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Abstract

The UK’s National Health Service (NHS) is at a turning point, the organisation is
still recovering from the ongoing impact of the COVID-19 pandemic and healthcare
worker strikes have further increased pressures on healthcare delivery. Technological
advancements and improvements in data usage both provide significant opportuni-

ties and challenges for the NHS’s near future.

Data is collected for almost every patient interaction with the NHS, this is
routinely collected data (RCD). There are vast amounts of RCD held within NHS
systems, with massive potential for health research. Enabling large scale usage
of this data requires complex data infrastructure along with streamlining of data
access procedures, while ensuring patient data remains anonymous and confidential.

Developing this infrastructure is a technological undertaking in itself.

Presented in this thesis are three projects conducted using RCD demonstrating
opportunities of using this data in research while providing findings to impact
healthcare provision. The first project uses linked NHS data in a State Sequence
Analysis to investigate patterns of healthcare usage of care home residents around
COVID-19 testing events, demonstrating that vulnerable residents received high
impact inpatient stays despite known risks. The second project evaluates a digital
technology intervention in care homes using a Generalised Linear Mixed Model
framework, finding a reduction in unplanned secondary care usage for residents
registered on the technology. The third project uses administrative emergency
department data in a survival analysis framework, finding improvements in patient

flow on strike days are likely due to increased inpatient capacity made available.

Improved access to NHS routine data is crucial to ensuring that researchers can
undertake responsive analysis to current pressures, such as those presented in this

thesis, providing evidence to support optimised patient care throughout the NHS.
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Chapter 1
Introduction

The UK’s National Health Service (NHS) is at a turning point in its history. Multiple
external forces are applying pressure on healthcare practice in the UK. The NHS is
still recovering from the after-effects of the COVID-19 pandemic, while also dealing
with healthcare worker strikes and a large waiting list for elective care. As the world
is becoming more data driven, the NHS is still yet to fully embrace the role of data

and technology.

Research plays a key role in the running of the NHS, from improving direct patient
care, to targeting public health initiatives. The organisation holds a vast amount
of routinely collected data (RCD) that is growing every day. This data has the
potential to be used for both medical and health services research. However, it is
often siloed in legacy systems and locked away behind bureaucratic procedures that
are difficult to navigate. Accessing and learning from this data could be instrumental
in future developments of the NHS. Effective data systems can potentially enable
rapid evaluation and feedback on current NHS pressures that would allow to the
organisation to adapt efficiently and help direct investment to ensure optimal patient

service is delivered and health outcomes are improved [1].

This thesis will discuss the current usage of NHS RCD in research, including
opportunities, and challenges of using this data going forward. It will provide
examples with three novel projects, each using NHS RCD in responsive analyses to
unplanned changes experienced by the NHS: COVID-19, rapid uptake of telehealth
in care homes and the NHS stikes. The thesis will put forward a case for further

usage of NHS RCD in research, and therefore improvements in accessing this data.



Chapter 1. Introduction

1.1 Routinely Collected Data

Routinely collected health data refers to data collected without a specific research
question developed prior to the data collection [2]. This generally refers to data
that is collected in the day-to-day activities at health institutions such as hospitals
and General Practices (GPs) in the UK. A large portion of routinely collected
health data in the NHS is derived from point of care data, patient attendance
records or GP notes. Data could also be that collected by wearable devices,
health insurance companies and other organisations that collect individuals’ health

information routinely.

The NHS is the largest publicly funded healthcare system in the world and holds
health data on the vast majority of the UK’s 68 million residents with the earliest
electronic patient records introduced in the early 2000s [3]. The NHS has an
abundance of administrative, investigative, diagnostic, and personal information
from almost all UK residents over this time period. The range of information
captured varies from organisation to organisation within the NHS. This massive
supply of data means there is potential for huge study sizes with representative
samples, spanning almost the entire population [4], including those with rare health

conditions.

In the past, studies have relied on specifically collected data, such as through surveys
or clinical observations of participants. This data collection phase can be costly and
require considerable planning to ensure results are generalisable [5]. The usage of
routinely collected data allows for large scale, representative study data, to produce

population level findings without the costly data collection phase.

Since routinely collected data is often recorded at point of care, the data is
observational. In a single dataset, observations would refer to interactions within
a specific system. This makes RCD useful for healthcare utilisation research, since
outcomes related to changes in usage of certain health service are clearly apparent

in routinely collected data - even when de-identified and aggregated.

The population-based nature of routinely collected data means it is particularly
useful for evaluating policy, since RCD can describe the far-reaching impact of policy
decisions across the affected population [6]. Routine data is also used in risk factor

identification studies [7] and in development of tools to aid decision making based
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on previous patient experiences [8, 9]. Additional data sources can be linked with

RCD to allow for almost any kind of analysis.

Natural limitations of routine data collection in healthcare settings must be
considered. Data recording issues and missingness is a common problem [10]. Most
RCD is recorded by a clinician as a secondary aspect of their responsibilities. They
are often under intense time constraints, even in non-urgent settings. A clinician’s
responsibility is to the patient’s wellbeing — not necessarily perfectly capturing the
information about each presentation. These factors can also lead to misclassification

biases and underreporting in certain routinely collected datasets [5].

The observational, ever growing nature of RCD means that assumptions and
decisions surrounding an analysis need to be made by the researcher. For instance,
follow up times must be defined by a time period or a specific event, and patients
are not regularly monitored during this time. For instance, the study period of an
intervention evaluation is often decided by the researcher retrospectively after the
data is collected [11]. Assumptions may be made in order to define a treatment
and control group — typically as an external factor, such as geographical location
surrounding the base of an intervention. Often, causal inference methods, such as
a difference in difference analysis with matched controls, are needed to attempt to

allow comparison against a control group over time [12].

Despite the NHS theoretically being available to the entire UK population, there are
still barriers to accessing healthcare. Only users of the health services are included
in the data in the UK, and patients who access more healthcare are represented as
such in healthcare data. There are significant inequities in healthcare usage, with
differing service use across sectors. More socially disadvantaged people generally use
healthcare services more frequently, while more wealthy patients tend to access more
preventative care [13]. The wealthiest members of the population may also be more
likely to access private healthcare, thus would not be included in NHS data. Some
of the poorest and most vulnerable patients may struggle to access healthcare at all
due to factors such as travel costs, prescription costs and a lack of health literacy.
This would lead to huge inequities in representation in RCD and therefore certain
groups may not be accounted for in policy changes made using evidence from this
source, potentially perpetuating inequalities [5]. This is arguably more of an issue
in specifically collected study data, but this should be considered when interpreting

results of research using routinely collected data.
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There are strict information governance rules and data sharing protocols around the
usage of NHS data, focusing on patient privacy due to the sensitive nature of health
data. Despite these necessary governance practices, there are always ethical concerns
with sharing of patient data [14]. Patients need to be aware that their health data
is being used for research purposes and give consent. The current system is the
national opt-out scheme, which assumes a patient’s consent for their anonymised
data to be used in research and other secondary uses unless they specifically opt-
out. This can add additional complexity to data use in research, and there are
concerns that specific groups of patients may be more, or less, likely to opt-out —
skewing results from this research [15]. The latest data as of June 2024 indicates
that around 5% of the population registered with a GP have opted out of their data
being shared [16].

Ensuring the public are informed about how their data is used and the benefits
their data can provide is key to fair data sharing. Patient engagement is important
in studies using NHS data, to ensure that patients are represented in the research
process [17]. They can input into research that is conducted using their data and
ensure on behalf of the public that they are happy with how their information is being
used. Public trust is a current priority for the NHS, with a large ‘National public
engagement on the use of health and care data’ project currently being undertaken
by NHS England [18].

The significance of the opportunity provided by NHS routine data has been
recognised.  Health Data Research UK (HDRUK) was formed by the Medical
Research Council (MRC) in response to this opportunity as the UK’s national health
data science in 2017 [19]. The organisation aims to enable access to health data for
use in research - this involves connecting the data and researchers and promoting
infrastrucutre for improved data sharing. They have a large number of initiatives
to do so, one such is the HDRUK Innovation Gateway [20], a catalogue of datasets
available from data providers to give researchers an understanding of data available
to answer their research questions. HDRUK also fund a number of flagship projects
using NHS routinely collected data [21], demonstrating the research that can be

conducted and giving chance to identify any challenges that need to be addressed.
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1.2 Primary and Secondary Care Data in the UK

In the UK, primary care data sharing is complex. General practices are required
to submit specific datasets to NHS Digital, but each GP’s data is stored locally
and separately from each other. Sharing data across GPs can require data-sharing
agreements in each GP practice [4]. There are approximately 6,291 General Practices
in England as of April 2024 [22]. GPs typically cover a small geographical area,
meaning there are many small data collections spread across a large number of
sources. These organisations use electronic patient records such as Vision or EMIS
Web [23, 24]. GPs are also smaller organisations and are less likely to have capacity
to engage in research, therefore data sharing agreements on an individual GP level
are more difficult to acquire. Unification of data sharing between GPs is a priority
of the regional Integrated Care Systems that were established in 2022, as part of

their aims to share information between all care providers [25].

The Clinical Practice Research Datalink (CPRD) is one of the largest collections
of primary care data in the UK. It holds longitudinal, anonymised data covering
over 60 million patients. This comes from around 700 practices who have opted
into sharing their data into this database. The CPRD contains data on patient

demographics, clinical information and test results [26].

Secondary care data is made up of emergency and elective hospital care data.
Emergency care data is data collected from emergency departments. NHS Digital’s
data standard for emergency data is the Emergency Care Data Set (ECDS) [27].
Emergency care lends itself to research using routine data due to the nature of
emergency department (ED) attendances being unplanned, generally independent
events. The timings of events themselves are informative. The target measure
of many interventions is reducing emergency care usage [28]. This assumes that if
patients are receiving the correct care problems will not develop to require immediate
emergency care. Inpatient care can be linked to ED through patients being admitted
from the emergency department, and also contains overnight patients for non-urgent
treatment. Inpatient data generally contains administrative information and patient
diagnosis codes. Outpatient care is scheduled referrals to specialists. Diagnoses are
generally not recorded in outpatient data since the information is included in the
referral data held by the General Practice (or other service) the patient was referred

from.
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Secondary care (generally referring to more specialised care) is run by local trusts
that are responsible for one, or a small number of sites. There are 209 trust
organisations in the UK, 71 of which are acute care providers, providing mostly
hospital-based care [29]. Trusts cover a large geographical area meaning a large
amount of secondary care data is concentrated in one organisation. Therefore it
is often easier to access larger amounts of secondary care data with only one data
sharing agreement in place. Communication between trusts, however, is a similar
issue to that of GPs. NHS trusts are required to provide data to NHS Digital for
commissioning and national datasets. However, each trust’s system is different.
Some collect different data and some use completely different systems such as FMIS
and SystmOne. Much research using NHS data is focused on one geographic area
for this reason [30, 31]. Close local collaboration can allow for more detailed data
scrutinization, but results are less representative and generalisable to the entire
population. Local characteristics should be considered to understand results in the

context of the rest of the population.

While most secondary care data access is through trusts, data is also made available
through NHS Digital, where most data comes from the Secondary Use Service (SUS).
SUS is the data collection and processing hub for the NHS [32]. Required datasets
are sent from trusts to the SUS. SUS makes data available for research in the form
of different datasets through NHS Digital. One such dataset is Hospital Episode
Statistics (HES). This dataset contains information on all hospital episodes in the
UK, including inpatient admissions, outpatient care and emergency department
attendances [33]. This data is completely anonymous, so only specific research
questions can be addressed with this data. Research looking at outcomes for specific
patients is not possible with this data since it is aggregated and does not contain

patient identifiers.

By definition, routinely collected data is collected for purposes other than research.
NHS data is collected by different organisations for a range of reasons. The primary
collection purpose can impact aspects of data quality, and possibly invoke biases,
so should be considered when using RCD for analysis. A large amount of data in
national datasets (such as Hospital Episode Statistics) comes from commissioning
datasets. Commissioning datasets are reported from Trusts to NHS Digital, allowing
for reimbursement based on hospital activity [34]. For this reason, activities with

associated costs, such as investigations and procedures are often better coded
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compared to other variables. Alternatively, datasets that are collected to assess
performance, such as the fulfilment of the four-hour target in the Emergency
Department may be subject to recording biases to ensure targets are recorded as
being met [35].

1.3 Accessing Routinely Collected Data

Strict guidelines are necessary to ensure patient data is held and used responsibly.
UK data usage laws such as GDPR and the Data Protection Act (2018) need to be
followed and legal basis for any project needs to be cited [36, 37]. The five safes is a
widely used data access framework applied to the use of NHS data in research. The
NHS’s future plans for data access routes cite that they will adhere to the five safes
[38]. Project accordance with the five safes generally ensures all of the necessary

information governance and data protections are followed.

Data used in a project should be minimised, so only information necessary to answer
the research question is made accessible to the researcher. The data should be as
anonymised as possible. Pseudonymisation is a possible anonymisation technique
that maintains links between same-patient observations, allowing linkage with other
datasets. This is agreed and accounted for in Information Sharing Agreements
between parties. It is also important that data is stored securely, and can be
accessed safely by researchers. Recently, this has led to the use of Trusted Research
Environment (TRE) systems. Most TREs are secure, cloud-based environments
that the researcher can access remotely, without storing any sensitive data on a
local machine. Analysis tools such as R and python are made available within the
TRE so that analysis can be performed without ever moving the data from the TRE

[39]. Other secure methods of accessing research data are discussed in Section 1.4.

Researchers need to be appropriately trained before they handle the data. Online
certifications are often used, including university specific training courses. Certain
platforms, such as the Office for National Statistics’ Secure Research Service, require
completion of a short, in-house training course before researchers can access the
platform. Projects are checked by the data holders to ensure that project aims are
within the best interest of the public. This is typically through ethical approvals —
the NHS have their own ethics approval system and most universities have one too.

Finally, the outputs of the projects need to be non-disclosive, so individuals in the
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study cannot be identified. This means small counts of individuals are suppressed.

1.4 NHS Data Going Forward

The need for improved NHS data infrastructure became quickly apparent during
the COVID-19 pandemic, with demand for large projects with quick turnarounds
[40]. An efficient NHS data sharing system would allow for rapid responses and
up-to-date data on public health crises such as the COVID-19 pandemic, allowing
evidence-based policy to adapt quickly, forming the basis of the nation’s response to
crises like the COVID-19 pandemic or rapid unplanned change such as strikes. RCD
could also be used to inform system improvement such as the adoption of digital
technologies in NHS organisations. This would lead to the NHS being able to adapt
to external changes more quickly, continuously adapting to ensure optimisied care

in all situations.

The government-commissioned Goldacre review [1] highlighted the need for im-
proved data in the UK and outlined recommendations to get there. It outlined the
need for a complete overhaul of the way the NHS manages and shares its data, and
the need for this infrastructure to be scalable as it is shared with more organisations
over time. At the time of the report, the UK government announced £200 million
for health data research and development and stated that their response to the

Goldacre review would be included in their final data strategy document [41].

One of the primary recommendations of the report is the use of Trusted Research
Environments. These recommendations have been transformed into the Secure Data
Environment (SDE) scheme — an adaptation of the traditional TRE framework that
the Department of Health and Social Care committed to in their Data Saves Lives
policy paper [42]. Plans are in place for multiple regional SDEs and a centralised
SDE for the whole of the UK. These SDEs would consist of data infrastructure
and pipelines to feed data into centralised systems for analysis. Data would remain
held by the trusts, but feed their data in through the pipelines when needed. This
centralised approach would allow the SDEs to act as a hub for linkage between NHS

datasets, as well as with external datasets.

The SDE programme is already underway. According to the HDRUK Innovation
Gateway as of June 2024, datasets are registered with three regional SDEs; London,
Yorksire and Humber and West Midlands, as well as the national SDE [19]. The
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SDE program is also underway in more areas, including the North West. Lancashire
and South Cumbria also have had a prototype SDE up and running since 2022. The
Clinical Practice Research Datalink (CPRD) - the large dataset of primary care
data from the UK - also now uses the TRE data access model to make their data

available to researchers [43].

Data infrastructure and pipelines are required to flow data into SDEs where
data from different organisations can be linked and combined. This requires
standardisation of data, specified data models would be required to ensure data can
be linked effectively. The SDE programme has decided to use the Observational
Medical Outcomes Partnership Common Data Model (OMOP), produced by
Observational Health Data Sciences and Informatics (OHDSI) [44]. This requires
work from all data providers to ensure that their data is standardised to this model.
With multiple SDEs holding standardised data, federated analysis can be performed
on these datasets, without the need for any data linkage or movement of the data.
This would mean analyses can be run on each regional SDE separately, while the
regional outputs (such as model parameters) can be combined to produce results
that represent the entire country [45], producing powerful analyses and improving

generalisability of findings across the population.

The SDE program will require collaboration on many fronts, between policy makers,
trusts, the wider NHS, data scientists and the technology industry. In addition to
the technology infrastructure needed, another is challenge is ensuring information
governance is maintained and the five safes are followed (see Section 1.3). The aim
of the SDEs is to facilitate research with improved data access avenues, but it is
vital to ensure patient privacy is retained, and proper governance procedures are

followed at all points in the programme.

SDEs are not the only possible future avenue for more efficient access to NHS data.
During the COVID-19 pandemic, multiple avenues of NHS data access models were
fast-tracked. Ome of these models was exemplified by OpenSAFELY [46]. This
method is similar to TREs, however, the raw data is never handled or viewed by the
researchers or analysts. A synthetic version of the necessary raw data is provided
to the analyst. This synthetic data is produced to be representative of the overall
characteristics of the ‘real’ raw data, but all observations are simulated. The analyst
can then write code based on this data to ensure there are no bugs. The code is

then submitted and run on the raw data, supervised by someone with access to the
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data. This way the analyst can receive results corresponding to that of the raw data
without ever needing access to the data. This can lead to a shorter process to get
permission to run the analysis, since the researcher does not directly handle patient

data at any point.

1.5 Statistical Methods for Routinely Collected
Data

Research using routinely collected data can use a range of statistical methods. The
methods used depend on the nature of the investigation and the data that is being
used in the analysis. Standard summary statistics of routinely collected data are
often extremely useful clinically. Basic data on demographics of service users and
outcome measures such as average length of stay are hugely informative from a

clinical perspective [47].

Standard inferential statistical methodologies such as regression and survival
analysis allow quantification of relationships. In routinely collected health data
studies, these kinds of analyses are frequently used to find relationships between
variables, while controlling for confounding factors. Causal inference techniques can
be used but the non-experimental nature of data collection means it can be difficult
to infer causality. Due to the observational nature of routinely collected data,
variations upon these general techniques are typically required to ensure assumptions

are satisfied and methodology is used correctly [48].

Novel methodologies are starting to be used with routinely collected data. One
example is State Sequence Analysis (SSA). This methodology aims to cluster
categorical sequences based on a similarity metric, and was initially developed to
be applied to gene sequences. More recently, this has started to be applied to
patient care sequences [49]. This allows investigation of links between long term care
sequences and patient characteristics. [50, 51]. Investigating long-term care requires
longitudinal routinely collected data. There are not currently any well-established
methods for longitudinal investigation of patient pathways through care. SSA gives
a good starting point for further research investigating longitudinal usage patterns

using this kind of data.

Network analysis is a well-established branch of methodology that shows promise

10
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for usage in routinely collected health data methodology. The breadth of sources of
routinely collected NHS data allows applications such as investigating longitudinal
care pathways similar to SSA [52], tracking the spread of disease, and identifying

specific subgroups of patients to target interventions [53].

Going forward, machine learning methodologies such as natural language processing
and computer vision can be used to gain insights from unstructured data to add more
information and power to analyses. Unstructured routine data can take the form
of any patient or organisational data that is held in any of the NHS systems [54].
Examples include referral letters sent to patients or diagnostic imaging from patient
scans. Successful implementation of these techniques would mean that information
are able to be mined from these additional sources and used in conjunction with
other sources of routine data for extremely powerful analyses. Artificial intelligence
and machine learning techniques show promise for the analysis of routinely collected
health data. However, the lack of transparency of these methodologies mean they
should be used with caution on patient data. Interpreting model parameters to
understand relationships is almost impossible. This means models can perpetuate
existing systematic biases and factors influencing model decisions cannot be fully
explored [55].

11
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1.6 Thesis Aims

This thesis aims to demonstrate the current state of routinely collected data in
research through application in three projects. Each project will provide it’s own
actionable implications for health service policy, developing RCD methodologies and
highlighting challenges and limitations of using RCD for research. The three projects

are as follows:

1. Understanding health service utilisation patterns for care home
residents during the COVID-19 pandemic using routinely collected
healthcare data
An analysis of care pathways of care home residents during the COVID-19

pandemic using data from a number of data sources.

2. The impact of digital technology in care homes on unplanned
secondary care usage and associated costs
An evaluation of an NHS digital technology data sharing intervention in care
homes on secondary care usage, linking multiple sources of routinely collected
data.

3. Evaluating the Impact of NHS Strikes on Patient Flow through
Emergency Departments
An evaluation of how recent strikes have impacted emergency departments

using a single routinely collected emergency care dataset.

12
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Abstract

Background: Healthcare in care homes during the COVID-19 pandemic required
a balance, providing treatment while minimising exposure risk. Policy for how
residents should receive care changed rapidly throughout the pandemic. A lack of
accessible data on care home residents over this time meant policy decisions were
difficult to make and verify. This study investigates common patterns of healthcare
utilisation for care home residents in relation to COVID-19 testing events, and

associations between utilisation patterns and resident characteristics.

Methods: Datasets from County Durham and Darlington NHS Foundation Trust
including secondary care, community care and a care home telehealth app are linked
by NHS number used to define daily healthcare utilisation sequences for care home
residents. We derive four 10-day sets of sequences related to Pillar 1 COVID-19
testing; before [1] and after [2] a resident’s first positive test and before [3] and after
[4] a resident’s first test. These sequences are clustered, grouping residents with
similar healthcare patterns in each set. Association of individual characteristics
(e.g. health conditions such as diabetes and dementia) with healthcare patterns are

investigated.

Results: We demonstrate how routinely collected health data can be used to
produce longitudinal descriptions of patient care. Clustered sequences [1,2,3,4] are
produced for 3,471 care home residents tested between 01/03/2020 — 01/09/2021.
Clusters characterised by higher levels of utilisation were significantly associated
with higher prevalence of diabetes. Dementia is associated with higher levels of care
after a testing event and appears to be correlated with a hospital discharge after a
first test. Residents discharged from inpatient care within 10 days of their first test

had the same mortality rate as those who stayed in hospital.

Conclusion: We provide longitudinal, resident-level data on care home resident
healthcare during the COVID-19 pandemic. We find that vulnerable residents
were associated with higher levels of healthcare usage despite the additional risks.
Implications of findings are limited by the challenges of routinely collected data.
However, this study demonstrates the potential for further research into healthcare

pathways using linked, routinely collected datasets.
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2.1 Introduction

The COVID-19 pandemic had a major impact on adult social care. There was
substantial excess mortality in care homes in the UK during the first phase of the
COVID-19 pandemic, deaths were estimated 20% higher than previous years, a
large portion of which are not registered as due to COVID-19 [1, 2]. The highest
proportion of deaths involving COVID-19 of UK care home residents in wave one was
in the North East of England (30% of deaths involved COVID-19) [2]. Care homes
and long term care facilities have been disproportionately affected by the COVID-19
internationally [3, 4]. Best policy for care homes was uncertain at the beginning of
the pandemic. International studies have shown long-term decline in health related
quality of life and functional decline in older patients who were hospitalised for
COVID-19 globally [5]. Healthcare for vulnerable people required a fine balance, to
ensure necessary healthcare was maintained while minimising exposure to COVID-

19 which was particularly pertinent in care homes [6].

During the early stages of the pandemic, policy recommendations for care homes
were updated and revised rapidly. Between the initial COVID-19 guidance on 25th
February 2020 and £850 m social care grant to councils on 16th April 2020, Public
Health England and the Department of Health and Social Care provided numerous
additional frameworks and guidance documents [7]. These were often vague and
difficult to follow [8]. Criticisms have described the UK’s policy response in adult
social care as ‘slow, late and inadequate’ [9]. Criticisms of many countries’ pandemic

responses with respect to long term care facilities have been made [10].

On 17th March 2020 NHS England advised that all non-urgent elective operations
should be postponed, and for all medically fit inpatients to be discharged to free-up
capacity [11]. Grimm et al. found that UK care home residents’ use of inpatient care
decreased in the early stages of the pandemic and suggest these reductions may result
in substantial unmet healthcare need [12]. Internationally, healthcare utilisation
decreased by around a third during the pandemic [13]. In a global survey in the early
stages of the pandemic, two-thirds of health care professionals for chronic diseases
stated moderate or severe effects on their patients due to changes in healthcare

services [14].

Our study aims to investigate how care home residents received care in the period

immediately surrounding COVID-19 tests. We aim to investigate how care home
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residents used health services and whether patients were moved around between
different care settings. Trajectories of care are mapped over time, with time periods
defined by their COVID-19 testing events. We cluster these trajectories to find
groups of residents with similar care patterns. To achieve these aims we use a
novel method for care pathway analysis, State Sequence Analysis. This allows us
to investigate potential shared characteristics between these clusters that may drive

the observed care patterns.

Care home residents have high levels of physical dependency, cognitive impairment,
multiple morbidity, and polypharmacy [15]. Comorbidities such as diabetes and
dementia are prevalent in the population and require ongoing high levels of care
from staff and specialists [16, 17]. Dementia was the most common pre-existing
condition for residents who died of COVID-19 before the end of 2021 and diabetes
was a common comorbidity for male residents who died of COVID-19 in the same
period [2]. Dementia patients are prone to confusion and struggle to adhere to social
distancing and other restrictions. Hence, investigating how these two characteristics
affected use of health services by patients having had a COVID-19 test is of particular
interest. Furthermore, diabetes and dementia are not respiratory problems and
therefore will be able to be viewed independently of COVID-19. We hypothesise
that residents’ frailty and/or the presence of long-term conditions such as diabetes

and dementia will influence the care a resident will receive.

There is a lack of patient-level data from care homes themselves and it is difficult
to identify care home residents from administrative hospital data [18]. This limits
studies using routinely collected hospital data on care home residents and reduces
the possible evidence base for policymakers [19]. This study is, to our knowledge, the
first to investigate resident-level care pathways for care home residents during the
COVID-19 pandemic. Synthesising patient-level care pathways during the COVID-
19 pandemic is important for policy makers to get an empirical understanding of how
residents were cared for overall and allows us to understand how characteristics may
impact a patient’s care pathway. Understanding patient specific driving factors for
decisions made by care staff about how residents were treated can lead to additional
policy and guidelines being introduced when used in conjunction with other research
in the area. We demonstrate the application of a novel methodology that can be used
for further health pathway analysis using routinely collected data in more settings

in the future.
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2.2 Methods

We produce longitudinal sequences of daily healthcare utilisation in the days before
and after COVID-19 testing events for care home residents. We cluster these
sequences to find residents with similar patterns of healthcare utilisation around
their testing events. We then investigate cluster trajectory characteristics, size as

well as associations with resident characteristics. We present our work corresponding
to the RECORD guidelines [20].

2.2.1 Data Source

We utilised data from the Health Call Digital Care Homes app that began rollout in
the North East of England 3rd August 2018 and covered all homes in the area by the
end of the data period in August 2021, the sample size is essentially the complete
population of adults in care homes who had Pillar 1 COVID-19 tests. Health Call
is a digital referrals app used by care home staff to gather information and request
review from a clinician. Three care home datasets from Health Call covering resident

enrolment, home enrolment, and app uploads are used in this study.

We also use eight routinely collected datasets from County Durham and Darlington
NHS Foundation Trust hospitals (CDDFT), including A&E, inpatient, outpatient,
and community data (primary care data is not included). Pillar 1 COVID-19 testing

in the region is also utilised.

All these datasets were initially stored within the Trust, so could be pseudonymised
together via patient/resident NHS number. These datasets were then transferred
to a Trusted Research Environment for the researchers to access remotely and
securely. We then linked theses datasets together using patients’ pseudonymised
NHS numbers. In total eight of the datasets refer to patient healthcare events. Three
datasets include additional information about residents and homes. A description of
each dataset is contained in the Chapter 2 Supplementary Table 2.4 (both chapters

used the same datasets).

The COVID-19 testing data used for this analysis is Pillar 1 PCR test results. Pillar
1 testing is classed as ‘swab testing in Public Health England (PHE) labs and NHS
hospitals for those with a clinical need, and health and care workers’ [21]. The

testing data consists of tests when a resident is an inpatient, or when a resident is
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symptomatic or believed to have been exposed to someone with suspected COVID-
19.

Since the focus of the analysis is on identifying resident’s healthcare observations
(interactions with healthcare systems) missingness was generally not an issue, see
the Discussion section for further elaboration. The Charlson Comorbidity index
was missing for a proportion of patients but is likely to be missing not at random
and unreliable to impute. We only used cases where it was present and accounted
for this in our interpretation. Each observation contained a pseudonymised NHS
number and timestamp. Those along with which dataset the data had come from

can be used to make longitudinal care sequences.

2.2.2 Dataset Descriptive Statistics

Monthly numbers of observations are calculated for each of the datasets. Locations
of COVID-19 tests and rates of test results at the different location types were
calculated and independence of these two factors was tested with a chi-squared test

(see Supplementary Section 2.6.2.3).

2.2.3 Defining Cohort and Trajectories

Since the data contains the healthcare interactions of all CDDFT service patients,
a cohort of care home residents was defined. Presence of individuals” NHS numbers
in the Health Call enrolment (activation) dataset indicate care home residency.
Observations in other datasets referring to a resident living in the set of Health
Call care homes are used to identify additional care home residents. Residents
are included in the study from the identified timepoints at which they became a
care home resident to when they died or moved out of the home. All individuals
identified as care home residents are included in the cohort. Resident characteristics
such as age, gender and comorbidities are also drawn from the available datasets
(see Supplementary Section 2.6.1.8 methods). The limitations of using routinely
collected observational data to compile resident characteristics are discussed in the

Discussion section.

We define a resident’s healthcare trajectory as the sequence of care they received
each day. To ensure only one state per day, we prioritise more ‘significant’ types of

care. The possible states (in order of significance) are:
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A&E Attendance

Inpatient stay in hospital

Outpatient attendance

Appointment in the community

Care home visit by community healthcare staff

Care home - no action in the datasets

2.2.4 Sequence Analysis

Four different 10-day sub-sequences of resident trajectories were investigated using
index events defined by the available COVID-19 tests. The two index events used
are a resident’s first COVID-19 test and a resident’s first positive COVID-19 test.
The sequence length of 10 days corresponds to the UK government recommended
isolation period for individuals who test positive for the majority of the study period.
Residents without a COVID-19 test were not included. Sequences exceeding the
boundaries of the study period or a resident’s time in the cohort were excluded from

the analysis.

Pairwise distances were calculated between sub-sequences in each of the four sets
using the Optimal Matching distance algorithm [22]. Insertion and deletion costs of
1 were used, and substitution costs were based on the transition rate between the
two states (see Supplementary Section 2.6.1.11 for more information). The sequences
were clustered based on the calculated dissimilarity between them using hierarchical
clustering and Ward’s criterion. State Sequence Analysis was implemented in R

using the TraMineR package [23].

Potential associations between cluster assignment and resident characteristics were
investigated to provide insight into which factors are associated with the care a
resident received. Specific characteristics were investigated: 28-day mortality after
the COVID-19 test and Charlson Comorbidity Index, as well as the prevalent
comorbidities: diabetes and dementia. Additional associations with wave of the

pandemic and COVID-19 test result are included in the supplementary materials.

Chi-squared tests for independence were used for each of the characteristics

separately (or Fisher’s exact test when counts in the elements of the table are < 5)
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[24], with an adjusted significance level a = 0.00143 as a simple Bonferroni multiple
testing correction from o = 0.05 (total number of tests presented in the main paper

and supplementary materials = 45, 16 are included in the main paper).

2.2.5 Cluster Transitions

Since the sequences defined lead to, and follow on from, index events we use Sankey

diagrams to visualise the movement between clusters.

2.3 Results

In total from all the datasets there were 10,701,759 observations of 612,408
individual patients who have used the services between April 2018 and August 2021.
8,702 care home residents (those with observations in the Health Call datasets and
those discharged to a care home) were identified from 122 care homes. Table 2.1

provides a summary of the cohort demographic information.

Table 2.1: Summary statistics for the cohort of care home residents.

Median IQR
Age* 85 79-90
Number of Observations 58 29-109
Months in the cohort 19 11-31
Male Female
Gender 3,086 (35%) 5,616 (65%)
True False
Died (within the study period) 2,549 (29%) 6,153 (71%)
0 1-2 3-4 >5
Charlson Comorbidity Index** | 324 (8%) 2,111 (52%) 1,292 (32%) 3-4 (8%)

*We do not have age information for 1,394 of the residents.
**We could not calculate a Charlson Comorbidity Index for 4,671 residents due to them not having
registered ICD-10 codes from their inpatient stay.

Table 2.2 summarises 11 datasets, consisting of routinely collected data. The data
comes from the CDDFT’s secondary care, community database, observations taken
inside the care home on the Health Call app, and COVID-19 testing data. This

data includes residents in the study cohort.

Trajectories were defined from the set of healthcare interactions included in the
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Table 2.2: Counts of observations and individuals in each data set, filtered for the cohort
of care home residents.

No. of No. of Proportion of
Data Set Observations Individuals Cohort
A&LE 25,399 6,608 76%
Inpatient 33,676 5,898 68%
Inpatient 527,771 5,501 63%
Observations
Outpatient 32,707 5,013 58%
Ward Episodes 38,849 5,948 68%
Community 848,495 8,494 98%
Health Call 72,261 6,318 73%
COVID-19 Testing 24,272 4,767 55%
(P1)
Additional Data
Sets
Discharges 13,736 4,297 49%
Health Call Referrals 15,936 8,702 100%
Health Call 125 - -
Implementation
Total 743,163 8,702 -

*Individuals can be in more than one dataset hence the proportions do not equal 1.

dataset. Figure 2.1 visualises a resident’s care trajectory throughout their time in

the study cohort. The longer blue periods represent an inpatient stay.

Sequences for clustering were specified based on the COVID-19 testing index events.
4,767 residents have a recorded Pillar 1 COVID-19 PCR test in the dataset, and are
therefore included in the analysis, 3,938 were ineligible for analysis due to no testing
events. Of these, 1,049 residents test positive for COVID-19 at some point in time
and their first tests are used as the index events for the pair of sequences before and
after a first positive COVID-19 test.

Sequences before the test are not included when a resident moves into the home in
the 10 days before the test (198 removed before first positive test, 1,296 removed
before a first test). Sequences after the test are not included when the resident dies
in the 10-days after the test, or their test is less than 10 days before the end of the
study period (316 removed after a first positive test, 1,547 removed after a first test).
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Care

Care Home
Care Home (Community check up)
Community External

Day

Resident

B AE
. Inpatient (Hospital)
. Outpatient (Hospital)

Figure 2.1: A 5-month sample of a single resident’s care trajectory, with coloured blocks
for each day representing the care the resident received each day.

The number of residents included for each sequence specification is [1] before a first
positive test: 851 [2], after a first positive test: 733 [3], before a first test: 3,345 [4],
after a first test: 3,220. The total number of individual residents that appear in the
analysis is 3,471. This selection of analysis sequences is visualised in a flow diagram

in Supplementary Figure 2.5.

A visualisation of the four 10-day sequences in their assigned clusters can be seen
in Figure 2.2. The clusters are generally characterised by a single state. Sequences
both before and after the first positive test [1, 2] are demonstrated by two clusters:
an inpatient cluster, and a home cluster. The before and after first test sequences |[3,
4] are characterised by three clusters each, home, community, and inpatient states
and home, inpatient to home transfer and inpatient sequences respectively. The
large number of residents in the inpatient cluster after the first test is likely due
to testing upon hospital admission. The inclusion of an inpatient to home transfer
cluster after a first test may indicate that these tests were testing on discharge from
the hospital.

Characteristics of the residents in these clusters were assessed. The relative
frequencies of the characteristics within each of the clusters can be found in Table
2.3. The combinations found to be non-independent through the chi-squared test are
highlighted in grey. All p-values for these tests can be found in the supplementary
materials. A higher proportion of residents with diabetes are found in clusters
indicating a higher level of care for all four sequences ([1] p = 0.00026, [2,3,4]
p < 0.0001). For example in the 10 days before a resident’s first positive test 35% are
diabetic of 142 in the inpatient cluster compared to 21% of 709 in the home cluster.
A similar pattern is found after both all and positive tests for dementia patients ([2]
p = 0.00036, [4] p < 0.0001). Before all first tests a higher proportion of those in

the community cluster have frailty scores of 3 and above (73% of 140 versus 41%
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Figure 2.2: Sequence cluster assignments representing types of care received in the 10
days before (1) and after (2) a resident’s first positive COVID-19 test, and the 10 days
before (3) and after (4) a resident’s first COVID-19 test (of any result). The clusters
represent the groups of similar sequences, where each sequence represents one resident’s
care over the 10 days.

and 43% for 3,159 in the home and 172 in the inpatient cluster respectively).

Twenty-eight-day mortality is only associated with clusters 10 days after all tests

([4] p < 0.0001); residents in the inpatient and inpatient transfer cluster have a
slightly higher 28-day mortality than those in the home cluster (8% of 810 and 8%
of 578 versus 3% of 1,832). The two clusters with inpatient stays have the same

28-day mortality rate, despite one of the clusters demonstrating a discharge from
hospital around halfway through the 10-day period ([4] p < 0.0001).

Flow between clusters before and after the positive test were displayed in a Sankey

diagram 2.3. Transitions between these clusters may indicate changes in care based

on the positive test. The ‘Died’” after test group here is not the same as presented

in the cluster associations previously. Here we identify whether they died within 10

days of their test and were therefore not included in any of the clusters.
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Table 2.3: Table of associations between cluster assignments for each of the sub-sequence
groups and resident characteristics/sequence outcomes.

28-Day Diabetes D e Charlson CI
Mortality rabetes ementia (Proportion with a CCI)
T F|T F|T F N* |0 12 34 <5
Cluster 1 (Inpatient) . -~ - -
10 Day Before First Positive P | 0:22 0.78 | 0.35 0.65| 027 073 | n=136 | 0.07 045 0.35 0.3
Cl“m’”lg’%’; 023 0.77 (021 0.79 | 021 0.79| n =386 |[0.08 052 032 08
Cluster 1 (Inpatient) -~ . )
10 Day After First Positive P os | 014 0.86 | 0.37 0.63 031 069 | n=187 | 0.06 049 0.34 0.11
CIUSt‘”QIEH:O?gg 010 0.91]0.17 083|019 081 | n=253 | 0.08 051 032 0.09
Cl“SteI'IiﬁHgli‘;; 012 088|021 079|022 078 |n=2025 008 051 032 0.09
10 Day Before All First Tests Cluster 2 (C mr; r;it )
uste © nilzo 011 0.89]0.82 018|029 071 | n=121 003 024 056 0.17
U“St‘er?’a“fl“feln;% 0.14 086|035 065|020 080 | n=161 007 050 034 0.09
U“St"”(lnﬁaf“glfg 0.08 092|032 068|025 0.75| n=748 | 0.08 047 0.35 0.10
10 Day After All First Tests Cluster 2 (Inpatient/ Ii)me)
; patie [TONS, 008 0.92|0.33 0.67| 033 067 | n=492 | 0.06 0.50 0.33 0.12
Cl“Sterj(:Hf‘;;% 0.03 097|017 083|017 083 | n=875 |0.09 053 032 0.07

*The number of residents with a calculated Charlson Comorbidity Coefficient in each group can
be seen in the ‘N’ column. Where a Charlson Comorbidity index could not be calculated, we did
not include those residents in the proportions and association calculations relating to the index.
‘Has diabetes’ and ‘has dementia’ refer to whether the patient has been observed to have any of
the dementia or diagnosis criteria. The combinations found to be non-independent through the
chi-squared test are highlighted in grey.

The majority of residents both start and end in the care home cluster. More die
within 10 days than are transferred to a stay in hospital. A similar proportion from

inpatient care and care homes died within 10 days.

2.4 Discussion

For care home residents the common patterns of healthcare before and after a
positive Pillar 1 COVID-19 test generally consisted of residents who stayed in the
care home for the whole sequence duration, and those who had the entire duration
in hospital. The clusters of healthcare before any first COVID-19 test contain an
additional group of residents receiving regular community care across the 10-days
before. Clusters after first COVID-19 tests included an additional group of residents

who were discharged halfway through the sequence.

Diabetes was always associated with clusters representing higher levels of care.

Dementia is associated with inpatient care after a testing event and appears to
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2. Home
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Figure 2.3: Sankey diagram demonstrating flow between states before and after a
resident’s first COVID-19 positive test.

be highly correlated with a short-term discharge from hospital. Residents who were
discharged from inpatient care during the 10-days after their first test appeared to
have a similar 28-day mortality rate than those who stayed in hospital. Charlson
comorbidity coefficient was found only to be associated with the set of sequences
where there was a high level of community care cluster. This may have been due
to smaller sample sizes since these calculations only included patients with ICD-10

codes.

NHS secondary care use fell during the pandemic. However, the cluster assignments
for all the sequences of care before and after COVID-19 tests and positive COVID-
19 tests contain a substantial specific inpatient cluster. There was still a group
of residents in hospital, despite the decrease in secondary care use for care home

residents at the start of the pandemic [12].

Dementia is associated with the cluster assignments in the ‘after’ event cluster
assignments. After the tests there are more residents with dementia in the clusters
characterised by the inpatient state, in both the ‘positive tests’ and ‘all tests’ cases,
indicating a significant proportion of residents with dementia have transferred into
hospital after their test. Residents with dementia are most often in the inpatient to
home transfer cluster after a first test, which implies that residents with dementia
may be more likely to have a shorter stay in hospital. Deciding whether to send
residents with dementia for an inpatient stay may be difficult; studies indicate
that hospitalisations can be detrimental for individuals with dementia as evidence

suggests they are linked with advanced stage of dementia and deterioration of active
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daily living, among other factors [25, 26]. Evidence suggests that residents with
dementia were challenging to care for during the pandemic due to difficulties in
adhering to social distancing in both the care home and hospital setting, this may
have led to increased hospitalisation as well as high levels of discharge back into
homes [27].

The Sankey diagram in Figure 2.3 demonstrates movement of residents between
clusters before and after their positive test. We see that a similar proportion of
residents from the home cluster and the inpatient cluster die within 10 days of their
test (and therefore aren’t clustered after their test). This finding could also be an
artefact of the usage of Pillar 1 testing data, providing a sample of positive tests
that are more likely to be symptomatic in care homes and more routine in hospitals.
Alternatively, it may suggest that more residents in the care home should receive
hospital care, but also could suggest that the level of care in hospital is not an
improvement. We cannot account for how ill a resident is, so this could play a part

in increasing inpatient mortality rates.

We provide, to our knowledge, the first in-depth investigation into healthcare
patterns of care home residents during the COVID-19 pandemic. Other research
provides information on care in the homes during the pandemic, such as that done
by Shallcross et al. investigating care home-level risk factors among other work [28].
Our findings can be used in context with research on other aspects of residents’
care during the pandemic, to provide thorough policy guidelines for caring for this

vulnerable group of the population.

This study demonstrates evidence of movement of positive and suspected positive
(Pillar 1 tested) care home residents between care settings in the days surrounding
their tests. We also see evidence of residents with dementia experiencing short stays
in hospital around the time of their tests. The nature of short stays in hospital
for this vulnerable set of patients is likely to be detrimental to patients’ health, in
general and within the context of nosocomial infection risk for the resident and the
whole home. To our knowledge there was no specific guidance relating to secondary
care for residents with dementia during the pandemic. We highlight that this group
moved around between high-risk care locations and future policy could be targeted

to avoid this in the case of local or more widespread outbreaks.

Our results also imply that residents in hospital are equally likely to die within
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10 days of their test as those in the home beforehand and therefore suggests that
hospital may not provide significantly improved outcomes. Hospital appointments
are potentially disruptive to care home residents’ wellbeing, so should be considered
carefully [29]. Future policy could indicate that in the early stages of a mnovel
pandemic with an unvaccinated population, it should be encouraged to keep
residents in an environment they are used to. The extra care may not be worth
the distress of a hospital visit. We observe that patients with comorbidities such
as diabetes are disproportionately represented in the group of patients who receive

hospital care for all of the time periods investigated.

This study highlights a need for more admission and discharge guidance on sending
residents to secondary care for care home residents in the early stages of the
pandemic. guidance should include more consideration of the vulnerabilities of care
home residents — such as residents with dementia. Some guidance was released
related to the issue of hospital admissions, such as the guidance. One such issue
was Ouerview of adult social care guidance on coronavirus (COVID-19) [30]. As was
the case with most guidance, admission and discharge from hospital guidance was
generally from an infection prevention and control perspective. Further research
is needed into the impacts of secondary care admissions for care home residents
during the COVID-19 pandemic to fully understand the implications of sending
vulnerable patients to hospital. The negative effects of hospitalisation of care home
residents are well documented [29, 31]. These effects may be heightened during a
large-scale pandemic. Despite the fact that we see a drop in secondary care usage
in our cohort at the start of the pandemic (Supplementary Figure 2.7, this paper
highlights the fact that with the (relative lack of) guidance in place at the start of
the pandemic, vulnerable residents attended secondary care and moved between care

settings. Protocol is needed surrounding this for future infectious disease outbreaks.

One of the strengths of this study is the unique dataset allowing visualisation and
analysis of healthcare for care home residents during the COVID-19 pandemic. Data
from community care captures much home-based care, but the lack of primary
care data means that some information is absent. We have derived some resident
characteristics from secondary and community care history and our record of age
and gender is incomplete. Diabetes and dementia are drawn from diagnosis codes
for hospital stays and community procedures, hence we are likely to identify subset

of residents who have more advanced disease or who have accessed external care.
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This is particularly pertinent in the case of dementia, as hospital admission is
more likely to be for management of co-occurring conditions rather than dementia
being a primary diagnosis [32]. This “missing data” is a known limitation of using
observational, routinely collected data. Additional data sources such as primary care
would be more likely to give a more complete, reliable set of patients with these
comorbidities since they often contain more background information on patients
than those from secondary care sources. A further limitation is that the COVID-19
testing data contains only Pillar 1 tests processed in the Trust’s hospital labs. This
may bias the sequences we define (relating to a resident’s first positive COVID-19
test and first COVID-19 test in general), since a large portion of Pillar 1 testing
was testing on admission to hospital. Testing outside of hospitals was for those with
a clinical need, and are therefore more likely to be tests for symptomatic residents
[21]. This is the case when looking at test result rates for the different testing
locations, with tests in care homes much more often positive than those in hospital
settings (see Supplementary Section 2.6.2.3 for breakdown). We find a large portion
of the residents in inpatient care before their first positive test, remain in inpatient
care afterwards — suggesting COVID-19 may not have been the reason for their
admission, but tested positive on arrival. The location of testing differs between
wave 1 and wave 2 of the pandemic, we investigated breaking down the clustering
analysis into the two waves and found it did not significantly impact the results.
The use of Pillar 1 COVID-19 testing allows a consistent level of testing throughout
the pandemic, since Pillar 1 testing was introduced first and was conducted over the
whole pandemic period. However, a more complete — routine set of COVID-19 tests
would give a more accurate description of how residents were treated in general and

would allow us to identify residents’ first test and positive test more reliably.

Health services such as the National Health Service of the United Kingdom have
large pools of untapped data that can be used for large scale, impactful analyses
[33]. Research such as this work is needed to demonstrate the work that can be done
going forward using linked, routinely collected datasets. The novel methodology
demonstrated can be used in more settings to gain insights to other longitudinal
care pathways such as what characteristics define what patterns of long-term cancer
care patients receive or a patient’s pattern of outpatient care within a specific system
such as neurology [34]. Implications from this study are limited by the nature of
Pillar 1 COVID-19 testing. Further updates to this analysis could involve using

additional primary care data to generate more complete pictures of pathways and
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characteristics allowing for more comprehensive results. Additional work on more
recent testing data that is less stratified could also provide additional insights,
however this would need to be viewed in the context of more recent COVID-19
policies. Comparisons between healthcare patterns during the pandemic and those
outside of the pandemic could also give further insight into how typical decision
making was altered by pandemic policy. Above all, this study demonstrates the
potential for large scale linkage of routinely collected healthcare data to investigate

longitudinal pathways of care for future studies going forward.
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2.6 Supplementary Material

This section was published as supplementary material to the main paper.

2.6.1 Methods

2.6.1.1 Data Description

Table 2.4: Description of each dataset used in the analysis.

Healthcare
Interaction

Datasets

Description

A&E

Inpatient

Inpatient Obser-

vations

Outpatient

Ward Episodes

Details of attendances at 5 A&E departments covered by
CDDFT including the two major acute hospitals: Darlington
Memorial Hospital and University Hospital of North Durham.
Date and location of attendance is included, along with details
of investigative procedures carried out on the patient and
diagnosis codes.

Details of inpatient spells in the CDDFT hospitals. Dates for
duration of overall stay and ward episodes within the stay are
included. ICD-10 (International Statistical Classification of
Diseases and Related Health Problems 10th Revision) codes
detailing diagnosis and comorbidities.

Early Warning Scores of inpatients during their hospital stay
(no constituent vital sign observations). Includes ward code
of stay, date and time observation was made.

Details of outpatient appointments. Includes date and
duration of interaction. Includes specialty of staff responsible
for the patient.

Details of patient ward episodes during their hospital stays.

Includes the ward code of the episode.
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Community

Health Call

COVID-19 Test-
ing (P1)

Details of community appointments and callouts in the
County Durham and Darlington area. Date and location type
(conducted at patient’s home, in community hospital etc) are
included, along with care plan details indicating the reason
for the interaction.

EWS observations of care home residents logged on the Health
Call app by carers. Contains the separate observations that
contribute towards calculating an EWS score and the time
the observations were taken.

Pillar 1 (swab testing in Public Health England (PHE) labs
and NHS hospitals for those with a clinical need, and health
and care workers’ 1), COVID-19 PCR test results from the
Trust’s Pathology Lab beginning in March 2020. Includes
age at date of test and date of test.

Additional
Data Sets

Discharges

Health Call Re-

ferrals

Health Call Im-

plementation

Summary dataset of hospital visits, including number of
hospital visits and dates of discharge from hospital. Also
includes care home (if applicable) of patient mined from
hospital records, and date of death (if applicable) contained
in hospital records of the patient. Used as a lookup table for
patient death dates.

Dates of activation and deactivation of care home residents
on the Health Call system. Activation dates refer to the
date they are first put onto the Health Call system, may
be when Health Call first goes live in the care home, or
when the resident first moves to the care home. Conversely,
deactivation dates may refer to the date a resident leaves
the care home (moves care home or goes back to own
accommodation) or dies. The data identifies the most recent
care home each resident has been assigned to, providing an
indicator of each resident’s care home.

Dates each Health Call care home ‘went live” and implemented

Health Call. This is the only non-patient level dataset.
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2.6.1.2 Defining Cohort
2.6.1.3 Identifying Individuals

Since the datasets contain information on the majority of CDDFT hospital
interactions, not just care home residents, we need to define the cohort of care
home residents we are investigating. We can use the common set of pseudonymised

NHS numbers to identify this set of individuals through all of the available datasets.

We primarily use the Health Call activations to define the cohort of care home

residents, since this contains all residents registered on the Health Call system.

This activations data will not include any residents that died before Health Call
went live in the home, since they are not registered on the system posthumously. In
order to combat this we identify additional residents of the Health Call homes using

their presence in other datasets:

e Hospital discharge data to an associated Health Call home

e COVID-19 tests in Health Call homes (over 65s)

We do not include any residents in the cohort who do not have any healthcare
interactions (no observations in the healthcare interactions datasets) at all after
they are identified.

2.6.1.4 Date of Addition to Cohort

We identify the date at which a resident can first be confirmed to be a care home
resident, and therefore the date they are added to our cohort, by looking for the
first date at which they were observed to be in a care home. This may be before
Health Call was introduced in the care home. The date of addition to the cohort is

defined as the earliest of the following types of observations:
e COVID-19 tests in care homes

e Activation on the Health Call system or any Health Call uploads

e Inpatient discharge to care homes or to address of a care home in discharge

dataset
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e Inpatient admission from care homes

e Community contact in residential or nursing homes

2.6.1.5 Date of Death

In order to identify when a person has died, we use three sources. The main source
of death dates is the discharge dataset, which contains details of deaths known
to the trust. We also identify death dates as the discharge date of a resident
whose discharge method was “Died”, or when there was a registered community

appointment for which the care plan sub-category was “Verification of death”.

2.6.1.6 Date of Removal from cohort

Some residents may move out of the area/group of care homes under investigation.
Our death data is likely not comprehensive. We can remove residents from the
cohort when they are deactivated from the Health Call system and not reactivated
again. If any of their activations have no deactivation date, they are considered still
active. Residents who are removed at this point but not considered to have died
unless we have a specific date of death. Their date of removal is whichever is earliest
of their registered deactivation from the Health Call system, or their date of death

defined previously.

2.6.1.7 Inclusion in Sequence Analysis

Sequences are removed when the sequence definition exceeds the boundary of a
resident’s time in the cohort. Sequences before the test are not included when a
resident moves into the home in the 10-days before the test (198 removed before
first positive test, 1,296 removed before a first test). Sequences after the test are
not included when the resident dies in the 10-days after the test, or their test is less
than 10 days before the end of the study period (316 removed before a first positive
test, 1,547 removed after a first test).

2.6.1.8 Identifying Resident Conditions

We have identified residents with certain conditions, so we can compare treatment,

trajectories, and outcomes of these residents. The rules are shown in Table 2.6.
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Table 2.6: Rules for condition identification.

Diabetes Community care plan subcategories; ‘diabetes care and
management ongoing’ and ‘blood glucose monitoring’
Outpatient appointments with staff type ‘DIABETIC’

Inpatient ICD-10 codes of; E08, E09, E10, E11, E13
Dementia Inpatient ICD-10 codes of; F00, FO1, F03

Frailty (Charlson Co- | Calculated using the ‘comorbidity’ R package using
morbidity Coefficient) | inpatient ICD-10 codes

2.6.1.9 Location and Test Result Correlations

Since the COVID-19 testing data is from Pillar 1 testing, we can investigate rates of
testing in each location as well as differences in positivity rates between the locations.
Using the trajectories defined in the main paper, we observe an individual’s highest
level of care each day. We link this to the days the residents in the cohort appear in
the COVID-19 testing data. We take one test per person per day and link to their

activity on the same day.

We also separate out testing in wave 1 and wave 2 (using the ONS estimations of
the start and end of each wave), in order to identify any differences in testing at

different stages of the pandemic.

As in the main paper, we use a simple Bonferroni multiple testing adjustment to
account for the fact that many tests are conducted in this document. We use an
adjusted significance level of v = 0.000862, from the original value of a = 0.05and

accounting for the 58 tests that are calculated in this document.

2.6.1.10 State Sequence Analysis Background

State sequence analysis is a clustering technique that groups similar sequences of
states using a dissimilarity measure. State sequence analysis was used in a health
setting by Roux et. al. who use sequences to describe treatment of multiple sclerosis
patients, with states describing the level of care consumption within a period of
time for each patient [35]. Vogt et. al. used the technique for treatment sequences
of heart failure patients aiming to identify and describe common ambulatory care
pathways between different providers [36]. Vanasse et. al. used multidimensional

State Sequence Analysis to understand healthcare utilisation for COPD patients,
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aiming to identify any areas of the healthcare systems where healthcare utilisation

can be reduced, and patient outcomes can be improved [37].

2.6.1.11 Optimal Matching

We use the optimal matching metric to measure similarity (or more accurately,
dissimilarity) between two sequences. The optimal matching metric is calculated
by transforming one sequence into another, by a sequence of three actions:
insertion, deletion, and substitution of states, each with a corresponding cost.
The dissimilarity between the two sequences is the (lowest possible) total cost of
these actions2. More similar pairs of sequences will have smaller a smaller optimal

matching metric.

In the case of this study, we set insertion and deletion costs to 1 for any state. The
cost of substitution from one state to the other depends on which states are involved
in the substitution. We create a symmetrical substitution matrix (n x n), where n
is the number of possible states, to define substitution costs. We define the cost of
substitution between state A and state B using the transition rate (occurrence of
successive states) of state A to state B and state B to state A. States that occur
consecutively more often have lower substitution costs. For example, community
states are often seen in the middle of care home stays — the community (internal)
and care home states often occur consecutively. Therefore replacing a care home
state with a community state would likely have a lower substitution cost than the
less common A&E state. The maximum possible substitution cost is 2, since this

would be the same as deleting state A and inserting state B.

For example, if we have two sequences A & B, both 3 states long. Where
A = {CareHome, CareHome, Community} and B = {CareHome, Community,
CareHome}. Two ways we could transform B to A are:

1. Insert care home as state 1 of sequence B

(a) A = {CareHome, CareHome, Community }
(b) B = {CareHome, CareHome, Community, CareHome}

2. Delete final state of sequence B

(a) A = {CareHome, CareHome, Community }
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(b) B = {CareHome, CareHome, Community }

1. Substitue 2nd state of sequence B for CareHome

(a) A = {CareHome, CareHome, Community }
(b) B = {CareHome, CareHome, CareHome}

2. Substitute final state of sequence B for Community

(a) A = {CareHome, CareHome, Community }

(b) B = {CareHome, CareHome, Community}

Since we have more than one way to transform sequence B to sequence A, we choose
the lowest cost method. The lowest cost method of transforming sequences is found
using the Needleman-Wunsch algorithm[38]. The minimum cost of transforming
from sequence A to sequence B is the same as the minimum cost of transforming

sequence B to sequence A.

2.6.1.12 Number of Clusters Selection

Once we have performed hierarchical clustering on the sequences, we identify most
and least similar sequences. In order to select the optimal number of clusters, we use
the average silhouette metric to quantify the relative quality of cluster assignments.
The average silhouette width compares the dissimilarities of within-cluster sequences
and the between-cluster distances for each sequence. Higher average silhouette
widths imply more consistent clusters, so we typically take the number of clusters

that maximises average silhouette width.

However, this can be a trade-off since more clusters can make results more difficult
to interpret. In each clustering, the trade-off between additional clusters and the
additional complexity they bring into the results must be assessed. We used the
size of the clusters that are created as an additional constraint on the number of
clusters selected, since clusters with fewer than 50 sequences were disallowed, and

the number of clusters is reduced by 1 if this criterion is met. The silhouette width
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Figure 2.4: The average silhouette width for the number of clusters (1-10) in the Before
First Positive Test sequences. 2 clusters were selected.

plot for selecting the number of clusters in the before first positive test sequences is

shown in Figure 2.4.

2.6.2 Results

Table 2.7 shows the datasets used for this study. Numbers of observations are
calculated for each of the datasets. Number of individuals is calculated through the

number of unique NHS numbers.

2.6.2.1 Cohort and Selection Flow Diagram

See Figure 2.5 for a flow chart of cohort and sequence selection.

2.6.2.2 Cohort Growth

Since our cohort is identified observationally —as time goes on from the start of the
study data, there are more data points available to identify our cohort with and the

number of residents who fit the criteria increases over time. This is shown in Figure

2.6.

Figure 2.7 shows the monthly number of observations in each healthcare interaction
dataset. Despite the gradually increasing cohort size seen in Figure 2.6, we still see

a drop in observations of secondary and community care.
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Table 2.7: Counts of observations and individuals in each complete data set.

No. of No. of Proportion of
Data Set Observations Individuals Cohort
A&LE 675,500 306,750 50%
Inpatient 480,745 177,403 29%
Inpatient 3,726,105 177,825 29%
Observations
Outpatient 1,770,173 328,638 54%
Ward Episodes 550,358 186,885 31%
Community 3,185,812 62,917 10%
Health Call 72,261 6,318 1%
COVID-19 Testing 240,805 94,531 15%
(P1)
Additional Data
Sets
Discharges 47,982 20,530 3%
Health Call 15,936 8,785 1%
Health Call 125 - -
Implementation
Total 10,701,759 612,408 -

*Individuals can be in more than one dataset hence the proportions do not equal 1.

2.6.2.3 Location and Test Result Correlation

Overall

We can see the association between where residents have been tested, and the result
of the test. We take one test per resident per day and link to their activity on the
same day. This results in 14,005 tests. Results indicate that the tests in our dataset
are not spread evenly across the locations. The most common location for tests
was inpatient with 53% (7,477) of the tests, with A&E the second most common
with (23%). The least common was outpatients, with 0.1% (16) of the tests. It
also appears that the test result is associated with the location of the test (chi-
squared test for independence p < 0.0005). Tests with a community interaction
(both internal and external) on the same date were positive 26% of the time. The

rest of the interactions are generally around 5% positive.

The correlations between where residents have been tested, and the result of the

test can be found in Table 2.8.
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Table 2.8: Table of proportions of test results in each of the locations where the residents

received a COVID-19 test.

Overall | Positive Negative  Not tested Total
Care Home 6% 91% 3% 2,447
Care Home (Community 19% 78% 3% 2,156
check up)
Community External 17% 80% 3% 82
A&LE 6% 92% 2% 4,889
Inpatient (Hospital) 4% 94 3% 12,842
Outpatient (Hospital) - 100% - 28
Wave 1
Care Home 56% 42% 2% 155
Care Home (Community 53% 45% 2% 641
check-up)
Community External 5% 43% 0% 21
A&LE 24% 72% 4% 302
Inpatient (Hospital) 23% 74% 2% 316
Outpatient (Hospital) NA NA NA 0
Wave 2
Care Home 3% 94% 3% 1,083
Care Home (Community ™% 99% 5% 473
check-up)
Community External 0 94% 6% 17
A&LE ™% 92% 2% 1,482
Inpatient (Hospital) 4% 93% 3% 3,705
Outpatient (Hosptial) 0 100% 0 7
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There is a large difference between where the tests are conducted during the first
wave and the second wave. The COVID-19 testing in the (pillar 1) data is more
often conducted in the care homes during the first wave, whereas the testing is much
more common in hospital settings (inpatient and A&E) during the second wave of
the pandemic. Overall rates of positive tests in the residents reduce dramatically in

the second wave.

2.6.2.4 Cluster Associations Table

Included here are the raw numbers of crossover between characteristics and
clusters and p-values of the chi-square tests for independence between the resident

characteristics/outcomes and the cluster assignments of the sequences.

Table 2.9: Table of p-value of chi-squared test of independence between the cluster
assignments and corresponding outcomes and comorbidities.

Mortality Diabetes Dementia Chacrison
10 Day Before 0.71 0.00026 0.15 0.27
Positive
10 Day After 0.12 1.0 x 1078 0.00036 0.83
Positive

10 Day Before 0.68 2.0 x 1076 0.088 1.4 x 1078
All First Tests

10 Day After | 9.3 x 10°® 1.1 x 107 4.7 x 10717 0.0092
All First Tests

2.6.2.5 Further Cluster Associations

Association with Test Result
Associations between test result and the cluster assignments were investigated in

order to better understand the testing regime.

Association with Wave of Pandemic

Inpatient clusters are more common during Wave 2 of the pandemic, for the
sequences both before and after a resident’s first positive COVID-19 test. Only
a small number of residents’ first tests occur within Wave 2, which is likely why the

association between wave and cluster assignment before a resident’s first test is not
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significant. However, the cluster assignments after a resident’s first test appear to
still be statistically significant, in-keeping with the trend of more residents receiving

higher levels of care during the second wave.

2.6.2.6 Clustering Waves Separately

Wave 1

The clustering in Figure 2.8 looks similar to the overall one in the main paper. There

is a slightly smaller proportion of inpatients in each assignment.

The cluster assignments for the testing in the first wave and characteristics of the
residents shown in Tables 2.12 and 2.13 generally have fewer significant associations

than the full clustering. This is likely due to the smaller sample size.

Diabetes is generally significantly associated with the higher care consumption
clusters as seen previously, however the before the first positive test this is not
the case. The percentage difference looks to fit the trend, however, is not large
enough to be significant. Half of the residents in the care home after their test,
tested positive, while only 24% of the residents who were an inpatient after their

test were positive.

Dementia was not found to be significant for any of the cluster assignments,

indicating residents with dementia were significantly treated in one particular.

Charlson comorbidity index was found to be significant for the care before first
COVID-19 test, with residents with a higher index being more often in higher levels
of care. This is, likely due to the presence of the inpatient cluster. The residents in

hospital were also frailer than those who stayed in the home.
Wave 2
Clustered sequences for Wave 2 are shown in figure 2.9.

The sequence associations with resident characteristics are shown in Tables 2.14
and 2.15. ‘After positive test’ sequence definition in the second wave is the only
set where the care home cluster is not the most common cluster. This reflects the
fact the pillar 1 testing in the second wave is more routine testing on arrival to

hospital. The inpatient clusters include a larger proportion of the residents in the
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‘After’ sequences than in the overall testing clusters, evidencing this further.

There appears to be no statistically significant relationship between diabetes and
the clusters for the sequences before and after a resident’s first positive test. This is
also likely due to the sample size, as we still see the residents with diabetes in the

clusters relating to higher levels of care.

After a resident’s first test, residents with dementia make up 31% of the community
cluster and make up a similar proportion of residents in the two inpatient clusters

and are more prevalent than they are in the home cluster.

From the tests in the second wave, residents who have been an inpatient after their
test have the highest rate of deaths. This is intuitive, since residents receiving the

highest levels of care are likely to be the highest mortality risk.

2.6.2.7 Limitations of State Sequence Analysis

State sequence analysis in this application quantises care into discrete states, with
one per day- collapsing down any days where more than one event occurs. We use a
resolution of 10 days that attempts to balance complexity/length of the sequences
and how well it represents the events happening during the sequence. Smaller time
units would allow a more precise description of events but can result in sequences
and clusters that are to interpret over longer time periods. Additional contextual
information is also not included in the analysis, so specific circumstances/reasons

for each healthcare event are not included.

The sequences are treated as a whole, where patterns of states are identified. A
transition matrix is used to define the substitution costs through the transition
rates between the states, however order forwards and backwards in the sequences
are treated equally. The sequence analysis does not have a temporal component
other than the order of the sequence, and therefore transitions backwards are treated

equally to transitions forwards.
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Data

Population — Used any service
n = 612,408

Care home residents — Appear in Health

Call dataset
n=8,702
s N
Residents with any Residents with any positive
EXCLUDE: COVID-19 test results COVID-19 test results
Move into home less than 10 n=4,767 n=1,049
days before test. ~ /
n=1,296 & --------’
Died within 10 days of test. - A 4
n=1547 / Sequences before first \
Sequences before first test positive test
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n=23,220 positive test
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days before test.
n=198
Died within 10 days of test.
n=316

Figure 2.5: Flow chart demonstrating selection of the cohort, and sequences used in the

analysis.
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Figure 2.6: Number of residents in the cohort over time, also indicating the total number
of residents that have died and how many tested positive for COVID-19 each month.
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Figure 2.7: Numbers of observations in each dataset over the study period. Broken down
by entire dataset population and the cohort of care home residents.

Table 2.10: Table of associations between cluster assignments and test result of index

event.
Test Result Test
Pos Neg Result
Cluster 1 NA
10 Days (Inpatient) NA NA
Before First n=142
Positi
ositive Cluster 2 (Home) NA NA
n =709
Cluster 1 NA
10 Days After (Inpatient) NA NA
. L n=195
First Positive
Cluster 2 (Home)
n=>538

Cluster 1 (Home)
n=3,159

10 Days Cluster 2
Before All (Community)
First Tests _

n=140
Cluster 3
(Inpatient)
n=172
Cluster 1
10 Days After (Inpatient)
All First n=2810
Tests Cluster 2
(Inpatient/Home)
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Table 2.11: Table of associations between cluster assignments and wave the test occurred

1m.
‘Wave p-value
1 2
Cluster 1 2.2e-16
10 Days (Inpatient) 22 78
Before First n=142
Positive
Cluster 2 (Home) 76 24
n=709
Cluster 1 2.2e-16
10 Days After (Inp a"eiltl) 05 & &
First Positive ci tn ; (Home)
[uster ome
n=538 80 20
Cluster 1 (Home) 0.016
n=3,159 e 38
10D Cluster 2
ays .
Before All (C‘)mml“i"%) 2 B
First Tests n=
Cluster 3
(Inpatient) 48 52
n=172
Cluster 1 8.35¢-20
(Inpatient) 28 72
n=_810
10 AD:;): Aiter Cluster 2
Teslt:s (Inpatient/Home) 32 68
n=>578
Cluster 3 (Home)
49 51
n=1,832
1. Before Positive Test 2. After Positive Test
Cluster 1 Cluster 2 Cluster 1 Cluster 2
(n=512) (n=31) (n = 406) (n = 64)
c <
o o
o 2
o () =
a — a
= —— Location
y —— r Care Home
10 5 10 5 10 1 5 10 "
Days before positive test Days since positive test Care Home (Community check up)
. . Community External
3. Before First Test 4. After First Test ASE
Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Inpatient (Hospital)
(n=1014) (n=39) (n =28) (n=781) (n=197)
= | — Outpatient (Hospital)
= —— D =
(=3 = o
o — = o —=
@ -—= 2]
O [ =
[ — = a i
B = . =
== L] — —
5 1 10 5 1 10 5 1 1 5 R
Days before first test Days since first test

Figure 2.8: Cluster assignments describing typical patterns of care before and after
residents’ first positive tests and first tests during the first wave of the pandemic.
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Table 2.12: Table of the associations between the cluster assignments of the trajectories
before and after a resident’s first positive test and a resident’s first test, and the
characteristics of the residents in the cluster. Filtered for wave 1.

28 Day Diabetes Dementia Charlson CI
Mortality (Proportion of those with a CCI)

T 0 0 o | 1. NS
PRION RXORRION RIONRION KIGREEIONESICON N

Cluster 1
(Inpatient) 23 77 18 82 20 80 08 54 29 09
n=142

Cluster 2
(Home) 23 77 35 65 23 77 00 53 33 13
n=709

Cluster 1
(Inpatient) 10 90 15 85 18 82 06 54 31 09
n=195

Cluster 2
(Home) 19 81 38 62 33 67 05 55 29 11
n=>538

Cluster 1
(Home) 15 85 18 82 20 80 08 52 30 10
n=3,159
10 Day Cluster 2
Before All (Community) 15 85 41 59 21 79 05 37 40 18
First Tests n= 140

Cluster 3
(Inpatient) 14 86 93 07 46 54 00 08 60 32
n=172

10 Day
Before First

Positive

10 Day
After First
Positive

Cluster 1
(Inpatient) 06 94 18 82 20 80 08 50 31 12
n=_810
Cluster 2
(Inpatient/Ho
me)

n=578
Cluster 3
(Home) 23 77 18 82 20 80 08 54 29 09
n=1.832

10 Day
After All
First Tests

07 93 32 68 25 75 06 47 36 11

Table 2.13: Table of the p-values of the associations between the cluster assignments of
the trajectories before and after a resident’s first positive test and a resident’s first test,
and the characteristics of the residents in the cluster. Filtered for wave 1.

Mortality | Diabetes Dementia | Charlson
CI

10 Day Before 0.95 0.017 0.76 0.93
First Positive
10 Day After 0.058 4.1e-05 0.013 0.96
First Positive
10 Day Before 1 1.1e-22 0.0029 5.7e-0.6
All First Tests
10 Day After All 0.72 8.9e-06 0.07 0.63
First Tests
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Figure 2.9: Cluster assignments describing typical patterns of care before and after
residents’ first positive tests and first tests during the second wave of the pandemic.
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Table 2.14: Table of the associations between the cluster assignments of the trajectories
before and after a resident’s first positive test and a resident’s first test, and the
characteristics of the residents in the cluster. Filtered for wave 2.

28 Day Diabet D G Charlson CI
Mortality nabetes ementia (Proportion of those with a CCI)

(;) F(%) | T(%) | F (%) T (%) F (%) 0(%) | 1-2(%) | 3-4 (%) (?/5)

Cluster 1
(Inpatient) 26 74 26 74 24 76 52 05 43 00
n=142
Cluster 2
(Home) 18 82 27 73 33 67 52 14 27 07
n=709
Cluster 1
(Inpatient) 24 76 39 61 26 74 49 13 31 07
n=195
Cluster 2
(Home) 12 88 59 41 24 76 32 26 42 00
n=>538
Cluster 1
(Home) 09 91 25 75 18 82 12 44 38 07
n=3,159
10 Day Cluster 2
Before All (Community) 12 88 35 65 30 70 07 46 36 11
First Tests n =140
Cluster 3
(Inpatient) 11 89 20 80 22 79 08 53 32 07
n=172
Cluster 1
(Inpatient) 10 90 35 65 08 92 06 57 30 06
n=_810
Cluster 2
(Inpatient/Ho
me)

n=>578
Cluster 3
(Home) 01 98 15 85 14 86 09 50 35 06
n=1,832

10 Day
Before First
Positive

10 Day
After First
Positive

10 Day
After All
First Tests

Table 2.15: Table of the p-values of the associations between the cluster assignments of
the trajectories before and after a resident’s first positive test and a resident’s first test,
and the characteristics of the residents in the cluster. Filtered for wave 2.

Mortality | Diabetes Dementia | Charlson
CI

10 Day Before 0.56 0.44 0.72 0.44
First Positive
10 Day After 0.73 0.11 0.05 0.67
First Positive
10 Day Before 0.99 1. 0e-17 0.079 0.016
All First Tests
10 Day After All 4.9e-04 1.7e-13 4.0e-08 0.21
First Tests
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Abstract

Background: A substantial number of Emergency Department (ED) attendances
by care home residents are potentially avoidable. Health Call Digital Care Homes
is an app-based technology that aims to streamline residents’ care by recording
their observations such as vital parameters electronically. Observations are triaged
by remote clinical staff. This study assessed the effectiveness of the Health Call

technology to reduce unplanned secondary care usage and associated costs.

Methods: A retrospective analysis of health outcomes and economic impact based
on an intervention. The study involved 118 care homes across the North East of
England from 2018 to 2021. Routinely collected NHS secondary care data from
County Durham and Darlington NHS Foundation Trust was linked with data from
the Health Call app. Three outcomes were modelled monthly using Generalised
Linear Mixed Models: counts of emergency attendances, emergency admissions and
length of stay of emergency admissions. A similar approach was taken for costs.

The impact of Health Call was tested on each outcome using the models.

Findings: Data from 8,702 residents were used in the analysis. Results show Health
Call reduces the number of emergency attendances by 11% [6-15%], emergency
admissions by 25% [20-39%] and length of stay by 11% [3-18%] (with an additional
month-by-month decrease of 28% [24-34%]). The cost analysis found a cost
reduction of £57 per resident in 2018, increasing to £113 in 2021.

Interpretation: The introduction of a digital technology, such as Health Call, could
significantly reduce contacts with and costs resulting from unplanned secondary care

usage by care home residents.
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3.1 Introduction

There are around 17,700 care homes in UK with around 430,000 residents. Most
residents are over 80 years old with varying levels of complex healthcare needs.
Hospital attendances and admissions can be hazardous for residents, with high rates

of hospital-acquired infections, increased confusion and falls.

Generally, older patients prefer to be treated at their normal place of residence, but
current NHS service configurations frequently struggle to achieve this. One aspect of
the problem is high rates of Emergency Department (ED) attendance and hospital
admissions. The NHS Long Term Plan [1] commits to better healthcare provision

for care home residents.

The potential scope for reducing these, and the associated patient benefits and
cost savings have been explored [2], and ready access to advice from healthcare
professionals was cited as fundamental to delivering these reductions. Digital
technology may be a scalable and cost-effective method to support timely advice,
shared decision making and deliver closer working between agencies. However,
evidence is needed to support these hypotheses along with an understanding of

how to implement such tools to ensure appropriate uptake.

Health Call Solutions is a digital health initiative collaboratively run by seven NHS
Foundation Trusts across North East England and North Cumbria. One of the
solutions provided is the Health Call Digital Care Homes Application (app), designed
for use by staff in care homes [3]. A primary goal of the app is to reduce avoidable
secondary care for the residents in the homes, through timely access to clinical advice
[4, 5].

The app provides a structured method for seeking clinical advice for the management
of care home residents who become unwell. Upon implementation of the system,
the staff are trained to use it to record residents’ vital signs readings and other
observations through a form on the app (see Supplementary Figure 3.5). A National
Early Warning Score 2 (NEWS2) score is calculated from these observations on
upload. The form also includes a section for free text describing a resident’s condition
using a Situation, Background, Assessment, Recommendation (SBAR) approach,
which is a structured form of communication used to enable information to be

conveyed accurately. Information uploaded to the app is automatically fed into
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the resident’s Electronic Health Record (EHR) and a Single Point of Access (SPA)
where clinical staff triage referrals with the context of the patients entire EHR and
provide advice and next steps on the care for the residents. The SPA is monitored by
clinical staff during working hours; outside of these hours, emergency presentations

would require a more traditional approach.

The app replaces the traditional method of seeking advice through telephone calls
with sometimes limited and incomplete information. It provides a faster response
and advice for care home staff allowing staff and clinicians to work swiftly together on

resident presentations, facilitating early identification of residents’ health problems.

Health Call’s pilot area was County Durham and Darlington, a mixed rural/urban
area in North East UK. We evaluated the effectiveness of the Health Call app
by looking for changes in the utilisation of unplanned secondary care as well as
associated costs to service providers for care home residents before and after Health
Call is implemented in their care homes. This was done using a large, linked dataset
of healthcare interactions within County Durham and Darlington NHS Foundation
Trust (CDDFT) and data from the Health Call app.

3.2 Methods

We utilised data from the Health Call app from its rollout in December 2018
until August 2021. Three care home datasets from Health Call covering resident
enrolment, home enrolment and uploads on the app are linked to six routinely
collected datasets from CDDF'T, including ED, inpatient, outpatient and community
nursing data. An additional dataset containing information on patients’ hospital
discharges was also used. See Table 2.4 for a description of each dataset. Recording
practices for the data used in this study remained constant throughout the study

period. Primary care and ambulance service data were not included.

3.2.1 Linkage and cohort selection criteria

Each dataset used a pseudonymised NHS number as an individual identifier, meaning
the same individual could be identified across all of the datasets. We defined the
study cohort using registration data from the Health Call app. The registration data

include dates when a care home resident was ‘activated’ and ‘deactivated’ from the
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system and their care home’s name. The activation date refers to when a resident
was added onto the Health Call by the home. A resident is deactivated after they

die or move away.

A resident was included in the study cohort from the first date at which an
observation from any of the datasets placed them in the home that they were
activated in. From this date they are a ‘non-Health Call resident’ until their
activation date. If they had no deactivation (or death) date, they were assumed to
still be living in a home using Health Call at the end of the study period. Residents
were removed from the cohort when there was a ‘deactivation date’ or an identified
death date for the resident in any of the datasets. A typical resident timeline is
shown in 3.1. We also used observations to identify a small number of residents who
were observed to be in the care homes that used the app, but were never ‘activated’
on the system who stayed as non-Health Call residents. Residents activated on
Health Call who are not observed to have any healthcare interactions before their

activation date are not included in the cohort.

First healthcare .
observation in Activated on Deactivation or
care home HealthCall death

| | l

| f | f

No resident Added to cohort as non- Status changes to Not in
data HealthCall care home HealthCall care home cohort
Not in cohort resident resident

Figure 3.1: Diagram demonstrating residents’ transitions into the cohort and subsequent
activation as a Health Call Resident.

3.2.2 Primary Investigation

We investigated three co-primary outcomes as potential indicators of change in
unplanned secondary care usage. We hypothesised that the introduction of Health
Call impacted the way residents and staff interacted with secondary care; related to

ED usage and recovery from hospital stays. We investigated the following:

1. Monthly emergency attendances
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2. Monthly emergency admissions

3. Length of stay of emergency stays

Further details of these outcomes can be found in the Supplementary section 3.6.2.2.

We also provide an economic evaluation to calculate change in costs to service

providers due to the introduction of Health Call.

Service costs related to ambulance journeys to EDs, attendance at EDs, emergency
inpatient stays and outpatient attendances were assigned a unit cost. These were
summed to produce a total cost, at 2019/20 price levels, for each patient each month

they were part of the study cohort.

ED and outpatient activity were costed using their associated healthcare resource
group and National Reference costs for 2019/2020 [6]. For inpatient stays, National
Reference costs for 2017/2018 were used [7] and inflated to 2019/2020 price levels
using the NHS Cost Inflation Index [8]; these costs represent the most recent for
which a cost per day can be derived. Visits to care homes by healthcare professionals
were costed as either by a district nurse or community matron, with 1 hour of time
being assigned to in-person visits and 15 minutes for other types of visit [8]. The

full set of unit costs are shown in Table 3.4.

3.2.3 Statistical modelling

We fitted a statistical model to each of the outcomes under investigation to
understand typical patterns in these outcomes over time, and assess the impact
of the introduction of the Health Call app. The gradual rollout of the app over
the study period as well as the occurrence of the COVID-19 pandemic during the
study period were key issues to address in the study design. These factors along
with the retrospective nature of the study meant typical intervention evaluation
methods, such as interrupted time series and difference-in-difference analysis would
not suffice. They cannot account for issues such as the effect of the pandemic, many

intervention time points and the dynamically changing cohort size.

To incorporate the different Health Call ‘activation’ times for each of the residents
we fitted resident-level Generalised Linear Mixture Models (GLMM). We created

baseline models that do not include Health Call as a predictor variable and compared
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to models including a binary variable indicating whether a resident is activated on

the Health Call system. These models were fitted using the Imej package in R [9)].

The baseline GLMM was fit to resident-level outcomes, without accounting for
Health Call. This model included a random intercept for care homes, and a nested
random intercept for each resident. This structure allowed for variations between
care homes and residents and reflects that each resident resides in only one care
home. We used a Poisson model specification with a log-link function for the three

patient outcome models.

The model contained five fixed effects variables, to account for typical seasonal
patterns in outcomes as well as the impact of the COVID-19 pandemic, which
occurred during the study period. The variables were a yearly harmonic pair (two
sinusoidal curves to model cyclic fluctuations over the course of a year); month
number (number of months passed of the study period); monthly CDDFT COVID-
19 bed days (proxy for local COVID-19 prevalence to account for the impact of the
pandemic); and pandemic wave (categorical variable to account for fluctuations in
impact over the course of the pandemic). A mathematical description of the baseline

model can be found in the Supplementary Material in section 3.6.2.3.

For the economic outcome measure, costs were analysed in a similar fashion, but
a two-part ‘hurdle’ model specification is used, given the nature and skew of these
data; the best model based on a Cullen and Frey plot adopted logistic and gamma
link-functions [10]. The logistic regression estimated the probability that a resident
has zero costs in a given month, while the gamma regression estimated the costs
contingent on a resident having non-zero costs. Cost per resident is then calculated
based on the predictions of the two regressions. This was conducted using the

glmmTMB package in R.

The impact of Health Call was modelled as both an immediate step effect (binary
main effect in the model) and an additional ongoing effect (as an interaction term
between the binary Health Call variable and the linear month number variable).
We conducted likelihood ratio tests (LRT) to assess the impact of including the step
(baseline vs step model), then additionally the ongoing effect in the model (step
model vs step and interaction term model). Due to the analysis of costs requiring a
two-part model, step and ongoing impacts of Health Call were assessed for each of

the associated regressions.
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3.3 Results

A total of 8,702 care home residents were identified and added to the cohort. The
cohort selection criteria is visualised as a flow chart in Supplementary Figure 3.6.
The cohort selection criteria meant that the cohort grew over time as residents were
identified based on appearances in observational datasets. The relative size of the
group of non-Health Call residents depletes as residents are registered on Health
Call over time. The overall cohort size and number of residents in each group can

be seen in Figure 3.2.
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Figure 3.2: Number of residents in the cohort in each month of the study. The colours
separate the groups of non-Health Call and Health Call residents.

Of the 8,702 residents, 2,549 died within the study period. The median resident
age was 85. Some residents were deactivated from the Health Call system for other
reasons, for example, if they moved to a non-Health Call home. A summary of the
characteristics of the cohort can be found in Table 3.1. Plots of raw outcomes can

be found in Supplementary Figures 3.7 - 3.20.

A demonstration of the model including the Health Call binary variable for monthly
attendances fitted over the study period can be seen in Figure 3.3; this shows how
the model varies over time and highlights the step change between the residents
on the Health Call system (blue) and those that aren’t (red). An ongoing change
was not included in this model since it was not found to be significant, hence the
parallel lines. Results of the LRT, and the associated relative risks (derived from
the coefficients) can be found in Table 3.2.
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Table 3.1: Characteristics of the cohort of care home residents included in the study.

Median IQR

Age* 85 79-90
Number of Observations 58 29-109
Months in cohort 19 11-31
Months as non-Health Call resident 13 5-19
Months as Health Call resident 14 6-18

Male Female
Gender 3,086 (35%) 5,616 (65%)

True False
Died (within the study period) 2,549 (29%) 6,153 (71%)

0 1-2 3-4 >5

Charlson Comorbidity Index ** 324 (8%) 2,111 (52%) 1,292 (32%) 324 (8%)

*We do not have age information for 1,394 of the residents.
**We could not calculate a Charlson Comorbidity Index for 4,671 residents due to them
not having registered ICD-10 codes from their inpatient stay.

Table 3.2: Results table showing estimated relative risk for the Health Call step (main
effect) and monthly change (linear interaction term) and associated statistics. P-values
presented here are those of the LRT of including each outcome in the model.

Outcome Effect Estimate (RR) 95% CI = LRT p-value
Emergency Step 0.892 0.846-0.941 <0.001
attendances Ongoing 1.003 0.999-1.008 0.1923
Emergency Step 0.751 0.708-0.795 <0.001
admissions Ongoing 1.015 1.009-1.021 1.000
Length of Step 0.892 0.817-0.974 <0.001
stay Ongoing 0.719 0.665-0.755 <0.001

Results discussed in this paper referring to the three outcomes are from the
modelling. Raw results can be found in the supplementary materials. The number
of ED attendances and admissions for residents on the Health Call system were
typically 11 and 25% less than the non-Health Call residents. Length of emergency
inpatient stays were reduced by 11%, with a slope indicating decreasing length of
stay for Health Call residents of each month of the study reducing by 28% respective

to the previous.

Health Call was estimated to produce an immediate 27% reduction in the odds of
a resident-month incurring zero costs; however, there was an estimated long-term

trend of increasing odds per-month of zero-cost resident-months of 3% (Table 3.3).
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Figure 3.3: The expected number of ED attendances from the model over the study
period for residents on the Health Call system and residents not on the Health Call
system. Ribbons show 95% prediction intervals.

Health Call produced an immediate 24% reduction in non-zero costs. The longer-
term trend in non-zero costs, while statistically significant, is small 0.03% (Table
3.3). Combined, these predictions show that there is an immediate decrease in the
probability of a zero-cost and a reduction in non-zero costs, with the magnitude of
the decreased costs becoming greater over time (Figure 3.4). The predicted values
for each component part of the two-part model are shown in Figures 3.21 and 3.22.
Predicted monthly costs per-resident for the four calendar years are shown in Table
3.4, and show a £57 reduction in cost per resident in 2018, increasing to a £113
reduction in 2021.

InHealthCall
FALSE
— TRUE

Fitted cost

Date

Figure 3.4: Predicted mean cost per resident of Health Call and non-Health Call homes
over the study period.
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Table 3.3: Impact of Health Call on non-zero costs and the probability of zero monthly
costs in the form of odds ratio (OR) for zero cost models and relative risks for the
magnitude of costs model (RR). P-values presented here are those of the LRT of
including this variable in the respective model.

Outcome Effect Estimate (RR) 95% CI  LRT p-value
Zero-cost Step 0.730 0.675-0.790 <0.001
(OR) Ongoing 1.026 1.023-1.029 <0.001
Magnitude of | Step 0.762 0.675-0.790 <0.001
non-zero cost | Ongoing 1.003 1.000-1.006 0.024
(RR)

3.4 Discussion

This study suggests that the introduction of a digital technology intervention such
as Health Call may significantly reduce contacts with and costs resulting from
emergency care service use by care home residents. The modelling suggests an
11% reduction in estimated monthly number of ED attendances experienced by
Health Call registered residents compared to non-Health Call registered residents.
In addition, there was a 25% reduction in emergency hospital admissions further
reducing impact on the hospital system. Health Call residents also experience 11%
shorter emergency hospital stays, with an increasing reduction in stay over the study

period of 29% compounded each month.

Improved communication between care home staff and the NHS, including NHS
community nursing services, provides greater opportunity for joint decision making
on the delivery of optimal care for residents, which we found led to a reduction in ED
attendances and hospital admission. The associated qualitative study undertaken
alongside this quantitative analysis [5] found that additional input from a multi-
disciplinary team improves the confidence of care home staff by providing greater
monitoring, and earlier identification of deterioration. This in turn may impact on
the reduced length of hospital stay due to earlier detection and prompt management

of illness.

The cost analysis indicates reduced health care costs for residents registered on the
Health Call system, with the magnitude of this reduction increasing over time. This
trend is driven by any given resident having an increasing probability of having zero
costs over time. In the first year of operation, cost savings of £57 per resident-month
were estimated, which equates to £247 million for the first year across UK, based

on a care home population of 360,792 [4].
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A key success of the paper is that the app was evaluated using routinely collected
NHS data linked with observational data from the app. The methods presented
attempt to minimise the impact of a challenging study period and gradual roll-
out by modelling both intervention and non-intervention groups to calculate the
impact of the intervention on outcomes. We demonstrate the research that can be
done using a pragmatic approach to statistical analysis with routinely collected NHS
data. The large amounts of data stored in NHS systems provide potential for more

analyses such as this one.

As part of the NHS Long Term Plan, there was a promise to roll out Enhanced Health
in Care Homes (EHCH), which highlights the use of technology for telehealth, remote
monitoring and sharing of information to reduce uncoordinated care [11]. The Health
Call system falls within this scope and this study demonstrates the impact of the
technology on the healthcare system.

In a 2016 report, The Health Foundation stated that ED trips could be avoided
by more data sharing between care homes and NHS services and use of clinical
input in care homes [2]. Our results indicate that monitoring and administering
of healthcare facilitated by the Health Call system could help address these issues.
The report also highlights the challenges in accessing routinely collected data on
care home residents. This study demonstrates the requirement of this linked data
for appropriate evaluations and underlying the need to identify ways to make it more

available such as the current NHS secure data environment program [12].

A number of digital interventions in care homes have been piloted in recent years,
each with differing techniques to address the problems highlighted in the EHCH
framework. The usage of telehealth has become particularly widespread since the
start of the COVID-19 pandemic [13]. The Innovation Collaborative published a
Rapid Review of remote monitoring technology in care homes [14]. The report
identifies 19 remote monitoring technologies (including Health Call) used in the
UK and Ireland, with 8 case studies and one published evaluation. There is a
growing body of work on telehealth initiatives for older adults outside care homes
[15]. The range of technologies becoming available highlights the need to evaluate
their effectiveness using robust statistical methods, similar to those in this paper.
Linkage of routinely collected hospital data with data collected through the usage
of the technologies, as described here, provides a route for post-implementation

evaluation of the technologies using only administrative data.
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The study had a number of limitations. The data contained no timestamp of when
a resident in the study first moved into long term care. Hospital discharge records
were used to identify the date at which a resident was first observed to be in a care
home. This identification method leads to a changing cohort size over time and
class imbalances between the Health Call and non-Health Call residents. The study
period was reduced prior to modelling to remove the months with the largest class
imbalances. The model specification was used to account for the change in group

sizes over time.

Residents were removed from the cohort when either deactivated from the Health
Call system or they died. Since residents have generally been activated on the
Health Call system before they are removed from the study (deactivation or death),
a period of inactivity between actual and recorded deactivation could contribute to
lower rates of healthcare utilisation, and therefore cost, for residents in the Health

Call group.

Covariates in the model were limited by the available study data. Resident
comorbidities and characteristics would be unreliable to identify using observational
data. Linked home characteristics such as type of home and number of residents
were also not included as they were found to not provide a significantly better fit
to the model. Variation between residents and homes was instead captured by the

hierarchical random intercept structure of the model.

This study was timely, as the onset of COVID-19 during the study period led to rapid
uptake of Health Call. Our modelling aimed to disentangle the impact of Health Call
from that of the COVID-19 pandemic on healthcare utilisation, by using a proxy
for COVID prevalence and a pandemic wave variable. However, as the impact of
the pandemic was immeasurable, results from this study may not reflect those that

would have been observed during a non-pandemic period and type 1 error is possible.

For the costs analysis, two additional weaknesses are the lack of complete ambulance
service data and the nature of the community contacts data. For ambulance data,
only calls resulting in an ED attendance have been included in our cost estimates.
For community contacts, length of contact was not available, and the profession of
the health care worker was poorly defined, leading to imprecise allocation of unit
costs to staff. However, these issues were consistent for both Health Call and non-

Health Call residents, so confounding is likely to be minimal.

67



Chapter 3.  FEwvaluating digital technology in care homes

The estimated reduced costs reflect changes in the utilisation of NHS services. Not
all changes across the health and social care system were included in our analysis,
with the costs of the Health Call system and associated care home activities being
the most prominent of those exclusions. While the cost of Health Call will be clear
to Integrated Care Boards when purchasing the system, the potential costs to care

homes are important to consider for successful implementation.

Our research provides key insights into how the introduction of a technology like
Health Call impacts healthcare utilisation and cost outcomes. Future research could
investigate the decision-making process in more detail, looking at decisions made
from each individual upload from the app. This would allow for further investigation
into the direct outcomes from the altered decision making provided by the app, to

allow for a more detailed analysis of safety of decision-making.

The results shown in this paper are promising, but a definitive trial would help
establish the true impact of the technology. Research over a larger area and longer
time period, with more time before and after the intervention is introduced could
improve reliability of results. The time period was limited by the data available.
Randomisation of the Health Call roll-out over a wider area would be desirable to
ensure findings are robust. Further research could also test technologies like Health

Call in other settings such as mental health facilities.
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3.6 Supplementary Material

This section was published as supplementary material to the main paper.

3.6.1 Additional Health Call Information

Resident details are input through the form in the app. Figure 3.5 is an example of
the form that will be filled out by the care home staff. The form is in the Situation,
Background, Assessment, Recommendation structure. The information in this form
is then sent to the clinicians at the Single Point of Access (SPA). The clinicians
review the observations and action as appropriate. The resident’s electronic patient

record is also updated.
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&
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65
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oS oL
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@ B reading (mmHg) (optional this moming
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Figure 3.5: Screenshots of the Health Call app. They show the form for inputting resident
status and readings.
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3.6.2 Methods

3.6.2.1 Data Description

The datasets used in this analyses are the same as those from the previous chapter.
See Table 2.4.

3.6.2.2 Outcome Definitions

Outcomes are modelled on a disaggregated resident-basis. The first two model
estimates are an expected count for one resident in a month. The third is the length
of stay. The outcomes are counted when the patient is classed as a care home
resident at the point in time of their healthcare interaction (see main paper Section

3.2.1).

1. Monthly emergency attendances. Calculated from the ED data. Raw numbers
are the count of attendances each resident experienced in each month of the

study period.

2. Monthly emergency admissions. Calculated from the ED data. Raw numbers
are the count of admissions to hospital from the ED that each resident

experienced in each month of the study period.

3. Emergency length of stay. Calculated from the inpatient data, only including
stays classed as emergency. In this outcome, residents can have multiple stays
each month. Raw data is length of stay for each stay, grouped by admission
month. Modelling is essentially expected length of stay for stays beginning in
a given month. Lack of stays does not contribute to the model in this case

(like a count of zero attendances in a month would).

3.6.2.3 Model Specification

Let y be the outcome variable of the investigation. i, ¢ = (1, ...,n) corresponds to a

resident from care home j, (j =1, ..., g).

Outcome Y is the monthly count of events for each residents (this will vary
dependent on the outcome we are modelling), we assume that these counts follow a

Poisson distribution. In the length of stay outcome, it is a count of days for each
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stay, rather than events in a given time frame.

A is the estimated mean of the

distribution. We use a log-link function between A and outcome y.

The baseline model takes the form,

Yijr ~ Poisson(yijx; Aijk)

Nijk = h(Nijk) = Bo + Bizrije + Boaiji + ... + bj + ¢ij + €5

b ~ Normal(0, 721,)

¢; ~ Normal(0, 721,,)

€ijk ™~ Normal(O, Uijk)y

where 7 is the linear predictor, 8 are the regression coefficients. ., is the kth

observation of variable p, of individual ¢ from care home j.

by corresponds to

variation on a care home level, and ¢y corresponds to variation on an individual

level. The individual level random intercept is nested within the care home level

since each individual lives in only one care home.

3.6.2.4 Economics Costs

Table 3.4: Unit costs and sources

Item of resource Unit cost (£, 2019/20) Source
District nurse face-to-face visit 49 PSSRU, 2020
District nurse other visit 25 PSSRU, 2020
Community matron face-to-face 59 PSSRU, 2020
visit

Community matron other visit 30 PSSRU, 2020
Ambulance conveyance to emer- 292 NRC, 2019/20
gency department

Emergency department atten- Various NRC, 2019/20
dance

Outpatient attendance Various NRC, 2019/20
Inpatient cost per day (non- Various NRC, 2017/28

elective)
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3.6.3 Results

3.6.3.1 Cohort and Selection Flow Diagram

See Figure 3.6 for a flow chart of cohort and sequence selection.

( N\
Data Population — Used any service
n=612,408
& J
v
( N\
Activated on Health Call system

Exclude n=28,702
Residents with no J
observations prior
to activation on

A 4

Health Call system.
n=0

Study cohort
n=8,702

Figure 3.6: Flow chart demonstrating selection of the cohort, and sequences used in the
analysis.

3.6.3.2 Raw Health Outcomes

We model expected counts of ED attendances and admissions on a resident-level.
Looking at total numbers and total numbers (Figures 3.7 and 3.9) broken down
by resident’s Health Call status (Figures 3.7 and 3.10), we can see the impact of
the changing cohort size. The changing cohort size can be seen in the main paper
(Figure 3.2).

The length of stay analysis is essentially mean length of stay for stays beginning in a
given month. Therefore, we have provided number of stays for each month (Figures
3.15 and 3.16), and number of bed days for each month (Figures 3.17 and 3.18).
Then combined to find each month’s overall mean (Figure 3.19) and broken down
by Health Call status (Figure 3.20).
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3.6.3.3 Monthly Emergency Attendances
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Figure 3.7: Total number of ED attendances each month during the study period for
residents in the cohort.
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Figure 3.8: Total number of ED attendances each month during the study period for
residents in the cohort, separated by residents’ Health Call statuses.
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Figure 3.9: Number of ED attendances per resident for each month of the study period.
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Figure 3.10: Number of ED attendances per resident for each month of the study period,
calculated separately for residents on the Health Call system at that point and those
who aren’t.
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3.6.3.4 Monthly Emergency Admissions
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Figure 3.11: Total number of emergency admissions each month during the study period
for residents in the cohort.
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Figure 3.12: Total number of emergency admissions each month during the study period
for residents in the cohort, separated by residents’ Health Call statuses.
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Figure 3.13: Number of emergency admissions per resident for each month of the study

period.
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Figure 3.14: Number of emergency admissions per resident for each month of the study
period, calculated separately for residents on the Health Call system at that point and
those who aren’t.
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3.6.3.5 Length of Stay
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Figure 3.15: Total number of emergency inpatient stays each month during the study
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Figure 3.16: Total number of emergency inpatient stays each month during the study
period for residents in the cohort, separated by residents’ Health Call statuses.
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Figure 3.17: Total number of bed days for emergency inpatient stays each month during
the study period for residents in the cohort.
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Figure 3.18: Total number of emergency inpatient bed days each month during the study
period for residents in the cohort, separated by residents’ Health Call statuses.
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Figure 3.19: Mean length of stay for emergency inpatient stays each month for residents
in the cohort.
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Figure 3.20: Mean length of stay of emergency inpatient stays each month during the
study period for residents in the cohort, calculated separately for Health Call residents
and non-Health Call residents.
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3.6.3.6 Economics

Table 3.5: Predicted monthly cost (£) to the healthcare system for Health Call and
non-Health Call residents by calendar year.

Year | Non-Health Call Health Call Difference
2018 322.96 265.95 57.01
2019 325.30 253.93 71.37
2020 284.51 197.24 87.27
2021 287.48 174.52 112.96

ad

o

In HealthCall

FALSE
— TRUE

Predicted probability

o
'S

2019 2020 2021
Date

Figure 3.21: Predicted probability of resident having zero cost over the study period for
Health Call and non-Health Call residents.

Health Call is associated with an immediate reduction in the probability of a resident
having a zero cost relative to non-Health Call homes, as illustrated by the lower
line in 2018 (OR=0.730, p <0.001). However, the probability of a Health Call
resident having a zero cost increases monthly relative to non-Health Call residents
(OR=1.026, p <0.001). Consequently, the probability of a resident having zero costs

becomes greater in Health Call homes.

Health Call is associated with an immediate reduction in the predicted costs of
residents with non-zero health care costs, relative to non-Health Call residents
(PR=0.762, p <0.001). This difference reduces marginally, over time (PR=1.003,
p=0.024).
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Figure 3.22: Predicted cost of residents with non-zero costs throughout the study period.
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Abstract

Background: Since December 2022, the NHS has experienced large-scale strikes
over pay by staff. Strikes heavily impact elective care delivery, which has led to
millions of cancellations. However, during this time emergency care is prioritised,
and in a recent opinion piece, the president of the Royal College of Emergency
medicine claimed the Emergency Department runs ‘better than usual’. The aim of
this paper was to investigate whether patient flow into hospitals is improved during

the strike periods.

Methodology: Data from two different emergency departments (EDs) in the North
West of England is analysed using Cox-regression to model time between patient
arrival at the ED, and subsequent admission. Various systematic and patient-level
factors are controlled for. The impact of different striking groups (nurses, junior

doctors etc.) on patient time to admission is analysed.

Results: For the major ED, hazard ratios indicate that patients are admitted
through the ED more quickly on strike days where any single group of staff were
striking compared to non-strike days (HRs: 1.16-1.39, all p < 0.003. This increased

flow was only seen for consultant strikes in the smaller ED.

Interpretation: This analysis suggests patients flow through the ED into hospital
faster on strike days. Our results suggest this is due to reduced elective activity
rather than any strike group-specific effects. These findings may indicate that
increased inpatient capacity could improve turnaround time and reduce ED

crowding.
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4.1 Introduction

Since December 2022, the NHS has experienced large-scale strikes over pay by junior
doctors, consultants and other staff [1]. In June 2023, nurse strikes in England ended
due to low voter turnout. In April 2024, consultants agreed to end their strikes with
a new pay deal from the government [2]. At the time of writing junior doctor pay
deals are still unsettled [3]. By the end of 2023, the NHS estimated the costs of the

strike amounted to around £1.5bn [4].

During strike periods, much routine care has been rescheduled and approximately
1 million appointments cancelled between February 2022 and January 2024 [5, 6].
These cancellations impact patient outcomes, with a survey by Healthwatch finding
that 66% of people with cancelled care during 2023 said it had impacted their
lives [7]. These strikes come at a time when the NHS is already under pressure,
partially due to ongoing effects of the COVID-19 pandemic [8]. In February 2024,
the number of referrals waiting for treatment was estimated to be 7.5 million [9].
Statistics from the Nuffield Trust show that by the end of 2023, patient time spent
in ED has increased dramatically since 2019 [10]. Emergency care provided by the
NHS is typically protected and prioritised during strikes. Non-striking staff are often
drafted in to cover the emergency department (ED), and negotiations between the
NHS and unions ensure enough staff to provide a minimum coverage for emergency
departments [6]. The process by which patients are admitted to hospital through
the ED typically does not change during strikes, only the mix of staff making the

decisions.

Evidence from previous strikes has shown that strikes are associated with fewer
emergency attendances, leading to less crowding in the emergency departments [11].
ED crowding is generally associated with an increased risk of in-hospital mortality,
longer times to treatment of patients with certain conditions and a higher probability
of leaving the ED against medical advice or without being seen [12]. Multiple sources
suggest that the primary cause of ED crowding is access block [13, 14]. Access
block is defined as when ‘patients in the ED requiring inpatient care are unable
to gain access to appropriate hospital beds within a reasonable time frame’ [15].
Efficient patient flow through the ED department into hospital is critical to avoid

long emergency department waits.

Studies indicate that healthcare worker strikes can speed up patients’ waiting times
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in EDs globally [16]. In an opinion piece, Dr Adrian Boyle, president of the Royal
College of Emergency Medicine, suggests that during some of the strikes ‘in the
emergency department, everything works better than usual’ [17]. He alludes to
streamlined decision making during the strike periods, while also suggesting wider
hospital measures that make emergency department procedures more efficient during
these times. One of these possible factors is more inpatient capacity due to the lack
of elective activity in this period [17]. This may result in a reduction in the effects of

access block and reduce crowding in the emergency departments during the strikes.

In this paper, we aim to investigate these claims, and provide quantitative evidence
suggesting whether patients are moved through the emergency department more
quickly during the strike days. We hypothesise increased patient flow and seek to
provide evidence for the NHS to support consideration of changes in ED practice. In
this paper we analyse data on time spent in two emergency departments based in the
North West of England. We use survival analysis methodology to model patients’
time from arrival to admission from the ED. Using this framework, we can control
for other influential variables and evaluate the impact of the strikes on typical times

spent in ED.

4.2 Methods

4.2.1 Data

The dataset structure is based on the NHS Emergency Care Data Set specification,
a national specification for datasets from NHS emergency departments, set by NHS
England and the Royal College of Emergency Medicine [18]. The data covers
attendances to two emergency departments in the North West of England between
January 2022 and April 2024, giving time of arrival, time spent in ED, investigations
performed and other demographic and diagnostic information. This time period was
selected to minimise influence of old data which may have been influenced by other
factors and to avoid needing to account for the COVID-19 pandemic in the model.
The data was pseudonymised by NHS number and accessed remotely through a
Secure Data Environment (SDE) hosted by Lancashire Teaching Hospitals. This
data includes any attendance from patients who have not opted-out of their NHS

data being used for research.
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Both EDs are operated by the same trust. ED1 is a 24-hour, full-service ED with a
major trauma service, ED2 is an adults only minor injuries unit with limited hours.
People with major injuries arriving at ED2 hospital are sent to ED1. These are two
quite different EDs and are analysed separately. This paper will primarily focus on
the effects of the strikes at the major ED (ED1) as results will be more generalisable
to many other EDs. Full results for ED2 will be found in the supplementary materials

and findings will be discussed in the main paper.

4.2.2 Investigation

The outcome in this analysis was patient time spent in ED for patients who are
subsequently admitted to hospital directly from their ED attendance. We define
this as the time difference between the patient’s departure time from ED and their
arrival time to ED. The departure time is defined as the time a patient is discharged
or transferred to from the emergency care attendance onto a ward as defined by the
NHS data dictionary [19]. We use the subset of attendances that are transferred to
a ward. From this point we refer to this as the “time in ED”. We used patient’s

“time in ED” as an indicator for patient flow through the emergency department.

“Time in ED” can be thought of as time to event data that can be used in a survival
analysis. In this case, since the endpoint of interest — admission to a ward after
their arrival at ED — is an outcome that is preferred more quickly, a higher hazard
ratio is favourable. A higher hazard implies patients flow more quickly through the

emergency department i.e. higher frequency admissions.

Survival analysis looks at what proportion of the study population have not yet
experienced an event (often death, as the name indicates) at timepoints over a study
period. In this analysis, we investigated what proportion of patients remained in ED
over a continuous time period starting at their arrival at the emergency department.
Kaplan-Meier plots were used to investigate empirical differences between factors
that we stipulate could impact patient flow through the emergency department. This
displays the proportion of patients who were still not admitted at each timepoint
to create a survival curve. Confidence intervals are calculated using Greenwood’s

formula to estimate variance of the estimate at each time point [20].

Cox-Proportional Hazards models were then used to produce a semi-parametric

regression model fitted to time to admission from arrival at the hospital. The models
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were fitted using the lifelines package for python [21]. The explanatory variable of
interest was strikes impacting the emergency department. We created two models
(for each of ED1 and ED2), each with five strike groups of interest to investigate the
impact of the following strikes: junior doctor strike, consultant strike, junior doctor

and consultant strike, nurse strike, ambulance strike.

Strike days that directly impacted the emergency department were investigated.
Regional strikes outside of Lancashire were not included and strikes that were
for specific specialties were also not accounted for. (There were not any strikes
specifically by ED staff.) The only complete strike database available at the time of
the analysis was the online resource strikecalendar.co.uk. These dates were cross-
referenced with a Wikipedia database of NHS strikes since the start of 2022, no
discrepancies were found [22, 23]. A table of strike dates used in the analysis and

associate striking groups can be found in the supplementary materials Table 4.3.

We used Kolmogorov-Smirnov two sample tests to assess whether there is significant
difference in number of admissions per day and proportion of attendances admitted

to a ward during strike days and non-strike days over the study period [24].

We also controlled for multiple variables in the model, to control for confounding
factors that could influence patient flow on strike days, or factors that may alter
an individual’s time spent in ED, such as urgency of their presentation. Variables

accounted for in the Cox-regression model are:

e ED Factors

— Linear time effect
— Seasonal effects - harmonic pair
— Time of day - harmonic pair

— ‘Heat’ - measure of number of patient in the ED scaled by urgency of

those patients
e Patient Presentation Factors

— Urgency of presentation

— Referral service admitted to

e Patient Demographic Factors
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— Age
— Ethnicity
— Gender

We used the Cox model with standard errors calculated robustly via a bootstrapping
method [25, 26]. Hazard ratios were calculated for each variable in the model,
including the strike variable. The magnitude of the hazard ratios for junior doctor
strikes and other strikes were tested at an @ = 0.005 significance level - Bonferroni
adjusted for the 5 strike types (compared to no strike) at each ED (10 tests).
The proportional hazards assumption was assessed using log-log plots of empirical

survival curves of the variables, and Schoenfeld residuals of the fitted Cox models
[25].

4.3 Results

There were 174,961 emergency attendances in the study period, 119,553 were to
ED1. Of those, 49,165 resulted in an admission to the hospital. Observations where
hospital admission status, referral service or urgency were missing in the data were

not included, resulting in 44,229 attendances in the sample for investigation.

Over the analysis period, we observed 61 separate strike days, the first was 15th
December 2022. There were 3,219 admissions during the strike days. Most of these
admissions (1,822) occurred during junior doctor strikes. We find that there is no
significant difference between the number of attendances on strike days and non-
strike days. We also find that there is no significant difference between proportion

of attendances that are admitted on strike days and non-strike days.

We find that the median “time in ED” for the patients in the analysis (admitted to
hospital from ED) was 18 hours 4 minutes (IQR: 8h 44m — 28h 47m). The median
time before first contact with member of healthcare staff (wait time) is 2 hours 12
minutes. There is a high rate of admissions immediately before the four hour mark,
which corresponds to patients being admitted immediately before the 4-hour target
time set by the government [27]. This surge in admissions before 4-hours skews the
distribution of patients’ time spent in ED. A histogram of patients’ “time in ED”

is found in Figure 4.3 in the supplementary material. The median time on a strike

day is found to be 13 hours (IQR: 6h 58m — 23h 34m).
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Table 4.1: Demographic mix of patients overall and filtered for strike days.

Strike % of
Count % of day 09
Characteristic Grouping | of indi-  overall count of strike
viduals cohort  individ- day
cohort
uals
(0, 18] 3716 12 263 12
(18, 25] 1363 4 92 4
(25, 30] 1081 3 88 4
Age (30, 45] 3560 11 250 12
(45, 65] 6498 21 415 19
(65, 80] 7854 25 538 25
> 80 7527 24 486 23
Female | 15550 49 1067 50
Gender Male | 16034 51 1063 50
Not Known 15 0 <5 0
White | 27460 87 1834 86
Astan or Astan |-, 6 116 5
Ethnicity British
Black or Black 313 1 93 1
British
Mixed 311 1 19 1
Other Ethnic 399 1 57 1
Groups
Not stated 1379 4 113 5

The Kaplan-Meier curves demonstrate empirical differences in “time in ED” curves
for different groupings of categorical variables. The referral service curve, shown in
Figure 4.1, demonstrates large variations in “time in ED” curves for the different
services a patient is referred to. Paediatric had the fastest flow through the ED
and General Medicine was the slowest, these different curves are likely to be in
part the result of differing admission pathways between referral services. The Other
category contained any referral services with fewer than 500 admissions during the
study period, the full list of services included in this category can be found in the
supplementary materials. The Kaplan-Meier curves for all the other explanatory

variables are shown in the supplementary materials.

The fitted Cox-Regression models show a range of effect sizes for the different

variables. Coefficients and hazards ratios for the strike types are found in Table
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Figure 4.1: Kaplan-Meier curves of admitted patients’ “time in ED”, separated by
referral service they are admitted to. The shaded area around each line represents the
95% confidence interval (CI) for the KM estimate at each point. These CI are very small
for paediatrics and general medicine therefore not easily visible on the plot.

4.2. Forrest plots for all variables are found in supplementary Figure 4.9.

The Schoenfeld residuals against transformed time tests indicated that five of the
variables included in the model significantly deviated from proportional hazards.
Inspected visually, these were minor deviations that were likely only to be
statistically significant due to large sample sizes. Results from these tests are
found in the supplementary materials Figures 4.4-4.8 and considered further in the

Discussion section.

The model controlled for the variables listed in the Methods section. The tests
suggest that all strikes have a similar effect on patient “time in ED”. The largest
effect is for consultant strikes, with a hazard ratio of 1.34 suggesting that patients are
34% more likely to be admitted at any timepoint during their stay on a consultant
strike day compared to a non-strike day. The fitted survival curves from the models
for all the strike types are shown in Figure 4.2. Since this only included patients who
were eventually admitted to a ward, this suggests that patients move through the

emergency department into the hospital more quickly on strike days. Consistently

92



4.4. Discussion

Table 4.2: Coefficients and hazard ratios for the strike variables in the Cox-proportional

hazards model. Here, higher hazard refers to a higher likelihood of being admitted into

the hospital. Since we only investigate patients who were admitted, higher hazard is a
positive outcome that means patients were more likely to be admitted more quickly.

Strike Type | Coefficient Hazard Ratio 95% CI p—value
Baseline — No

strike
Junior doctors 0.152 1.164 1.097 1.236 5.42e-07*
Consultants 0.329 1.389 1.194 1.617 2.20e-05*

Consultants and

U 0.223 1.25 1.045 1.495  0.014
junior doctors
Nurses | 0.219 1.245 114  1.36 1.11e-06*
Ambulance | ) 1.208 1.066 1.37  0.0031*
workers

* Statistically significant

higher probability of admission at any given point leads to higher rate of admission.

4.4 Discussion

We provide, to our knowledge, the first quantitative evidence of the impact of the
NHS strikes on patient flow through the emergency department. This survival
analysis finds an increase in hazards ratio (hazard of admission to hospital when
in ED) for admitted patients on all strike days. This implies that patients have
a higher probability of being admitted at any point during their “time in ED” on
strike days than they do during non-strike days when accounting for ED and patient
factors. This higher hazard ratio means that in general, a patient is moved through
the emergency department into a ward faster during a strike day compared to a

non-strike day.

It is important to note that during these strike periods, the hospitals were running
unsustainable practices, and the authors do not suggest that healthcare worker
strikes are positive for the NHS or emergency departments overall. The issues of
cancelled scheduled care and rising costs to the NHS are well documented and have
been raised in the introduction. However, these results suggest that there may be
scope to improve patient flow through emergency departments and reduce patient

time spent in ED. Understanding all the differences on strike days, can help create
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Figure 4.2: Fitted Cox-regression “time in ED” curves for each of the different strike
types in the analysis.

change to ensure shorter wait times in NHS emergency departments.

One possible driver of the increased flow is the additional capacity for emergency
care due to the reduction in elective activity in the hospital. The improved flow
effect is the same for all categories, and staff seniority changes between the strike
types, this indicates this is likely not a primary driver of this change. NHS hospitals
during strikes typically run a ‘Christmas day service’ level, where much routine care
is disrupted and emergency care is prioritised [6]. Consultants often have additional
capacity to deal with emergency patients because there is less elective care activity
[28].

The Royal College of Emergency Medicine reported in January 2024 that hospital
bed occupancy rates were at the ‘unsafe’ level of 93% [29]. The increased inpatient
capacity may have meant that the effects of access block were reduced during
the strikes, allowing patients to be admitted to care on a ward more smoothly.
Improved flow during strikes being due to reduced elective activity would support
the hypothesis that access block is the main driver of ED crowding. Suggesting that
when additional inpatient capacity is provided, flow into the hospital through the

ED is increased.
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This finding agrees with some previous findings in the literature that imply a
reduction in patient wait time during strike periods globally [30, 31, 32]. These
findings, however, are not consistent and depend on the country’s healthcare system
and the strike in question [16]. Evidence from previous NHS strikes shows the
negative impact on services and patient outcomes, but does not investigate the

effect on emergency departments [33, 34].

An additional finding of the paper is the large variation in “time in ED” curves for the
different referral services . Many of the differences between the different categories
and the baseline of ‘orthopaedics’ in the fitted model are statistically significant
overall (and vary between each other). The variations in empirical Kaplan-Meier
survival curves are shown in Figure 4.1. The differences in survival curves between
referral destinations are likely due to hospital flow structures in place. Certain
specialties have their own assessment units, and transfer to these unit will likely
mark the end of their stay in ED. The general medical assessment unit (MAU),
however, is classed as part of the emergency department and time in this MAU
contributes to a longer patient “time in ED”. Hence, the much longer survival curve

for patients who go onto the general medical unit.

4.4.1 Limtations

This paper looks at patient flow through the emergency department using survival
analysis to model the ‘time to event’ of a patient being admitted to hospital.
The data used for this analysis spans several years, and covers two emergency
departments in the North West of England. We provide a framework for assessing
the impact of strikes in the emergency departments that can be used for further
regions. These findings do agree with other, international, literature on patient
flow and ‘waiting time’ during the strikes, however, this may not be the case across
the entirety of the United Kingdom. The impact of the strikes will likely vary
by hospital, and we cannot ensure our findings are generalisable across the entire

country.

Furthermore, due to the previous literature on access block playing a key role in
inflating patients’ “time in ED”, our analysis included only patients who were
eventually admitted to the hospital. Our findings only correspond to patients that
were admitted to hospital. The effects of the strikes may have differed for patients
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who were discharged or transferred to another hospital.

The times at which a patient is recorded to have arrived and been admitted are
automatically logged when a healthcare worker updates the patient’s data. This
means there is some manual choice in when a patient is classed as admitted. This
can be seen in the spike in admissions immediately before the four-hour mark,
which is likely due to healthcare workers attempting to meet targets. This control
of recording by healthcare workers may mean that patients’ time may be skewed
due to manual input, and different healthcare workers may have different recording
practices. Information on the healthcare professional who is recording the data is
not included in the dataset, and therefore not something we could account for. The
mix of healthcare professionals recording the data is likely to change during strike

periods, and therefore not fully reflect the real changes during the strike periods.

Our Cox-proportional hazards methodology has some limitations. Despite modelling
choices taken to ensure the model was as robust as possible, the model falls short
of completely satisfying the proportional hazards assumption. The assumptions
were tested using Schoenfeld residuals and log-minus-log plots to assess validity
of the results. These tests demonstrated minor deviations from the proportional
hazards assumption, as can be seen in Figure 4.1, where lines in the Kaplan-Meier
plots grouped by referral service (a covariate included in the model) clearly cross.
However, it is well documented that the Cox-proportional hazards regression model
is robust against such deviations from the model assumptions [25]. Our hazard
ratio estimates were calculated using a robust, bootstrapping procedure to ensure
maximum validity to our results. Despite these deviations, we believe that because
of the robustness of the model and the model specification, our hazard ratios lie

close to their true values.

4.4.2 Future Work

Further work should use inpatient data to investigate the relationship between
changes in available inpatient capacity during the strikes and flow through the
emergency department directly.  This would further consolidate the implied
relationship found in this study. Staffing data could also be included in further
analyses, fully accounting for changes in staffing levels and staff seniority during the

strike measures.
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There is a lack of studies on the effects of strikes on the healthcare system in general.
The wider impacts of the strikes should be further evaluated. The strikes provide
an interesting counterfactual example to the status quo of NHS healthcare delivery.
The unsustainable nature of service delivery during the strikes should be kept in
mind when interpreting results. However, any changes during the strikes indicate
that there may be a way to further improve the efficiency of NHS services. To fully
understand our results, we suggest a qualitative study to gain perspectives from

patients, clinicians and other members of the NHS workforce affected by the strikes.
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4.6 Supplementary Material

4.6.1 Methodology

4.6.1.1 Strike Dates

Table 4.3: Truth table for which strike dates are classed as which strike.

Nurse Ambulance Junior Consultant
Date ] ] doctor _
strike strike _ strike
strike

15/12/2022 TRUE FALSE FALSE FALSE
20/12/2022 TRUE FALSE FALSE FALSE
21/12/2022 FALSE TRUE FALSE FALSE
11/01/2023 FALSE TRUE FALSE FALSE
18/01/2023 TRUE FALSE FALSE FALSE
19/01/2023 TRUE FALSE FALSE FALSE
23/01/2023 FALSE TRUE FALSE FALSE
06/02/2023 TRUE FALSE FALSE FALSE
07/02/2023 TRUE FALSE FALSE FALSE
10/02/2023 FALSE TRUE FALSE FALSE
01/03/2023 TRUE FALSE FALSE FALSE
02/03/2023 TRUE FALSE FALSE FALSE
03/03/2023 TRUE FALSE FALSE FALSE
13/03/2023 FALSE FALSE TRUE FALSE
14/03/2023 FALSE FALSE TRUE FALSE
15/03/2023 FALSE FALSE TRUE FALSE
20/03/2023 FALSE TRUE FALSE FALSE
11/04/2023 FALSE FALSE TRUE FALSE
12/04/2023 FALSE FALSE TRUE FALSE
13/04/2023 FALSE FALSE TRUE FALSE
14/04/2023 FALSE FALSE TRUE FALSE
15/04/2023 FALSE FALSE TRUE FALSE
14/06/2023 FALSE FALSE TRUE FALSE
15/06/2023 FALSE FALSE TRUE FALSE
16/06/2023 FALSE FALSE TRUE FALSE
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13/07/2023 | FALSE FALSE TRUE FALSE
14/07/2023 | FALSE FALSE TRUE FALSE
15/07/2023 | FALSE FALSE TRUE FALSE
16/07/2023 | FALSE FALSE TRUE FALSE
17/07/2023 | FALSE FALSE TRUE FALSE
18/07/2023 | FALSE FALSE TRUE FALSE
20/07/2023 | FALSE FALSE FALSE TRUE
21/07/2023 | FALSE FALSE FALSE TRUE
22/07/2023 | FALSE FALSE FALSE TRUE
11/08/2023 | FALSE FALSE TRUE FALSE
12/08/2023 | FALSE FALSE TRUE FALSE
13/08/2023 | FALSE FALSE TRUE FALSE
14/08/2023 | FALSE FALSE TRUE FALSE
24/08/2023 | FALSE FALSE FALSE TRUE
25/08/2023 | FALSE FALSE FALSE TRUE
19/09/2023 | FALSE FALSE FALSE TRUE
20/09/2023 | FALSE FALSE TRUE TRUE
21/09/2023 | FALSE FALSE TRUE FALSE
22/09/2023 | FALSE FALSE TRUE FALSE
02/10/2023 | FALSE FALSE TRUE TRUE
03/10/2023 | FALSE FALSE TRUE TRUE
04/10/2023 | FALSE FALSE TRUE TRUE
20/10/2023 | FALSE FALSE TRUE FALSE
21/10/2023 | FALSE FALSE TRUE FALSE
22/10/2023 | FALSE FALSE TRUE FALSE
03/01/2024 | FALSE FALSE TRUE FALSE
04/01/2024 | FALSE FALSE TRUE FALSE
05/01/2024 | FALSE FALSE TRUE FALSE
06/01/2024 | FALSE FALSE TRUE FALSE
07/01/2024 | FALSE FALSE TRUE FALSE
08/01/2024 | FALSE FALSE TRUE FALSE
25/02/2024 | FALSE FALSE TRUE FALSE
26/02/2024 | FALSE FALSE TRUE FALSE
27/02/2024 | FALSE FALSE TRUE FALSE
28/02/2024 | FALSE FALSE TRUE FALSE
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4.6.1.2 Referral Destination Categories

Referral destination categories in the ‘Other’ class are Geriatric, Cardiology,
Nephrology, Obstetrics, Clinical oncology, Ophthalmology, Clinical oncology,
Neurology, Rehabilitation, Endocrinology.

4.6.2 Additional ED1 Results

In Figure 4.3 we see a high, widespread distribution of patients’ “time in ED”. This
is because we are looking at just patients who were admitted since 2022. Admitted
patients generally are in ED for longer, and patient “time in ED” has increased over

time.

800 A

600 A

Frequency

N

o

o
1

200 ~

0 4 8 12 16 20 24 28 32 36 40 44 48
Time in ED

Figure 4.3: Histogram of admitted patients’ time spent in ED.

4.6.2.1 Log-log plots

We produced log-log plots of the double-log transform of the survival curves
against log-transformed time for each categorical variable in the model to test for
proportional hazards. If the proportional hazards assumption holds each line will

be parallel.
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Log-minus-log plot for "Urgency”
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Figure 4.4: Log-log plot of urgency of patient presentations.

Log-minus-log plot for "Ref. Service"
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Figure 4.5: Log-log plot of referral service.
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log(-log(5(t)))
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Log-minus-log plot for "Ethnicity™

5 | — White
—— Not stated
—— Asian or Asian British
04 —— Other Ethnic Groups
—— Black or Black British
— Mixed
72 m
_4 4
_6 -
_8 -
_10 -
-3 -2 -1 0 1 2 3 4 5
log(t)
Figure 4.6: Log-log plot of ethnicity.
Log-minus-log plot for "Gender”
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Figure 4.7: Log-log plot of gender.
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Log-minus-log plot for "Strike”
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Figure 4.8: Log-log plot of strike type.
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4.6.2.2 Cox Proportional Hazards Model

Table 4.4: Cox-Proportional Hazards Model summary, including model parameters,
calculated hazard ratios with 95% confidence intervals, and p-value.

Term Coef. Haz. Rtio 95% CI D
Linear Temporal Trend 0.008 1.008 1.007  1.01  2.74e-28
Year Harmonic (Sin) 0.02 1.021 1.004 1.037 0.012692
Year Harmonic (Cos) -0.074 0.929 0.914 0.944  2.86e-19
Day Harmonic (Sin) -0.011 0.989 0.974 1.004 0.150124
Day Harmonic (Sin) 0.008 1.008 0.993 1.024 0.301051
ED Heat -0.013 0.987 0.986 0.988 1.19e-301
2 - Very urgent
Urgency level emergency | -0.412 0.662 0.59 0.744 3.97E-12

care

3 - Urgent level
Urgency -0.458 0.632 0.563 0.71 1.01E-14

emergency care

4 - Standard level
Urgency -0.397 0.673 0.597 0.758 8.38E-11
emergency care

5 - Low acuity level

Urgency -0.496 0.609 0.479 0.774 5.09E-05
emergency care
Ref Service General medical | -1.104 0.331 0.315 0.349 0
Ref Service Oral surgery | 0.204 1.226 1.041 1.443 0.014408
Ref Service Plastic surgery | 0.506 1.659 1.421 1.937 1.59E-10
Ref Service Surgical | 0.164 1.179 1.097 1.266 6.81E-06
Ref Service Bar,mose and | o0 1607 1481 1.044 2.53E-14
throat
Ref Service Stroke | -0.143 0.866 0.788 0.953 0.003197
Ref Service Urology | 0.445 1.56 1.402 1.736 3.27E-16
Ref Service Paediatric | 1.762 5.827 5.382  6.308 0
Ref Service Vascular surgery | 0.412 1.51 1.244 1.834 3.21E-05
Ref Service Other | -0.383 0.682 0.594 0.783 4.88E-08
Ref Service Psychiatric | -2.194 0.111 0.096 0.13 8.44E-177
Ref Service Gynecological | 1.094 2.988 2.645 3.374  1.25E-69
Ref Service Neurosurgical | -0.152 0.859 0.782 0.943  0.00142
Age -0.008 0.992 0.992 0.993 2.88e-132
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Ethnicity

Ethnicity

Ethnicity

Ethnicity

Ethnicity
Gender
Gender
Strike Type
Strike Type

Strike Type

Strike Type
Strike Type

Not stated
Asian or Asian
British

Other Ethnic
Groups

Black or Black
British

Mixed

Male

Not Known
Junior Doctor
Consultant
Consultant &
Junior Doctor
Nurse

Ambulance

4.6.3 ED 2 Results
Included here are the results of the analysis of ED2. With respect to this analysis,

-0.015

0.015

-0.058

0.012

0.049
-0.012
0.392
0.152
0.329

0.223

0.219
0.189

0.985

1.015

0.944

1.012

1.05
0.988
1.48
1.164
1.389

1.25

1.245
1.208

0.92

0.97

0.841

0.913

0.944
0.967
0.857
1.097
1.194

1.045

1.14
1.066

1.054

1.062

1.058

1.123

1.167
1.01
2.595
1.236
1.617

1.495

1.36
1.37

0.658329

0.520054

0.321731

0.818006

0.368187
0.294745
0.159825
5.42e-07
2.20e-05

0.014431

1.11E-06
0.003135

the main difference between ED2 and ED1 is that ED2 is a minor injuries unit with

limited hours. High urgency care with specialist needs will be transferred to ED1.

Since this investigation focuses only investigates admitted patients, the patients
admitted to ED2 are specific subset of those in ED1.

4.6.3.1 Time in ED

The model for ED did not include referral service, due to low variance between

categories and therefore convergence issues. This similarity between referral service

“time in ED” curves can be seen in the Kaplan-Meier plot in Figure 4.11.

The results from the proportional hazards model for ED2 are less consistent. Most

of the strikes appear to have no significant impact on flow. The only significant

hazard ratio is for consultant strikes, with a hazard ratio of 1.36.

These “time in ED curves” are shown in Figure 4.12.
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Figure 4.9: Forrest plot including all variables in the model.
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Figure 4.10: Histogram of admitted patients’ time spent in ED for ED2.
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Figure 4.11: Kaplan-Meier curves of admitted patients’ “time in ED”, separated by
referral service they are admitted to for ED2
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Table 4.6: ED2: Coefficients and hazard ratios for the strike variables in the
Cox-proportional hazards model. Here, higher hazard refers to a higher likelihood of
being admitted into the hospital. Since we only investigate patients who were admitted,
higher hazard is a positive outcome that means patients were more likely to be admitted
more quickly.

Strike Type | Coefficient Hazard Ratio 95% CI p—value
Baseline — No
strike ) ) ) ) )
Junior doctor
) -0.075 0.927 0.844 1.02 0.119217
strike
Consultant | ) 5y 1.358 1.098 1.679 0.004686
strike
Consultant and
junior doctor -0.264 0.768 0.599 0.985 0.037539
strike
Nurse strike -0.03 0.97 0.827 1.138 0.709028
Ambulance | 0o 1.327 1.065 1.653 0.011718
strike
1.0 A —— Junior Doctor Strike

Consultant Strike
—— Consultant and Junior Doctor Strike
Nurse Strike
—— Ambulance Strike
----- No Strike

© © ©
S ()] (o]
1 1 1

Proportion still to be admitted

o
N
1

0.0 +

0 4 8 12 16 20 24 28 32 36 40 44 48
Hours since arrival

Figure 4.12: Fitted Cox-regression “time in ED” curves for each of the different strike
types in the analysis to for ED2
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Table 4.6: ED2: Cox-Proportional Hazards Model summary, including model
parameters, calculated hazard ratios with 95% confidence intervals, and p-value.

95% CI

Term Coef. Haz. Rtio P
Linear Temporal Trend -0.039 0.962 0.959 0.964 1.40E-157
Year Harmonic (Sin) -0.05 0.951 0.924 0.979  0.0007501
Year Harmonic (Cos) -0.189 0.828 0.805 0.852  3.41E-39
ED Heat -0.022 0.978 0.976 0.98 2.20E-94
2 - Very urgent
Urgency level emergency | 0.009 1.009 0.676 1.506 0.96575648
care
3 - Urgent level
Urgency -0.089 0.915 0.614 1.365 0.664153129
emergency care
4 - Standard level
Urgency -0.118 0.889 0.595 1.328 0.566123953
emergency care
5 - Low acuity level
Urgency 0.041 1.042 0.524 2.071 0.906591681
emergency care
Age -0.003 0.997 0.995 0.998  4.73E-10
Ethnicity Not stated | -0.09 0.914 0.818 1.022 0.115351712
. Asian or Asian
Ethnicity . 0.115 1.122 0.921 1.367 0.253371146
British
o Other Ethnic
Ethnicity -0.099 0.906 0.687 1.195 0.483722617
Groups
o Black or Black
Ethnicity - -0.154 0.857 0.605 1.215 0.387172496
British
Ethnicity Mixed | -0.231 0.793 0.517 1.218 0.28962183
Gender Male | 0.051 1.052 1.013 1.093 0.009273067
Gender Not Known | -0.035 0.966 0.475 1.964 0.923696142
Strike Type Junior Doctor | -0.075 0.927 0.844 1.02 0.119216525
Strike Type Consultant | 0.306 1.358 1.098 1.679 0.004686294
) Consultant &
Strike Type . -0.264 0.768 0.599 0.985 0.037539287
Junior Doctor
Strike Type Nurse | -0.03 0.97 0.827 1.138 0.709027714
Strike Type Ambulance | 0.283 1.327 1.065 1.653 0.011718244
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Discussion

The chapters in this thesis serve as examples of what can currently be achieved using
routinely collected data, discussing present limitations and prospects for further
developments. Each chapter contains unique findings from responsive analyses to
unplanned changes experienced by the NHS: the COVID-19 pandemic, rapid roll-out
of digital technology and the NHS strikes, each with implications for health policy.
Chapters 2[50] and 3[56] both demonstrate projects involving data linkage between
an external source and NHS routinely collected secondary care datasets. Chapter
4 demonstrates the utility of a single secondary care dataset for a project with
potential policy impact. Together in this thesis, they showcase the potential, and
challenges, for the NHS to leverage the ever-increasing volume of routinely collected

data that is becoming more accessible going forward.

5.1 Chapter Overviews

Chapter 2 demonstrates an application of a novel methodology, State Sequence
Analysis, to describe care pathways through the health system. The breadth of
linked data sources available from the County Durham and Darlington trust was
utilised to develop comprehensive ‘trajectories’ of care for care home residents
in the region. These trajectories were a longitudinal representation of care a
resident accessed during the study period, sequences with a granularity of one
day — allowing the identification of short-term and long-term patterns of care.

These patterns were specifically investigated in 10-day time periods around the
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residents” COVID-19 testing events; their first positive test, and their first test
overall. We used State Sequence Analysis to measure similarity of these 10-day
sequences and identify groups of residents who experienced similar patterns of
care around their testing events. We then used these groupings to investigate
associations between these patterns and resident long-term conditions (dementia,
diabetes and a frailty measure) as well as their 28-day mortality after the test in
question. We found that patient long-term conditions were often strongly associated
with higher levels of healthcare usage. Our analysis showed that a disproportionate
number of patients with a short stay in hospital after their test were patients with
dementia. Understanding how patient pathways were impacted during the COVID-
19 pandemic was crucial, so responsive analysis such as this was invaluable for

policymakers.

This methodology, developing care sequences and identifying patients with similar
patterns of care has great promise for investigating long-term care. Care pathway
analysis is still a developing field, and there are no standard approaches to the
analysis of longitudinal sequences of healthcare events. The methodology fully
utilises the breadth of sources available in this linkage and will become increasingly
useful in future analyses with the promise of increased opportunities for data linkage

through schemes to improve data sharing procedures such as the SDE programme
[57].

Chapter 3 provides an evaluation of a digital technology, implemented in care homes,
on residents’ secondary care utilisation and economic impact for the NHS. The
same linkage between the County Durham and Darlington trust routine data and
the Health Call app data as in Chapter 2 was used for this project. The project
evaluated whether the additional care and monitoring provided through the app
led to a reduction in unplanned secondary care usage — measured through number
of ED attendances, ED admissions and length of stay from emergency admissions.
An economic evaluation of the app using the same framework was also included.
Generalised linear mixed models (GLMMs) were fitted to each of these outcomes
with usage of the Health Call app included as a variable to test its impact. The
analysis found that Health Call reduced the amount of unplanned secondary care
usage and saved costs for the NHS. This analysis was a rapid response to the
increased roll out rate of the app due to the pandemic. Findings such as this

are essential for directing further digital technology implementations in the NHS,
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so a timely evaluation of this initiative was important. When published, the paper
in Chapter 3 received media attention, with multiple press releases, due to the
impactful finding that support the use of telehealth in care homes in the UK. I
presented this work to the HDRUK Quinquennial review panel in 2022 [58], which
supported the successful HDRUK bid for 5 more years of funding (£70 million) -

securing continued investment into the routinely collected health data research area.

This evaluation required innovative analysis. The observational nature of the data
meant that no clear control group was included in the dataset, since the technology
was rolled out in all homes included in the data over the study period. The COVID-
19 pandemic during the study period meant that inclusion of a counterfactual
estimate (control) was vital, since any changes in healthcare utilisation over this
period could not be directly attributed to the app. Our approach used the GLMM
framework to provide estimates of both users of the app and non-users at each point
through the study period. The final model overcomes these challenges while utilising
pre-collected data, is a cost-effective method of evaluating such initiatives. This kind
of evaluation is vital to ensure that technological advancements currently faced by

the NHS in many aspects of it’s Long Term Plan [59] are done so effectively.

Chapter 4 is an investigation into the effects of NHS strikes on patient flow through
two emergency departments in Lancashire. This study utilises data from Lancashire
Teaching Hospitals through the prototype of the Lancashire and South Cumbria
Secure Data Environment. Cox-proportional hazards models were produced to
model patient time spent in the emergency department - from arrival until they
are admitted to a ward. Factors impacting patients’ time spent in the emergency
department were investigated and accounted for in the analysis. The analysis
finds that patients are moved through the ED into inpatient care more quickly
on strike days, in agreement with the sentiment of an opinion paper written by
the president of the Royal College of Emergency Medicine [60]. This is speculated
to be attributed to the increased capacity due to lower levels of elective activity
during these periods, suggesting that increased patient capacity in hospitals would
reduce patient crowding in ED — in turn improving patient outcomes. This analysis
was a rapid response to the current unplanned changes the strikes applied to NHS
emergency care. These findings can be used to ensure actions are taken to provide

optimal patient care in the ongoing strikes and beyond.

This analysis demonstrates the policy-relevant findings that can be produced by

117



Chapter 5. Discussion

usage of a single ED dataset from one trust. Increased access to data like this
for health researchers can greatly improve research output, increasing the evidence
base for policy makers. Linkage to additional datasets through improved data
pipelines could further improve the utility of this analysis, looking at eventual patient
outcomes for those who are admitted during this period. Analysis of this data in
a standardised regional SDE could also be done in a federated manor, to garner

results from hospitals across more regions.

5.2 Implications for Healthcare Provision

Each project in this thesis uses RCD in a responsive analysis to current challenges
due to unplanned changes faced by the NHS, each with healthcare implications.
The findings in Chapter 2 have implications for the country’s response to future
public health crises, similar to the COVID-19 pandemic. These findings contribute
to the body of studies on COVID-19 in care homes, showing that despite reduced
healthcare usage overall [61] — there was still a large group of care home residents who
were observed to have stays in hospital immediately before and after their COVID-
19 tests. This demonstrates the lack of consistency of care for care home residents
during the pandemic. Despite the known risks of inpatient stays for vulnerable
patients, such as those with dementia [62], we show evidence that residents with
dementia continued to be moved between care services during the pandemic. This
implies that there should be dedicated policy adding more consideration to the
movement of vulnerable patients between care settings and improve shielding policy

for such patients in care homes.

Chapter 3 demonstrates an evaluation of a telehealth app used in care homes.
The app reduced residents’ emergency care service usage and reduced costs to the
NHS. There are a number of similar interventions with similar targets globally [63]
however their effectiveness is under-evaluated. Improving out-of-hospital care to
reduce hospital care is a key part of the NHS’s Long Term Plan [59], and evidence
such as this supports digital technology usage for information sharing between care
homes and hospital-based clinicians. This work has been presented directly to NHS
clinical commissioning groups in regions that are planning to roll out the app in care

homes.

Finally, the project in Chapter 4 responded to claims from senior clinicians that
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during the recent healthcare worker strikes ‘in the emergency department, everything
works better than usual’ [60]. These claims were investigated and the analysis
found that patients are moved more quickly through the emergency department
during strike days, when controlling for confounding factors such as reduced activity
on strike days. These findings agree with studies internationally, suggesting that
patients spend less time in ED on strike days [64, 65]. The fact that these findings
were the same for every group of striking clinicians suggests that the change was
likely due to increased inpatient capacity due to reduced elective activity in the
hospital. Other factors such as increased seniority of staff during junior doctor
strikes would have introduced differences in flow between striking groups. We add to
the body of work that demonstrates how flow through the emergency department is
affected by the capacity of beds available [66]. Longer patient time in ED contributes
to worse patient outcomes [67]. Until the capacity issue is managed, delays in

admission to hospital from ED are likely.

Each of the chapters in this thesis has a particular focus on secondary care; in
particular emergency care. One of the main aims of the NHS Long Term plan is
to reduce pressure on emergency hospital services [59]. Each of the projects in the
chapters of this thesis have specific implications for emergency care. Chapters 2
and 3 investigates how care home residents access emergency care, and potentially
find ways to ensure they get the care they need before emergency care becomes
necessary. This would have the twofold impact of improving the health of those
targeted, while relieving strain on emergency departments. In Chapter 4, we conduct
a deeper analysis of strain on emergency departments using ED data to provide
recommendations to improve flow of patients into the hospital. Hospital based
recommendations and patient level interventions such as those investigated in this
thesis can be implemented in congruence to improve patient outcomes in emergency

situations.

The findings from each analysis presented have potentially significant impact for
health policy. Each of these analyses were conducted in rapid response to the
current NHS challenges that they address. Future advancements in access to
NHS RCD for researchers could enable analysis to be performed in near real time,
finding increasingly impactful implications for health policy as analysis becomes
more timely. Large amounts of timely evidence can result in a more adaptable NHS

that can continually optimise patient care delivery in the face of unplanned changes.
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5.3 Wider Implications for Research

5.3.1 Data Access

The NHS Long Term Plan highlights the importance of using routinely collected
data for optimising care delivery, planning and aiding in modernising the national
health service throughout [59]. This is backed up by the government commissioned
Goldacre review, where this need is reinforced and methods for improving access
to the data that the NHS already holds are discussed [1]. The UK Department of
Health and Social Care has made commitments to improve the NHS data landscape
in direct response to these recommendations in their Data Saves Lives policy
framework [42]. The Secure Data Environment programme is already underway
in this regard [57]. Collectively, the projects in this thesis demonstrate the benefits
of this investment, showing that impactful work can already be done with the data
that is available to researchers. Improvement to data sharing avenues will enable
more of such research to be conducted, producing evidence for policymakers, and

enabling powerful analyses with additional data linkage.

Improvements to data access routes would reduce barriers faced by researchers,
speeding up access to data for researchers, enabling further responsive analyses.
Increased timeliness of findings would increase health policy impact as results can
be generated and learnt from quickly. The potential of streamlined access to RCD
is clear, but efficient data access platforms are still being explored. Each project in
this thesis was impacted by data access challenges that can be learnt from, for the
good of future researchers accessing routinely collected data and in developing data

access platforms.

Trusted Research Environments (TREs) are still developing, they allow for secure
access to sensitive data, however connectivity challenges are still an issue that
should be addressed in future developments. Chapters 2 and 3 used a Trusted
Research Environment (TRE) managed by Durham University to access data. This
was a completely isolated cloud-based environment. The TRE was a success in
the sense that it allowed multiple linked datasets to be accessed securely, however
lessons can still be learned from its implementation. The isolated nature of this
environment meant that additional data with the potential to improve research

findings — particularly for Chapter 2 - was not able to be added to the collection of
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datasets within the TRE. Only data coming through the trust, where the relationship
was already set up between the data sharing parties was feasible within the time
limitations of the two projects. Echoing the current issues of data access TREs aim
to solve [45], the TRE almost acted as another silo for data to be stored in. This
was an issue across all presented, which were using early versions of TREs. Going
forward, the Secure Data Environments should provide data infrastructure to gather

data from multiple sources internally and externally from the NHS.

Future TRE developments, such as the SDEs should also focus on longevity and
research transparency. The Durham TRE was funded through the grants of the
academic research projects that were utilising it. This caused data access problems
itself. Chapter 3 was the final project used by the TRE, and additional post-analysis
time was not accounted for in the funding of the project. This meant that data
held in the TRE was lost at the end of the analysis period and further updates,
for instance in response to peer review comments, were not possible. The lack of
connectivity of the Durham TRE also meant that best practices for data science,
such as publishing analysis code on GitHub was not possible, since internet access
was not available inside of the TRE. Code sharing and ensuring reproducibility of
results are key for open, transparent science [68]. Future data access methodologies
should ensure safe access to web-based code-sharing and version control, to ensure
researchers work can fit within current best practices. Furthermore, it is important
that for new data platforms, data remains accessible for ten years after the project
ends — in conjunction with the MRC’s data retention framework [69], to allow for

transparency of the research.

Data linkage can enable previously impossible analyses through combining informa-
tion from different sources. Linkage between medical records and external datasets
can be used to identify otherwise unidentifiable cohorts of patients within large
datasets [70]. In Chapters 2 and 3, we demonstrate how linkage can be used to
target analysis at groups that are difficult to access. There is a lack of resident data
from care homes, it is often not collected - or difficult to access. It is also difficult to
identify care home residents in hospital data [71], with it typically being identified
by unreliable address-linkage methods [61, 72]. The data linkage used in Chapters
2 and 3 leads to the reliable method of identifying care home residents in routinely
collected NHS data. It also demonstrates the opportunities of linking NHS data and

external data to help identify hard-to-reach groups in large administrative healthcare
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databases. Using similar linkage methods, analyses can be potentially targeted at
specific these groups and ensure they are represented in research. Future data access
platforms should prioritise the ability to link data as it can provide powerful insight

and shed new light on underrepresented groups of the population.

Unstructured data has the potential to uncover insights that are not possible using
traditional data structures. In Chapter 3, we intended to investigate staff decision
making using the data inputted into the Health Call app. This consisted of vital
signs observations (such as blood pressure and body temperature), but also free
text. The free text was the most potentially useful but often included sensitive
information about the residents, including identifiable information such as residents’
names. We produced a programme to remove common names, but data holders
found results were unsatisfactory to share — meaning much of this data was not
available to analyse and the analysis plan needed to be adapted. The potential
amount of information contained in free-text that can be extracted using natural
language processing is huge. This is already demonstrated through projects such as
CogStack, an app that allows extraction of clinical concepts from unstructured data
from NHS electronic health records [73]. Linking administrative data with scans,
clinical notes and referral letters would enable further understanding of patient
pathway decision making, enhancing projects such as in Chapter 2. Creating avenues
to ensure unstructured routinely collected data can be accessed in a non-identifiable
way would increase data available to analysts to provide powerful analysis that can

investigate contexts of decisions made by care professionals.

5.3.2 Methodology for Routinely Collected Data

Each chapter in this thesis demonstrate methodological adaptations to statistical
and machine learning frameworks to answer research questions using routinely
collected data. Firstly, the application of State Sequence Analysis described in
Chapter 2 shows promise for further use in care pathway analysis. Producing daily
sequences of care over short periods of time around an index date (i.e. the date of
their first (positive) COVID-19 test) was a novel application of this methodology.
Finding associations between patient characteristics and their pathways through care
provides much opportunity to improve patient care [74]. Investigating sequences of
care with a single-day resolution holds immense potential for investigating patient

healthcare utilisation patterns. Opportunities for use of this methodology will
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increase even further with improved data access and linkage opportunities for NHS

data in the future.

The GLMM methodology used in Chapter 3 provides a good basis for intervention
evaluation using RCD in challenging conditions. These analysis conditions where
patients move from control and treatment groups throughout the study period meant
that typical causal inference methods such as difference in difference or synthetic
controls would not suffice. It utilises the properties of GLMMs, to include dynamic
treatment groups throughout the study period, while the random intercept structure
ensures that the model is robust to skew from outlying residents and homes. The
algorithm we produced to identify the cohort of care home residents moving between
the control and intervention groups, is applicable to any intervention evaluation and
addresses one of the key limitations of using observational data in this situation
[11]. This framework allows for effective evaluations using routinely collected data,
without the need for a randomised control trial. The NHS Long Term Plan pledged
to increase utilisation of digital technology to promote out of hospital care [59].
This methodology provides a framework for the evaluation of such technologies in
a robust and pragmatic way — without the need for costly randomised controlled

trials.

The application of survival analysis in Chapter 4 provides a further framework for
measuring factors affecting patient flow through any part of NHS hospitals. The ‘ED
heat’ variable — the count of patients in ED at one time weighted by the urgency of
their treatment, that was controlled for in the analysis, gives an interesting measure
of intensity in the emergency department. This was calculated at the arrival of
each new patient in the ED, using their arrival and departure times. The efficient
algorithm used to calculate this meant that it could be calculated in seconds on the
original dataset containing hundreds of thousands of attendances, meaning that it

can be investigated further in other analyses.

Each of the projects presented in this thesis further develop the field of healthcare
research using routinely collected data. Development of novel methodologies for use
with RCD, such as the State Sequence Analysis presented in Chapter 2, can further
increase potential for future analyses using RCD. Initial development and application
in an RCD setting means similar future analyses can be applied rapidly in response to
pressures faced by the NHS. The framework for longitudinal intervention evaluation

using GLMMs in Chapter 3 can be applied in future evaluations using RCD.
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Adaptation and application of well established methods such as Cox-Proportional
Hazards models used in Chapter 4 have the potential to produce timely findings,

direcly impacting healthcare provision.

5.3.3 Regional and National Projects

Since the COVID-19 pandemic, there has been an increase of large-scale studies
using routinely collected health data. Platforms such as OpenSAFELY - developed
for fast, responsive analysis of NHS data in response to the pandemic — allow the
usage of large databases of NHS data for powerful analysis [75, 76, 77]. These

national projects provide powerful insights representing the whole UK.

While studies using these large data banks offer broad insights, regional studies
such as those presented in this thesis are still essential to provide more targeted
analyses. HDRUK, the national institute for health data science, support a range
of regional and national projects. The project in Chapter 3 was one of the
projects that constituted the HDRUK flagship the Better Care Partnership, and the
project in Chapter 2 was also conducted in collaboration with HDRUK. Both were
regional projects conducted on data from County Durham and Darlington in close
collaboration with the local trust. The regional nature of the projects ensured that
we could also conduct local Public and Patient Involvement and Engagement (PPIE)
as part of the process, gaining insight from local stakeholders such as relatives of
residents and care home staff from the area to ensure that the analyses we were

producing were relevant to them.

Local studies can uncover local health patterns and inequities in health outcomes
within the context of the region. Researchers can work closely with local trusts
and other data providers to provide a collaborative and engaging data sharing
environment. This kind of collaboration can lead to long-term data sharing between
institutions and improve the data and research literacy of the trust. This has the
potential to help them engage with more regional and national data sharing efforts
such as the SDE programme. Any such closely collaborative work with local NHS
organisations, including the projects included in this thesis, has a positive impact

on the wider data sharing landscape of the NHS and the country.
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5.4 Conclusion

The benefits of this thesis are twofold. Each chapter demonstrates separate evidence
for healthcare provision. Collectively the research in the thesis demonstrates a case
for further utilisation of routinely collected health data in research and continued
improvement of data sharing avenues for the NHS. Three timely analyses are
presented in response to unplanned changes that have affected the organisation: the
pandemic, the rapid roll out of digital technologies, and healthcare worker strikes.
These analyses provide insight into important, current challenges the NHS is facing,
providing recommendations for policy. Streamlined data sharing of up-to-date data,
such as proposed by the SDE programme, would allow analyses such as these to be
performed in near-real time — providing immediate feedback and recommendations
on ongoing challenges, with continuous improvement ensuring patient care remains

optimised even in challenging conditions.
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Abstract

Background The disproportionate effect of COVID-19 on long term care facility (LTCF) residents has highlighted

the need for clear, consistent guidance on the management of pandemics in such settings. As research exploring

the experiences of LTCFs during the pandemic and the implications of mass hospital discharge, restricting staff move-
ment, and limiting visitation from relatives are emerging, an in-depth review of policies, guidance and recommenda-
tions issued during this time could facilitate wider understanding in this area.

Aims To identify policies, guidance, and recommendations related to LTCF staff and residents, in England issued
by the government during the COVID-19 pandemic, developing a timeline of key events and synthesizing the policy
aims, recommendations, implementation and intended outcomes.

Method A scoping review of publicly available policy documents, guidance, and recommendations related

to COVID-19 in LTCFs in England, identified using systematic searches of UK government websites. The main aims,
recommendations, implementation and intended outcomes reported in included documents were extracted.
Data was analysed using thematic synthesis following a three-stage approach: coding the text, grouping codes
into descriptive themes, and development of analytical themes.

Results Thirty-three key policy documents were included in the review. Six areas of recommendations were identi-
fied: infection prevention and control, hospital discharge, testing and vaccination, staffing, visitation and continuing
routine care. Seven areas of implementation were identified: funding, collaborative working, monitoring and data
collection, reducing workload, decision making and leadership, training and technology, and communication.

Discussion LTCFs remain complex settings, and it is imperative that lessons are learned from the experiences dur-
ing COVID-19 to ensure that future pandemics are managed appropriately. This review has synthesized the policies
issued during this time, however, the extent to which such guidance was communicated to LTCFs, and subsequently
implemented, in addition to being effective, requires further research. In particular, understanding the secondary
effects of such policies and how they can be introduced within the existing challenges inherent to adult social care,
need addressing.
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Introduction

Across the majority of countries with ageing popula-
tions, the COVID-19 pandemic had a significant impact
on older adults in long term care facilities (LTFCs) [1]. In
England alone, during the first two months of the pan-
demic there were 12,526 deaths among LTCF residents
either confirmed or suspected as related to COVID-19,
with deaths in LTCFs increasing by 220% in the first ten
weeks of the pandemic [2, 3]. In 2022, the LTFC popu-
lation was nearly 8% lower than before the pandemic,
falling from approximately 391,927 to 360,792, possibly
due to widespread concern regarding the quality of care
available in LTCFs [4]. Similar experiences occurred in
Canada, Australia, and the United States [5-7]. In this
paper, an LTCF is defined as a collective institutional
setting where care is provided for the older people who
live there, 24 h a day, seven days a week, for an undefined
period, and can refer to care homes, nursing homes or
residential aged care facilities [8, 9].

The timings of the COVID-19 pandemic varied by
country, in terms of first cases, travel restrictions and
lockdowns. In England, the first cases of COVID-19 were
confirmed 31st January 2020, and the national response
to the pandemic can loosely be described in four stages;
the first national lockdown (23rd March 2020 to 13th
May 2020), autumn/winter 2020 restrictions and the sec-
ond national lockdown (14th October 2020 to 4th Janu-
ary 2021), the third national lockdown (5th January 2021
to 8th March) and Plan B (8th December — 27th January
2022). (see Table 1).

In hindsight, the likely effect of the COVID-19 pan-
demic on a relatively vulnerable LTCF population could
have been predicted. Compared to older adults living pri-
vately in the community, LTCF residents are more likely
to be frail, have existing comorbidities including demen-
tia or some form of cognitive impairment, with an aver-
age age of over 80 years [141, 142]. Such characteristics
are now associated with being more susceptible to, and
to subsequently die from, COVID-19 infection [143].
In addition, contact between residents and staff, both
in private rooms and in communal areas, is frequent,
making isolating, segregating, or shielding residents and
staff problematic [144]. The COVID-19 pandemic cre-
ated additional burdens to maintaining an LTCF work-
force, which was already characterised by comparatively
low pay, high staff turnover, and limited opportunities
for training, support and development which are largely
dependent on the leadership and management of indi-
vidual LTCFs [145].

Developing national policies to manage COVID-19
across such settings is challenging. During the pandemic,
LTCFs reported difficulties in accessing and using per-
sonal protective equipment (PPE), managing COVID-19
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related staff absences and the impact of the pandemic on
health and wellbeing, and in reducing the use of agency
staff across multiple sites [146—150].

Like most high and middle income countries, the UK
government published national guidelines to tackle the
spread of COVID-19 in LTCFs in England, including
hastening hospital discharge, restricting visitation from
family and friends and promoting remote primary care,
among others [19, 31, 59]. At present, there has been no
systematic synthesis of these policies, or of their aims,
implementation or intended outcomes, within the wider
context of the pandemic. Given the growing likelihood
of future pandemics, and ongoing criticism at how the
pandemic response was managed in LTCFs in England,
reflecting on UK policies is imperative to understand why
LTCFs were affected as they were, and how LTCFs can be
managed during pandemics in the future both in the UK
and internationally [151].

Aims and objectives

Publicly available policy, guidance and recommenda-
tions from the UK government related to LTCFs in Eng-
land during the COVID-19 pandemic are explored in this
scoping review. Firstly, it aims to provide a timeline of
key events related to LTCFs, and secondly it aims to syn-
thesise the aims, recommendations, implementation, and
intended outcomes of the guidance identified.

Methods

A scoping review approach, as developed by Arksey and
O’Malley, was used to synthesise key policy documents
[152]. The five-stage approach included; identifying the
research question, identifying relevant studies, study
selection, charting the data and collating, summarizing
and reporting the results [152].

Identifying the research question
Firstly, the primary research question was discussed and
refined, and the two review questions were identified.

Identifying relevant studies

The UK government website was searched for policy,
guidance and recommendations, using the key terms
"COVID-19", "Coronavirus", "care home" and "adult
social care”, in October 2022 [153]. The results included
policy or strategy documents, white papers, guidance
or working papers. Included documents could either be
published papers or online webpages. The approach was
informed by recommended review methods for grey lit-
erature, and a snowballing strategy was used to identify
sources referenced or linked to within included docu-
ments [154, 155]. Where required, an internet archive
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Table 1 Timeline of issued guidance related to wider UK and international events (left column) and the management of COVID-19 in

LTCFs in England (right column), from December 2019 to June 2022

First cases of COVID-19 in China reported [10] 31-Dec  Dec 19

WHO declares COVID-19 a public health emergency of interna- 30-Jan  Jan 20
tional concern [10]

First cases of COVID-19 in England are confirmed [12] 31-Jan

Feb 20
First COVID-19 death in England is confirmed [14] 05-Mar  Mar 20
WHO defines COVID-19 as a pandemic [16] 11-Mar
Social distancing measures announced [18] 16-Mar
First lockdown in England begins [21] 23-Mar

WHO guidance published on asymptomatic transmission [26] ~ 02-Apr ~ Apr 20

Lockdown extended for“at least” three weeks [32] 15-Apr
Conditional plan for lifting lockdown announced [38] 10-May May 20
English primary schools encouraged to re-open [46] 01-Jun  Jun20
Non-essential retail re-opened [50] 15-Jun
The first local lockdown is introduced in Leicester [52] 29-Jun

30-Jan

25-Feb

03-Mar
16-Mar
17-Mar

19-Mar
19-Mar

23-Mar
27-Mar

29-Mar
30-Mar
02-Apr
04-Apr

09-Apr

10-Apr
15-Apr
15-Apr

17-Apr
23-Apr
27-Apr

28-Apr

30-Apr
01-May
06-May
11-May
15-May
19-May
20-May

21-May
26-May

06-Jun

07-Jun

08-Jun

09-Jun
19-Jun

NHS England declares a Level 4 National Incident [11]

‘Guidance for social or community care and residential settings
on COVID-197[13]

‘COVID-19 action plan’published [15]
CQC announce immediate cessation of routine inspections [17]

‘Next Steps on NHS Response to COVID-19'—freeing up inpa-
tient and critical care capacity [11]

‘COVID-19: hospital discharge service requirements® [19]

‘Responding to COVID-19: the ethical framework for adult social
care” [20]

Appeal to recruitment agencies to work with social care provid-
ers [22]

LGA/ADASS raise concerns regarding PPE provision for adult
social care [23]

COVID-19 testing to support retention of NHS staff [24]
CQC release joint statement on advance care planning [25]
‘COVID-19: admission and care of people in care homes™ [27]

‘COVID-19: management of staff and exposed patients and resi-
dents in health and social care settings™ [28]

‘Coronavirus (COVID-19): looking after people who lack mental
capacity” [29]

CQC requires care homes to report COVID-19 deaths [30]
‘COVID-19: our action plan for adult social care” [31]

Deaths involving COVID-19 in care homes in England: transpar-
ency statement published [30]

COVID-19: how to work safely in care homes® [33]
Adult social care recruitment care campaign launched [34]

Death in service benefits for frontline NHS and social care staff
[35]

Daily briefing - ‘government will now publish data on deaths
in care homes"[36]

CQC launches Emergency Support Framework [37]

NHS sets out clinical service model for care home support [39]
Dedicated app for social care workers launched [40]
Government publishes ‘Our Plan to Rebuild’ [41]

Coronavirus (COVID-19): support for care homes [42]

Health and wellbeing of the adult social care workforce® [43]

Bereavement scheme extended to dependents of social care
workers [44]

Social care staff exempt from immigration health surcharge [44]
‘Join Social Care’tool launched to speed up social care recruit-
ment [45]

NHS Volunteer Responders scheme extended to social care staff
[47]

Government meets its target to offer COVID-19 tests to every
care home for over-65 s [48]

Government announces Social Care Sector COVID-19 support
taskforce [49]

‘About the Adult Social Care Infection Control Fund™ [51]
“Coronavirus (COVID-19): reducing risk in adult social care" [53]
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Restrictions are eased in England [54]

WHO issues a policy brief to prevent and mitigate the impact
of COVID-19 across all aspects of long-term care [57]

Social gatherings above six banned in England [62]

Pubs and restaurants in England to close at 22:00 [65]

Three-tier system of restrictions begins in England [67]

Second lockdown in England begins [71]

Second lockdown ends, returns to three tier system [74]

Regulatory approval of Pfizer/BioNTech vaccine [77]
COVID-19 vaccination delivered in England [79]

Fourth tier of restrictions introduced in England [81]

England enters third national lockdown [83]
Moderna vaccine approved [85]

AstraZeneca/Oxford vaccine approved [88]

Roadmap to ease lockdown restrictions announced [91]

Step 1 of lockdown easing begins in England [95]

Gatherings of six people allowed in England [91]

Twice weekly rapid testing available in England [99]
Step 2 of lockdown easing begins in England [91]

Further easing of COVID-19 restrictions announced [91]

Janssen vaccine approved [104]

04-Jul

24-Jul

14-Sep

24-Sep

14-Oct

05-Nov

02-Dec

02-Dec
08-Dec

19-Dec

06-Jan
08-Jan

30-Jan

22-Feb

08-Mar

29-Mar

09-Apr
12-Apr

17-May

28-May

Jul 20

Aug 20

Sep 20

Oct 20

Nov 20

Dec 20

Jan 21

Feb 21

Mar 21

Apr 21

May 21

Jun 21

03-Jul

17-Jul
20-Jul

22-Jul
31-Jul

25-Aug
11-Sep

18-Sep
18-Sep

01-Oct

06-Oct
13-Oct
23-Nov
27-Nov
01-Dec

01-Dec

04-Dec
14-Dec
16-Dec
20-Dec

11-Jan
15-Jan
17-Jan

22-Jan
29-Jan
01-Feb

09-Feb

25-Feb

01-Mar
24-Mar

29-Mar
12-Apr
14-Apr

04-May
17-May
20-May
16-Jun

Repeat testing strategy for LTCF staff (weekly) and residents
(every 4 weeks) [55]

"The next chapter in our plan to rebuild’[56]

‘COVID-19 supplement to the IPC resource for adult social care’
[58]

"Visiting arrangements in care homes" [59]

‘Personal protective equipment: illustrated guide for community
and social care settings® [60]

Overview of adult social care guidance on coronavirus (COVID-
192 [61]

Letter to social care providers highlighting the importance
of testing and PPE [63]

‘Adult social care: our COVID-19 winter plan 2020 to 2021 [64]

Government publishes the Social Care Sector COVID-19 Support
Taskforce's report on first phase of COVID-19 pandemic [66]

‘Adult Social Care Infection Control and Testing Fund: round 2"
(68]

CQC sets out its transitional regulatory approach [69]
‘Winter Discharges—Designated Setting'[70]
‘COVID-19 Winter Plan’[72]

PHE publishes COVID-19 vaccination programme [73]

CQC publish information on regulating ‘designated care settings’
[75]

Government rolls out lateral flow testing to enable indoor visit-
ing in all LTCFs [76]

Vaccinations in LTCFs programme launched [78]
'‘COVID-19: our action plan for adult social care’— updated [31]
‘Discharge into care homes: designated settings [80]

NHS issue guidance on staffing to support vaccination in LTCFs
[82]

‘UK COVID-19 vaccines delivery plan’[84]
‘Adult Social Care Rapid Testing Fund: guidance™ [86]

Social care sector to receive £269 million boost staffing and test-
ing [87]

‘Your care home during winter’ [89]
Workforce Capacity Fund for adult social care [90]

Every older LTCF resident in England offered a COVID-19 vaccine
[92]

‘Care for Others. Make a Difference’ recruitment campaign
launched [93]

COVID-19 vaccine: one of UK's largest LTCF firms introduces 'no
jab, no job'policy [94]

‘Restricting workforce movement between care homes

and other care settings™ [96]

‘Coronavirus (COVID-19) testing available for adult social care
in England™ [97]

‘Adult Social Care Infection Control and Testing Fund™ [98]
LTCF residents in England allowed two visitors [100]

Consultation launched on COVID-19 vaccines among LTCF staff
[101]

LTCF residents can go on outdoor trips without isolating [102]
LTCF residents allowed five named visitors [103]
‘Testing for professionals visiting care homes™ [105]

LTCF staff to be fully vaccinated under new law, to be imple-
mented in October 2021 [106]
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Further easing of COVID-19 restrictions announced [107] 19-Jul - Jul 21

Self-isolation removed for double-jabbed contacts 16-Aug  Aug 21
Sep 21
Oct 21
Nov 21

Plan B implemented in England [119] 08-Dec  Dec 21

Self-isolation for COVID-19 cases reduced from 10 to 7 days 22-Dec

following negative LFD tests [122]

Positive LFT no longer required to take PCR test [125] 11-Jan  Jan 22

Self-isolation can end after 5 days following 2 negative LFD 17-Jan

tests [128]

England to return to Plan A [130] 19-Jan

Plan for living with COVID-19 announced [132] 24-Feb  Feb 22

UK COVID-19 inquiry draft terms of reference set out [133] 11-Mar  Mar 22

Mass free testing stops [137] 01-Apr  Apr22
May 22

02-Jul  'Adult social care extension to Infection Control and Testing Fund
2021 [108]

19-Jul  Frontline health and care staff can work rather than self-isolate
[109]

04-Aug  ‘Coronavirus (COVID-19) vaccination of people working
or deployed in care homes: operational guidance™ [110]

07-Sep  Record £36 billion investment to reform NHS and Social Care
[111]

14-Sep  JCVlIissues updated advice on COVID-19 booster vaccination
[112]

15-Sep  Temporary medical exemptions for COVID-19 vaccination
of LTCF staff [113]

21-Oct  ‘Adult Social Care Infection Control and Testing Fund: round 3"
[114]

29-Oct  Guidance updated to allow flexibility in booster programme
for LTCF residents [115]

03-Nov  Workforce Recruitment and Retention Fund® [116]

11-Nov  COVID-19 vaccination introduced as a condition of deployment
for all frontline social care workers [117, 118]

24-Nov  Lift COVID-19 ban on staff working in more than one LTCF [96]

10-Dec  Support package to protect care sector this winter [120]

10-Dec  'People at the Heart of Care: adult social care reform’[121]

16-Dec  Workforce Recruitment and Retention Fund for adult social care,
round 2% [123]

24-Dec  Health and Care Visa scheme expanded [124]

10-Jan  Adult Social Care Omicron Support Fund [126]

13-Jan  Free PPE for frontline extended for another year [127]

27-Jan  Government eases social care restrictions after booster success,
including unlimited visitors [129]

31-Jan  Consultation on removing vaccination as a condition of employ-
ment for social care staff announced [131]

01-Mar  Regulations making COVID-19 vaccination a condition
of deployment to end [134]

03-Mar ‘A guide to the spring booster for those aged 75 years and older
and older residents in care homes™ [135]

31-Mar “Infection prevention and control in adult social care: COVID-19
supplement™ [136]

05-Apr  ‘Bereavement resources for the social care workforce [138]

06-Apr  Health and Social Care Levy to raise billions for NHS and social
care [139]

19-May  JCVI provides interim advice on an autumn COVID-19 booster

programme [140]

Events marked with an ®refer to guidance documents included in the review

Acronyms: ADASS Association of Directors of Adult Social Services, CQC Care Quality Commission, IPC Infection Prevention and Control, JCV/ Joint Committee on
Vaccination and Immunisation, LFD Lateral flow device, LGA Local Government Association, NHS National Health Service, PCR Polymerase chain reaction, PHE Public
Health England, PPE Personal protective equipment, WHO World Health Organisation

resource was used to access the original publications if no

longer available online [156].

Study selection

Guidance documents were included if they met the inclu-
sion criteria shown in Table 2. In stage one, titles and
executive summaries were reviewed for potential inclu-
sion, and if suitable a full document was sourced for

review in stage two. A randomly selected subset of 20% of
the documents were reviewed by a second reviewer (AG).

Charting the data

Five areas of data were extracted; publication data,
including author, date and central theme; the stated aim
of the guidance, the main recommendations, implemen-
tation of the recommendation, and intended outcome,
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Table 2 Inclusion and exclusion criteria
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Inclusion criteria

Exclusion criteria

- Guidance, recommendations, or policy issued by a UK national govern-
ing body, relating to England

- Guidance related predominantly to the management of COVID-19

or providing care during the COVID-19 pandemic either in LTCFs for older
adults, or among older adult LTCF residents. Guidance related to adult
social care, which does not specifically exclude LTCFs for older adults,
would be included

« An LTCF is operationally defined as a long-term care setting where sev-
eral older people live, with access to on-site care services. It may be
either CQC or non CQC registered

- Guidance related to LTCFs in England

- Published online between 1st January 2020 and 1st June 2022

- Original publication accessible online as of October 2022

« Guidance, recommendations, or policy issued by non-government bodies
- Documentation reporting data only, press releases or that contained

no guidance, recommendations, or policy

- Content unrelated to the management of COVID-19 either in LTCFs,

or among LTCF residents, such as infection control in general, or managing
COVID-19 in the community, acute settings, sheltered accommodation
etc. Guidance related to LTCFs for any group other than older adults, such
as children or those with learning disabilities, were excluded

- Guidance related to Northern Ireland, Scotland and Wales, or countries
outside of the United Kingdom

- Guidance related to a specific region or locality within England, such

as local government guidance

where stated. A randomly selected subset of 20% of
the included documents were discussed with a second
reviewer (AG), who independently checked the data
extracted. If disagreements arose between reviewers,
these were discussed openly and if necessary, a third
reviewer was included to make a final decision (NP). At
this stage, included documents were added to a narrative
timeline of key international, national and LTCF related
events.

Collating, summarizing and reporting of results

Finally, the extracted data was analysed using thematic
synthesis, starting with coding the text, grouping the
codes into descriptive themes, and developing analytical
themes (DCM/AQG) [157]. Thematic synthesis was used
as the approach transparently connects the data collected
to the conclusions interpreted from the analytical themes
[157].

The analytical themes generated were then discussed
by the research team, re-applied to the data, and subse-
quently refined, using NVivo v12 [158]. The Enhancing
Transparency in Reporting the synthesis of Qualitative
research (ENTREQ) statement and the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR) were used
to direct the reporting of the review [159, 160].

Results

The screening process is shown in Fig. 1 and resulted in
33 included documents. The earliest guidance was from
25 February 2020, with the most recent guidance pub-
lished 19 May 2022. Twenty-five documents were pub-
lished by the Department of Health and Social Care, five
by Public Health England/UK Health Security Agency
and three were multi-authored, including by the Care
Quality Commission (CQC) and NHS England.

The 33 documents focused on ten areas: nine focused
on available funding to support LTCFs, seven provided
multi-thematic guidance, such as outbreak management
and controlling the spread of infection, five focused on
COVID-19 testing or vaccination, and two on discharge
and admission, caring for residents or staff with COVID-
19, providing equitable care for residents, supporting the
workforce, working safely in LTCFs and visiting/move-
ment between LTCFs, respectively. Full data extracted is
shown in the supplementary material. A timeline of key
international and national events related to LTCFs in
England during the pandemic is shown in Table 1, with
the main funding streams shown in Table 3.

Timeline of LTCFs in England during the COVID-19
pandemic

First national lockdown (23rd March 2020 to 13th May 2020)
The first publicly issued guidance for LTCFs was pub-
lished on the 25th February 2020, more than three weeks
after the first cases of COVID-19 in England were con-
firmed. By this time, the National Health Service (NHS)
England had declared the pandemic a Level 4 National
Incident, implementing a nationally coordinated
response [11, 12, 161]. In hindsight, the recommenda-
tions underestimated the potential impact of COVID-
19 in residential settings; despite recognition that older
adults were likely to experience more severe COVID-19
symptoms, the guidance stated that it remained unlikely
that those receiving care in a LTCF would become
infected [161]. On the 11th March 2020, COVID-19
was defined as a pandemic, and national social distanc-
ing measures were announced [16, 18]. The ‘COVID-19
Action Plan’ was published, with minimal reference to
adult social care, as the CQC, the independent regula-
tor of health and social care in England. announced the
immediate cessation of routine inspections [15, 17].
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Fig. 1 PRISMA flowchart

Table 3 Main funding streams in England for either adult social care or discharge to adult social care during the COVID-19 pandemic

Funding title Announced Amount Description

Hospital Discharge Funding Mar 2020 £1.3 billion To support NHS and local authorities to work together to fund the addi-
tional needs of people leaving hospital during the pandemic

Adult Social Care May 2020 £600 million  To support adult social care providers to reduce the rate of COVID-19

Infection Control Fund transmission in and between care homes and support wider workforce
resilience

Adult Social Care Oct 2020 £546 million  Same as the Adult Social Care Infection Control Fund

Infection Control Fund: round 2

Adult Social Care Jan 2021 £149 million  To support increased LFD testing in care settings

Rapid Testing Fund

Workforce Capacity Fund for adult social care  Jan 2021 £120 million  To enable local authorities to deliver measures to supplement
and strengthen adult social care staff capacity to ensure that safe
and continuous care is achieved

Adult Social Care Mar 2021 £341 million  Consolidates the Adult Social Care Infection Control Fund and the Adult

Infection Control and Testing Fund Social Care Rapid Testing Fund

Adult Social Care Jul 2021 £250 million  Extension, consolidates the Adult Social Care Infection Control Fund

Infection Control and Testing Fund—extension and the Adult Social Care Rapid Testing Fund

Adult Social Care Oct 2021 £388 million  Same as the Adult Social Care Infection Control and Testing Fund,

Infection Control and Testing Fund: round 3 including vaccine funding

Workforce Recruitment and Retention Fund Nov 2021 £162.5 million  To support local authorities to address adult social care workforce
capacity pressures through recruitment and retention activity

Workforce Recruitment and Retention Fund Dec 2021 £300 million  Same as the Workforce Recruitment and Retention Fund

for adult social care, round 2

Adult Social Care Omicron Support Fund Jan 2022 £60 million To support the sector with measures already covered by the infection

prevention and control allocation of the Infection Control and Test-
ing Fund (round 3) to reduce the rate of COVID-19 transmission
within and between care settings through effective IPC practices
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On 17th March 2020, the ‘Next steps on NHS response
to COVID-19" was published by NHS England, which
aimed to free up hospital beds through postponing all
non-urgent elective operations, and urgently discharg-
ing hospital inpatients as soon as it was clinically safe to
do so, anticipating 1% of which would be discharged to
LTCFs [11, 19]. The only reference to testing for COVID-
19 was that, where applicable, test results would be
included within patient discharge documentation [19].
By 2nd April 2020, guidance reiterated that negative tests
were not required prior to LTCF admission, with family
and friends advised not to visit LTCFs except next of kin
in exceptional situations such as end of life [27]. As Eng-
land entered its first lockdown, the implications of the
pandemic on adult social care, in terms of staff absences,
access to PPE and concerns regarding the blanket appli-
cation of advance care plans at end of life, were being rec-
ognized within government briefings [21-23, 25].

National lockdown was extended for three weeks,
and on 15th April 2020, ‘COVID-19: our action plan for
adult social care’ was published, adopting a four-pillar
approach based on (a) controlling the spread of infec-
tion, (b) supporting the workforce, (c) supporting inde-
pendence, people at the end of life, and responding to
individual needs, and (d) supporting local authorities and
the providers of care [31, 32]. The action plan commit-
ted to an emergency release of seven million PPE items,
alongside a further 34 million items of PPE across local
resilience forums (LRFs); local multi-agency partnerships
made up of representatives from local public services.
The action plan initiated testing for social care workers
and their households, in line with NHS staff workforce,
introduced an online reporting system for LTCFs (the
‘Capacity Tracker’), implemented COVID-19 testing
prior to LTCF admission, reiterated a commitment to
providing appropriate end of life care to residents, and
addressed increasing the social care workforce [24]. A
recruitment campaign for adult social care commenced,
and the CQC launched the ‘Emergency Support Frame-
work; to identify care providers that needed extra sup-
port to respond to the pandemic [34, 37].

As lockdown restrictions began to lift in May 2020, the
COVID-19 recovery strategy ‘Our Plan To Rebuild’ re-
emphasised the importance of protecting LTCFs, com-
mitting to the testing of all symptomatic LTCF residents
and hospital patients discharged into LTCFs [38, 41]. It
offered a polymerase chain reaction (PCR) COVID-19
test to every staff member and resident, symptomatic or
asymptomatic, in LTCFs in England, by 6th June 2020.
Further recommendations on reducing workforce move-
ment between LTCFs were published, acknowledging
significant asymptomatic transmission in LTCFs via both
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residents and staff [42]. The recommendations were sup-
ported by a £600 million Infection Control Fund [51].

Autumn and winter 2020 restrictions and second national
lockdown (14 October 2020 to 4 January 2021)

On the 8th June 2020, it was confirmed that the testing
target to distribute ‘whole home’ testing kits, for all resi-
dents and staff within any LTCF for residents over 65 or
those with dementia, had been met, and by the 6th July
2020, weekly staff and monthly resident testing for all
LTCFs had been implemented [55]. By mid- September,
the first local lockdown was introduced in Leicester, and
limitations on groups of more than six were introduced
in England to curb the growing number of infections,
including an increase among LTCF staft [62, 63]. These
recommendations were timely, as on 24th September
2020 further restrictions were announced, pre-empt-
ing local lockdowns, prior to national lockdown on 5th
November 2020 [65, 67, 71, 74, 81]. Further funding for
adult social care was announced, and the CQC intro-
duced ‘designated settings, areas within LTCFs where
newly admitted residents with COVID-19 could safely
complete a period of isolation [64, 68, 80].

Third national lockdown (from 6 January 2021 to 8" March)
England’s third national lockdown was introduced on
6th January 2021, as new variants of COVID-19 emerged
and the vaccination programme was being rolled out
[83, 84, 89]. LTCEF residents and staff were prioritized for
vaccination by the Joint Committee on Vaccination and
Immunisation, and by 1st February 2021 every LTCF
resident over 65 years had been offered a COVID-19
vaccine [73, 92]. By April 2021, free lateral flow device
(LFD) tests were provided to everyone in England, which
further supported visitation to LTCFs; and from 12th
April 2021, LTCF residents were allowed two regular
visitors, indoors, on the condition of providing a nega-
tive LED test [99, 100, 105]. As further easing of COVID-
19 restrictions were announced double-vaccinated staff
were permitted to attend work instead of self-isolating,
contingent on a negative PCR test and daily negative
LFD tests [107, 109]. By September 2021, LTCF residents
and staff were offered a COVID-19 booster vaccine [112,
115].

As LTCF staff became eligible for vaccination, some
care providers introduced a 'no jab, no job’ policy, which
was widely criticised at a time of staff shortages [94].
In June 2021 it was announced that anyone working in
an LTCF required two doses of a COVID-19 vaccine,
unless medically exempt [101, 106, 110, 113]. In Novem-
ber 2021, COVID-19 vaccination became a condition
of employment for all frontline social care workers, and
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restrictions on staff working in multiple settings were
lifted to tackle staff shortages [117, 118].

Plan B (8 December—27 January 2022) and ending

of restrictions

In December 2021, as COVID-19 infections again
increased, England temporarily moved to ‘Plan B, which
recommended working from home and face coverings
in public indoor venues [119]. These restrictions were
subsequently removed on the 27th January 2022, which
was said to be possible due to the success of the booster
vaccination programme [130]. On 1st March 2022, regu-
lations making vaccines a condition of deployment for
social care staff were revoked, after widespread criti-
cism [134]. In February 2022, the government’s plan for
removing the remaining legal restrictions was published,
including removing the need for self-isolation after a pos-
itive test, and discontinuation of mass free testing on 1st
April 2022 [132, 137]. LTCEF residents and staff would still
be able to access free symptomatic/ asymptomatic test-
ing, with residents offered a second, spring booster, and a
third booster in Autumn 2022 [135, 140].

Thematic analysis

The aims, main recommendations, implementation and
outcomes of the documents were analysed using thematic
analysis. Six areas of recommendations were identified:
infection prevention and control, hospital discharge, test-
ing , staffing, visitation and continuing routine care. In
addition, seven areas of implementation were identified:
funding, collaborative working, monitoring and data col-
lection, reducing workload, decision making and leader-
ship, training and technology and communication.

Aims and intended outcomes of the included
documents

Where stated, the guidance predominantly aimed to
reduce the risk of, or help prevent and control, COVID-
19 transmission in LTCFs, and prevent future outbreaks,
while ensuring that residents continued to receive appro-
priate care. As the pandemic progressed, this focus
shifted to supporting care providers to reduce the rate of
COVID-19 transmission in, and between, LTCFs. While
the guidance consistently focused on protecting resi-
dents and staff, over time the additional need to protect
vulnerable staff from COVID-19 infection was recog-
nised. Specific aims related to hospital discharge service
requirements, providing effective infection prevention
and control (IPC) practices, supporting workforce resil-
ience, capacity and health and wellbeing, reducing move-
ment between sites, enabling visiting, and increasing
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testing and vaccination uptake. Seasonal guidance, such
as providing care in LTCFs during winter, was also pub-
lished [64, 89].

In terms of implementation, the policies aimed to dis-
seminate guidance across services, including to local
authorities, NHS organisations and care providers, at
local, regional and national level. In some cases, the guid-
ance required further dissemination, such as asking care
providers to pass on advice to their staff, or to support
health professionals in developing facility specific poli-
cies in line with their own professional codes of conduct
and regulations [20, 29].

Overall, the intended outcomes, where explicitly
stated in the guidance, reflected the aims, and focused
on reducing the risk of transmitting the infection to oth-
ers and avoiding exposure to COVID-19. Specific out-
comes included preventing and controlling COVID-19,
protecting staff, reducing the rate of transmission in
and between LTCFs, increasing uptake of staff vaccina-
tion and providing funding to support these outcomes.
In some cases, outcomes centred on supporting decision
makers, such as in conducting risk assessments [53].

Main recommendations of the included documents
Six themes relating to recommendations were identified:
infection prevention and control, hospital discharge, test-
ing, staffing, visitation and continuing routine care. The
guidance was updated throughout the pandemic, as the
rate of transmission varied, and local lockdowns were
introduced.

Infection prevention and control
In the early days of the pandemic, initial guidance
focused on the management of those exposed to
COVID-19, and was limited to residents, visitors or
staff who had visited specific countries. Normal prac-
tice was recommended for LTCF staff who had come
into contact with COVID-19 without PPE, on the basis
that exposure would be short-lived, and LTCF closures
were not required [28, 161]. In addition, if a resident or
staff member was asymptomatic, no change to care was
required [161]. Within days, IPC guidance was updated,
with emphasis on keeping asymptomatic residents safe
through daily symptom monitoring and social distanc-
ing measures amongst residents and staff [27]. General
PPE use was recommended for providing personal care,
regardless of whether the resident had symptoms or was
known to have COVID-19, recognising that older resi-
dents often had minimal symptoms of infection [33, 60].
Arguably the central strategy to minimising COVID-
19 transmission in LTCFs, and nationally, was social
distancing. Care providers were advised to follow social
distancing measures for everyone within the facility,
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with extremely vulnerable groups subject to additional
shielding [27]. This included reducing contact between
staff, holding team meetings and handovers remotely,
staggering times of entry to collect equipment, reduc-
ing communal activities, and having a smaller number of
workers dedicated to supporting residents with COVID-
19 [61, 136]. Any resident showing COVID-19 symptoms
was to be isolated and separated immediately in a single
room, with a separate bathroom, and isolation, ‘cohort-
ing’ and infection control measures strictly implemented
[27]. Cohorting referred to limiting residents and staff
to floors or wings, segregating COVID-19-positive and
COVID-19-negative residents [61]. Cohorting and zon-
ing recommendations were published, and included early
discussions with care providers regarding the safety and
feasibility of implementing these arrangements within
LTCFs [64]. In Dec 2021, the CQC released guidance on
‘designated settings; areas within a LTCF that had addi-
tional policies, procedures, equipment, staffing and train-
ing in place to maintain infection control to safely care
for COVID-19 positive residents admitted to the LTCF
[80]. Funding to support social distancing was provided,
and to pay for the costs associated with implementing
cohorting, recruiting and paying extra staff, paying for
structural or physical changes to support cohorting, and
providing accommodation for staff who proactively chose
to live in the facility, therefore reducing social contact
outside work [51, 96, 98, 108, 114].

Two recommendations require further exploration:
staff isolation and restricting staff movement.

Guidance on staff isolation was relatively consistent
across the pandemic; staff with COVID-19 symptoms
were asked to notify their line manager immediately
and self-isolate for seven days, later extended to 10 days
[27, 28, 61]. This included staff with a symptomatic or
COVID-19 positive household member, or those notified
to isolate by the NHS Test and Trace system, with fund-
ing available to reimburse the wages of self-isolating staff
(64, 68].

In terms of staff movement, care providers were rec-
ommended to limit all staff movement between settings
unless necessary. This applied to staff working for one
care provider across several facilities, staff working on a
part-time basis for multiple employers in multiple facili-
ties, and agency staff [42, 68]. Where the use of agency
staff was needed, care providers were asked to use block
bookings, review exclusivity arrangements with recruit-
ment agencies and recruit additional staff over winter
[42, 68]. A ten day interval between staff attending the
two settings and a negative test result prior to enter-
ing the facility was also recommended [96]. Again, the
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Infection Control Fund could be used to meet associated
costs [64].

In response to concerns over access to PPE, an emer-
gency provision of seven million items of PPE was pro-
vided, alongside 23 million items of PPE for onward sale
to social care providers and the release of a further 34
million items of PPE across LRFs [31, 42]. Three emer-
gency routes to access PPE were developed, an online
PPE Portal, LRFs and the National Supply Disruption
Response system, which responded to emergency PPE
requests, supported by a 24/7 helpline and an express
freight service [31]. Ongoing monitoring was provided
through the Capacity Tracker, which collected key adult
social care data, collating daily information on bed
capacity, workforce absences, PPE levels, and overall
risks in LTCFs, and a CQC community care survey [61,
64]. Maintaining PPE stocks was a consistent message
throughout the guidance, especially during winter, and
was sustained by IPC funding [68, 89, 98, 108, 114, 136].
Support and training for LTCF staff on implementing
IPC was provided through training videos on using PPE,
support from infection control nurses, identification
of a lead individual for IPC within the facility to ensure
adherence to infection prevention guidance, and under-
taking post reflective learning reviews [31, 33, 42, 60, 64].

Hospital discharge
Discharge from hospital for patients as soon as it was
clinically safe to do so was implemented early on in the
management of COVID-19 in England [19]. In practice,
this meant that at the beginning of the pandemic older
adults were discharged to LTCFs, without the require-
ment for a negative COVID-19 test prior to admission
[27]. New residents required isolating for a 14-day period
following admission, regardless of COVID-19 status. The
guidance emphasised that no care provider would be
forced to admit a resident if they were unable to safely
cohort or isolate COVID-19 positive residents, with the
responsibility on local authorities to provide alternative
accommodation to quarantine and isolate residents [61].
This policy was later amended to testing all residents
48 h prior to discharge, with results communicated to
the LTCF provider in advance and included in discharge
documentation prior to admission [64, 80, 136]. Again,
this was monitored by local health protection teams and
through the Capacity Tracker [64, 136].

Testing
Available, accessible COVID-19 testing was integral to
the policy response for LTCFs. For two or more possible
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cases of COVID-19, testing to confirm an outbreak was
arranged through health protection teams, who arranged
for swabbing for up to five initial possible cases, with
testing of all cases not required as it would not change
subsequent outbreak management [27]. In addition to
testing, local health protection teams provided advice on
and supported outbreak management, including on iso-
lating cases and reinforcing infection control practices,
such as PPE use, appropriate staffing, and restricting visi-
tation [31].

By July 2020, this approach had changed to testing all
symptomatic residents, with the introduction of ‘whole
home;, repeat testing for all residents implemented in July
2020 [31, 61]. Repeat testing included weekly PCR testing
of staff and testing of residents every 28 days in LTCFs
without outbreaks, with access testing for all their resi-
dents and staff via a digital portal [97]. Initially, testing
was available for LTCFs with a new outbreak, COVID-19
free LTCFs with over 50 beds and LTCFs referred by local
authorities, before extending to LTCFs for over-65s and
those with dementia [42, 61].

The funding included the costs of PCR testing, ensur-
ing that staff who needed to attend work or another loca-
tion for the purposes of being tested for COVID-19 were
paid their usual wages, as were any costs associated with
travel to a testing facility, and any reasonable adminis-
trative costs associated with organising and recording
outcomes of COVID-19 tests [89, 108, 114]. Testing was
available for LTCF staff and their households through
local test centres, in line with NHS staff, albeit intro-
duced at a later date, and also for visiting health profes-
sionals and relatives [31, 97, 105].Testing was supported
by multiple funding steams, which could be used to pay
for staff costs associated with training and conducting
LFT testing within the LTCF 86, 98.

Staffing

Multiple policies focused on supporting adult social care
staff during the COVID-19 pandemic. Firstly, staff were
able to receive normal wages while self-isolating, funded
through the Infection Control Fund [64, 98]. In addition,
support was available in the form of increases to statu-
tory sick pay, universal and working tax credit and the
furlough scheme, whereby staff unable to work due to
the pandemic were continued to be paid wages through
a combination of government and employer contribu-
tions. [31, 117]. The Workforce Capacity Fund provided
funding to address staff shortages, support restricted staff
movement and to allow care providers to access addi-
tional staffing resources to minimise deployment of those
who work in multiple settings [90]. In addition to self-
isolating, staff classed as clinically vulnerable could be
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removed from providing direct care to symptomatic resi-
dents, with risk assessments encouraged to identify and
protect potentially vulnerable workers [27, 53, 64].

Secondly, the guidance addressed recruiting and retain-
ing staff through the launch of a national recruitment
campaign to attract people to the social care workforce.
Temporary arrangements to provide free, fast safety vet-
ting checks to aid recruitment were introduced, including
access to rapid online induction training for new staff, and
the redeployment of existing staff into new roles [31, 90].
In addition, existing benefits NHS staff were made availa-
ble to adult social care workers, including death in service
benefits, designation as key workers and the establish-
ment of the ‘CARE’ brand, a logo to recognise and identify
the adult social care sector [31, 34, 35, 40, 45].

Thirdly, further support on managing health and wellbe-
ing among the adult social care workforce was provided,
including the extension of a crisis text messaging support
service and a dedicated free-to-caller support helpline.

Visitation

Restrictions on visitation from relatives were a point of
contention throughout the pandemic. Despite recogni-
tion that restricting contact with relatives would likely
have a detrimental effect on residents, for the majority
of the pandemic family and friends were advised not to
visit LTCFs, except in exceptional situations such as at
the end of life [27, 110]. Specific guidance was issued for
visitors, including limiting visitors to one at a time, mini-
mising contact with other residents and staff, enabling
a booking system for visitors, keeping personal interac-
tion with the resident to a minimum and limiting visits
to one room [27, 59]. Visiting policies were largely facility
specific, with visiting restrictions rapidly imposed in the
event of an outbreak, if local incidence rates increased or
if the LTCF was located in an ’area of intervention’ [64].
As the rate of COVID-19 transmission reduced, limited
visits were allowed, ensuring every resident was enabled
to continue to receive one visitor [136].

The guidance provided advice for LTCFs on developing
visiting policies, emphasising the need to provide regular,
personalised updates on residents and the active involve-
ment of the resident and their family or friends in mak-
ing decisions regarding visitation [59]. Funding could be
used to support safe visiting, including assigning staff to
support and facilitate visits, putting in place additional
IPC measures between visits, and alterations to the LTCF
to allow safe visiting such as developing a dedicated
space [68, 98, 108]. The guidance also supported alter-
native options to maintain social contact for residents
during times of limited visitation, including the use of tel-
ephones or video calling [27].
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Continuing routine care

Finally, guidance focused on maintaining routine care for
LTCF residents. Early on in the pandemic, LTCF man-
agers were required to postpone routine, non-essen-
tial appointments, including those that would involve
residents visiting a hospital or other health care facili-
ties [27]. Care providers were asked to work with NHS
partners to reduce unnecessary emergency admissions,
by assessing the appropriateness of hospitalisation, con-
sulting a resident’s advance or emergency care plan and
through discussions with the resident and their relatives
to determine if hospitalisation was the best course of
action [64].

Continuing care within LTCFs was supported by pri-
mary care networks, who were responsible for delivering
the ‘Enhanced Health in Care Homes’ framework, which
provided access to clinical advice for staff and residents,
including a named clinical lead and weekly multidiscipli-
nary team support [31]. The guidance emphasised that if
medical advice on routine care was needed, LTCFs should
consider telemedicine consultations, delivered remotely
via a phone call or video conferencing, alongside virtual
rounds and multidisciplinary team meetings, unless a
physical presence was clinically required [27, 31, 39, 42].
An accelerated rollout of cross-service e-mail and confer-
encing software was delivered to LTCFs to enhance com-
munication with healthcare providers, allowing secure
sharing of information between services [31, 61].

Early in the pandemic, concerns regarding anecdotal
reports of blanket application of advance care plans led
to a joint statement issued from the CQC, British Medi-
cal Association, Care Provider Alliance and Royal Col-
lege of General Practitioners reiterating that any advance
care plan, including Do Not Attempt Cardiopulmonary
Resuscitation orders, should be person centred and made
on an individual basis [25]. In particular, any advance
care decision should be fully discussed with the resident
and their family, and signed by the clinician responsible
for their care [61, 64]. Further guidance was issued on
end of life care in the context of the mental capacity act,
and removing the requirement for family testing for resi-
dents at end-of-life [29, 64, 136].

Implementation of the included documents

Seven areas of recommendations were identified: fund-
ing, collaborative working, monitoring and data collec-
tion, reducing workload, decision making and leadership,
training and technology and communication. These are
expanded on below.

Funding
Throughout the pandemic, multiple funding streams
were established to support hospital discharge, infection
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prevention and control, workforce capacity and later test-
ing and vaccination, as shown in Table 3. The specific
aims of the funding have been referenced in the main
recommendation’s discussion. In most cases, funding
was provided to local authorities, who were able to pass
on approximately 80% of this funding to LTCFs, with the
rest of the funding allocated at the discretion of the local
authority [68, 86].

Collaborative working

The need for collaborative working across services was
repeatedly emphasised, specifically between the NHS
and care providers. This included recommendations for
timely access to clinical advice, including a named clini-
cal lead with weekly check-ins, proactive support for
residents through personalised care and support, support
for residents with suspected or confirmed COVID-19
through remote monitoring, and sensitive and collabora-
tive decisions around hospital admissions for residents
[42]. Outside the NHS, local resilience forums were
responsible for managing the local response to the pan-
demic, in addition to wider stakeholders, such as Care
Provider Associations [31, 59, 161].

Monitoring and data collection

Monitoring systems were developed, namely the Capac-
ity Tracker, which provided intelligence on adult social
care for decision making [19, 31]. In addition, suspected
and confirmed COVID-19 deaths were reported by care
providers to the CQC, adding to data already collected
by the Office for National Statistics [31]. Online systems
were put in place for testing, with LTCFs required to reg-
ister the results of all of LFD tests [86, 98].

Reducing workload

Several steps were made to reduce workloads during the
pandemic, facilitating transfers between settings. These
included CQC cessation of routine inspections and
launch of the Emergency Support Framework, removing
the requirement for NHS Continuing Health Care assess-
ments and suspending the need for funding panels for
hospital discharge, where required [19, 29, 36, 37].

Decision making and leadership

A key focus of implementing the guidance was on the role
of leadership and decision making, including guidance
for decision makers on applying ethical values and prin-
ciples in urgent and uncertain circumstances for LTCF
residents [20, 29]. This could be, for example, through
applying a risk assessment on deciding on whether to
admit a resident without a negative COVID-19 test, iden-
tification of clinically vulnerable staft or having difficult
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conversations, such as using the Vaccine Communica-
tions Toolkit for Adult Social Care [53, 105, 110].

Training

Much of the guidance recognised the need for further
training to implement the recommendations proposed.
The training available included online webinars, guidance
followed up by competency assessments and annexes,
with decision-making flow charts or case studies of good
practice. [19, 27, 29, 31].

Technology and communication

The COVID-19 pandemic highlighted the need for
secure, consistent communication and dissemination
across services. Initiatives to facilitate this included
implementing NHSmail in LTCFs, distributing Micro-
soft Teams to all care providers and offering discounted
broadband deals to improve internet connectivity and to
further introduce new technologies [19, 64]. Nearly all
the guidance included in this review signposted to fur-
ther guidance, including those produced by other agen-
cies. In some cases, guidance was co-produced, such as
using PPE in social care settings [80].

Discussion

This review has identified publicly available policy, guid-
ance and recommendations related to LTCFs, their resi-
dents, and staff, in England issued by the UK government
during the COVID-19 pandemic. In doing so, the key
guidance developments within the wider pandemic are
provided in a narrative timeline of the main recommen-
dations. Six themes of recommendations and seven areas
of implementation emerging from the management of
COVID-19 have been identified.

Strengths and limitations
Despite widespread criticism of the management of the
COVID-19 pandemic in LTCFs, academic literature on
national policies is relatively scarce [162]. A strength of
this review is its location of the guidance within the wider
key events; the timeline illustrates how the approach to
managing COVID-19 evolved over time, highlighting
policies that could be implemented earlier in future pan-
demics. In addition, the review has focused on recom-
mendations and their implementation, identifying how
such polices were intended to be delivered and supported.
The review is timely in that it synthesises over two
years of policy, providing a contextual reference for wider
published outputs in the research area. Given the need
for accessible, updatable guidance during the pandemic,
all the documents included in this review were published
online. Sourcing such data was challenging, in terms
of finding the literature online and accessing original
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versions. In addition, not involving an academic librar-
ian could be considered a limitation of this review. With-
out a clear repository of guidance, it is difficult to judge
whether this review has included all the relevant docu-
ments published, despite following best practice meth-
odological approaches [154, 155].

The pathways through which LTCFs accessed the pol-
icy recommendations and guidance discussed in this
review, and subsequent updates, is an area for further
research, however the need for guidance to be clear,
consistent and accessible is apparent. In addition, the
review focused solely on LTCFs for older adults, rather
than wider adult social care, and did not extract data
on updates to the guidance, however these updates
mainly referred to local lockdowns and are reflected
in the narrative timeline. In addition, whilst the review
focused on policy in England, it may reflect practice
internationally in other countries with comparative
LTCEFs for older adults.

Connection to wider literature

The aim of this review was to identify, collate and syn-
thesise guidelines, policy and recommendations, and
has identified four areas which require further discus-
sion in terms of managing pandemics in LTCFs.

Firstly, in some cases policies had unintended con-
sequences; for example, the mass discharge of hospital
patients to LTCFs has been associated with COVID-19
outbreaks, however the relative risk of transmission
through hospital discharge compared to that of trans-
mission from community routes into LTCFs is unclear
[163].

Secondly, the predominant focus on preventing the
spread of COVID-19 may have been at the detriment of
wider health and wellbeing. It is possible that the risk of
COVID-19, for some residents, may have been less of a
priority compared to the impact on quality of life of not
having contact with relatives or the effect of social iso-
lation, however this was acknowledged relatively little in
the policies included in this review.

Thirdly, the extent to which the policies identi-
fied were effective is debatable. In the case of residents
approaching end of life, during which visits from rela-
tives were allowed, one survey found that 18% of LTCFs
surveyed did not allow visitors at the end of life, and of
those that did 51% experienced challenges in providing
bereavement support to relatives [164, 165]. In addition,
despite the introduction of mental health and wellbeing
resources for adult social care staff, health care work-
ers in LTCFs reported experiencing high levels of stress,
especially among those with personal health issues, and
high levels of post-traumatic stress disorder [166—168].
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Finally, the extent to which the policies issued were
able to be implemented in LTCFs is also questionable. For
example, the ability of non-purpose built LTCFs to suc-
cessfully isolate residents from one another, is unclear.
Alternatively, efforts to digitise LTCFs and introduce new
technologies, such as remote conferencing, while a wel-
come development, were dependant on the availability of
training and support required to introduce, embed and
sustain such interventions [169-171].

Arguably, some of the areas that policies were aimed at
were longstanding challenges faced by adult social care
in England, and trying to address historic issues exacer-
bated by the pandemic could be difficult. For example,
strategies to manage COVID-19 related staff shortages
were central in the policies identified, despite high staff
turnover, relatively low pay and a reliance on external
agency staff across multiple sites existing pre-pandemic
[145]. In addition, the pandemic highlighted the need for
joint working between LTCFs and wider sectors, an area
of concern that has existed for years prior to COVID-19
[172, 173].

From a more positive perspective, the experience of
COVID-19 in LTCFs may have improved some long-
standing challenges experienced by adult social care in
England. Firstly, identification as key workers and albeit
delayed access to household testing repositioned adult
social care staff in line with the wider healthcare work-
force. Secondly, one arguably successful policy was the
introduction of the Capacity Tracker to collect data on
LTCFs, and the wider implementation of upgrading tech-
nology in the process. The paucity of data on adult social
care has also been highlighted prior to the pandemic,
supporting further calls for development of a minimum
dataset [174, 175].

Implications for policy, practice and further
research

From a policy perspective, this review has highlighted the
need for effective, accessible, and timely guidance and
recommendations on managing pandemics in LTCFs. In
particular, the secondary effects of the outcomes of such
policies, and how such impacts can be measured, beyond
numbers of infections, outbreaks or deaths, requires fur-
ther thought. For example, while hospital admissions
from LTCFs declined during COVID-19; the extent to
which this reflects appropriate care within the facility or
unmet need is unclear [176].

The timing of such guidance also warrants further
discussion, particularly in reference to asymptomatic
presentation and testing availability [177]. The role of
asymptomatic presentation was likely under-estimated
in the early stages of the pandemic. In one study on
COVID-19 symptomology within an LTCE, of 40% of

Page 14 of 21

residents who tested positive, 43% were asymptomatic,
and 4% of staff tested positive, all of whom were asympto-
matic [178]. In hindsight, had ‘whole home’ testing been
available after one suspected case, asymptomatic cases
could have been identified earlier, allowing more time for
the updating and if necessary, implementing, of advance
care plans, cohorting exposed residents and planning for
potential staff shortages [179, 180].

The extent to which wider stakeholders, including
LTCEF staff, residents and relatives’ groups and charities
such as the National Care Forum, were consulted dur-
ing policy development, and how this involvement would
have shaped the policy recommendations, is also unclear
[181]. An example of the need for stakeholder engage-
ment can be seen in vaccine hesitancy among LTCF staft
[182]. In future, further engagement with wider stake-
holders is needed to identify areas of importance to LTCF
residents, relatives and staff during pandemics, and how
policies can be successfully implemented on the ground.

In addition, a better understanding of the mecha-
nisms by which LTCFs access policy recommendations
could further enhance policy development in this area.
Throughout the pandemic, there were repeated calls by
LTCF managers for clear, consistent guidance, however
the routes of dissemination through which guidance is
accessed, and how these can be enhanced, needs further
development [183, 184].

In terms of further research, this review has identified
three areas of priority. Firstly, exploring why some LTCFs
experienced the pandemic differently to others, and how
this relates to the implementation of issued policies and
guidance, is a priority. As of Dec 2020, 70% of all LTCFs
in England had experienced a COVID-19 infection, and
33.1% of these had experienced multiple outbreaks [185].
The likelihood of outbreaks has been associated with
higher bed occupancy, lower staff levels and the use of
agency staff across multiples sites, however this knowl-
edge base is far from complete [186, 187]. In compari-
son, in Canada 54% of resident deaths were in privately
owned, profit oriented LTCFs, and in Australia COVID-
19 outbreaks were associated with areas of increased
community transmission and no face-to-face infection
control training [188, 189]. Comparing the experiences
of LTCFs internationally and understanding the mecha-
nisms behind the differences between countries is a key
area for exploration. In addition, inequalities in the num-
ber of COVID-19 infections in LTCES in areas of higher
and low deprivation require further investigation [190].

Secondly, further research is needed to explore how
effective policies across the themes identified can be
implemented in LTCFs, within the context of pre-existing
challenges to adult social care and the immediate pres-
sures of a pandemic. Ongoing research in some of these
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areas is already emerging, such as how LTCF staff can
be supported in providing end of life care and delivering
training on the use of PPE, however this needs expand-
ing, with training ideally covering more than one aspect
of pandemic management [168, 171, 191, 192].

Thirdly, international comparison to countries with
comparable long-term care systems would support
further development in this area. Initiatives such as
the International Long-Term Care Policy Network are
already making progress in this area, and developing an
understanding of how other countries approached pan-
demic management in LTCFs could provide valuable
learning for England [193].

In relation to changing practice, further research is
needed to explore the extent to which policies were imple-
mented, and the barriers, facilitators and challenges to
doing so. Understanding how current approaches to pro-
viding care in this setting can be ‘pandemic proofed; and
whether there are preventative measures that could be
addressed to avoid repeating the mistakes of the COVID-
19 pandemic in the future could be beneficial. This could
include sustaining a system to ensure equitable access to
PPE supplies and testing facilities, or maintaining proce-
dures limiting staff movement between sites.

There is also potential for wider discussion on how resi-
dents with dementia and those lacking mental capacity
can be cared for [194]. While the policies issued referred
to the specific care needs of older adults in managing
COVID-19, further guidance on practical approaches to
prognostic trajectory, advance care planning and recovery
from COVID-19 could be useful [168, 195]. Recognising
COVID-19 in residents with dementia can be especially
problematic, often presenting atypically; with residents
more likely to experience delirium and deteriorate rela-
tively fast. These residents may be less able to understand
social distancing or handwashing requirements, and
experience the mental and emotional impact of isolation
and decreased socialisation more severely [196].

Finally, managing the impact of COVID-19 on resi-
dents who are not infected is also an area of interest. As
discussed by Burton et al., excess deaths, both COVID-
19-related and non-COVID-19-related, were concen-
trated in LTCFs with a confirmed outbreak of COVID-19
[197], indicating that the extra burden of caring for resi-
dents with COVID-19 had a detrimental indirect impact
on residents not infected. Again, how to ensure appropri-
ate care is maintained during outbreaks for all residents
requires further exploration.

Conclusion

The impact of the COVID-19 pandemic on LTCFs in
England should not be forgotten, and the opportunity to
learn from the experience not missed. This review has
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provided an overview of key themes within the policy,
guidance and recomendations issued, and identified areas
for further development in terms of pandemic prepared-
ness. As the ageing population continues to grow across
the world and the long-term care needs of older adults
increases, developing effective responses for managing
future pandemics in LTCFs should remain a priority, in
England and internationally.
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Abstract

Objective: To examine the effects of a nurse-led, hospital outpatient psychotherapy
engagement (HOPE) service on emergency hospital admissions.

Design: A longitudinal synthetic control study to compare the change in outcomes in the
intervention population to a similar synthetic comparison group, five years before and three
years after implementation.

Setting: A deprived city in the North West of England between 2012 and 2020.
Intervention: A hospital based, outpatient service providing psychotherapy for people who
attended for self-harm from 2017-2020.

Main outcome measures: Emergency hospital attendances (admissions or accident and
emergency attendance), emergency hospital admissions and emergency re-admissions for self-
harm.

Results: The intervention was associated with 64% (95% CI. 43%-77%, p<0.001) fewer in
self-harm related emergency attendances per 100,000 population in the treated area compared
to the synthetic control group. No marked effects were observed for the admissions and
reattendances outcomes.

Conclusion: We found some evidence that suggests there were fewer self-harm related
emergency for treated areas. However, these results look to be due to an increase in the control
areas rather than a reduction in the treated area and were not seen across other outcomes. The
results of the additional sensitivity analysis also indicate that the results should be interpreted

with caution.



Introduction

Self-harm is a national and global public health priority.? Self-harm (defined as "any
intentional act of self-injury or self-poisoning regardless of motivation or suicidal intent™) is
associated with personal and social difficulties, as well as increased risk of suicide and
premature death by other causes.® The number of presentations for suicidal crisis at Emergency
departments (ED) is unknown, however the increasing impact of those visits is evident through
the increasing number of community crisis resolution/home treatment/ ‘first response’ schemes
and more recently the 24-hour response.* There are over 200,000 presentations to hospital
emergency departments for self-harm annually,®°> however, many people do not present to the
hospital and these figures substantially underestimate the true prevalence of self-harm.® Self-

harm is the most important risk factor for suicide, and the risk increases markedly with age.’

In a national survey in the United Kingdom (UK), it was reported that between 4.6 and 6.6%
of the population self-harm at some point in their lives® making it a significant health issue,
which often needs to be dealt with by staff in emergency departments. Guidelines from the
National Institute for Health and Care Excellence (NICE) on self-harm management have
emphasised the important role played by emergency departments and the majority of research
conducted on self-harm has been undertaken in secondary healthcare settings.>*° An estimated
220,000 emergency department presentations of self-harm occur annually in England,*® which
places considerable pressure on hospital services.!’ However, because self-harm is the
strongest risk factor for subsequent suicide,” these episodes also represent an important
opportunity for prevention.* To date, limited studies have been reported on the treatment

outcomes for patients who attend hospital for self-harm.?



The burden of self-harm disproportionally effects disadvantaged socioeconomic groups with
rates in the most deprived areas of the population twice as high as in the least deprived.'** The
prevalence of self-harm has increased by three times over the last decade®® and the burden on
health services is increasing, particularly in young people®® and girls with a suspected diagnosis
of autism.*” The costs of self-harm to the National Health Service (NHS) annually in England
is estimated at £162 million, with an additional costs in lost productivity.*® These costs to the
NHS are unsustainable especially as self-harm is one of the main risk factors for death by
suicide which has a significant economic cost to society.'® Improving the identification and
treatment of self-harm, whilst reducing emergency admissions and length of inpatient stay, has
been highlighted as a priority for the NHS in its Five-Year Forward View.? The NHS Long
Term Plan?® also aims to tackle health inequalities between the most and least deprived, and
highlights that cause of death from suicide is the second largest contributor to the life
expectancy gap between these groups. There is, therefore, an urgent need for evidence of
effective interventions that improve the management of self-harm and reduce unplanned

emergency admissions, particularly in disadvantaged populations.

Self-harm may be preventable by rapid access to brief psychological interventions, particularly
within deprived communities where there is a higher prevalence of self-harm.3* However
access to brief psychological interventions for self-harm is limited.*? Existing evidence shows
that rapid access to talking therapies is efficient and effective for self-harm.?>> There are
examples to indicate that rapid access to brief psychological intervention may be underutilised
by those in poorer socioeconomic circumstances.'® This could potentially be due to problems
with access, however there is limited published evidence investigating the provision for self-
harm treatment in hospital outpatient settings.'> Community-based self-harm services have

been suggested to improve access and reduce emergency admissions,?® however further



research is needed to measure cost-effective of these services. Feasibility of delivering
community-based self-harm services has been shown but this has yet to be associated with
reduced length of hospital stay, reduced mortality rates and improved health-related quality of
life for patients who recently self-harmed.?” Although there is evidence for community-based
approaches to reduce hospital admissions for physical health issues such as cardiovascular
disease?® and respiratory conditions,?® there is a lack of evidence for integrated self-harm

services in deprived areas.

To address these gaps in the evidence-base we investigated the impact on emergency hospital
admissions of a hospital outpatient psychotherapy engagement (HOPE) service implemented
in a deprived area in the North West of England.>® The service brought together diagnostic,
treatment, management and outpatient services for self-harm, offering a rapid response
psychotherapy service within 48 hours that would usually be provided after a longer period of
time (up to weeks and months). The aim of this study was to examine the impact of this service

on emergency admissions, length of inpatient stay and readmissions for self-harm.



Method

Setting

The intervention discussed in this paper was implemented in The Royal Liverpool University
Hospital in 2017. The Liverpool city region was the location with the highest proportion of
neighborhoods in the 10% most deprived areas of the UK, according to the 2015 Indices of
Multiple Deprivation (IMD).2! In Liverpool, 7.4% of adults were in contact with mental health,
learning disability and autism services 2021-22.%! Liverpool is in the ten worst areas in the UK
for all three post-mental health treatment outcomes measured by Improving Access to

Psychological Therapies 2021-2022.3?

The Hospital Outpatient Psychotherapy Engagement (HOPE) Service

The HOPE service was set up in a busy inner-city hospital ED to provide brief psychological
therapy (four sessions plus one follow-up) to those people presenting to ED following self-
harm. To be eligible to be referred into the HOPE service, a person needed to have attended at
the ED for self-harm. The HOPE service used an integrative approach that combined
Psychodynamic Interpersonal Therapy (PIT)?® with elements of cognitive-analytic therapy
(CAT),* based on preliminary evidence that such approaches may be helpful for people who
self-harm.?>34 HOPE was developed in response to the growing prevalence of self-harm within
the area,*>% and a recognition of the need for prompt access to psychological treatment. HOPE
is delivered by nursing and psychiatric liaison staff and includes a therapeutic conversation
with patients with a focus on attending to, describing and elaborating the patient’s feelings,
both within the room with the therapist and in their wider lives.*?> The therapy focuses on
identifying and understanding possible links between feelings, relationships, and experiences
(e.g., noting a common pattern of avoiding conflict with others that occurs across various

relationships). Both CAT and PIT have a relational focus, considering the patient’s



relationships with others and the way they relate to themselves (e.g., self-critical, supportive,

dismissive) as important processes underlying problems like self-harm.

Therapists received one day focused training on the HOPE therapy approach delivered by a
Clinical Psychologist, and a further five-day training course on PIT. HOPE therapists received
ongoing weekly supervision from a qualified clinical psychologist. Therapy sessions took place
in a private room connected to the main hospital ED. Sessions were scheduled to last
approximately 50 minutes. The therapy does not follow a pre-determined structure across the
four sessions. The initial focus of the therapy is on a process of exploring and mapping out the
connections between the patients experiences of self-harm, feeling states (including avoided or
ignored feelings), and experiences with themselves and others. There is an emphasis on staying
with emotions, helping the patient to recognise and label these feelings and understand how
they connect with their difficulties around self-harm. The therapist may use diagrams to help
capture connections between experiences and feelings, and explore the antecedents and
consequences of instances of self-harm or suicidal thinking.3*3® Later in therapy, there is a shift
to focus on discussing alternatives to self-harm, and, given the shared understanding that has
been formed about what drives the self-harm, what preventive strategies may be helpful. Given
the brief nature of the therapy, the therapy ending, and how this may affect the client, is also
discussed. Patients are invited to a fifth, follow-up session, a month after they complete

therapy, to review progress and reflections following therapy.

From 2016/2017 to 2021/2022 (financial year), the clinic has provided care to almost 350
patients. Initially, the service was contracted for four years, at an approximate value of

£160,000.



Data Sources and Measures

This study used anonymized Hospital Episode Statistics (HES) and Office for National
Statistics (ONS) data to construct the variables for analysis. The primary outcome variable was
emergency attendances for self-harm per 100,000 population. This is defined as the number of
emergency admissions (ICD-10 codes X60*—X84*, Y10*-Y34* but excluding Y33.9*, and
Y87*) OR A&E attendances for self harm (AEPATGROUP=30) divided by the ONS mid year
population estimate. This outcome reflects potential effects of the intervention on less severe
episodes of self-harm that do not lead to admission and is also less sensitive to changes in
admission thresholds. We considered two additional outcome variables. Firstly, self-harm
emergency hospital admissions per 100,000 population defined as above.®® Secondly
readmissions to for self-harm, defined as the number of admissions of people who had
previously been admitted for self-harm in the past 30 days, divided by the population. Variables
were defined for each lower super output area (LSOA) in the North West of England for each

year in the study period, 2011-2019.

Study Design

This study is a longitudinal synthetic control study using LSOAs as the unit of analysis. LSOAs
are small geographical regions created by the UK’s Office for National Statistics for the output
of census estimates.®” Since the intervention was implemented at Royal Liverpool hospital, the
‘treatment’” group of LSOAs were defined as LSOAs where at least 50% of emergency
attendances for all causes to any hospital are to Royal Liverpool Hospital, resulting in a

treatment group of 59 LSOAs.*

A synthetic control group was produced for each outcome investigation using the synthetic

control method for microdata that was developed by Robbins et al.*® The donor pool (set of



possible LSOASs to use in the synthetic controls) consisted of the remaining LSOAS in the North
West of England. To minimize the impact of the intervention on the control group, LSOAS
with over 30% of emergency admissions going to Royal Liverpool University Hospital were
excluded from the control group. We checked that no other similar intervention was
implemented in the North West of England during the time frame and, therefore, the control

populations would not have experienced a similar intervention.

The synthetic control group for each outcome consisted of a weighted group of LSOAs from
the donor pool based on similarity of several pre-intervention characteristics, as well as the pre-
intervention outcome measure, to those of the treatment group (2011-2017). The following
variables were used to generate the weights of the LSOAS in the control group; mean distance
to an emergency department, mean distance to a GP Index of Multiple Deprivation decile,®
the age distribution of residents (% <24, 25-44, 45-64, 65+), , proportion of female residents,
the annual depression prevalence rate and proportion of population claiming jobseekers’
allowance or universal credit and the outcome measure in the pre-intervention time periods The
weights were calculated using the raking method [1] so that the weighted averages for all the

variables outlined above in the synthetic control group were the same as for the intervention.

The estimated effect of the intervention was then calculated as the difference between the
intervention and the (weighted) synthetic control cohorts in the outcome during the post
intervention period. To estimate the sampling distribution of the treatment effect, and the
permuted p-values and 95% confidence intervals, the sampling distribution was approximated
by generating 250 permutations of a placebo group, a group of untreated LSOAs which act as
the treatment group for testing purposes. A new synthetic control group is generated for each

placebo group and a treatment effect is generated. This demonstrates how the actual set of



treated LSOAS have been impacted compared to a random, ‘null’, group from the donor pool.
Jackknife replication groups are also generated to calculate a standard error on the treatment

effect.°

Patient involvement

The research question was developed through a collaboration involving local health service
providers, public advisors and researchers. Public advisors are members of the public and/or
service users who have knowledge of HOPE and the locality in which it is delivered. The public
advisors were involved in a series of meetings agreeing the focus for the research and the
planned analysis. A public advisor (CM) is a coauthor of this paper and has contributed to the

drafting of the paper and the interpretation of the results.

Results

In total, there were 59 LSOAs classed as the treatment group and 4,302 LSOAs we included in
the donor pool. This number excludes any LSOAs that were found to have 30% or more of the
emergency attendances to Royal Liverpool Hospital. Each of the synthetic control groups were

produced separately for each of the three defined outcomes.

We use the main outcome, number of self-harm related emergency attendances per 100,000 of
the population, in each LSOA to demonstrate the results of the analysis. Results from the other
outcomes are presented and discussed further in the supplementary materials. In total 281
LSOAs from the donor pool had a non-zero weight in this analysis. The distribution of weights
of LSOAs from the donor pool (the North West of England) for the attendances outcome can

be seen in Figure 1, the red area is the intervention area, the grey area is the donor pool of



LSOAs in the North West. Table 1 shows the calculated mean of each of the characteristics of

the intervention area, and the corresponded weighted average of the synthetic control group.
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Figure 1: Map of the North West of England. The grey area demonstrates the LSOAs in the donor pool. The red area
represents the areas defined as treated by the intervention. The green-ness of an LSOA signifies its weight in the synthetic
control group.



Table 1: Weighted means of matching characteristics of the intervention area and the matched control area.

Variable/Outcome Treated Area Mean Synthetic Control Group

Weighted Mean
Distance to nearest ED 3.13 3.44
Distance to nearest GP 0.643 0.656
Depression 8.51 8.76
IMD Decile 2015 1.78 2.09
Total population 1950 1850
Population <24 586 365
Population 25-44 575 548
Population 45-64 335 358
Population > 65 215 220
Proportion of population female 0.483 0.490
Proportion using jobseckers’ 0.164 0.162
allowance (or equivalent)

The exact outcome matching is visible in the outcome plot in Figure 2, showing there is no
difference in weighted attendance rates in the pre-intervention period. The attendance rates for
both groups increase in the post-implementation period, with the increase for the synthetic

control group being much sharp than the intervention group.
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Figure 2: The attendance rates across the study period for the intervention and synthetic
control group. Pre-intervention the synthetic control group is matched to the intervention

group.



The results for each of the outcomes can be found in Table 2. Evaluating the difference between
the during the we see that fewer attendances per 100,000 population are expected for the treated
group compared to the synthetic control group, after the intervention. The self-harm related
attendances per 100,000 in the treatment group 64% (95% CI: 77% - 43%, p<0.001) lower than
the synthetic control group. This appears to be due to a greater increase in self-harm related
attendances in the synthetic control group rather than a decrease in the treated group.

Table 2: The calculated change in outcomes at the end of the study period, 95% confidence
interval, and associated p-value.

Outcome/Model Percentage change 95% ClI P-value
(2019)
Attendances -63.8 (-77.0,-43.1) >0.001
Admissions -3.2 (-18.9, 15.4) 0.719
Readmissions -15.7 (-42.2, 22.8) 0.495

When conducting this analysis for the other two outcomes, we find that there is no detectable
change in the self-harm related emergency admissions, or readmissions per 100,000 due to the
intervention. The details of the analysis for these outcomes can be found in the supplementary
material. These null results are reflected in the sensitivity analysis in the supplementary

materials.

In the sensitivity analysis using matched controls in a difference-in-difference methodology
(details included in supplementary materials), we find the change in self-harm related
emergency attendances is not markedly different in the intervention group following the
intervention compared to the intervention group. However, the groups in this analysis are not
well matched and have diverging trend in outcomes pre-intervention, suggesting they do not

meet the parallel trends assumptions required for inferring a causal effect.



Discussion

Principle findings

We found that a hospital-based self-harm psychotherapy engagement service was associated
with lower emergency admissions for self-harm, relative to a similar control group. However,
this should be interpreted with caution since this effect was not found to be significant in the
sensitivity analysis. The attendance rate increased in both groups in the post-implementation
period, however the increase was much higher in the synthetic control group. There was also a
small decline in both admissions and readmissions to hospital in the intervention group

compared to the control following intervention, but these were not statistically significant.

Comparison to previous literature

The term ‘self-harm’ encompasses a range of methods with varying degrees of intent.> Most of
the evidence on self-harm and attempted suicide has arisen solely through data collected in
hospital settings. There is a dearth of evidence on service implementation for self-harm in the
UK and other countries. This is due to the lack of service provision, and the limited treatment
options for patients visiting A&E for self-harm, and is highlighted in recent NICE guidelines
on the longer term management of self-harm.° The guideline report includes a section that
highlights the importance of providing appropriate services for managing self-harm, such as
talking therapies, but the recommendations of providing psychological talking therapies prior
to pharmacological medication is not usually fulfilled due to lack of specialised services or

long waiting times.

The results of the attendances analysis reflected a spike in attendances in 2018 which was much

higher in the control group. This was also reflected in the sensitivity analysis. One reason for



this observed sudden rise in self-harm for both intervention and matched areas could be the
release of the Netflix series ‘13 Reasons Why’ (released in March 2017) which shows explicit
scenes of self-harm. A few months after the release there was a petition to remove those scenes
as it was increasing self-harm urges and behaviours worldwide.** The HOPE initiative could
have led to a lesser increase in the intervention area, but we cannot make a definite link from
these findings. Previous research* has highlighted a marked increase in self-harm-related
emergency department visits (+6.4%) in the three months after the series was released,

particularly in females.

Strengths and limitations

Our study has a number of strengths. Firstly, we evaluated the HOPE service in its real-life
implementation setting, which makes our findings potentially more externally valid than those
set in a trial context. Secondly, we use the synthetic control methodology to produce a control
group that matches the chosen characteristics of the treated group as closely as possible. Our
approach provides a reasonably large effective sample size of a control group consisting of 281
LSOAs in the North West, and a treatment group consisting of 59 LSOAs in Liverpool
providing reasonable power to identify relatively small effects. This methodology is robust
compared to other causal inference methods such as difference in difference, which relies on

parallel trends before the intervention.

However, some limitations remain. Firstly, comprehensive ascertainment of all self-harm
episodes among this hospital patient cohort was reliant on patient disclosure of self-harming
behaviour to the hospital staff, the consistency of clinical coding practice among hospital staff
in hospital emergency departments. Validation of self-harm case definition, by chart review of

medical records, is not possible when using data from HES. A comprehensive self-harm



database does not currently exist in the UK, but this is true of all other countries worldwide,
except for the Republic of Ireland, which has established a national registry of hospital
presentations.*® Multicentre monitoring of secondary care presentations has been undertaken,
with the purpose of characterising the epidemiology of self-harm at a population level beyond
reports from single centres.® While these studies provide useful data, they report findings from
just three cities and therefore do not provide a comprehensive national picture. Hospital
Episodes Statistics (HES) linked to national mortality records have recently been used to
examine self-harm in England.** This dataset captures the more medically serious cases that
require admission, however it does not provide a broadly representative UK-wide sample with
overall distributions of age and gender corresponding to those of the whole population.

We cannot rule out the possibility that different trends in unobserved confounding factors
between the two groups may have influenced the results. Although there are clear differences
between the intervention and control groups, time invariant differences between the two groups
could not bias the results due to the synthetic control methodology.* The results of the analysis
are still susceptible to unobserved confounders in the post-intervention period such as changes
to health service admission thresholds or health provider financial incentives that could have
driven differences in outcome after the study period. We used an additional sensitivity analysis

using matched controls and difference in difference analysis to assess our results.

Secondly, the service has been in operation for only three years giving a short follow-up period
of two years that could be included in this study. Therefore, further work would be needed in
a few years’ time to allow us to look at whether effects were sustained. We did not have access
to data on other outcomes such as thoughts of self-harm or out of hours calls for self-harm, and
were only able to assess the impact of the intervention on emergency self-harm hospital

admissions, length of stay and emergency self-harm readmission rates. Whilst these outcomes



may not fully reflect health benefits to the users of these services, they were the planned
outcomes of the intervention agreed by the commissioner in their contract with the service
provider. Finally, the ecological nature of this study limits the conclusions that can be drawn
about individual-level factors, and the results reflect the population-level impact of the HOPE

service.
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Supplementary Materials

Methods

The primary analysis is as outlined in the main text. This analysis is conducted for three
outcomes, Attendances, Admissions, and Readmissions. Detailed results of the Attendances
analysis can be found in the main paper. Detailed results of the other two outcomes are found

in the results section below.

Results

The analysis uses the synthetic control method as outlined in the main manuscript on the
different outcomes. A different synthetic control group is created for each outcome. The
characteristics of the synthetic control group are described here, and results of the analysis are
show. Additionally, results of the sensitivity analysis using matched controls are described.
Admissions

The first additional outcome is self-harm related emergency admissions to hospital per 100,000
of the population. The characteristics of the synthetic control group produced for this outcome

are shown in Table S 1.



Table S 1: Weighted means of matching characteristics of the intervention area and the matched control area for the

admissions outcome.

Variable/Outcome Treated Area Mean Synthetic Control Group

Weighted Mean
Distance to nearest ED 3.13 3.16
Distance to nearest GP 0.643 0.675
Deprivation Prevalence Rate 8.51 8.49
IMD Decile 2015 1.78 2.20
Total population 1950 1820
Population <24 586 331
Population 25-44 575 529
Population 45-64 335 373
Population > 65 215 234
Proportion of population female 0.483 0.494
Proportion using jobseekers’ 0.164 0.153
allowance (or equivalent)

A map of the distribution of the control group across the North West can be seen in Figure S

1.
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Figure S 1: Distribution of the LSOAs that make up the synthetic control group for the admissions outcome. The red area
represents the areas defined as treated by the intervention. The green-ness of an LSOA signifies its weight in the synthetic
control group. The gap in LSOAs around Liverpool demonstrates the LSOAs that were excluded due to their significant — but

minority — use of Liverpool hospital.




The number of admissions per 100,000 over the study period can be seen in Figure S 2. The

scores of the two groups remain similar in the post-intervention period, indicating no

significant impact on the self-harm related admissions.
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Figure S 2: The admission scores across the study period for the intervention and synthetic control group. Pre-intervention
the synthetic control group is matched to the intervention group.

Readmissions

The second additional outcome is self-harm related 28-day readmissions to hospital per

100,000 of the population. The characteristics for the synthetic control group for this analysis

are shown in Table S 2.

Table S 2: Weighted means of matching characteristics of the intervention area and the matched control area for the

readmissions outcome.

Variable/Outcome Treated Area Mean Synthetic Control Group
Weighted Mean
Distance to nearest ED 3.13 3.31
Distance to nearest GP 0.643 0.677
Deprivation Prevalence Rate 8.51 8.89
IMD Decile 2015 1.78 1.98
Total population 1950 1810
Population <24 586 324




allowance (or equivalent)

Population 25-44 575 540
Population 45-64 335 370
Population > 65 215 224
Proportion of population female 0.483 0.492
Proportion using jobseekers’ 0.164 0.158

A map of the distribution of the control groups across the North West can be seen in Figure S

3.

The number of self-harm related readmissions per 100,000 in the study period in Figure S 4.

The scores of the two groups remain similar in the post-intervention period, indicating no

significant impact on the self-harm related admissions.

55.0:N 1

54.5:N 4

54.0:N 4

53.5°N 1

53.0:N 1

35W 30W 25W 20W

Weight

1.00
0.7
0.50

Figure S 3: Distribution of the LSOAs that make up the synthetic control group for the admissions outcome. The red area
represents the areas defined as treated by the intervention. The green-ness of an LSOA signifies its weight in the synthetic

control group.
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Figure S 4: The readmission scores across the study period for the intervention and synthetic control group. Pre-
intervention the synthetic control group is matched to the intervention group.

Sensitivity Analysis— Matched Controls

Methodology

We provide an additional sensitivity analysis of all of the outcomes. The sensitivity analysis
uses a matched control methodology where LSOAs were matched 3:1 control to treatment
group and a difference in difference analysis was conducted. The control LSOAS were matched
to the LSOASs groups using propensity score matching of characteristic variables; distance from
the nearest A&E department, distance from the nearest GP, IMD 2015, population groupings
in 2014, proportion of females in 2014, prevalence of depression 2014, proportion of
population claiming for unemployment at points 2011, 2014, 2017 and the value of the outcome
2011, 2014, 2017. The matching on the previous values of the outcome is hence why we need
a separate control group for each outcome.

We then perform a difference in difference analysis, using a longitudinal linear regression over

the study period. Consisting of an LSOA level random intercept, a temporal spline, proportions



of age ranges, proportion of females, proportion claiming for unemployment and the estimate
for the effect size.

Matched controls are less complex, since they are a typical study design with a control group
and an intervention group. However, they are also less robust. They don’t have the same
weighting flexibility that is in the synthetic control design, and therefore are less likely to meet
the parallel trends assumption in the pre-intervention period. If this assumption is not met,

results may be confounded by temporal variation between the two groups.

Sensitivity Analysis — Methods.

In this matched control analysis LSOAs are displayed as either Control, Intervention, or

Unused. This is a categorisation rather than a weighting as per the main analysis.

The parallel trends assumption was generally not met by the control and treatment groups in
the pre-intervention period, so results in the sensitivity analysis should be interpreted with

caution.
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Figure S 5: Map of the North West showing the intervention area and the matched control LSOAs for the attendances
outcome.



A map of the control group LSOAs can be found in Figure S 5.
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Figure S 6: Actual (solid) and fitted (dotted) numbers of self-harm related attendances per 100,000 in each LSOA in the
control and intervention groups.

The number of attendances per 100,000 over the study period can be seen in Figure S 6. The
actual values (solid lines) appear cross over one another in the pre-intervention period. This
does not meet the parallel trends assumption, hence results for this outcome in this sensitivity

analysis are likely not valid.

We see no significant divergence post-intervention between the two groups. We see an effect
size of -19 attendances per 100,000 per year in the intervention group compared to the control

group, which is not found to be significant in the linear model with a p-value of 0.36.

Admissions
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Figure S 7: Map of the North West showing the intervention area and the matched control LSOAs for the admissions
outcome.

A map of the control group LSOAs can be found in Figure S 7.
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Figure S 8: Actual (solid) and fitted (dotted) numbers of self-harm related admissions per 100,000 in each LSOA in the
control and intervention groups.

The number of admissions per 100,000 over the study period can be seen in Figure S 8. The
actual values (solid lines) appear to be approximately parallel over this time, indicating this

method is valid for this outcome.



We see no significant divergence post-intervention between the two groups. We see an effect
size of 25 per 100,000 admissions per year in the intervention group compared to the control

group, which is not found to be significant in the linear model with a p-value of 0.36.

Readmissions
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Figure S 9: Map of the North West showing the intervention area and the matched control LSOAs for the readmissions
outcome.

A map of the control group LSOAs can be found in Figure S 9.
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Figure S 10: Actual (solid) and fitted (dotted) numbers of self-harm related readmissions per 100,000 in each LSOA in the
control and intervention groups.

The number of readmissions per 100,000 over the study period can be seen in Figure S 10.
The actual values (solid lines) do not follow a similar pattern in the pre-intervention period.
This does not meet the parallel trends assumption, hence results for this outcome in this

sensitivity analysis are likely not valid.

We see no significant divergence post-intervention between the two groups. We see an effect
size of -1 per 100,000 readmissions per year in the intervention group compared to the

control group, which is not found to be significant in the linear model with a p-value of 0.83.
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