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Abstract

Background Technology-enabled inpatient-level care at home services, such as virtual wards and hospital at home,
are being rapidly implemented. This is the first systematic review to link the components of these service delivery
innovations to evidence of effectiveness to explore implications for practice and research.

Methods For this review (registered here https://osf.io/je39y), we searched Cochrane-recommended multiple
databases up to 30 November 2022 and additional resources for randomised and non-randomised studies that com-
pared technology-enabled inpatient-level care at home with hospital-based inpatient care. We classified interven-
tions into care model groups using three key components: clinical activities, workforce, and technology. We synthe-
sised evidence by these groups quantitatively or narratively for mortality, hospital readmissions, cost-effectiveness
and length of stay.

Results We include 69 studies: 38 randomised studies (6413 participants; largely judged as low or unclear risk of bias)
and 31 non-randomised studies (31,950 participants; largely judged at serious or critical risk of bias). The 69 studies
described 63 interventions which formed eight model groups. Most models, regardless of using low- or high-intensity
technology, may have similar or reduced hospital readmission risk compared with hospital-based inpatient care
(low-certainty evidence from randomised trials). For mortality, most models had uncertain or unavailable evidence.
Two exceptions were low technology-enabled models that involve hospital- and community-based profession-

als, they may have similar mortality risk compared with hospital-based inpatient care (low- or moderate-certainty
evidence from randomised trials). Cost-effectiveness evidence is unavailable for high technology-enabled models,
but sparse evidence suggests the low technology-enabled multidisciplinary care delivered by hospital-based teams
appears more cost-effective than hospital-based care for those with chronic obstructive pulmonary disease (COPD)
exacerbations.

Conclusions Low-certainty evidence suggests that none of technology-enabled care at home models we explored
put people at higher risk of readmission compared with hospital-based care. Where limited evidence on mortality
is available, there appears to be no additional risk of mortality due to use of technology-enabled at home models. It
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is unclear whether inpatient-level care at home using higher levels of technology confers additional benefits. Further
research should focus on clearly defined interventions in high-priority populations and include comparative cost-

effectiveness evaluation.
Trial registration https://osfio/je39y.

Keywords Virtual ward, Hospital at home, Telemedicine, Systematic review

Background

There are huge pressures on health systems globally;
in large part due to an ageing population and a corre-
sponding increase in demands on health care services.
The COVID-19 pandemic placed additional pressure
on a stretched system. In the UK National Health Ser-
vice (NHS), between April 2021 and March 2022, adults
aged 60 and above were in receipt of half (50.2%) of the
19.6 million NHS hospital consultant episodes recorded
[1]. In the USA, those older than 65 years accounted for
36% of hospitalisations in 2017 [2]. Current inpatient
provision cannot keep up with changing demographic
and health care demands. Alternative service delivery
models have been developed to provide inpatient-level
care outside hospital settings. Such home-based inpa-
tient care models are designed to prevent inpatient
admission into hospital (step-up into hospital-based
care) or to facilitate early discharge (step down from
hospital-based care).

Service delivery models that offer inpatient care at
home have been in use in various formats for several
years. Recently, in countries including the UK, there has
been increasing investment in the provision of inpatient
care at home models [3]. A commonly described model
is ‘virtual wards’ This term broadly refers to care services
that offer a limited period of a hospital ward-level acute
care at a patient’s place of residence and involve use of
technology [4]. “Virtual wards’ entail variable face-to-face
activity component and in some cases patients may be
solely managed remotely. ‘Hospital at home’ is another
common model and is broadly used to describe face-to-
face provision of, often multidisciplinary, inpatient care
at home that would otherwise be delivered in hospital [5].
As such ‘hospital at home’ could stand alone or be a com-
ponent of a virtual ward.

The terms ‘virtual ward’ and ‘hospital at home” have
historically been used somewhat interchangeably, but
this can complicate evidence synthesis and its interpreta-
tion. In this review, we use ‘inpatient-level care at home’
as an umbrella term for a set of complex interventions
that allow people to receive inpatient-level acute care
outside of hospital. Such complex interventions involve
various components, including technology involvement,
workforce structure, clinical activities, information and
support provision, and use of information systems.

Our scoping search identified 11 published systematic
reviews of interventions described as ‘hospital at home’
or ‘virtual wards, compared with hospital-based inpa-
tient care, in a range of populations [6]. These reviews
included not only inpatient-level care at home includ-
ing face-to-face delivered care models but also remote
monitoring that may not involve inpatient-level care
[6]. There is a lack of existing evidence on technology-
enabled models that are the focus of this review. Whilst
models with different components may differ in their
effectiveness, [7] care at home models included in previ-
ous reviews have not been described in detail in terms of
their constituent components. Clearly describing compo-
nents of existing models and, where possible, linking the
components to effectiveness evidence are important for
informing implementation of future innovations.

Objectives

We aimed to (1) identify and describe the components
of ‘inpatient-level care at home” models reported in com-
parative effectiveness research; and (2) synthesise identi-
fied research to assess the clinical, cost-effectiveness and
safety of ‘inpatient-level care at home’ models, compared
with hospital-based inpatient care, in people with any
health conditions.

Methods

We follow generic Cochrane Systematic Review Method-
ology to conduct this systematic review and meta-anal-
ysis and follow the 2020 PRISMA guideline to report it
[8, 9]. The pre-registered protocol is available at the Open
Science Framework (https://osf.io/je39y) [10].

Search strategy and selection criteria

We searched Ovid MEDLINE including In-Process &
Other Non-Indexed Citations (1946), Ovid Embase
(1974), Cochrane Central Register of Controlled Trials
(CENTRAL), and EBSCO CINAHL Plus (1937) from the
inception until 30 November 2022 for English language
publications. See Additional file 1: Text 1 for full search
methods. We also searched the ClinicalTrials.gov and
World Health Organization International Clinical Trials
Registry Platform for ongoing studies; the reference lists
of the two up-to-date Cochrane Reviews; [11, 12] and


https://osf.io/je39y
https://osf.io/je39y

Shi et al. BMC Medicine (2024) 22:145

MedRxiv.org between 2019 and 2022 for recently com-
pleted but unpublished studies.

Using Rayyan to support study selection processes,
two authors (CS, FR) independently assessed titles and
abstracts for potentially eligible studies. Two review
authors (CS and FR, AU or SB) then independently
inspected the full-text of these potentially eligible stud-
ies. At each screening stage, these two review authors
resolved disagreements through discussion and by
involving a third review author (JD) and a clinician expert
(EV) if necessary.

We included randomised trials of any designs and non-
randomised studies using the designs of non-randomised
trials (i.e., experimental trials without random alloca-
tions), controlled before-after studies, controlled inter-
rupted time series studies, cohort studies aiming for
comparative effectiveness evaluations, and studies with
regression discontinuity designs [13, 14]. Eligible non-
randomised studies had to evaluate intervention groups
comparatively over a defined follow-up time in clearly
defined participants and adjust for confounding in the
analysis or by study design [14].

We considered studies that compared ‘inpatient-level
care at home” with hospital-based inpatient care as the
comparator. We excluded studies that used interventions
for care that was not considered acute. Eligible interven-
tions had to use technologies of some form, which could
include telephone contact or digital technologies such as
apps, wearables. For completeness, we included studies
that did not report sufficient information on technology
use for us to make a judgement on this criterion, but we
did not consider these studies in data analysis. We how-
ever explored assumptions around these studies as part
of sensitivity analyses (see later section).

Data extraction
Two authors (CS and FR, AU or SB) independently
extracted data for 5% of the included studies to pilot the
data extraction form. Then the remaining studies were
split into two batches, where one review author extracted
data and the other review author checked the data
extracted. The pre-prepared data extraction form is pub-
licly accessible at Qualtrics (https://www.qualtrics.manch
ester.ac.uk/jfe/form/SV_3qQedEEEuYMrhMG) [15]. Our
primary outcomes in this review included (1) mortality,
measured as proportions of participants who died during
study follow-up and (2) number of hospital readmission
events following discharge from the episode of care. We
considered cost-effectiveness, length of inpatient-level
care stay, and adverse events as secondary outcomes.

The form included items of the Template for Inter-
vention Description and Replication (TIDieR) checklist
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to facilitate full description of models and their compo-
nents [16]. There is no consensus guidance on the com-
ponents required for an ‘inpatient-level care at home’
model. We developed our taxonomy using the relevant
NHS guidance Virtual ward including Hospital at
Home [17] and the chronic care model, [18] alongside
iterative discussion with health professionals including
a virtual ward service lead who contributed substan-
tially to develop and implement virtual ward services.
We identified the following five components required
to adequately describe innovations in a clinically mean-
ingful way (Additional file 1: Table S1):

« technology involvement (to capture the type of
technology being used in the model);

» workforce (to capture who was delivering care);

+ clinical activities (to capture what care was being
delivered);

« information and support provision (to capture the
wider infrastructure and support involved in care
delivery); and

+ clinical management system used (to capture what
types of health record systems were used to support
care provision).

Following data extraction, the lead review author
(CS) checked and coded components. Then 10% of
the included studies were randomly selected, and an
independent author (GN) checked the accuracy of the
extraction and coding of the models they used.

To synthesise evidence linking the intervention com-
ponents to effectiveness, we followed the clinically
meaningful-element approach to addressing the heter-
ogeneity and complexity of inpatient-level care at home
interventions. This approach facilitated us to group
those with similar components together, and we were
able to further specify clinically important elements
using component categories [19, 20]. Whilst we had
extracted data on five components, after further discus-
sion and iteration with stakeholders, the main compo-
nents used to describe the innovations were reduced
to three: workforce, clinical activities, and technology
involvement only. We considered these three compo-
nents as the substantive elements needed for inpatient-
level care at home to be functional. The two remaining
components (information and support provision, and
clinical management systems) were considered as sec-
ondary features of less direct relevance, and models
without these two components may still be functional.

Using a similar approach as with the components
themselves, we developed the categories for the three
components used across the review to group the mod-
els (Table 1). The categories used aimed to capture
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Table 1 Categories of components used to define inpatient-level care at home models

Components Categories

Definitions or comments

(1) Clinical activities General inpatient-level care

Extended multidisciplinary inpatient-level care

(2) Workforce

Hospital or community-based health professionals

General inpatient-level care activities delivered by health profession-
als based in hospitals, and/or communities, without care activities
delivered by allied health professionals. This includes sole activity

or treatment delivered such as IV antibiotics at home by hospital
outreach nurses

As for general in-patient level care but with additional activities
delivered by allied health professionals such as physiotherapists-,
occupational, speech therapy, social worker’s support

This category refers to health professionals from either hospital

or community settings but not both. This means either community-
based clinicians such as general practices, community nurses, and/
or communities-based allied health professionals; or hospital-based
clinicians including doctors, ward nurses, and/or allied health profes-
sionals

Hospital and community-based health professionals  This category refers to clinicians and/or allied health professionals

(3) Technology involvement  Low-intensity technology involvement

High-intensity technology involvement

from both hospitals and communities

This refers to a low-level involvement of technology for a specific
purpose. We defined this as use of telephone, and/or teleconferenc-
ing for communication alone

Use of devices/ technologies such as apps, wearables, digital medical
devices, with or without low-intensity-level technologies for multiple
purposes at least including communication and remote monitoring.
This could include computer stations and fully equipped home-
based technology kits that can automatically record health data

via a digital platform/ dashboard for communication and continuous
monitoring

variation in care models that were relevant to and rec-
ognised by those designing and delivering care.

Quality assessment of included studies

We used the first version of the Cochrane Risk of Bias
tool for randomised controlled trials (RCTs) and the Risk
Of Bias In Non-randomised Studies—of Interventions
(ROBINS-I) tool for non-randomised studies [21, 22]. In
using the ROBINS-I tool for assessing non-randomised
studies, we considered age, the severity of primary health
conditions, health status, co-morbidities and socioeco-
nomic status as key confounder domains and non-acute
care elements as the co-interventions. We acknowl-
edged the importance of considering health inequity
issues in this area, and that there were a range of poten-
tially relevant socioeconomic variables. We followed
the PROGRESS Plus framework to ensure the thorough
consideration of socioeconomic status-related factors
reflecting health inequities in this review [23]. The risk
of bias assessment involved one author (CS) undertaking
the assessment and another author (GN) checking this.
All discrepancies were resolved between review authors
through discussion.

We referred to the above risk of bias results to appraise
the credibility of cost-effectiveness evidence where rel-
evant. We are aware of the reporting checklist Consoli-
dated Health Economic Evaluation Reporting Standards

(CHEERS), [24] but we considered it inappropriate to
use a reporting checklist for assessing risk of bias of cost-
effectiveness analysis. Indeed, developers of the CHEERS
checklist clearly advise not to use it as a risk of bias tool
[24].

Data synthesis

We summarised the characteristics of the included stud-
ies. Where appropriate, we used meta-analysis with the
DerSimonian-Laird random-effects model to combine
data across included studies. We assessed heterogeneity
from clinical, methodological and statistical perspectives,
in which we used the Chi? test and I statistic to quantify
statistical heterogeneity but not to guide effects model
choice. We analysed RCTs and non-randomised studies
separately.

Rather than performing component-specific analy-
sis, [25, 26] we pooled data by the inpatient-level care at
home model groups i.e. those with the same component
categories [19]. In this analysis, we took the view that the
components of each model have to act in combination to
impact on clinical outcomes. We did not then perform
a pre-planned sensitivity analysis using component net-
work meta-analysis. We present data using forest plots
and present risk ratios (RRs) and mean differences (MDs)
with 95% confidence intervals (Cls) for binary and con-
tinuous outcomes, respectively.
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Whilst our main analyses focus on inpatient-level care
at home models grouped by collective component types,
we also performed single meta-analyses (one for RCTs
and one for non-RCTs) that compared all inpatient-
level care at home models with the comparator of hos-
pital-based inpatient care. These post-hoc analyses were
undertaken for two purposes: (1) to allow us to broadly
assess the consistency between non-randomised and
RCT estimates, thus informing appropriateness of using
non-randomised evidence as a complement where RCT
evidence is unavailable; [27] (2) to reflect the ‘lumping’
approach of previous reviews which has guided decision
making to date, in comparison with our more nuanced
approach based on component grouping for analyses.

When not undertaking meta-analysis, we considered
synthesis of relevant data following the synthesis without
meta-analysis in systematic reviews reporting guideline
[3, 28]. We used tabular approaches to present available
data and report results of narrative synthesis.
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We present the main, pooled results of the review in
‘Summary of findings’ tables and assessed the evidence
certainty using the Grading Recommendations Assess-
ment and Development Evidence (GRADE) approach
[27]. We assessed publication bias using funnel plots and
by assessing the comprehensiveness of literature searches
[29].

We also performed additional analyses as described in
Additional file 1: Text 2 including sensitivity analyses for
testing the sensitivity of main analyses to the changes of
analysis assumptions.

Results

Study selection and characteristics

We included a total of 69 studies (Fig. 1) [30—139]: eight
(11.6%) were trial registries or protocols for ongoing
studies that are still not completed upon writing this
report [30, 44—46, 79, 80, 96, 97, 102, 139].

66 additional records identified
through other sources:

11893 records identified through
database searching:

@ ClinicalTrials.gov (n = 22)
« World Health
Organization International
Clinical Trials Registry
Platform (n = 23)
@ Reference lists of the two
latest Cochrane Reviews
(Gongalves-Bradley
2017, Shepperd 2016)
and included studies (n =
14)
Searching the
MedRxiv.org between
2019 and 2022 (n=7)

18 potentially relevant, new
records assessed for eligibility

® Ovid Medline (n = 3440)

® Ovid Embase (N = 4533)

@ EBSCO CINAHL Plus (n = 1620)
@ CENTRAL (n = 2300)

7637 records after duplicates
removed

7637 records 7418 records
screened " excluded

5 full texts not being obtained despite
extensive efforts

1 record excluded
due to awrong

intervention used
119 full-text articles excluded, with

reasons:

@ Wrong study design such as
qualitative research (n = 23)

« Wrong interventions or
comparator groups such as
remote monitoring, post
discharge interventions (n = 49)

® Wrong comparators such as
rehabilitation services (n = 19)

@ Duplicates, commentaries,
reviews (n = 28)

219 full-text
articles assessed
for eligibility

Fig. 1 Study selection flowchart

69 studies (112
publications)
included in the
review
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The 69 studies included 38 (55.1%) randomised tri-
als [30-42, 44, 45, 48-50, 54-56, 62—67, 72, 73, 77-83,
92-94, 97, 99, 102-110, 115-122, 125-127, 130-139]
and 31 (44.9%) non-randomised studies [43, 46, 47, 51—
53, 57-61, 68-71, 74-76, 84-91, 95, 96, 98, 100, 101,
111-114, 123, 124, 128, 129] (Table 2 and Additional
file 1: Table S2). The included RCTs were largely judged
as overall low (1/38; 2.6%) and unclear risk of bias (25/38;
65.8%; Table 2 and Additional file 1: Table S3). The non-
randomised studies were largely at serious (5/31; 16.1%)
and critical risk of bias (14/31; 45.2%; Table 2 and Addi-
tional file 1: Table S4).

The 69 studies described 63 unique inpatient-level care
at home interventions (Additional file 1: Table S57), of
which 25 (39.7%) were reported as aiming to avoid hos-
pital admissions, 22 (34.9%) were for early discharge, 4
(6.3%) were for both purposes, and 12 (19.0%) had no rel-
evant detail. Based on the three components of focus, the
63 interventions formed eight model groups for analyses
(Table 2).

Effects of inpatient-level care at home

We present evidence separately for RCTs and non-ran-
domised studies for mortality, hospital readmission and
length of stay (Additional file 1: Table S6; Additional
file 2: Fig. S1 to S6). Non-randomised data clearly over-
estimated the effectiveness in our post hoc exploratory
analyses compared with randomised data (Additional
file 1: Text 2), and we summarise analyses of RCT data
below and only present non-randomised data where
RCT evidence is unavailable (Table 3). As random-effects
models were used, all findings are average effects.

Mortality

RCT evidence is uncertain or unavailable for six models
(Table 3 and Additional file 1: Table S6; Additional file 2:
Fig. S1 and Fig. S2). There is low- or moderate-certainty
evidence of, on average, similar or lower mortality risk
than hospital-based inpatient care for two models: gen-
eral inpatient-level care (RR 0.29, 95% CI 0.09 to 0.95;
low-certainty RCT evidence) and extended multidisci-
plinary inpatient-level care (RR 0.96, 95% CI 0.79 to 1.16;
moderate-certainty RCT evidence), delivered by hospi-
tal- and community-based professionals, with low-inten-
sity technology involvement.

Hospital readmission

Six at home models have low-certainty evidence avail-
able, all suggesting, on average, at least a similar or
lower risk of hospital readmission in people allocated
to the inpatient-level care at home arms. Two mod-
els have uncertain or unavailable evidence (Table 3 and
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Additional file 1: Table S6; Additional file 2: Fig. S3 and
Fig. S4).

Cost-effectiveness

Only two UK studies reported cost-effectiveness and/or
cost-utility analyses (Additional file 1: Text 3), both based
on well-conducted trials but reporting conflicting evi-
dence [65, 66]. A small trial-based analysis (118 partici-
pants, with 90-day follow-up) suggested that the model
evaluated (i.e. extended multidisciplinary inpatient-level
care, delivered by hospital- or community-based profes-
sionals, with low technology involvement) may be less
expensive but more effective than hospital-based inpa-
tient care for people with COPD exacerbations. The
reported probability of this model being cost-effective
was 90% at the National Institute for Health and Care
Excellence’s threshold of £30,000 per quality-adjusted
life year (QALY) gained [65]. The other analysis, based
on a larger trial (457 stroke participants with 12-month
follow-up), did not specify the technology its model used
but suggested that its probability of being cost-effective is
only 42% at the above threshold [66].

Length of stay

People receiving an at home model composed of
extended multidisciplinary inpatient-level care, deliv-
ered by hospital- and community-based professionals,
with low-intensity technology involvement may have, on
average, a length of stay 4.85 days (95% CI 1.8 to 7.9 days)
longer than hospital-based inpatient care (low-certainty
RCT evidence). Three of the other models had, on aver-
age, similar or shorter length of care stays compared with
hospital-based inpatient care. Four models have unavail-
able or uncertain evidence (Table 3 and Additional file 1:
Table S6; Additional file 2: Fig. S5 and Fig. S6).

Adverse events

Four RCTs and seven non-randomised studies reported
this outcome [31-33, 36-38, 52, 53, 60, 68, 74, 81-84,
87-91, 101]. We performed no synthesis for this outcome
as the outcomes used were defined inconsistently, and
outcome data were incomplete in four studies. The data,
where available, appear to suggest conflicting evidence
on the adverse effects of using hospital-level care at home
(Additional file 1: Table S7).

Additional analyses

Pre-specified and post hoc sensitivity analyses suggest
that the main analyses were not sensitive to analysis
assumptions used (Additional file 1: Text 2), including:
assuming that low technologies were used for interven-
tions that had no information on technology use in the
related studies (n=22).
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Our post hoc explanatory analyses that grouped all
interventions into a broader comparison between inpa-
tient-level care at home and hospital-based inpatient
care suggested no statistical difference in mortality and
readmission risk between groups. There appears to be an
increase in the length of stay in inpatient-level inpatient
care (Additional file 1: Text 2). Contrasting these findings
with the model group-specific analyses above highlights
the value of linking components to effectiveness.

Discussion

Summary of findings

Use of technology-enabled inpatient-level care at home
(including models with low-intensity technology such
as phone contact) may result in a similar risk of read-
mission to hospital following discharge compared with
those receiving their initial care in hospital. The evi-
dence is largely unavailable or uncertain for mortality
and is mixed for length of stay. Where there is evidence
on mortality, there may be no additional risk of mortality
due to use of technology-enabled at home models. Cost-
effectiveness evidence is unavailable for high technol-
ogy-enabled models, and there is only limited evidence
suggesting that the low technology-enabled multidiscipli-
nary care model delivered by hospital-based teams may
be cost-effective for people with COPD exacerbations.

Evidence in context

The current pressures in urgent and emergency services
are promoting the expansion of technology-enabled,
innovative care at home models, including virtual wards.
Over the medium to longer term, expanding such inno-
vations represents a paradigm shift in how acute care is
delivered so that hospital occupancy can be better man-
aged [140]. Care at home models are expected to become
more integrated parts of future healthcare system with
the continuing development of relevant technologies
such as telehealth platforms, wearables, predictive algo-
rithms including artificial intelligence. NICE health tech-
nology evaluation guidance (HTE13) has summarised
key features that future virtual ward platform technolo-
gies should have, including interoperability with elec-
tronic record systems and medical devices; risk-stratified
alerts; trend-based alerts; and patient interface with a
user-centred design [141].

Our novel review highlights the value of disaggregat-
ing inpatient-level care at home models into constitu-
ent components to allow a more nuanced presentation
of existing research findings. Our detailed analyses by
component permutations provide a framework for future
evaluations. The rapid scale-up of virtual wards in the
UK and internationally includes a strong emphasis on
high-intensity technology involvement [17, 142]. Limited
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available evidence means we are unclear whether use of
high-intensity technology in these models confers addi-
tional benefit compared with hospital-based inpatient
care. Further implementation of these models will benefit
from concomitant evaluation with a focus on the added
value of more complex technologies. Where the availabil-
ity of high-intensity technology is a barrier to the imple-
mentation and evaluation of inpatient-level care at home
models, lower-intensity models can be considered, again
with evaluation.

For the key component of workforce, this review sug-
gests that inpatient-level care at home delivered by hos-
pital- and community-based professionals could result in
similar readmission and/or mortality incidence to hospi-
tal-based inpatient care. This suggests the importance of
coordination between hospital- and community-based
teams to ensure the continuity of inpatient care in clini-
cal practice [143]. The impacts of the team coordination
on primary care workforce and provision require evalua-
tions but are seldom reported. Existing evaluations focus
on inpatient care provision and outcomes as opposed to
relevant issues in primary care settings.

When considering the relevance of the evidence base in
the UK, respiratory conditions, heart failure, and frailty
are high-priority populations for inpatient-level care
at home [17]. Whilst almost a quarter of the studies we
included focused on acute respiratory conditions, our
review highlights the limited available evidence for popu-
lations with frailty (four RCTs, with 1735 participants),
and heart failure (three RCTs with 224 participants).
The development of inpatient-level care at home mod-
els for frail and other high-priority populations should
be informed by relevant existing evidence whilst recog-
nising the likely need for carefully planned, likely rapid,
evaluations.

Implications for research

In future, rigorous evaluation research is required to sup-
port the on-going development and implementation of
technology-enabled inpatient-level care at home models
and guide future decision-making about the value gained
for investment. RCTs would be the ideal study design,
but there are challenges to this. Non-randomised stud-
ies are more feasible, and these designs should evaluate
intervention groups comparatively over a clearly defined,
sufficient follow-up time in well-defined participants
and appropriately adjust for confounding [14]. There is
a crucial role for routinely collected data to allow rapid
evaluation of this service delivery model, and identifying
flags for service use should be added to data systems as
far as possible. Intervention design and the correspond-
ing evaluation should map to the approach of this review
or other work that has considered the key elements of
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technology-enabled models [143, 144]. Important out-
comes are not limited to those used in this review but
also include the experiences of patient and caregivers.

Comparisons with other studies

In a rapid evidence synthesis, our scoping search identi-
fied 11 published systematic reviews of interventions that
were described as ‘hospital at home’ or ‘virtual wards’ in
comparison with hospital-based inpatient care, in a range
of populations [6]. We found that there is low- to moder-
ate-certainty evidence, suggesting that the interventions
described as ‘hospital at home’ are probably as good or
better than hospital-based inpatient care in terms of clin-
ical outcomes including mortality and readmission [6]. In
the previous reviews, the evidence is inconsistent on vir-
tual wards for readmission to hospital [6].

In comparison with other work, our review focused on
technology-enabled inpatient-level care at home models
for people with acute conditions who would otherwise
require hospitalisation. Previous reviews identified in
this area included not only inpatient-level care at home
but also remote monitoring that may not involve inpa-
tient-level care [6]. This is an important distinction and
impacts on the generalisability of review findings to
specific intervention types. Unlike previous reviews, we
present evidence for eight permutations of three compo-
nents (Table 3), allowing stakeholders to refer to relevant
evidence based on characteristics of the models used in
their practice.

In previous reviews, the evidence for ‘virtual wards’
has appeared inconsistent regarding the effectiveness in
reducing hospital (re)admission, depending on care mod-
els and health conditions [6]. We found consistency in
this outcome across inpatient-level care at home models,
and the available evidence suggests the interventions may
have at least an equivalent readmission incidence to hos-
pital-based inpatient care.

Strengths and limitations of this review

This review has strengths partly due to use of standard
Cochrane-based, prespecified review methods in mini-
mising the risk of bias in the review process. Use of a
comprehensive search identified far more studies than
existing systematic reviews on this topic [6]. In defin-
ing eligibility criteria, we considered use of digital tech-
nologies and the substitution of hospital-based inpatient
care in the home environment as two important ele-
ments for inpatient-level care at home [17]. This ensures
that the evidence is in line with the current innovations
[17]. Given that there is no consensus on ‘inpatient-level
care at home’ components, we developed and defined a
typology. This helps ensure that components chosen are
clinically relevant and the process is trustworthy. We
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noted that the components chosen via our approach are
reflected in the recent relevant reviews that identified key
elements for building virtual wards [143, 144].

This review has limitations. These include the widely
acknowledged challenge in identifying non-randomised
studies for inclusion in a review, [13] and the lack of an
agreed single approach to grouping interventions. For
these issues, we followed the Cochrane Effective Prac-
tice and Organisation of Care (EPOC) guidance and
Reeves et al’s checklist to minimise study selection bias
[13, 14]. Given inpatient-level care at home is a hetero-
geneous set of complex interventions whose theories of
change are not well defined, we followed the clinically
meaningful-element approach to grouping inpatient-level
care at home interventions for informing subsequent
synthesis [19]. That is, we grouped the interventions
with similar components together whilst considering
clinically important elements in specifying component
categories [19]. This approach allows us to investigate
which combinations of components are associated with
intervention effectiveness [20]. We reached a consensus
on the clinically sensible grouping in consultation with
methodological and clinical experts including a clini-
cal virtual ward lead. Further research is needed to build
on the first attempt in defining intervention components
presented in this review, and to develop and validate
intervention taxonomies in this area. We were unable to
determine which model components are important, as
component-specific analysis was considered inappropri-
ate in this review (as justified in the ‘Methods’ section).
In coding components of the included interventions, the
lead review author followed the agreed process, with a
second review author checking 10% of the included stud-
ies for comparison. We noted that the decision of using
10% of the included studies for comparison was arbitrary
but pragmatic. Whilst this approach may have increased
the risk of coding errors, empirically, this risk was lim-
ited here because the agreement in the 10% of randomly
sampled papers was very good. We suggest this was due
to the careful development and piloting of the process
and the experience of the reviewers involved. We did
not assess the quality of cost-effectiveness evaluations
included, [24] but we noted the relevant trials used in
these evaluations were small with short follow-ups and
had no substantial methodological limitations.

Conclusions

We found that a range of technology-enabled inpa-
tient-level care at home models may result in similar or
reduced readmission risk compared with hospital-based
inpatient care. Impacts on mortality are more uncertain,
except for two models showing no increased risk com-
pared with hospital-based inpatient care. The certainty
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of current evidence means further research could change
findings. Further implementation of inpatient-level care
at home models should be alongside evaluation to explore
the potential benefits of using specific technologies par-
ticularly to gain further insights into clinical and cost-
effectiveness particularly in high-priority populations.
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