, it is common among healthcare
interventions for treated subjects to enter the intervention on a rolling basis
rather than at a fixed time point. It has been noted that this is particularly
common among home-based healthcare services, as these patients often
experience sudden deterioration from acute events leading to their receipt of such
services (i.e. entry into intervention is based on surrounding events)  (Pimentel et
al., 2019). In these cases, the main challenge of comparison group selection is
defining a baseline period for the potential control group so that they can be
matched on time -dependent covariates (Witman et al., 2019) . Observational
studies with rolling entry (also called time -dependent treatment or longitudinal
entry) require special methods (Thomas et al., 2020) . These methods include
matching on time -dependent covariates to generate comparable groups
(longitudinal matching) and including time -dependent covariates (including
treatment) in a Cox model (Thomas et al., 2020) .

Several longitudinal matching methods have been identified, including exact
matching, bala nced risk set matching, sequential cohort matching, rolling entry
matching (REM) and a more newly developed method 'GroupMatch' based on the
notion of time agnosticism (i.e. two subjects with similar outcome trajectories but
different enrolment periods are compared) (Thomas et al., 2020; Pimentel et al.,
2019). These methods are very recently being reviewed in literat ure (Thomas et

al., 2020; Pimentel et al., 2019) and statistical packages for conducting these
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methods readily are only recently being produced (Jones et al., 2019; Pimentel et

al., 2019)

Hence, the relative advantages and direct comparisons between these identified

longitudinal matching methods have not been widely studied (Thomas et al.,

2020). In one study, comparing REM and sequential cohort matching , overall

REM was found to achieve a better covariate balance between treatment and

control groups in three out of four case studies (Witman et al., 2019) . In another

study comparing REM, exact matching, sequential cohort matching and
6GroupMatch, d the |l atter t hr e eovadatetbglameef or me d
in a simulated setting but perform similarly in the empirical setting (case study)

(Pimentel et al., 2019) . Sequential matching has been n oted to be laborious and

time consuming, especially in large datasets (Pimenteletal.,2019) . &6 Gr oup Mat c h
has been noted to be more simple and easier to i mplement, but at the time of

writing has not yet been made readily available through software, though the

authors note a statistical package is in development to make this method readily

available (Pimentel et al., 2019) . REM, however, has been identified as a method

that can be readily implemented through existing statistical packages, making

this method computationally feasible for this study  (Jones et al., 2019).

6.4.3 Matching strategy

Further to deciding on a method for matching  which accounts for patterns over
time, several other considerations are required in defining a specific matching
strategy. The main considerations in developing a matching strategy can be
defined by four factors: defining a measure of closeness, matching ratio,  caliper
selection (maximum difference allowed within a matched pair) and with or

without replacement (Xie, 2011). These will be described in the following sections.
6.4.3.1 Defining closenessin matching

A wide range of approaches for determining distance measures in match  ing exist.
They can be widely classified as stratification and modelling approaches
(Sizemore and Alkurdi, 2019) .

Stratification approaches match directly on covariates. These methods include
exact matching where subjects are matched exactly on confounding covariates
(e.g. if matched on sex, a female treated subject is matched to a female untreated

subject) and coarsened exact matching (CEM) where treated subjects are matched
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on stratified versions of covariates (i.e. continues variables are placed into bins)
(e.g.6070 year ol ddos afgearmlad @h)ed to 60
Modelling approaches include matching on distance scores generated by models
representing the distance between covariates of treated and untreated subjects.
Two widely used approaches for matching using modelling are Mahalanobis
Distance Matching ( MDM) and Propensity Score Matching (PSM). The
Mahalanobis distance measures the multi -dimensional distance between a point
and a distribution. In MDM, treated subjects are matched to the nearest
untreated subject, based on the Mahalanobis distance meaning that the subjects
are matched on the distribution of their covariates. The Propensity Score
represents the probability of treatment based on a  multivariable model of the
covariates predictive of receiving treatment. In PSM treated subjects are matched
to untreated subjects with the smallest difference in propensity scores.
The relative advantages of the above -mentioned matching approaches have been
highlighted in literature. The difficulty with exact matching is that it often leads
to many unmatched subjec ts, leading to bias if they are kept in the analysis as
the matched subjects will be inexact to the whole sample  (Stuart, 2010) and also
leading to bias if they are dropped, as the full treated sample becomes less
representative of the whole. This is also the case with CEM and MDM as the
number of covariates increases, as an attempt is made to identify untr  eated
subjects that match all the included covariates of the treated subjects to some
extent. MDM has been identified to work well when there are relatively few
covariates (less than eight) but not so well with many covariates or when they are
not normally distributed (Stuart, 2010) . Similarly, CEM has been found to work
well when there are relatively few ¢ ovariates (less than ten) (Ripollone et al.,
2020). PSM does not have these issues as the covariates are summarised in a
single score. Sizemore and Alkurdi (2019) describe the how PSM differs to CEM
and MDM:
aVith exact matching, CEM and MDM the inability to find good counterfactual
ot wi nso [ n the s dedasingle tifficitanc loghee dimensions and
necessitates some way to reduce the dimensionality of the data. PSM does exactly
this: instead of matching units on all X, it collapses the covariate space into one

variable defined as the probability of be ing treated, conditioned on X. After

calculating the propensity score, instead of trying to fill n  -bins we can simply match
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units within strata of the propensity score, and instead of finding nearest neighbours
in a sparse n-dimensional space we need only to find nearest neighbours on a
unidimensional plane. &
Hence, PSM solves the matching problem for high -dimensional data, however,
because it uses a summarised score, matched pairs may not necessarily be similar
across all their covariates (Sizemore and Alkurdi, 2019) . PSM has been further
critici sed as paradoxically exacerbating covariate imbalance and bias, as first
identified by King and Nielsen (2018). This is because PSM is based on scores
representing the probability of treatment across the whole sample, hence, as
matching is made more strict (e.g. using narrower calipers), more treated subjects
are pruned because they do not have a close enough match so the overall matched
sample may become more imbalanced as the distance between treated and
untreated subjects was determined by the distribution of covariates of the whole
sample (King et al., 2011). PSM prunes observations in a manner of independence
of the covariates (and thus approximately randomly) which has been shown to
cause imbalance (King and Nielsen, 2018) . Hence, thisso-cal | ed 6PSM Par a
kicks in at some point, particularly quickly for datasets where treated and
untreated subjects are relatively well balanced to begin w ith (King and Nielsen,
2018). This does not occur with CEM and MDM because matches are based on
distributions of covariates for individuals rather than for the full sample.
However, ot her research has s h o withoughh a t i n
covariate imbalance sometimes increased after progressive pruning of matched
sets, the application of common ly used propensity score calipers for defining an
acceptable match stopped pruning near the lowest region of the imbalance trend
and resulted in an improvement over the imbalance in the prematched data set o]
(Ripollone et al., 2018, p.1951) . In addition, Jann highlights
brought forward by King and Nielsen against Pr  opensity Score Matching are
valid, but they mostly apply to one specific form of PSM: pair matching (one  -to-
one matching without replacement). Other PSM matching algorithms perform
much better because they are | ess afGlgcted b
p.65).
6.4.3.2 Number of matches and caljper selection

In selecting the both the optimum number of matches to be included andt he

optimum caliper width (maximum difference allowed within a matched pair) in
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studies matching treated subjects to untreated subjects, the trade -off between
maximising sample size and minimising bias is of important consideration. This
reflects the varian ce-bias trade -off: a higher untreated to treated ratio increases
matched sample size which may increase the precision of treatment estimates
thereby reducing variance, however, it may increase covariate imbalance between
the groups as each additional contr ol may be less comparable to the treated
subject, thereby increasing bias (Austin, 2010; Linden and Samuels, 2013). Using
lower untreated to treated ratios should have the opposite effect. There is a
similar trade -off with using narrower caliper widths: us ing narrower caliper
widths should reduce covariate imbalance between groups, thereby reducing bias,
however, it may reduce the matched sample size, which reduces the precision of
treatment estimates, thereby increasing variance (Austin, 2011). Using wider
caliper widths should have the opposite effect.

Several studies have investigated the optimum numbers of matches and optimum
caliper widths.

Ratios of 20 controls to treated subjects or even higher have been used (Rubin and
Thomas, 1996). The rule of thumb however, is to choose at most ten controls to
treated subjects so that the proportion of treated subjects in the full sampl eis not
lower than 10% (Baser, 2006). Linden and Samuels have identified that generally

a matching ratio of at most four control subjects to treated subjects elicits lowest
bias in matching studies (2013). Selecting between one to up to four or five
matches is common practice in matching studies (Austin, 2010; Rassen et al.,
2012). Austin (2010) recommend that for PSM, in most settings, researchers
should match one or two controls to each treated subject, based on finding that
the mean squared error of the estimated treatment effect was min  imised by
approximately 84% . Linden and Samuels (2013) advocate undertaking a
methodological approach to deciding on the optimum number of matches in
matching studies, assessing the performance of several matching ratios in terms

of covariate balance to identify and opt imum ratio.

It has been identified that certain caliper widths (maximum difference allowed
within a matched pair) can reduce varying levels of bias. Cochran and Rubin
(1973) determined that using a caliper width defined as some proportion | of the

standard deviation of the confounding variable reduces bias ( | 2z, .
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When matching directly on covariates, the calip  er width is specified directly based
on the maximum distance sought for based on values of the covariate. For
example, when matching on age, if matches are sought within two years of the
age of the treated subjects, | z, is setto be equal to two, where ,, is the standard
deviation of the covariate (and | would be typically be calculated for use in
matching algorithms). Defining these widths will be determined by the
requirements of the researcher and significance of varying values of the
covariates.

When matching on propensity sco%3) abovgi ven C
observation, Austin (2011b) conclude there is rationale for using caliper widths
that are dependent o n the distribution of propensity scores, such as some
proportion | of the standard deviation of the propensity score. The caliper for

propensity scores can be definedas| z,, where

” ” (S

where , and , are the variances of the propensity scores or logit of the
propensity scores of the treatment and potential control groups respectively
(Jones et al., 2019; Cochran and Rubin, 1973) . The table below indicates the
change in bias identified by Cochran and Rubin (1973) and Austin (2011b),
according to varying values of | and varying ratios of treatment to control group
variance.

Table 6.3 d Effect of varying values o f some proportion | of the standard deviation of the
propensity score and varying ratios of treatment to control group variance

Cochran and Rubin 1973 Austin 2011
) o X prc ., 7, p . T ¢ .7 P
0.2 99% 99% 98% At least 99.3%
04 96% 95% 93% -
0.6 91% 89% 86% 95.2%99.6%
0.8 86% 82% 77% -
1.0 79% 74% 69% -
As the ratio of the variance in the treatment to control group ( . A, )increases,

the performance is somewhat poorer, hence as the ratio increases, smaller calipers

are recommended (Stuart, 2010) however overall, the ratio has a minor effect
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(Cochran and Rubin, 1973) . Hence, regardless of this ratio, caliper widths equal
to 0.2 (Austin, 2011b) or 0.25 (Rosenbaum and Rubin, 1985) of the standard
deviation of the propensity score or logit of the propensity score have been
recommended.

However, in practice, a wide variety of calipers are used  (Austin, 2008) , ranging
between 0.001-0.06 standard deviations of the logit of the propensity score, with
0.2 being most common, as identified in a systematic review (Alietal., 2015) . One
study comparing the use of calipers between 0.002 -0.06 standard deviations found
that bias was reduced by approximately 50 -99% and numbers of matched pairs
were reduced by approximately 1 -10%, identifying that wider calipers were
needed where initial imbalance between groups was greater or where fewer
untreated subjects were available to match  (Lunt, 2014) . This suggests that the
specific context and requirements of the matching setting should be considered
when selecting a caliper for PSM and that the performance of several caliper

widths should be assessed to identif y an optimum caliper.
6.4.3.3 Matching with or without replacement

Particularly in scenarios where there are few comparable controls, re  -using
controls for more than one treated subject (i.e. with replacement) can be helpful.
Doing so also involves a bias -variance trade -off, as the average quality of
matching will increas e thus reducing bias, but there will be an increase in
variance (Baser, 2006). In addition, it has been highlighted that inference
becomes more complex because matched controls are no longer independent,
hence the analysis would need to account for this  (Stuart, 2010) . Matching with
replacement has been discouraged when using PSM, as matching with
replacement has not been found to have superior performance compared with
better performing caliper matching approaches without replacement (Austin,

2014a). Hence, matching will be conducted without replacement.

6.5 Statistical analysis for observational comparative
effectiveness studies: multivariabl e regression
models

The primary t hreat to the validity of observational research is confounding, given
the lack of random allocation. Confounders can distort the measured effect of an

intervention if not managed appropriately. As previously described, adju stment
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for confounders is necessary in observational research as observed differences
between treatment groups are expected 0 introducing bias 0 due to lack of
randomisation. As briefly described in section 6.4.1, regression adjustment for
covariates is the traditional method for controlling for potential confounding (Elze
et al.,, 2017). Traditional analyses in observational comparative effectiveness
research estimate effect sizes by using multivariable regression models, which
enable such adjustmen t for confounding covariates (Arbogast and VanderWeele,
2013; Morshed, Tornetta and Bhandari, 2009)

The main multivariable regression models appropriate for observational
comparative effectiveness studies are logistic regression, linear regression,
Poisson regression and Cox proportional -hazards regression (Morshed, Tornetta
and Bhandari, 2009) . Table 6.4 outlines these models according to their

appropriate type of outcome and resulting effect estimate.

Table 6.4 d Appropriate multivariable aadjust ment models for common types of outcomes, adapted
from Table [/l i n Morshed, Tornetta and Bhandari 0s
Understanding Sta@d¥tical Met hodsod

Binary Prevalence of postoperative Logistic regressior Odds ratio
infection

Continuous Range of motion ofunctional Linear regression Mean difference
outcome score

Rate National rates of total joint Poisson Rate ratio
replacement regression (Relative risk)

Survivaitime Time to reoperation following hip Cox proportional  Hazard ratio

(time-to-event)  replacement, risk of death hazards

(outcomes which may occur at any
time over a given time period)

These models are based on the generalised linear model:
Ow 0 600 00 8O

where the expected value of @ is the sum of an intercept ( 0) and explanatory
variables (@) multiplied by their respective coefficients ( 6) and where each
coefficient represents the effect estimate or risk depending on the type of model
(e.g. mean difference for linear regression, log odds ratio for logistic regression,
log hazard ratio for Cox proportional -hazards regression) (Morshed, Tornetta and
Bhandari, 2009) .
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Given that the outcome of interest to this research is discrete hospital activity,
linear regression (u sed for continuous outcomes) will not be considered here. In
addition, Poisson regression is not generally appropriate in cases where a large
proportion of subjects do not experience the outcome (e.g. are never hospitalised)
or there is too much variabili ty (Weaver et al., 2015) . This was expected to be the
case in this research and was later confirmed, hence Poisson models were not a
focus in this research and rather binary outcomes were primarily explored ,
particularly given that in the case of rare outcom es, the odds ratio and relative
risk are almost the same (Hoffmann and Lim, 2007 ). However, the rema ining
models & namely logistic and Cox proportional -hazards regression models & are

relevant and are discussed here.

6.5.1 Logistic regression

Logistic regression models are used for estimating effects of an exposure on an
outcome where th e outcome is binary (e.g. having a hospital admission or not,
presence or absence of disease) The effect estimate in | ogistic regression is the
odds ratio (OR), given by

0QR 060 00D LT ®OEQQWO i
0 QG 0 WEQHE Qoné DAVQWO |

(Hoffmann and Lim, 2007) .

Though [ ogistic regression models are helpful, they are primarily useful for
evaluating the effect of events in a single time frame (e.g. a hospital admission in
30-day follow -up, or number of admissions in year follow -up) and they require
indexdates (or Oti me zerod) for both wuntreated an
difficult to identify in studies with staggered/rolling entry interventions. As
briefly described in Section 6.4.2, it is common among healthcare interventions
for subjects to enrol in the intervention on a rolling basis based on surrounding
events rather than at a fixed time point and for exposure to occur more than once
over time (time -dependent exposure).

It is also common in observational research for confounding covariates such as
comorbidity to change over time (time -dependent covariates) (Arbogast and
VanderWeele, 2013) . Longitudinal matching was described in Section  6.4.2 as one

way to counter time -dependent confounding in baseline covariates. However,
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whether matching has been used or not, if subjects are followed through time,
covariates may change during follow -up, and exposure may occur more than once,
requiring adjustment for these time -dependent covariates in the multivariable
regression models themselves. In addition, it is common for the outcome of
interest to occur more than once, where the researcher may be interested in not
only the first but als 0 subsequent events. Logistic regression is not able to factor
in these particularities.

Cox proportional -hazards models (also known as Cox models) are a helpful
alternative. Cox models can be used to assess the ef fect of an exposures on
outcome within sin gle time frames as with logistic regression models, however
extensions of the Cox model have the flexibility of assessing effects of exposures
on outcomes over longitudinal time frames with time  -varying coefficients and
time -varying treatments. In addition , time -varying extensions of Cox models do
not require analyses to be based on index dates (dates of exposure to treatment or
6t i me), herea poodide advantages for observational comparative effectiveness

studies, where there may be no index dates with in a comparison group .

6.5.2 Cox proportional -hazards models

The primary type of analysis for multivariable regression with time -dependent
covariates is the time -dependent Cox proportional -hazards model. Because of how
the Cox model works, it is well suited to the incorporation of time  -dependent
covariates. At each time period, the Cox model compares the covari ate values of
the subject who had the event to those of all others who were at risk at that time

and tries to assign a risk score to each subject that best predicts the outcome at
each time period, based on the risk set (subjects present for each evente.g . the set
of those still at risk at each time point) and the covariate values of each subject
just prior to the event (Therneau, Crowson and Atkinson, 2020) .

The effect estimate in Cox prop ortional -hazards regression is the hazard ratio
(HR), given by

OO A (B V6 0 VNN ET OQQQWO |
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where the hazard represents the instantaneous event rate at time 0 among
survivors to 0 (Gail et al., 2019) . Though very similar to risk ratios (or relative

risk), hazard ratios are differentiated by their accounting for timing of events.
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The standard Cox proportional -hazards model is appropriate for analysing
survival data where time to first event is captured. The standard model cannot
analyse repeated events because multiple events from the same individual are
likely to be correlated, violating the assumption of indepen dent observations
required for the standard Cox model (Westbury et al., 2016; Amorim and Cai,
2015). Where subjects have multiple events, statistical models should account for
correlated data, as rows for the events are correlated within subject (Therneau,
Crowson and Atkinson, 2020) . Extensions of the Cox model enable analysis of
such recurrent events.

There are several methods for factoring in within  -subject correlation in survival
models, which these extensions of the Cox model employ. Two main multiple -
failure Cox models that are widel y used and are easily implemented using routine
statistical software are the Andersen and Gill (AG) model and the Prentice,
Williams and Peterson (PWP) model, which employ variance correction to factor

in within -subject correlation in recurrent events  (Westbury et al., 2016) . These

multiple -failure Cox extension models are outlined in  Table 6.5 below.

Table 6.5 d Extended Cox models for recurrent events and their mechanisms

Cox mpdel Mechanism Comment
extension

Assumes correlation between events within | Suitable when

subject can be explained by past events, correlations between
Andersen and Gill | captured by appropriate specification of time | events within subject
(AG) dependent covariates (e.g. number of previous are induced by

events). Baseline hazard (underlying risk) is th measured covariates

same for each evenfAmorim and Cai, 2015) | (Amorim and Cai, 2015)

Suitable when effects of

Prentice, Williams | Stratifies analysis by event, allowing the covariates expected to
and Peterson baseline hazard (underlying risk) to vary for | be different in
(PWP) each event(Amorim and Cai,®@.5) subsequent events

(Amorim and Cai, 2015)

Of these two multiple -failure Cox extension models, the Andersen and Gill (AG)

model (also known as the counting process model) has been highlighted as the

mo st frequently applied and is recommended
between subsequent events is mediated through time -varying covariates and the

interest is in the overall effect on the intensity of the occurrence of a recurrent

e v e Amorim and Cai, 2015, p.326) . Prentice, Williams and Peterson (PWP)

models (also known as conditional models) have been recommended for settings

where there are few recurrent events per subject, where risk of recurrence varies
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between recurrences because there is a strong biological relationship between
events (e.g. risk of viral infection may be reduced in subsequent occurrences due
to the development of immunity) and where interest is in separate risk of events
rather than overall ris  k (Amorim and Cai, 2015; Guo, Gill and Allore, 2008)

Because the underlying mechanism of the PWP models is stratification by event,

as the recurrence of events increases, the number at risk becomes very small for
later strata leading to strata -specific effect estimates with low precision (Ozga,
Kieser and Rauch, 2018; Amorim and Cai, 2015) . This is why PWP models are
more suitable for s ettings where there are few recurrent events per subject and
why when using these models, data usually needs to be truncated, omitting events

beyond the fourth occurrence for example (Amorim and Cai, 2015) .

Westbury et al. (2016) suggest that in the context of hospital admission among
older people, it is reasonable to expect that recurrent risk of admission increases
based on previous admission (suggesting a biologic al relationship between
events), hence PWP models may be better suited because they allow the
underlying risk to vary between events through stratification. However, they do
not address the issue of many recurrent events leading to many strata. Given that
within setting of this research, the interest is primarily in treatment effect
considering overall effect of recurrent events rather than in the separate risk of
events and given that there are many recurrent events per patient which would
require the use of many strata potentially leading to estimates with low precision

in the case of PWP models, the AG model appears more appropriate for this

research.

It seems reasonable to suggest that the use of time -varying covariates in an AG
model may mediate depend ence between events as there are many other factors
that contribute to the recurrence of a hospital admission for an older person,
especially if the number of previous admissions is included as a time -varying
covariate as this relaxes the assumption thatt he underlying risk for all events is
the same (Smedinga et al., 2017) . It should be noted however, that because PWP
models account for underlying increase in risk of admission based on number of

accumulated previous admissions, they have been found to lead to more
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conservative effect estimates, while failure to account for increase in underlying

risk may lead to exaggerated effect estimates (Westbury et al., 2016) .

Alternative models including the Wei, Lin and Weissfeld (WLW) model, frailty

models and multi -state models, however, these are less widely used. An in depth
comparison of these less widely used models is outwith the scope of this research,
however, Table C-1 in Appendix C provides a brief description of these models

with a summary of their suitability or lack thereof.

6.5.3 Analytical considerations for matched studies

Because matching, on average, generates samples of subjects that have more
similar baseline covariates than randomly selected subjects would have and
because baseline covariates are related to the outcome, matching implies within -
matched-set association (exemplified by the fact that matched subjects wi |l
display more similarity in outcomes than randomly sampled subjects would)
(Austin, 2014b) . Though it is widely agreed that matching needs to be accounted
for in the analysis of case -control studies, th ere is no universal agreement on
whether matching needs to be accounted for to estimate significant levels in
matched cohort studies (Austin, 2014b; Cummings and Mcknight, 2004) , however,
studies have found that ignoring matching can lead to incorrect significance levels
and confidence intervals (Austin, 2014b) . Hence it is recommended that matching
be accounted for in the analysis to avoid bias due to within -matched-set
association.

Matching can be accounted for in logistic regression through conditional models.
Conditioning on matched -set allows these models to account for within -matched-
set dependence, similar to stra tifying with matched sets as strata  (Xu etal., 2010) .
Two widely used approaches that account for matching in Cox proportional -
hazards models are stratification for matched sets and the use of a robust variance
estimator that accounts for clustering within matched sets (Austin, 2014b) . The
stratification approach stratifies the analysis by matched set, allowing the
baseline hazard (underlying risk) to vary across matched sets  (Brazauskas and
Logan, 2016). Research indicates that this approach appears to give conditional
effect estimates because the analysis is conditioned on the matched pairs (gives

within -matched-set treatment effects), leading to bias ed marginal hazard ratio
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estimates (overall effect estimates). Hence the use of a robust variance estimator

is a preferred method as this approach averages the within  -pair treatment effects
to obtain the marginal/overall hazard ratio which is equivalent to that obtained
in a conventional Cox proportional -hazards model, while within -matched-set
correlation is accounted for in p-values and confidence intervals (unlike

conventional Cox models) (Austin, 2014b; Brazauskas and Logan, 2016) .
6.5.3.1 Covariate aajustment in maitched and unmatched analyses

Covariate adjustment works by comparing exposed and unexposed subjects
within levels of the potential confounders in the regression analysis (Sjolander
and Greenland, 2013) . To perform the adjustment using regression models, the
potential confounding variables are included as covariates in the multivariable
models assessing the effect of exposure on outcome.

Where matching has been used as a method for controlling for confounding,
regression adjustment for further controlling confounding has been debated
(Sjolander and Greenland, 2013) . In matched case-control studies, bec ause
subjects are selected based on outcome rather than exposure, regression
adjustment for confounding covariates is often required, including the matching
variables, given there may be confounding through observed differences
associated with exposure (Sjolander and Greenland, 2013; Mansournia, Hernan
and Greenland, 2013) . In matched cohort studies, however, because subjects are
selected based on exposure, thus balancing baseline confounding covariates
through the matching process, regression adjustment for matching variables may

not be required as the they will no longer be a ssociated with exposure @ a condition
for confounders (Sjolander and Greenland, 2013) . Nguyen and colleagues (2017)
show that wh ere propensity scores have been used for matching to balance
covariates across treatment groups, adjustment for residual differences in
covariates (residual confounders) is advised. They showed that regression
adjustment could drastically reduce residual ¢ onfounding bias where covariates
with a standardised mean difference greater than 0.1 were included.

Hence, in the retrospective matched cohort study of the ECT intervention, where
both covariate matching and PSM will be conducted, only covariates identif  ied as

residual confounders will be included in adjustment for PSM, whereas for direct
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covariate matching, the matching variables will be included in adjustment in
addition to residual confounders.

Whichever method is used for controlling for confounding & namely regression
adjustment, matching with regression adjustment or matching alone 0 the
potential confounding variables to be included need to be carefully identified,
considering their association with exposure and outcome. The process selected for
identifying potential confounders and selecting covariates for adjustment is

described in S ection 6.6 below.

6.6 Confounder identification and covariate selection

As previously described, comparative studies should always consider potential
confounders and should take them into account if possible , as confounders can
distort the measured effect if not appropriately managed . A confounder influences
both the dependent and independent variable s in a study, introducing this type
bias, where if removed, results would change in a clinically significant way
Confounding factors can either mask or falsely demonstrate an effect of an
exposure on an outcome, making it difficult to est  ablish causality (Skelly, Dettori
and Brodt, 2012) . Skelly et al. (2012) propose three steps towards dealing with
confounding.
1. Measure and report all potential confounders
2. Routinely assess the role of confounding factors and adjust for them in the
analy sis
3. Report crude and adjusted estimates of association and discuss limitations
of the study that may be due to confounding and the magnitude of the
influence
Performing these steps are particularly important to this study due to its
observational nature, m eaning there are many confounders involved and there
has been no adjustment made at the outset (e.g. randomisation or quasi -
experiment with pre -established similar groups).
Skelly et al. (2012) propose three main criteria for identifying true potential
confounders. They establish that true potential confounders must be:

1 Predictive of the outcome even in absence of the exposure

1 Associated with the exposure

1 Cannot be an intermediate between exposure and outcome (i.e. a
confounding factor is not a consequence of exposure)
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A representation of a true potential confounder can be seen in the figure below

Figure 6.4 d Representation of a true potential confounder

Exposure Outcome

Once potential confounders have been identified. There are several strategies for
selecting which confounders (covariates) will be adjusted or controlled for,
generally falling under two broad approaches: 1) selecting variables on the basis
of background k nowledge on the relationship of the variable to treatment and
outcome and 2) selecting variables based on statistical associations using
automatic variable selection methods (empirical variable selection) (Sauer et al.,
2013). Both approaches will be described as defined by Sauer etal. (2013).

The first approach includes using causal graph theory to select covariates (which
specifies causal assumptions using causal graph criteria so that a sufficient set of
covariates can be identified), selecting all observed pre -treatment covariates,
seleding all possible risk factors for the outcome and selection of all observed
variables that are associated to treatment, outcome or both (disjunctive cause
criterion). Using causal graph theory requires knowledge of the true causal
network representing all cause pathways, however it is rarely known. The other
approaches require partial knowledge of the causal structures which is more
common, however they also have their limitations  (Sauer et al., 2013) .

The second approach, empirical variable selection, include identifying a subset of
variables with statistical associations with the treatment and/or outcome from
the original set. These me thods can factor in background knowledge of the
relationships or can be fully automated and include forward and backward
selection procedures, best subset selection, sophisticated approaches such as
machine learning algorithms and automatic high  -dimensional & pr oxy 0
in which large sets of variables are included in propensity score models  (Sauer et
al., 2013).

As Sauer and coll eagues (2013) highlight, unmeasured confounding is likely to
remain in observational comparative effectiveness research, hence every variable
selection approach will result in bias. However, the focus can be placed on

minimising bias, taking consideration of over - and under -adjustment. Sauer and
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colleagues (2013) suggest that a practical approach may involve combining these

two above-mentioned approaches. This involves initially selecting a set of a priori
variables based on the researcherds knowl edg
ultimately select those to be included in the analysis by empirical selection

methods (Sauer et al., 2013) . Hence, this is the approach that will be taken here.

6.7 Handling missing data in observational research

Missing data is a problem which affects mostreal -world datasets and which needs
to be appropriately handled when using statistical models because they are
mostly designed to be utilised on complete observati ons (Salgado et al., 2016).
Inadequate handling of missing data can lead to potentially weak or invalid
results and conclusions (Pedersen et al., 2017). Particularly within observational
research, where the use of data from electronic health records and record linkage
is prevalent , the issue of missing data is common, as d ata from electronic health
records often contain missing data (Groenwold et al., 2012; Salgado et al., 2016;
Pedersen et al., 2017). The data from this research is no exception, hence handling
methods need to be considered for this research.
Salgado et al. (2016) suggest three general steps for handling missing data
(adapted):

1. Identify patterns and reasons for missing data;

2. Analyse the proportion of missing data;

3. Choose the best method for handling missing data

6.7.1 Patterns and reasons for missing data

Determining the reasons fo r missing data and identifying any underlying patters

is important towards determining the best handling method for missing data. In
particular, different approaches should be taken for data that is missing at
random (MAR), missing completely at random (MC AR) and for data that is
missing not at random (MNAR). In settings where data is MCAR, the probability

of being missing is equivalent for all observations, for example where there is an
accidental reason for the missing data such as equipment malfunction. The MAR
term is counterintuitive, as it refers to situations where the probability of being
missing is related to some of the observed data but not unobserved data, for

example if the likelihood of completion of a data field is related to age or gender
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(which are fully observed). In contrast, with data that are MNAR, the probability

of being missing is related to unobserved or unmeasured data. In healthcare
research, missing data are mostly MAR rather than MCAR or MNAR (Pedersen
etal., 2017).

Figure 6.5 Mechanisms of missing data and their ignorability from (Nakagawa, 2015)

MCAR

Observed
Yob;

Ignorable

MAR

Missingness
R

MNon-ignorable

Missingness
R

Though identifying if data are MCAR can be relat ively straightforward,
distinguishing between MAR and MNAR is less simple, and there is no
prescriptive way of determining whether data are MAR or MNAR. The only way
to make the distinction is through the inve
mechanisms and data collection processes. However, Nakagawa (2015) highlights
that no pure forms of MCAR, MAR and MNAR exist but that all missingness can

be considered to be on a continuum between these forms.

It is clear that the missing data pertaining to this research are not MCAR, as the
probability of missing values is not equivalent across observations and is not
accidental. It is expected that for most if not all variables with missing data, the
data are les s likely to be recorded for individuals will lower levels of comorbidity
and complexity (and therefore, hospital activity), because they do not attend
healthcare facilities as frequently as those with high comorbidity and complexity.
Because the reasons for missing data are most likely related to other observed
data, they could be considered MAR, however, it is also likely that missing data

are related to other unobserved data in addition to the observed data. For
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example, several variables with missing dat a regarding functional ability are
related to the lack of receiving a functional assessment, which is completed based
on need, indicating that the missing values are related to the values themselves
(e.g. those with no functional assessment more likely to  be those with high
functional ability), which would indicate the data are MNAR. However, those with
lower comorbidity levels (a separately observed variable) are expected to be less
likely to have a functional assessment, and hence have missing values for
functional ability, which would indicate the data are MAR. Hence, it is expected
that the missing data are somewhere on the continuum between MAR and MNAR,
but given that where there has been no functional assessment, there are no
complete values of any va riables on functional ability, and that there are few other
variables that directly inform functional ability, it seems unlikely that the
missing values could be adequately recovered from the observed data. Hence, it
seems more likely that data are MNAR, given that missing data are considered
MCAR or MAR where missing values are recoverable from observed data  (Choi,
Dekkers and le Cessie, 2019) .

6.7.2 Analysing the proportion of missing data

Model selection is concerned with identifying a subset of useful variables often
from a large pool of variables. Large proportions of missing values can limit the
usefulness of variables hence, measuring the proportion of missing  values can
help guide appropriate model selection. Salgado et al. (2016) suggest that a good
rule of thumb is to remove variables with excessive amounts of missing data
(>50%) from consideration, but highlight that rejecting variables can lead to bias
and loss of predictive power; hence, variable selectio n should be tailored to the

missing data mechanisms observed.

6.7.3 Choosing the best method for handling missing data

There are several, well -documented methods for handling missing data (Pedersen
et al., 2017; Raghunathan, 2004) . The most widely used is complete -case-analysis
(where only individuals with complete observations are included), however, it
requires data to be MCAR to produce unbiased estimates (Pedersen et al., 2017).
Two popular alternatives are imputation methods and missing indicator methods

which will be discussed here.
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6.7.3.1 Imputation methods

Imputation methods are an alternative and very popular met hod for handling
missing data. Imputation methods include  replacing th e missing values with the
mean, using the last observation carried forward (in longitudinal data), or by
generating a predictive model from observed variables (Salgado et al., 2016).
Imputation methods however, rely on the ability to recover missing values from
other observed v alues, hence, they are suitable for data that are MCAR and MAR
but not MNAR (Stavseth, Clausen and Rgislien, 2019) . The following excerpt
summarises the main issues with imputation:

oThe iidea of [ mput atanddangérsus. lft & eductdéee duct i v
because it can lull the user into the pleasurable state of believing the data
are complete after all, and it is dangerous because it lumps together
situations where the problem is sufficiently minor that it can be legitimate ly
handled in this way and situations where standard estimators applied to
the real and [ mputed dat aDemasterecAFsand st ant |
Rubin, 1983, p.8)
Stavseth, Clausen and Rgislien (2019, p.10) importantly highlig h t t hoanatterd n
how fancy the statistical method, and no matter how robust the results, no
imputation method can truly compensate for the fact that data are indeed
missing. Statistics is information handling, but it is not information. 6 In addition
analyses based on data generated using imputation methods (particularly
multiple imputation) can be difficult to interpret (Pedersen et al., 2017;

Zhuchkova and Rotmistrov, 2019) .
6.7.3.2 Missing -indicator method

Another popular method of handling missing data is to use missing indicators.

Little (1976) proposed that datasets (and consequently variables) with missing

data can be divided into the observed and the missing parts. The missing -

indicator method adds a dummy indicator variable to the statistical model when

a continuous variable has missing valu es or for categorical variables missing

val ues are grouped into a separate l evel (
mathematically equivalent) (Pedersen et al., 2017; Center for Behavioral Health

Statistics and Quality, 2018) . Missing indicator methods are a useful alternative

to imputation, where missing data are MNAR. The reasoning is t

missingness is associated with some hidden reason and regarded as just
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additional substantive value of a variable, it is expected to produce unbiased

r e s u (Zhushkova and Rotmistrov, 2019, p.6) .

The use of missing indicators has been debated in literature, though several
studies point towards these methods as producing greatest levels of bias in
comparison to other methods of handling missing data, other results in literature
indicat e that the y do not produce bias (ibid).

Zhuchkova and Rotmistrov highlight that missing  -indicator methods are not
appropriate where the objective of the analysis is developing predictive models,

as they cannot estimate the real predictive power of chosen variables, greatly
deteriorating a modgbldd doweverdhayisoggestthatwlzetei | i t y
the key objective is to investigate and detect relationships between variables,
missing -indicator methods can be appropriate for handling missing data as they
found estimates to be unbiased in most cases (ibid). In addition, other researchers
have found that the missing indicator can lead to smaller bias than a model
without it when data are MNAR and the covariate with missing value sis strongly

associated to its mi ssing indica tor (Choi, Dekkers and le Cessie, 2019) .

6.8 Summary of methodological approach selected
based on this review

Statistical methods and study designs for comparing the effectiveness of
interventions within observational research are vast and can be complex,
particularly due to the need to appropriately manage confounding fact ors
resulting from a lack of randomisatio n. Hence, this review of methodological
approaches of quantitative evaluation in observational research was required to
inform a robust approach for the quantitativ
programme.
The following four main areas of quantitativ e evaluation approaches were
reviewed within this chapter.
1 Retrospective observational study designs for evaluating associations
between exposures and outcomes
Matching methods for observational research
Statistical analysis for observational com parative effectiveness studies
(multivariable regression models)

9 Confounder identification and covariate selection
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1 Handling of missing data in observational research
Available methods in each area were described in detail and the suitability to this
research of th e various approaches was discussed. This section will conclude this
chapter by presenting and summarising the rationale for the selected approach

for each of the four areas within this research.

6.8.1 Retrospective observational study designs for evaluating
associations between exposures and outcomes
This chapter began by discussing the methodology for selecting the overall design
for the comparative studies conducted for th
Home, d including sel ec tedonrhe highligltterlaspectedf gr oup s
retrospective cohort studies, this design was identified most appropriate for the
comparative studies conducted for this research, particularly due to their
selection of the study population by exposure, making them advanta geous for
settings where exposure is rare as is the case in this context. Different types of
control groups were discussed, particularly highlighting that control groups need
to be carefully selected, with great consideration for the reasons for lack of
exposure to the intervention. Well -defined target groups who did not receive the
intervention could be identified for two of
(including both concurrent and historical control groups). However, a well -defined
target group as a comparator to the ECT intervention could not be identified,
necessitating matching methods to identify a concurrent, comparable group.

Matching methods are varied and extensive, hence, were reviewed separately.

6.8.2 Matching methods for observational researc h

An overview of existing methods for reducing bias in observational data so that
causal effects can be estimated was provided. Matching methods with the
potential for regression adjustment were highlighted as methods appropriate for
the eval uatsiean tomf HoGled (particuéaryvtlee nEnhammeds
Community Team intervention) , highlighting their advantages over other
methods.

Given that there is a wide range of matching methods and their configurations,
these were also reviewed. The setting of t his study was highlighted to require
longitudinal matching methods, as participants enter the intervention on a rolling

basis, and their entry into the intervention is sensitive to the events and
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characteristics surrounding their entry, which is typical of healthcare
interventions. Though these methods and comparisons between them have not
been widely studied, rolling entry matching (REM) was highlighted as a method

for which there is some evidence that it outperforms its alternatives in an
empirical settin g and for which a statistical software package exists, making it
computationally feasible for this study. Hence, REM, which finds untreated
subjects matching the covariates of the treated subjects in the time preceding
treatment, is selected as the longitu dinal matching method o f choice for the
gquantitative evaluation within this research

Further to identifying an appropriate longitudinal matching approach, the
specific matching strategy to be used needed consideration. Comparisons studying
the differences in results between different matching strategies have been made,
including comparisons across different measures of closeness used for matching
(e.g. CEM, MDM or PSM) (Austin, 2014a; Ripollone et al., 2020; Thompson, 2014;
Gu and Rosenbaum, 1993), specific matching strategy (e.g. nearest neighbour or
optimal matching) (Baser, 2006; Gu and Rosenbaum, 1993), matching ratio
(Rassen et al., 2012; Austin, 2010; Linden and Samuels, 2013) , caliper selection
(Austin, 2011b; Cochran and Rubin, 1973) and with or without replacement
(Austin, 2014a) . Some of the advantages and trade -offs involved in these different
configurations have been discussed here, however, Fulle rton and colleagues
(2016) highlight that the abundance of matching methods and their variations is

too great to be compared in one study.

Kingand Ni el s en ahdkeyts the protuative usetof modern matching
methods is that many matching solutions be compared 6 (2011, p.21). King and
Nielsen advise particularly that if PSM is used, it should be used very carefully
(King and Nielsen, 2018), and that it should not be used without comparing its
results to other methods (King et al., 2011) .

Hence, the matched analysis planne d for this research will take into account some
of the specific previously discussed guidance around these different approaches
and configurations but will also consider more than one approach inits  matching
strategy and configuration. Table 6.6 below summarises the approaches selected
for each matching element and the main rationale for the choice, thus concluding

this section.
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Table 6.6 d Matching approach selected for selection of control group in comparative analysis of
Enhanced Community Team

Matching
element
Longitudinal
matching (LM)
approach

Matching
strategy¢
Measure of
closeness

Matching
strategy¢
Number of
matched controls

Matching
strategy¢ Caliper
selection

Approach selected Main rationale

Rolling entry matching 1
(REM)

1 Propensity Score i
matching (PSM)

1 Direct ®variate
matching with
calipers

Between 1 up t®d |
controls per treated
subject assessing
performance of each
option

PSM: Caliper widths of q
0.2, 0.02 and 0.002 of
the standard deviation

of the logit of the
propensity scores,
assessing performance
of each option

Covariate matching:
Caliper widths as
appropriate for each
covariate

Thoughcomparisons in LM have not been
widely studied, there is some evidence REM
performs better than alternatives in empirical
settings

Readily available through existing statistical
software package, making it computationally
feasible for this study

PSM was selected as it works well where ther
are many covariates as is the case in this stuc
whereas other approaches (e.g. MDM and CE
work well where there are fewer covariates
(less than 10). The logit of the propensity scot
will be used for matcimg as it is more likely to
be normally distributed that the propensity
score itself{Austin, 2011h)

Based on the discussed issues and advice
surrounding PSM, an additional matching
approach, will be takerDirect ovarate
matching with calipersvas identified to have
advantages to other alternatives such as CEN
and MDM in that it camlistinguish between
closer matches rather than those in each
category (e.g. If matching on age groups, CE!
would for example find matchesithin age
brackets such as those aged-80 matched

with 60-70-yearolds, without regard for how
close ttey are within the 6670 range. Direct
covariate matching with calipers would for
example find matches within 10 years, enablir
the selection of closst matches in the range),
hence it seemed favourable, while having the
advantages obther alternatives

As advised infte discussed literature, a
methodological approach will be taken
assessing performance of matching between
up to 5 controls per treated subject

As described, though literature advises calipe
widths of 0.2 or 0.25 of the standard deviation
of the propensityscore or logit of the
propensity score in PSM, it also suggests that
wide ranges of caliper widths are used in
practice and that different calipers lead to
varying levels of bias reduction. Hence a
methodological approach will be taken
assessing performae of three levels of
calipers: the recommended 0.2 of the logit of
the propensity score in addition to a 1énd
100fold decrease in the caliper (0.02 and 0.0(
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Matching Approach selected Main rationale
element

standard deviations of the logit of the
propensity scores). Tefold decreases have
been usedn literature to assess sensitivity
(Wyss et al., 2015)
9 Fordirect covariate matching;aliper widths
will be defined in the analysis for each covarig
using a caliper, based on thel5 & S | NOK ¢
knowledge @ the significance of unit changes i
each covariate
Matching Without replacement  { Based on the direct discouragement of using
strategy¢ With matching with replacement in PSM as
or without discussed, PSM will be conducted without
replacement replacement. In addition, despite the potential
increase in sample size, matching with
replacement will not be used fatirect
covariat matchingeither based on the fact tha
inference becomes more complex, as discuss

6.8.3 Statistical analysis for observational comparative
effectiveness studies ( multivariable regression models)
As described, statistical analysis for evaluating comparativ e effects in
observational studies requires methods that account for factors that may
influence outcomes, other than the exposure being studied (confounders). These
methods generally include the previously described matching methods and
multivariable  adjustment models. Such models discussed here included
multivariable logistic and Cox proportional -hazards regression models. These
regression models in particular offer advantages to matched studies, due to their
ability to account for dependence within  matched sets, which can be achieved
through conditional logistic models and through stratification or robust variance
estimators in Cox models.

Hence, logistic regression models will be used to compare binary outcomes within

single time frames forthecomp ar ati ve evaluation of 6ClI

of conditional models where matched comparison groups are used. Further, a
multi ple-failure Cox extension model (specifically the Anderson and Gill model,
whose advantages were previously outlined) will be used to assess recurrent
events and to be able to adjust for time -varying covariates which are advantages

of this model over logistic models.
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6.8.4 Confounder identification and covariate selection

In terms of adjusting for confounding, as described, a combin ed approach to
selection of covariates for adjustment is recommended, hence will be taken within
this research . Causal diagrams will be used in combination with empirical
covariate selection in each analysis. This process was applied to the analysis in
this research and is described in Chapter 9 Section 9.2.3 (&onfounder
identi fication and multivariable mode/ selection. The main benefit of using a
causal diagram is to avoid over -adjusting for confounders (e.g. including
covariates strongly associated with exposure but unrelated with the outcome can
increase bias) and identifying unobserved confounders (Fullerton et al., 2016;
Sauer et al., 2013).

6.8.5 Handling missing data in observational research

As discussed, missing data are common within healthcare research, particularly
with observational research which often makes use of existing electronic health
record data. Sever al approaches were presented for handling missing data, of
which imputation and missing data indicators were discussed. Imputation does

not appear appropriate as an approach for handling missing data within this
research given that most if not all missing  values are related to observed data,
but the observed data is not sufficient to be able to appropriately impute values.
Though the use of missing indicators is not optimum and has been criticised in
literature, literature also indicates that their use can lead to smaller bias that
models without them in scenarios where data are missing not at random (Choi,
Dekkers and le Cessie, 2019) . Hence, missing data indica tors appear likely to be
a suitable approach within this research. Ultimately, the use of missing indicators
comes with the limitation of only partial adjustment for confounding covariates
(Ibrahim, Chu and Chen, 2012; Choi, Dekkers and le Cessie, 2019) . However, to
ensure an optimum handling method suited to the data used within this research,
Sal gado (2016) approach will be followed by first identifying patterns and
reasons for missing data and the proportions of missing data, which will be

presented as part of the quantitative results.
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6.9 Chapter summary

This chapter has provided the necessary review of quantitative observational

methods available for selection, given their wide variety and complexity as

identified by the scoping literature review presented in the previous chapter

(Chapter 5). This review meets the Phase Il aim to review existing literature to

obtain guidance on the selection of a robust study design . It has laid out the

rationale for the selected approaches in each element of study design, appropriate

handling of confounding and statistical analysis among other elements pertaining

to conducting a quantitative study evaluatingthe ef f ect of ttohedodn@ldo s e

services.
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Chapter 7 Quantitative Data Collection

The data pertinent to this research had not previously been used in the context of
research hence research-ready datasets needed to be compiled from existing
routinely collected data sources. Itisrecogni sed i n | i treknowledge e t hat
discovery in databases, data preparation is the most crucial and time consuming
task, that strongly influences the success of the research 06 (Salgado et al., 2016,
p.144). Hence, understanding the local |andscape of data including the
information systems used and identifying any data quality issues  was necessary
towards ensuring accurate analyses . In Scotland, the information system
landscape varies across health board as systems can be implemented nationa Ily o
being mandatory or elective & or locally (Bouamrane and Mair, 2011) , making this
requirement especially pertinent. This chapter will begin by describing the
consultation processes involved in the data collection stage and will then proceed

to describe the information systems and pertaining datasets relevant to this study
along with their limitations . The chapter will finish by describing the final

datasets compiled for analysis.

7.1 Consultation process

One major aspect and undertaking of this PhD and the data collection process
was continuous consultation with healthcare staff including information services
analysts, community service managers and individual system users including
nurses and GPs. The main aims of this consultation process were to 1) ensure a
high standard of data quality and correct data linkage, 2) identify the
interpretation of individual data fields, and 3) identify opportunities for the use

of additional valuable dat a sources.

7.1.1 Data quality assurance and ensuring correct data linkage

Data quality has been noted to be a multi -dimensional concept. Batini et al.
(2009) have outlined three main steps involved in data quality assessment
common to all methodologies they reviewed:
1. State reconstruction.: Collecting contextual information on org anisational
processes, services,data collections and associated management

procedures and quality issues
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2. Assessment/measurement: Measurement of data quality issues including
identifying and determining root causes of discrepancies by comparing
results to reference values

3. Improvement: Determining and taking necessary steps, strategies and
actions for data quality improvement

The data collection process for this research followed these steps in a cyclic
fashion. An initia | stage of data familiarisation and  collecting contextual
information (Step 1), was necessary prior to data collection to facilitate the
process, to ensure data quality and ensure correct data linkage. This required
extensive consultation initially with information services followed by
consultations with services managers and clinicians to make clarifications on
what was being observed both in relation to data quality and to interpretation of
data discussed in the next section.

A key output of collecting contextual information was a conceptua | map of NHS
Forth Val |l eyds dat asysteamd displayédarr Figure i7.2. During the
data familiarisation stages, s everal data quality issues were identified requiring
continuous measurement and assessment (Step 2) alongside consultation s with
information systems, service managers and clinicians. T hese were all followed -up
by an improvement stage (Step 3) considering options for improving data  quality
and takin g action where possible, usually involving making adjustments in data
collection scripts. These data quality assurance steps took place continually and
cyclically during the data co llection stage of this research and are illustrated by

Figure 1 below.

Figure 7.1 d Process for data quality assurance of data used in this research, adapted  from Pipino,
Lee and Wang (2002)

Comparative

Datasetin use analysis
Actions for
improving Discrepancies
data quality
Determine

root causes of
discrepancies
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Figure 7.2 d Concept map of NHS Forth Valley data and information systems

Other data sets

NHS Forth Valley data and information systems
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7.1.2 Interpreting individual data fields

Due to lack of documentation, several data fields would have been i mpossible to
interpret, and data linkages could not have taken place correctly without
consultation. Correct interp retation was especially crucial for date fields in order
to understand which fields should be used in fi Itering. This was the cas e with
defining start dates of ECT episodes as there are referral received dates, episode
registration dates and timestamps for when users created an episode, hence
consultations took place with nurses to understand that the last of these was not
appropriate to use as data may b e entered retrospectively. This is one example

among several other required consultations.

7.1.3 Opportunities for use of additional valuable data sources

Due to the expertise, willingnes s and connections of NHS Forth Valley health
boardds i nf or msuthias mformatian\sendcessDivision Scotland)
opportunities arose to expand the wealth of data for the study population. Two
valuable datasets obtained through this consultation process were prescription
data and Scottish Patients at Risk of Admission and Readmission (SPARRA)
scores. An initial enquiry within inform  ation services led onto several discussions
with both NHS Forth Val Uppoytdeam and trddrmatm e s cr i b i
Services Division Prescribing (national) which resulted in the request and
obtaining of prescribing records for the cohort of this study (further details in
Section 7.2.6). A similar enqui ry within information services about the SPARRA
datasets led onto discussions with the Information Services Division SPARRA
team which resulted in the request and obtaining of monthly SPARRA scores for
the study cohort . This process is described in more de tail in Section 7.2.9 of this

chapter.

7.2 Relevant data, information systems and data

guality issues
This section will follow a structure of 1) introducing the relevant dat a to this
study, 2) describing the informati on system or data entry system and 3)

discussing any data qual ity issues applicable along with how these were resolved.
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As an aid in understanding the information pre  sented, the reader is encouraged
to refer to Figure 7.3 below throughout this chapter. This
figure displays the linkages that oc  curred for compiling analytical datasets, which

will be described at the end of this chapter.
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Figure 7.3 d Analytical datasets compiled for this research, with source records in databases

and including source locations and information systems
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7.2.1 Patient registration records (CHI and Deaths)

Patient registration records were requi  red to identify the population of interest to

this research and to obtain basic registration information such as thepati ent &8s
unique identifier (Community Health Index number) (required to enable linkage

with other datasets), date of birth (required to ca Iculate age), date of death if

applicable (required for mortality), gender, registered GP practice, address and

postcode (the latter two were required to derive deprivation and nursing home

residency). This section describes the two main patient registrati  on databases

that were used 0 the local Community Health Index (CHI)  database and the local

database for the deaths register of Scotland & and how they were used to compile

the population of interest to this research. The local CHI database  contains atabl e

of an extract of the national CHI registry of patients who are alive and are or have
previously been registered with a Forth Vall
tabl ed) . The | ocal deat hs database contains
Regist er of Scotland for Forth Valley resident:
The compilation of patient demographics and data sources for these will be

described in a later section.
7.2.1.1 CHI table of living patients in Forth Valley

The national Community Hea Ith Index (CHI) registry is a national population
register uniquely identifying all patients in NHS Scotland and is used for health

care purposes (ISD Scotland, 2019) . The CHI t able in NHS Forth Valley is an
extract of the national CHI registry and is updated on a quarterly basis. It
contains details of patients who are alive and are currently or have previously

been registered with a Forth Valley GP.

7.2.1.1.1 Data quality issues and re solution
The table contains an indicator for patients who have transferred from the health

board, along with the reason for the transfer  (for example @ransferred out of
heal t h b o)aThate imalse @ dlumn indicating the date on which each
patient was accepted at the registered GP practice that is recorded for them. The
original CHI registry includes also a column indicating whether a patient is a new
transfer from another health board . This way, on the original CHI registry, a
distinction can be made between patients accepted to a Forth Valley GP practice

from another health board, and patients who have transferred GP within the
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health board. This is not the case, however on the local CHI table which is an
extract of the national CHI registry, hence it was not originally possible to make

this distinction. This distinction is significant because previous hospital
admission records for patients joininga Forth Valley GP practice as a new patient
to the health board, are held by their previous health board. Forth Valley
information services holds only hospital admission records for patients
hospitalised in Forth Valley or registered with a Forth Valley GP.

Due to an internal project within ~ Forth Valley already requesting additional
variables form the national CHI registry, the opportunity arose to make additions

to the requested variables. Hence, the column of data indicating if a patient is a
new tra nsfer from another health board was obta ined, resolving the above-
mentioned issue. This request was made the 20 " of July 2018 and the data was

made available by the 8 ™ of January 2019.
7.2.1.2 Deaths table of Forth Valley patients

The Deaths table contains an extract of the Deaths Register of  Scotland for Forth
Valley residents or patients who have died in Forth Valley and is updated on a
weekly basis from files received from National Records of Scotland (previously

known as the General Register Office for Scotland) who hold the deaths register.

7.2.1.2.1 Data quality issues and resolution
The weekly updates to the deaths table mean that data for patients who die at

the weekend can be missed in the data collection, hence, on a yearly basis, these
are retrospectively revised and added in. Despite being frequen tly updated and
then checked on a yearly basis, there are still some deaths missing from this
database, which was found when investigating ECT patients who did not appear
on either the CHI or Deaths tables. Some of these patients were found to have a
death date recorded on community and inpatient patient registration tables. It is
possible that these patients transferred health board hence are not captured on
the Deaths Register for Forth Valley . Alternatively, itis also possible that due to
a patient dying in hospital, or a death occurring at a weekend as previously
mentioned, the community and outpatient patient table contain more up to date
information than the Deaths table because they retrieve patient demo  graphics
from the Scottish Care Information (SCI) Store and are subscribed to updates in

demographics. Despite investigation, the reasons could not be identified with
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certainty. Hence, in compiling the population (which will be described in more
detail fur ther on), these patients have not been included in the study cohort , both
to ensure data quality and reduce uncertainty.

There are a few other minor data quality issues surrounding the Deaths table
which are important to discuss as a limitation, however t  hese have also been
addressed where possible. The first issue is that there are several records in this
table where the patient identifier is blank  , hence, these were all excluded as it is
not possible to link their characteristics or hospitalisations. Sec  ondly, on occasion,
some patient identifiers have been recorded incorrectly (for example, one digit is
incorrect). This was identified when matching patients to CHI numbers in SMRO1
which was previously described. It was identified at this stage that the s ame
patient had one or more different CHI numbers recorded in SMRO1 when
compared to the CHI and Deaths table. At this point, the incorrect CHI numbers
were identified within the Deaths table and were corrected on a case -by-case
basis, so that the data lin kage performed correctly (106 patients) . This was
important because without this step, hospitalisation records (and other data) for

these patients would not be found.

7.2.2 Community visits and assessment records
Data relating to home visits and other activity ~from community services in  Forth
Valley was required in order to identify patients using the ECT and GP Fellows
services. Community activity was also important when identifying time -
dependent matching variables and confounders. Any contact with a patient s uch
as home visits or about a patient including telephone calls or muldisciplinary
meetings are recorded as O6contacts.d In addi
amount of data within their Multidisciplinary Information System (MiDIS),
including a rang e of demographics and assessments that are carried out in
patient sthomes. The collection of demographics for the full population of interest
will be discussed in Section 7.4.
The community assessments carried out to ass
were of interest as potential matchin g variables confounders. These assessments
recorded aspects such as whether
1 Concerns with a patients functional mobility

T Concerns with a patientds ability to feec
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1 Cognitive, orientation or memory problems

1 Sight or hearing impairment

91 Depression or emotional concerns

1 Continence issues

The assessments were recorded upon admission to certain community s ervices
including ECT, district nursing, continence
(i.e. community rehabilitation services such as ReACH), or upon necessity once
admitted to a service such as a continence or falls assessment. Despite some of
these assessments being conducted over time, they were not found to be
consistently completed and for some patients, assessment records were sparse
over time (which is expected), hence rather than using these assessment variables
over time, the worst recorded fun ctional variables were extracted. For example,
for a patient who had five assessments over time where only the first identified a
mobility concern whereas the remaining assessments indicated no mobility
conerns, the positive mobility concern was extracted.

MiDIS is a system that was designed for the purpose of community data collection,
however there are still issues that have been observed in the data being collected.
The issues with using MiDIS do not lie in the integral design of the system, but
rather with user understanding and lack of system support. MiDIS was designed

as a small scale project initially intended for  local use by NHS Tayside, hence,

large scale support had not been a focus.
7.2.2.1 Information system - MiDIS

MIDIS is an Oracle based informat ion system designed for community ca re,
developed and hosed by NHS Tayside a nd has been in place in their health board

since 2010. NHS Forth Valley have used MiDIS to record community episodes
since May 2011. The MiDIS system is based around episodes of ca re for each

community service and contacts within those episodes.
7.2.2.2 Data quality issues and resolution

One issue that arises from lack of support is that NHS Forth Valley receives a
view (snapshot) of the full data captured on MiIDIS. This means that there ar e
selected fields which Forth Valley can see and make use of which cover a vast

range, however other fields exist which are not accessible to NHS Forth Valley.
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Within MiDIS, contacts directly with a patient or contacts relating to a patient

are recorded and stored. On occasion, a community staff member may have
accidentally created a contact under the wrong episode of care, or may have
unintentionally created a contact for whatever reason. When this happens, the
member of staff cannot delete the contact bu t instead can mark it as an invalid
contact and the contact will visually have a strikethrough. The first data collection
issue that exists within ECT data (and all other community services data stored
on MIDIS at NHS Forth Valley), is that within NHS Fort h Valleyds view o
collected on MiDIS the column indicating invalid contacts is not available. Hence,

it is impossible to identify invalid contacts without manually checking each
contact within the system.

The inability to distinguish between invalid and valid contacts is a limitation of
the contacts data from MiDIS, however where invalid contacts were identified
these were marked to be excluded within the queries for extracting community

visits data.

7.2.3 ALFY calls

Records of calls to the ALFY service were relevant to this study in order to identify
patients using the service and any outcomes relating to the use of the service.
When deciding on what system was to be used for recording information for the
ALFY service, NHS Forth Valley were limited to using their existing systems.
There were no systems within NHS Forth Valley designed for call handling, which

is still currently the case. The decision to use eWard, a ward management system,
to record information p ertaining to ALFY, an advice line, was mainly based on
the ability of the system to manage multiple cases in a single ward. ALFY uses a
virtual ward in eWard which can handle multiple calls at one time.

The ALFY service used eWard to record data pertaining  to calls until September
2018. At this point, the service changed over to the community information system
MiDIS, however, ALFY data has been fragmented since then due to exploratory
use. Hence, only data recorded prior to September 2018 was considered fo r this
research. The eWard system and its use for ALFY will be described in depth due

to the implications on data quality.
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7.2.3.1 Information System -eWard

eWard is a ward management system currently used across NHS Forth Valley
and was implemented in 2006. The system was developed by The Solution Works,
a computer software company, who worked together with NHS Forth Valley to
develop a replacement for their previous system, Delta, which was lacking in more
modern tools and technologies. eWard was designed to as sist the management of
in-patient care and was configured to deliver
the system includes electronic medicine management and automatically
generated documents such as Immediate Discharge Letters (IDLs). In 2006,
eWard was im plemented in Falkirk and District Royal Infirmar y and Stirling
Royal Infirmary (Savantech, 2017). These hospitals were both replaced by the
£300m Forth Valley Royal Hospital in Larbert, which opened to its first pati ents
in 2010, which now also uses eWard (BBC Scotland, 2010; Savantech, 2017) .

7.2.3.2 Data quality issues and resolution

The use of eWard for ALFY has caused some issues in data collection, mainly

because of incompatibility of ALFY operations to the eWard system. There are

two main design limitations that are at the root of the data collection i ssues. The

first design limitation is that eWard is designed for in -patient stays, hence, for

each epi sode of car e, t her e i s one reason
complaintdéd in eWard) and one outcome. Due t
unable t o record more than one outcome, hence the service administrators decided

to use a facility of eWard called &6signifier
Signifiers in eWard are used as flags that can be added for patients during their

in-patient st ay to indicate important information to clinical staff such as the fact

that a patient may be on oxygen or has low blood pressure. For the ALFY service,

signifiers were added as outcomes of the calls including a referral to equipment

support or social serv ices, or to indicate that a patient needed advice and

reassurance. These were also used to indicate who the caller was. Signifiers are

in a picklist; hence multiple signifiers can be selected for an episode of care. This

means that there is inconsistency i n the availability of data for the caller and

outcomes.

The second I imitation is that eWardoés design

involve stays in multiple wards. The combination of these limitations cause the
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observation of unusual data. For ALFY, a single episode of care is in theory

equivalent to an individual telephone call, without expecting stays in other wards.

However, in practise, a patient who makes a call is kept on the ALFY virtual ward

for the full duration of their management by a nurse, which may extend to some

time after the call due to a nurse making referrals or phoning social services for

that patient. During this time, a patient who called ALFY may be admitted to a

physical ward in a hospital. When this happens, a nurse or doctor in the physical

ward sees that an episode of care is already open, and because a patient can have

only one episode of care at a given time (due to the assumption of eWard that

wards are physical), they use t hpatentstpy sode o
and overwrite fields such as reason for admission or signifiers. This limitation

means that unusual reasons for admission and signifiers have been recorded for

ALFY calls.

To resolve this identified issue, information services within Forth Valley limi ted

the available linked signifiers to be within the subset of signifiers used for ALFY.

This meant that no unusual signifiers were extracted. Additionally, any reasons

for admission outwiththe ALFY opti ons were replaced with
tag. Thi s way, for reasons for admission, a distinction was clearly made between

ALFY data and data that had been overwritten.

7.2.4 Inpatient hospitalisation records

Acute inpatient hospitalisation records were relevant to this study as this is one

of the primaryoutco mes being compared in the evaluatic
Scotland, the Scottish Morbidity Record (SMR) datasets are nationally held
healthcare datasets for individual patients and are used for reporting national
statistics. The four SMR datasets are ou tpatient attendance (SMRO0O0),
general/acute inpatient and day case (SMRO01), maternity inpatient and day Case
(SMRO02) and mental health inpatient and day case (SMR04). SMR datasets are
obtained for each health board by processing the data held in each local
information system to be standardised into the SMR format. In NHS Forth Valley,
inpatient hospitalisations are recorded on their ward management system eWard.
For the purpose of this research, SMR0O1 was used as the source of data for acute

inpatient hospit alisations as it has undergone several data quality checks, has
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undergone professional clinical coding and is used nationally. SMR datasets also
contain various patient demographics to be discussed in a later section.

SMRO1 contains information on the prim ary and secondary medical conditions
pertaining to the hospitalisation, in the form of International Classification of

Diseases (ICD) codes.
7.2.4.1 Data quality issues and resolution

Despite thorough data quality checks and despite being designed for national use,
SMR datasets data quality issues are still observed in these datasets. Ensuring
that patient identifiers (CHI numbers) were included in hospitalisation records

was not always part of the processing of SMR datasets, possibly due to the fact
these are used on an aggregate rather than individual basis. In consultation with
Information Services in NHS Forth Valley, it was identified that a major push

was made around 2014 to ensure CHI numbers were included. Hence after this
date the number of records witho ut CHI numbers should be reduced.

A second issue identified was thatd ur i ng a patientds magspit al
change consultant, significant facility, spec ialty and/or hospital (ISD Scotland,
2009). Each of these movements are recorded in SMRO1 as individual rows of
data, with the whole patient stay termed a ©6
receiving SMRO1, each healthboard adds their own indicator o f CIS using an
algorithm that identifies and groups together rows that should be part of the same

CIS. From consultation with Information Services, this algorithm has been used

as standard across most health boards. Upon thorough inspection, the algorithm

is problematic in certain situations making one stay appear as several stays, and
vice versa.

To resolve the issues of missing CHI numbers , record linkage was conducted to
assign CHI numbers where these were missing by matching on patient
characteristics. The matching was cond ucted on name and date of birth. To
resolve the issue of incorrect identification of a CIS, an algorithm included in the

data extraction process to group CIS correctly.

7.2.5 Emergency department attendances

Emergency department attendances were relevant to this study as a secondary
outcome in the evalwuation of ©0CI| daaependentt o Ho me

matching variables and confounders. In NHS Forth Valley, these are collected
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through their Emergency Department Information System ( EDIS). One row of
data is collected for each attendance at the ED.

EDIS was developed by a healthcare sofware application provider known as
ISOFT. The first implementation of EDIS in Scotland as part of a national A&E
system roll -out was in NHS Grampian i n 2005 (Digital Health Intelligence
Limited, 2005) . EDIS includes records of all emergency department attendances
for patients in NHS Forth Valley.

There were no relevant data quality issues identified with EDIS data.

7.2.6 Delayed discharges

Delayed discharges were of relevance to this research as a potential covariate in
multivariable analyses, as experiencing a delay may indicate of complex needs
and potentially a lack of home or family support and/or functional disability.
Delayed discharges are collected in the Scottish national system EDISON
(Electronic Discharge Information System Online Nationally). The dataset
includes details about delays including reasons for and length of delays of
discharge from hospital.

There were no relevant data quality issues identified in EDISON data.

7.2.7 Outpatient atten dance records

Outpatient activity in addition to emergency hospital activity was of relevance to

this research as relevant patient history that may need to be factored in the
analyses. Outpatient waiting lists and appointments within NHS Forth Valley
are managed in the TOPAS patient management system, developed by Cambric
Systems. The dataset includes details about outpatient appointments including
date and time, location, specialty and clinic type.

There were no relevant data quality issues identified in  TOPAS data.

7.2.8 Paid community prescription items

Prescription records were relevant to this study in order to have a greater
understanding of co -morbidities of the population of interest. Co -morbidities can
be captured in a number of ways, including prescripti  ons, and the Charlson co -
morbidity index. One study comparing these and other multiple measures of co -
mor bi di ty f de muchbertoh préscribed drugs is the most powerful

measure for predicting future consultations and the second most powerful
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measure for predicting mortality , 6 after t he (@nilemah am@n 1 ndex
Salisbury, 2013) . Hence, there was the potential for data on prescriptions to be
used as a proxy measure of multimorbidity in this research.

In Scotland, prescriptions are recorded separately for items dispensed in the
community (e.g. pharmacy) and those dispensed in acute hospitals. Prescriptions
dispensed in the community are of most interest to this research as they provide

the most information for the f ull population and give a better picture of the
popul ationds regular medication requirements
datasets in Sections 7.2.1 8 7.2.5 of this chapter, community prescriptions are not

l ocally held by NHS Forth Valleyds I nformat.i
data for the population of interest was made from ISD Scotland prescribing.

The process involved an initial consultation (13 t™ February 2018) followed by a
formal application (28 ™ March 2018) detailing the variables requi red, the
population (about 65,0 00 elderly patients in Forth Valley ) and timescales the data
was required for. It also involved obtaining Caldicott approval within NHS Forth
Valley for the release of non -anonymised information. The requested extract was
received on the 4t May as a compressed file, and after obtaining the correct
extraction software it was accessed and transferred to the local NHS  Forth Valley
databases the 11t of May, hence this process from consultation to access took four
months. Following this time, investigation and further ¢ onsultation with ISD took
place. It was identified due to data quality issues of one of the patient
registrations used to obtain unique patient identifiers (UPIs)  for the r equest that
69 of the UPIs originally sent were incorrect, hence no data was found f or them
in the obtained extract. Hence, after consultation and investigation from ISD, a
request was made for the same data for these 69 patients, which was obtained the
14t of January 2019.

An additional request was made for aggregate data for NHS Forth Valley of
numbers of paid items by dispenser (community pharmacies, dispensing doctors
etc.) and prescriber (GP, nurse, dentist etc .) as well as aggregate data for the
percentage of paid items in NHS Forth Valley without CHI numbers. The purpose
of this r equest for aggregate data was to have a greater understanding of the
sources and quality of data.

The prescribing records obtained included the number of paid items and the

number of British National Formulary (BNF) classes (paragraphs) covered by the
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prescribed items (1,510,018 records). To reduce variation and the effect of
exaggerated polypharmacy for patients with multiple medication under the same
BNF class (paragraph), the average monthly number of BNF paragraphs was
used as a proxy measure for multi morbidity, as repeated prescriptions of a drug
may be more likely to relate to chronic conditions, and has been used by other

researchers (Brilleman and Salisbury, 2013)
7.2.8.1 Information system J PIS

The national prescribing dataset held by ISD Scotland is kn own as the
Prescribing Information System (PIS). PIS is oone of the few nationwide
databases which include routinely collected data on prescribed items and whether
they were dispensed and reimbursed or not ¢ (Alvarez-Madrazo et al., 2016,
p.715c). Before and after raw data are submitt ed for PIS they undergo 10 stages
of quality checking and PIS has been used in multiple research publications
(Alvarez -Madrazo et al., 2016) . PIS is not without its limitations with its main

weaknesses described elsewhere (Alvarez -Madrazo et al., 2016) .
7.2.8.2 Data quality issues

Despite multiple quality checks, records without identifiers are still present in

PIS, hence if there were any, these records would not be captured within the
extract for the population of interest. Through the second request made to ISD
prescribing , it was confirm ed that in NHS Forth Valley unigue patient identifiers
(UPI) were captured correctly for 96.18 % of paid prescription items between 2015 -
17.

Table 7.1 d Proportion of UPI capture among prescrib ing data

Paid Year 2015 2016 2017
Percentage of paid items with 96.21%  96.10% 96.23%
correctly captured UPI

7.2.9 SPARRA scores

The Scottish Patients at Risk of Admission and Readmission (SPARRA) tool is a
predictive algorithm developed in 2006 f o r identifying an
emergency hospitalisation within the next year ~ (Mahmoud, 2016) . SPARRA is
mainly used to for identifying cases or groups of patients at risk, for example

patients with complex care needs who may identify from intervention such as
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anticipatory care (NHS National Services Scotland, 2012) . SPARRA scores range
from 1-99%, with a score of 40% or above generally regarded as an increased risk.
The SPARRA model has been reported to have a positive predicted value of 59.8%
and a sensitivity of 10.5% (Mahmoud, 2016) . The model was developed using
logistic regression and considers a wide variety of patient  -level history , combining
i nformati on abouthospital inpatiehi \admissioad, dosnmunity
dispensed prescriptions, Emergency Department (ED) attendances , new
outpatient attendances and psychiatric inpatient admissions  in addition (NHS
Nationa | Services Scotland, 2012) . Hence, the SPARRA cohort includes patients
who have these records, which covers about 67% of the Scottish population (NHS
National Services Scotland, 2012) . The SPARRA model cohort is divided into

three groups, namel y o6 Fr ai | El derly,d O6Long Term C
Emergency Department 0, each of which consi de
the predictive model. The &6 Fr ai | E, iwkiah is the tipe af palieotmbst

relevant to this research, conside rs age, deprivation and prescriptions in specific

British National Formulary (BNF)  chapters as factors additional to patient -level

history (NHS National Services Scotland, 2012) .

SPARRA scores are calculated monthly by ISD, at the end of each  month, however

the data used to calculate scores comes from pre -prediction periods up to the start

(1s) of the month, to allow a four-week lag in hospital and prescribing records so

that they are sufficiently complete. As an example. SPARRA scores for February

2018 were calculated at the end of February 2018, using data up to the 31 st

January 2018, and the result is said to be the SPARRA sco r e 0 assFelauary 1

2018. 6 The score represents the risk of emer
months (i.e. from the 1 st February 2018 ¢ 31st January 2019).

Similar to prescribing data, SPARRA scores are not routinely and locally held

withihNHSF or t h Val |l ey ds | n,fathougheatcese to quSrgscores c e s

for living patients within Forth Valley is available. After initial queries were

madef or t hese scores accessible by NHS Forth
was identified that a reque st would need to be made with ISD SPARRA team for

a complete dataset of SPARRA scores for the study cohort, as the locally accessible

database did not include scores for deceased patients.

As with the prescribing request the process invo Ived an initial ¢ onsultation with

the ISD SPARRA team (18" July 2019) followed by a formal application (2 nd
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August 2019 after obtaining Caldicott approval within NHS  Forth Valley for the
release of non-anonymised information. The formal application detailed the
variables required, the population (about 65,000 elderly patients in Forth Valley )
and timescale s the data was required for. The requested extract was received on
the 24" of September 2019 and transferred to t he local NHS Forth Valley
databases the same day, hence this process from consultation to access took
roughly three months. The obtained data was reviewed and clarifications were
made through consultation with the ISD SPARRA team.

An update of the originally requested SPARRA data was required to match the
timeframes of the final study data. A new request following the same process of
obtaining local Caldicott approval (submitted 15 * July 2020) and submission of a
formal application to the ISD SPARRA team  upon local approval (3rd August
2020) was made. The data update was obtained 11 ™ August 2020.

7.2.9.1 Data quality issues and resolution

After a follow -up query about the received SPARRA data regarding some missing
scores for patients where scores were expected , it was identified that there had
been an error made in the initial data query by the ISD SPARRA team meaning
that some of the scores were incorrect. One of the issues was caused by a syntax
typo and another issue was caused by UPIs changing over time for  a few patients,
meaning they had missing scores for some months. The issue was first highlighted
to the ISD SPARRA team on the 16th April 2020 and after consultation, a correct
extract was sent on the 25 t May 2020 and analyses were re -run with the correc t

extract.

7.2.10 Additional patient demographics

Some additional patient demographics were required for consideration as
potential confounders or for any subgroup analysis required. In addition to
patient registration records, some patient activity datasets re ~ cord demographics.
As briefly described in the preceding sections, some demographics were obtainable
from the CHI and Deaths patient registration tables. Additional valuable
demographics were available within other patient registration records, as these
exist for most of the information systems previously described. The additional
registration records used for demographics were the MiDIS community patient

registration records and the TOPAS outpatient registration records. In addition,
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patient activity datas ets recorded demographics, of which outpatient attendance
data (SMRO0O), hospital inpatient stay data (SMR01) and community visit data
(MiDIS) contained demographics of interest to this research. For demographic
variables that can change over time, a script  was written in SQL that selected the
most recent available information. The specific demographic variables and how

they were collected will be described in more detail in the next section.

7.3 Derived data

Two main data items were derived from the existing d ata described in the
preceding sections. These were a measure of comorbidity, the Charlson
comorbidity score, and a measure of frailty , the Hospital Frailty Risk Score
(HFRS). These were important measures considered likely to be potential
confounders. Though they have some overlap and have prev iously been used
interchangeably , it is now recognised in geriatric medicine that comorbidity and
frailty are distinct presentations (Fried et al., 2004) . Diez-Villanueva et al.
describe the distinction as follows: d&Frailty and comorbidity are clinical
manifestations of two distinct aging -related processes, involving diminished
functional reserve and accumulation of pathological processes6 (2017, p.379). In
addition the Charlson score and the HFRS have been found to be only weakly
correlated (McAlister et al., 2020) .

Both scores are based on the allocation of different weights to different  medical
conditions according to their prognostic ability , as defined by a specified algorithm

that takes the sum of these weights to construct a prognostic score

7.3.1 The Charlson comorbidity score

The Charlson comorbidity score (Charlson et al.,, 1987) (also known as the
Charlson comorbidity index) was developed as a prognostic tool for predicting 1-
year mortality , based on clinical conditions identified through hospital database

or chart review (Sundararajan et al., 2004) . A weighted score is assigned to each
of 17 comorbid conditions, with their sum giving the Charlson comorbidity
summary score (Sundararajan et al.,, 2004) . A score of zero indicates no
comorbidities were identified, and higher scores indicate higher disease burden
and higher mortality risk. = The comorbidities included in the C harlson score are

as follows (Sundararajan et al., 2004) :
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Acute myocardial infarction
Congestive heart failure

Peripheral vascular disease

Cerebral vascular accident (stroke)
Dementia

Pulmonary d isease

Connective tissue disorder

Peptic ulcer disease

Liver disease and severe liver disease
Diabetes and diabetes complications
Paraplegia (paralysis)

Renal disease

Cancer and metastatic cancer

HIV

=A =4 =4 =4 4 4 4 -4 -4 -4 -4 -4 -4

The Charlson score is widely used and validated within healthcare research

(Sundararajan et al.,, 2004) . It can be generated by identif ying the above

mentioned conditions through hospital r ecords or patient review, however it is

frequently generated by identifying the comorbid conditions through the World

Heal t h Or gani s mternatonadGasHfidetib@f Diseases (ICD) codes

in hospital or patient records in electronic health care records. The ICD codes
corresponding to the defined comorbidities have been specified in literature, with

coding algorithms defined by Deyo et al. (Deyo, Cherkin and Ciol, 1992) for the

Ninth Revision of ICD (ICD -9) and by Quan et al. for the Tenth Revision (ICD -10)

(Quan et al., 2005) .

Given that ICD -10 codes were available in the SMR datasets previo usly

mentioned, the Quan coding algorithm was used to identify ~ the comorbidities for

computing Charlson Scores. A readily available package exists within R
statistical software (0icdé6) f oitOcadesmgingt i ng C
the Quan coding a lgorithm (Wasey, 2018). This package was used to compute

Charlson scores for the 65,188 patients in the study cohort, based on ICD -10 codes

recorded in SMR datasets in the five years prior to the introduction of 6Cl oser to
H o medjvices. A five -year period of records for constructing Charlson scores has

been used by other researchers (Kavanagh et al., 2016) . A Obaselinedé Char

score was constructed for all patients in the study cohort, rather than capturing

164



scores over time, as the score measures comorbidity including long term

conditions that are unlikely to change over the study time period.

7.3.2 The Hospital Frailty Risk Score
As with the Charlson score, the Hospital Frailty Risk Score (HFRS) (Gilbert et

al., 2018) is based on the identification and weighting of medical conditions.
However, unlike the Charlson score, it has been developed solely for capturing
these conditions from ICD -10 codes and its development is much more recent
(2018). The HFRS was developed to me asure frailty using ICD -10 codes among
older people in acute care settings. The ICD -10 codes included in the HFRS are
frailty indicators and symptoms in the following categories: frailty (e.g. dementia,
del i rium, sAdisease icetiditisd, chronic heart problems, elective
cataracts, acute heart problems and cancer and lung disease (Gilbert et al.,
2018).

The HFRS has been internally validated and was found to perform at least as well
as other manual measures of frailty such as the Rockwood Fra ilty Index at
predicting hospital use and mortality  (Gilbert et al., 2018) . More recently , in the
last two years since published, it has been externally validated by several studies
(McAlister et al., 2020; McAlister and Van Walraven, 2019; Eckart et al., 2019;
Shebeshi, Dolja-Gore and Byles, 2021). The main advantage of the HFRS is that

it provides a low -cod, systematic way to measure frailty  using routine data, as
manual measures can be time -consuming and difficult to capture for large
populations (Gilbert et al., 2018) .

A two -year period of records is recommended for constructing the HFRS  (Gilbert
et al., 2018). Hence, the HFRS was calculated for each patient on a monthly basis
to capture changes in frailty, as the frailty conditions captured in the HFRS are
likely to change over time. An R script was written to calculate these monthly
scores based on the coding algorithm det ai | ed i n Guppldmentaty et
appendix (Gilbert et al., 2018) .

7.3.3 Limitations of derived data

The use of the Charlson score and the HFRS in this research comes with the
limitation of relying on ICD -10 codes for identification of the medical conditions

and symptoms that form the scores. Within the context of this research, the only
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source of reliable and accurate ICD -10 diagnostic coding is found within  the
SMRO01 inpatient hospitalisation dataset , as these codes are assigned by clinical
coders who undergo specialty training to ensure the accuracy of such codes. This
reliance means that the Charlson score and the HFRS can only be calculated for
patients with SMRO1 records (i.e. those who have had an inpatient
hospitalisation). This is an important limitatio n, as comorbidity and frailty will
be unmeasured among patients without hospitalisations, however, the lack of
measurement itself is a likely indicator of reduced comorbidity and frailty given

the lack of hospitalisation (Gilbert et al., 2018) . Hence, distinctions were made for
both the Charlson score and the HFRS between patients with no inpatient
hospitalisation records in the relevant periods, and patients with a score of zero,
whose ICD-10 codes were not within the medical conditions and symptoms
comprising the scores. This has been done by other researchers (Kavanagh et al.,
2016).

In addition, the HFRS has been recently developed and although it has been
validated by several studies as previously mentioned, research is still ongoing,
hence its use is not widely established as with the Charlson score.  Itis recognised
that the HFRS as a measure of frailty is limited, as it cannot capture complex
patient characterist ics important to frailty such as  dynamic functional states or
caregiver factors, hence automatic assessment of frailty through ICD -10 codes

cannotreplace clinical assessment (Br uno et al ., 2019; . Té&Caoi

mh

use of HFRS been recommended as being opri ma

prevalence for service-l e v e | pl anni ng é&ingruaed Hoerationalitea n b
clinical assessment or for use in predicting clinical outcomes ( O86 Caoi mh et
2018). Given that the use of HFRS in the context of this research is for identifying
distinguishing characteristics and identifying potential confounders, this

limitation seems acceptable.

7.4 Final m aster study datasets

The first step towards developing an analytical dataset for the full population of
over 65s in Forth Valley was to compile a list of their unique identifiers. These
could then be linked to the required patient characteristic s for analysis. To
compile this list, two main sources of data were used: the CHI table of living

patients in Forth Valley and the Deaths table, as previously described. Both of
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these tables are routinely updated, hence, due to their changing nature, a lis  t of
unique patient identifiers, found by combining these tables and setting a filter to
select only patients aged over 65 by the time of data collection , was captured on
the 20t of April, 2018 as the core list to be used as the cohort of elderly patients

in Forth Valley and for compiling the population level analytical dataset. Prior to

this, date, work was put into defining this dataset, and preliminary analyses were
conducted, however, this date was set as the cut -off date for keeping the list of
unique patient identifiers static.

This means that any patients who did not appear in neither the CHI or the Deaths
tables as of the 20t™ of April, 2018, mainly due to having died, and not having
appeared on the deaths register yet (as previously described ), were excluded (50
ECT patients, 111 ALFY mailing list patients). Information for these patients
could have been recovered from the TOPAS outpatient or MiDIS community
patient registration records, however, there is no indication on these databases of
whether these patients had been transferred from the health board, hence to
ensure data quality and reduce uncertainty, these were excluded. The total
number of patients in the final cohort including how they were identified is

displayed in Table 7.2.

Table 7.2 3 Total number of patients in full study population by their source location

Source Number of patients in
final studycohort

CHI registry of patients registered with a GP in Forth 56,350

Valley or with a Forth Valley postcode

8,680
72
86
65,188

Having identified this study population, a master patient linkage dataset was
developed including their key demographics and features to be used in analysis.
Separately, master datasets were developed for other features such as time -
varying characteristics and healthcare activity including outcome measures. The
reader is strongly encouraged to refer back to Figure 7.3 for a visualisation of the
complex lin kages involved in the development of the study datasets and for an
overview of the final master datasets developed. However, these will be further
described in Sections 7.4.1 and 7.4.2.

167



7.4.1 Master patient linkage dataset

The characteristics collected for each patient in the final analy

tical dataset and

how they were obtained from the source datasets are listed in Table 7.3 below. In

addition , an indicator for receiptofa 6 Cl oser
and ALFY in separa te columns) and a binary cohort

patient belongs to the control or the int

population was added.

Table 7.3 0 Final variables in master patient Ii

were obtained

erventi

nkage dataset used in analysis and how variables

dataset (CHI/Deaths)

Source field Source location Transformation Final variable
Patient reqistration Search in pseudonymised
CHI number 9 lookup table after Anonymous identifier

corrections

Date of birth

Patient registration dataset
(CHI/Deaths)

Subtract Date of birth from
Date of data collection

Age

Patient registration

Standardisation (e.g. Female

TOPAS/MIDIS patient
registration datasets or
SMROtecords

Gender dataset (CHI/Deaths) to F) Gender(m, f, uknown)
Main patient registration Search in lookup table for Datazone (201
dataset (CHI/Deaths), where| Datazone, Locality, HSC version), Locality Name,
Postcode null most recent record in partnership and Health HSC partnership, Health

board name

boardname

Search in lookup table for
deprivation

SIMD quintile and decile
(2016 version)

Address and

Patient registration
dataset (CHI/Deaths) for

Searchaddress/postcode for
names/postcodes of nursing

Care home resident
(indicator, 1=yes,

Postcode addresspostcode as homes inForth Valley 0=no}
above
Discharge Hospitalisation records Indicator where discharge
. S Care homestay
location (SMRO01) location indicates .
. (indicator, 1=yes,
discharged to care home 0=noy
(code 25) -
Patient registration (CHI and| Search in lookup table for
GP practice where null, most recent GP practice health centre
record in TOPAS i i .
code ) name (using GP practice GP practice namesP
postcode from Deathand Cluster
GP practice Deaths patient registration | where null use GP practice
postcode code)

Date of death

Patient registration
(Deaths, where Deaths null
TOPASyhere TOPAS also
null MilDS)

None

Date of death

Standardisation (Care home,

from MiDIS, TOPAS
patient registration

datasets andhospitalisation
(SMRO}records

Location of Deaths patient registration | At home or nornstitution, Location of death
death NHS hospital or Other)

Most recent non
Ethnicity null/non- unspecified Standardisatiorfwhite, other, | Ethnicity(white, other,

unknown, missing)

unknown, missing)
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Marital status

Most recent non
null/non- unspecified
from Deaths, MiDIS,
TOPA patient
registration datasetsind
SMRO1 records

Standardisation (S=Single,
M=Married / civil
partnership, D=Divorced /
separated, W=Widowed /
surviving civil partnemissing

Marital status(S, M, D, W
missingY)

Living alone

Most recent record from
MiDIS assessment forms an
SMROL1 discharge location
codes 1112 (Private
Residence living
alone/livingwith relatives or
friends)

Standardisation (living
alone=yesno, missiny

Living alone
(indicator, 1=yes,
0=no}y

Smoking status

Most recent MiDIS assessmeg
forms record

Standardisatiorgsmoking
statusyes,ex-smoker, no,
missing)

Smoking status

Recorded fall

Most recent MiDIS assessmé
forms record

Indicator (0=no falls recordeq
1=fall recorded)

Ever fall (1=yes, 0=no)

Most recent MiDIS assessmé

Community forms record None Depression or emotional
assessed concerns (yes, no, missir
T gfgrrﬁzzlg:a Cognitive, orientation or
concerns memory problemgyes, ng
o missin
1 cognitive, 9)
orientation Sight or hearing
or memory impairment (yes, no,
problems missing)
T ﬁg:rtiﬁ:g Mobility concerns (yes, n
missin
impairment 9
1 concerns Feeding concerns (yes, n
with missing)
fun(t:)t_:_(:nal Continence issues (yes, T
mobility missin
1 concerns 9
with ability
to feed
themselves
1 continence
issues
ICD10 H;)Sstpflit\c;;ilszzt;g (rgi/(l);%sll;rom Algorithm identifying and Charlson score, Charlson
diagnostic P Y scoringselected comorbid group (No ICELO codes, 0
codes conditions to calculate 1-2 (Mild), 34 (Moderate)

Charlson scordndicators for
individual conditiongs
defined in the Charlson
algorithmwere also added
(0=no, 1=yes).

5+ (Severe))

Comorbid conditions:

1 Myocardial or chronig
heart failure (Ml of
CHF) (0=no, 1=yes)

1 Peripheral vascular
disease (PVOP=no,
1=yes)

1 Stroke (0=no, 1=yes)

9 Pulmonary disease
(0=no, 1=yes)

1 Rheumatic condition
(0=no, 1=yes)

11 Peptic ulcer disease
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(PUD) (0=no, 1=yes)

1 Liver disease (0=no,
1=yes)

9 Diabetes mellitis (DM
(0=no, 1=yes)

1 Renal condition (0=n
1=yes)

9 Dementia (0=no,
1=yes)

1 Cancer (0=no, 1=yes

1 Paralysis (0=no, 1=yg

a. Care home residency and care home stay were combined to dexalepondaryariable indicating either a
stay or residency in a care home

b. Marital status and living alone were combined to develop a secondary variatlieating if the patient has
been recorded as living alone or hat any point, with not married being classified as living alane

married/cohabiting as not living alorgeie to missing values for the primary variable living alofleis reduced
the missing values by 34.0%.

7.4.2 Master linke d datasets

The master patient linkage dataset was the backbone of the quantitative study

design and analysis. It was then used to link time

-variable characteristics,

healthcare activity and outcome measures as required throughout the analysis.

The final ma ster linked datasets are described in Table 7.4

Table 7.4 3 Final master link ed datasets used in analysis

Source Master linked dataset Time frame
01/01/2014-18/09/2019
SMRO01 Acute inpatient hospitalisation

dataset
EDIS Emergency department attendanc| 01/01/2014-28/04/2019

dataset
EDISON Delayed discharges dataset 03/01/2013-14/05/2018

Community episodes and 31/12/201317/10/2019
MiDIS community assessments dataset
MiDIS .

ECT episodes dataset 14/12/201503/12/2019
eWard ALFY calls dataset 01/12/201531/08/2018
ISDG SPARRA SPARRA scores dataset 01/12/201401/04/2019
'(ﬁPSC)PreSC“b'”g Paid communityrescription 01/01/201501/12/2017

items dataset
Derived from IR0 | -, iio Frailty Risk Score 01/01/201501/04/2019
codes in SMR0O1

dataset
records

Note: See Sectiors2 ¢ 7.3for detailed descriptions of each of the source systems and datasets

Abbrevidgions: SMR0O1=Scottish Morbidity Record of Inpatient Hospitalisations, EDIS=Emergency

Department Information System, EDISON=Electronic Discharge Information System Online Nationally,
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MiDIS=Multidisciplinary Information System, eWard=Electronic Ward Managesgstem,

ISD=Information Services Division, SPARRA=Scottish Patients at Risk of Readmission and Admission,

PIS=Prescribing Information System -10Binternational Classification of Diseased"(fdvision)

7.5 Chapter summary

This research was the first to make use of routinely collected, linked data

describing the patient journey in NHS Forth Valley for the purpose of evaluating

their 6Cl oser to Homed progr amme wereHetn c e,

readily available and had to be compiled. Phase lll of t his research was the

construction of an analytical, research -ready dataset which could be used for the

qguantitative evaluation of the 6Closer

phase were 1) to gain an in -depth understanding of the relevant datasets
available and the linkages between them, 2) to identify any data quality issues
and potential resolutions and 3) to construct an analytical dataset maximising

use of available data pertaining to the general elderly population in Forth Valley.

This chapter has met these aims by documenting the relevant data sources,
describing data quality issues and how these were resolved, describing the data
linkages involved and describing how the analytical datasets were compiled. It
should be highlighted that Phase Il | was one of the most time -consuming and
complex aspects of this research, requiring a lengthy process of identifying data,
conducting data quality checks, consulting with Information Services ( often due

to lack of documentation) and conducting complex dat a linkage.

This highlights one of the issues faced by servi

evaluation has been commissioned far down the line of implementation and the
designofresearch-r eady or 6reevaad yuda tdiacthas et s has
the outset. This chapter described how it was possible to use routinely collected
electronic health record data to develop a dataset for analysis and evaluation of
6Cl oser to Homed. However, i trequvrisng complest
data linkages, lengthy co nsultations and data quality checks. This chapter (and
Phase Il of this research) highlight the need for commissioners of evaluation to
consider data collection processes early on (including data collection from existing
systems), in order to identify the suitability of existing systems and data for the
purpose of evaluation. Commissioners are encouraged to  prioritise the

implementation of data collection processes that are fit for the purpose of
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evaluation in order to reduce the resource -intensive process of constructing

evaluation datasets .
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Chapter 8 Services Use and Activity

8.1 Introduction

Phase IV of this research involved a descriptive  statistical analysis of the use and
activity of the O6Closer t o Horeeel\ddatasets vi ce s,
compiled in Phas e Ill. The aim was to gain some insi ght into the level of reach of

the services, which serves towards understanding and documenting the context

(part of the evaluation framework developed for this research described in

Chapter 2). This chapter will present the results of the descriptive analysis

including summary statistics  such as monthly referrals and activity, service use

over tim e, types of conditions treated and referral sources among other relevant

figures.

8.2 Enhanced Community Team

The ECT service was operational from December 2015 and continues to be
operational. For the purpose of summarising activity, d ata was obtained for
episodes beginning between the 14th De cember 2015, when the first episode was
recorded, and discharged by the 1st October 2019. There were 2 ,165 referrals to
the ECT, which met the service criteria, between these dates. On average the
service received 47 new referrals per month.

Table 8.1 8 Summary statistics of monthly ECT  referrals

Statistic Mean SD Median Min Max

47.1 13.1 445 20 74

ECT episodes recorded in their Multidisciplinary Information System ( MIDIS )

included those that may be classed as o0f al se
truly begin for several reasons). These episodes were usually cases where the ECT

service received a referral but when they made an attempt to provide care, they

could not do so for various reasons. These reasons include identifying that:

1 the referral was inappropriate (i.e. did not meet the service criteria) upon
investigation by the team

w the patient had been admitted to the hospital prior to any involvement
from ECT
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w the patient had been admitted to the hospital the ~ same day the patient
was referr ed before ECT completed any direct contact with the patient

w the patient had been transferred to another service, discipline or agency
on the same day the patient was referred before ECT completed any direct
contact with the patient

w a patient who was meant to be discharged from hospital and transferred
to their care was not able to be discharged after all (failed facilitated
discharge)

w the patient could not be contacted (non -att endance)

w the patient refused care (did not opt in)

The total number of episodes by whether they were false or true episodes can be

seen in Table 8.2 below.
Table 82Fr equency of o6falsebé ECT epi sodes by reason

Episode Reason for false episode

False episode Admitted on referral date with no direct contact

Admitted prior to ECT involvement

=

Care transferred/ndonger required on referral date with no direct
contact

Deceased with no direct contact
Did not opt in

Failed Facilitated Discharge
Inappropriate referral

anN = N
o1 |© | oo (@] (6] =

Non attendance

2015

True episode -

Total

N
[
(o))
Ul

The following figure displays the total number of ECT episodes by month,
separating out otruedé and ofalsed6 episodes.
episodes was higher towards the beginning of the service which is aligned with
potential implementation issues near the begi  nning. Overall the peaks in activity

roughly align with winter seasons, as expected.
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Figure 8.1 3 Total number of ECT episodes by month
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From this point onward, only act ipredserited. f or ot

This means activity for 150 episodes covering 147 patients will be excluded ,
leaving 2,015 true ECT episodes for 1,741 unigue patients . The following table

describes monthly activity for true ECT episodes.

Table 8.3 d Summary statistics of monthly true ECT episodes

Statistic Mean SD Median Min Max

43.8 12.2 42 19 71

Table 8.4 displays the frequency of recurrent ECT episodes. It was most common
for patients to only receive one ECT episode, however a small proportion received

two or more episodes during the observation period.
Table 8.4 d ECT patients by number of episodes per patient

Number of ECT episode Number of patients Percent

21
;
Total 1741 100.
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About half of referrals to theoBmGP Asvider vi ce cC
range of referral sources covered the remaining half including discharge

coordinators in hospitals or other GPs, which can be seenin Figure 8.2.

Figure 8.2 d Number of ECT episodes by referral source

49.6%
1000 -

-

n

=
1

500-

16.0%

) I
0-

MNumber of episodes

10.2%

I 51%
Hm

Patient's GP
Discharge
coordinatorthub
Other GP~
Other
Mursing ~
Other Health
Professional
Senvice
Consultant
Professional
Frailty Clinic
MECS
Providers

Social Services

l
w
=

m

=
@
=

=

o

z
=
=

s

Fastrack and other ~
Admission Prevention
GP {unknown if own)
Scoltish Ambulance
Other Allied Health
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Patient locality was known for the vast majority of episodes (98.9%). While, a few
patients were seen in areas outside Forth Valley (likely due to being registered
with a Forth Valley GP despite being outside the area) (n=4), just under half of
episodes were for patients residing in the Falkirk area  (42.8%) and just over half
in the Stirling and Clackmannshire area (57.2%). Figure 8.3 displays the
distribution of episodes by locality. Episodes in the Stirling City locality accounted

for a third of all episodes (34.3%).
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Figure 8.3 8 ECT episodes by locality
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Each ECT episode is assigned a patient catego risation which gives a general idea

of the type of patient the episode was for. About half of episodes were categorised

under the O6unwell adul t 8 p adwhlimg@olderpatenani ng a
who has become generally acutely unwell (49.7%). About a third of episodes were
categorised as supporting a hospital discharge (29.0%), while the remainder were
classified as 6bacut e di sease management, 0
condition (13.1%), those suffering a fall (with no injury) (6.8%) and a small
proportion were classified as requiring care
(0.2%). Episodes by patient categorisation over time can be seen in  Figure 8.4. It

be seen that the 6acute di sease manhagemento p
hence these wildl have been categorised as ¢
cannot be distinguished.
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Figure 8.4 3 Total ECT e pisodes by patient categorisation over time
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Table 8.5 displays the most frequent reasons for referral as recorded by ECT staff

assessing the patients upon referral. A quarter of referrals indicated the

facilitation of hospital discharge as the r eferral reason. The next most frequent

reasons for referral were chest infection, urinary tract infection (UTI) and reduced

mobility. These conditions help provide context for the types of patients and range

of conditions that ECT treated.

Table 8.5 d List of observed ECT referral reasons ordered by frequency

Facilitate hospital discharge
Chest infection

T
Reducedmobility
Increased confusion
Fall

Increased falls

C

Support early discharge
Exacerbation of COPD
Delirium

Suspected UTI

Requires POC / Crisis Care
Increased shortness direath
Other infection

Suspected chest infection

78

Referral reason Number of
episodes

489
261
239
236
136
118
114

Percent of total
episodes

24.3%
13.0%
11.9%
11.7%
6.7%
5.9%
5.7%
5.4%
5.1%
4.8%
4.6%
4.0%
3.0%
2.9%
2.7%



Referral reason Number of Percent of total
episodes episodes

Worsening heart failure 49 2.4%
Other 48 2.4%
General deterioration 47 2.3%
Back pain 42 2.1%
Monitor bloods 33 1.6%
Vomiting 33 1.6%
Frail elderly 31 1.5%
Other painmanagement 30 1.5%
Diarrhoea 29 1.4%
Cellulitis 28 1.4%
Reduced fluid/food intake 28 1.4%
Unable to mobilise 26 1.3%
Dehydration 21 1.0%
Fever/pyrexia 21 1.0%
Dizziness/Lightheaded 19 0.9%
Assessment (ECT/REACH) 18 0.9%
Recent hospital admission 17 0.8%
Support/monitor fracture 17 0.8%
Nausea 16 0.8%
Exacerbation of other chronic illness 15 0.7%

Patient refusing/reluctant of hospital 15 0.7%
admission

Acute Kidney Injury 13 0.6%
Monitor Atrial Fibrillation 12 0.6%
Pneumonia 11 0.5%
Constipated 10 0.5%
Cough 10 0.5%
Gastroenteritis 10 0.5%
Medications management 10 0.5%
Swollen limbs 10 0.5%
0.5%
0.4%
0.3%
0.3%
0.3%
0.3%
0.2%
0.2%
0.2%

[N
o

Unable to cope

Palliative patient

Decline in cognitive function
Suspected TIA or stroke
Carer stress

Sepsis

Continence care

Flu

Increased anxiety

9
7
7
6
6
5
5
5

[EEN |
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Referral reason Number of  Percent of total
episodes episodes
Selfneglect 3 0.1%
Depression 2 0.1%
Episode of unresponsiveness 2 0.1%
Falls risk 2 0.1%
2 0.1%
2 0.1%

Assessment (Equipment) 1 0.0%

*ECT reason for referral was originally a free  -text field. A standardised list of referral reasons was
obtained through examination of the data and consultation with ECT members. Up to three referral
reasons were extracted for each episode. Note that given each episode could have up to three referral
reasons, the numbers indicate the number of individual episodes where each reason was observed.
The sum of these numbers does not equate to the total number of episodes, and the percentages are
the percent out o f the total number of episodes hence do not add up.

Suspected pneumonia
Tachycardia

In order to better understand how these referral reasons interact, a chord diagram
was created, displaying the frequency of referral reasons that appear together.
The diagram can be seen in Figure 8.5. The diagram reveals, for example, that
increased confusion, reduced mobility and delirium often present themselves

alongside a UTI among ECT patients.

[EnN
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Figure 8.5 d Chord diagram indicating frequency of referral reasons appearing together within
episodes

Note: This figure includes episodes with referral reasons that appear in conjunction with one or

more other referral reasons. Episodes with only one referral reason are not included here. In

addition, referral reasons appearing in conjunction with another referral reason for less than 5

episodes are excluded from this figure, to improve readability. The width of each chord indicates the

number of episodes where the two referral reasons appear together. Note that each chord appears

twice within the diagram, as the chords are one-di r ect i onal (e. g. width of ch
mobilityé to 6UT!I 6 is equal to the width of the chord
clockwise, hence, each tick mark indicates 20 episodes, as read clockwise.

The ECT service conducted 25,876 contacts between the 14th December 2015 to
the 31st October 2019. On average, the ECT service conducted 19 contacts every

day, including both direct and indirect contacts. Direct contacts are those where
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