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¢Department of Targeted Intervention, University College London, Charles Bell House, 43-45 Foley Street, London W1W 7TY,
United Kingdom

Summary

Background There was a national roll out of ‘COVID Virtual Wards’ (CVW) during England’s second COVID-19
wave (Autumn 2020 — Spring 2021). These services used remote pulse oximetry monitoring for COVID-19 patients
following discharge from hospital. A key aim was to enable rapid detection of patient deterioration. It was anticipated
that the services would support early discharge, reducing pressure on beds. This study is an evaluation of the impact
of the CVW services on hospital activity.

Methods Using retrospective patient-level hospital admissions data, we built multivariate models to analyze the rela-
tionship between the implementation of CVW services and hospital activity outcomes: length of COVID-19 related
stays and subsequent COVID-19 readmissions within 28 days. We used data from more than 98% of recorded
COVID-19 hospital stays in England, where the patient was discharged alive between mid-August 2020 and late Feb-
ruary 202I.

Findings We found a longer length of stay for COVID-19 patients discharged from hospitals where a CVW was avail-
able, when compared to patients discharged from hospitals where there was no CVW (adjusted IRR 1-05, 95% CI
1-01 to 1-09). We found no evidence of a relationship between the availability of CVW and subsequent rates of read-
mission for COVID-19 (adjusted OR 0.97, 95% CI 0.91 to 1-03).

Interpretation We found no evidence of early discharges or changes in readmissions associated with the roll out of
COVID Virtual Wards across England. Our analysis made pragmatic use of national-scale hospital data, but it is pos-
sible that a lack of specific data (for example, on which patients were enrolled and on potentially important con-
founders) may have meant that true impacts, especially at a local level, were not ultimately discernible. It is
important that future research is able to make use of better quality - preferably linked - data, from multiple sites.

Funding This is independent research funded by the National Institute for Health Research, Health Services &
Delivery Research program (RSET Project no. 16/138/17; BRACE Project no. 16/138/31) and NHSE&I. NJF is an
NIHR Senior Investigator.

Copyright © 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction
During the early months of the COVID-19 pandemic in

*Corresponding author. England, a number of remote home-based monitoring
E-mail address: theo.georghiou@nuffieldtrust.org.uk programmes were set up with the aim of using pulse
(T. Georghiou). oximetry to detect early signs of deterioration in people
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Research in context

Evidence before this study

Post-hospital discharge virtual wards have been found
to have a positive impact on patient outcomes when
focussed on patients with specific diseases, for example
those with heart disease, but there has been less evi-
dence of impact for more heterogenous groups of
patients. There has been little evidence that post-hospi-
tal discharge virtual wards (using pulse oximetry moni-
toring) have impacted lengths of stay or readmission
rates of hospitalised COVID-19 patients. The search
strategy used to inform the existing evidence has been
published previously by the authors in a systematic
review. We searched MEDLINE, CINAHL PLUS, EMBASE,
TRIP, medRxiv and Web of Science for articles and pre-
prints to February 2021, using combinations of the fol-
lowing terms: "COVID-19”, "severe acute respiratory
syndrome coronavirus 2", “2019-nCoV", "SARS-CoV-2",
“Wuhan coronavirus”, “virtual ward”, “remote monitor-
ing”, “virtual monitoring”, “/home monitoring”, “commu-
nity monitoring”, “early monitoring”, “remote patient
monitoring”, “pre-hospital monitoring”, “Covidom”, “My
m health”, “GetWell Loop”, “silent hypoxaemia”, “pulse
oximetry”. Papers were selected if they focussed on the
remote monitoring of confirmed or suspected patients
with COVID-19. We additionally searched MEDLINE for
papers from 2011 to 2021 with combinations of search

terms “virtual wards”, review”

" ou

post discharge”,

Added value of this study

This national-scale study did not find evidence that the
rollout of post-hospital discharge virtual ward services
for COVID-19 patients in England reduced lengths of
stay in hospital, or impacted rates of readmission.

Implications of all evidence available

While there is currently an absence of evidence of posi-
tive impacts for COVID-19 patients discharged to a vir-
tual ward, our study emphasises the need for quality
data to be collected as part of future service
implementation.

with COVID-19. Managed by primary, secondary and
community health care providers, the services aimed to
safely manage patients - identified from within the com-
munity, from Emergency Departments (ED), or follow-
ing hospital discharge — outside of hospital, to provide
reassurance and rapid escalation where necessary.””
Similar remote home monitoring programmes were
also developed in several other countries.”

During England’s second COVID-19 wave in
November 2020, the NHS in England launched a
national roll out of community-based home monitoring
services under the banner of ‘COVID Oximetry @
home’ (CO@h).? In January 2021, there followed a
national launch of post-hospital discharge ‘COVID

Virtual Ward’ (CVW) models.”” CO@h models (gener-
ally managed by primary care services) were intended to
focus on lower-acuity (less severely ill) COVID-19
patients diagnosed in the community, with the aims of
self-escalation and more appropriate admission, while
CVW models (generally managed by secondary care)
were intended to support the early discharge of hospital-
ised higher-acuity patients. Both models aimed to sup-
port the ethos of providing appropriate care in the
appropriate location.

Prior to COVID-19, the NHS in England made clear
its ambition to develop remote monitoring services to
better support people with long-term conditions out of
hospital.” Virtual ward models have been proposed as
one way of easing the transition of patients being dis-
charged home, and there is some evidence that such
models (distinguished from less intensive telemonitor-
ing) may help to reduce mortality and readmissions,
especially where the intervention is focussed on patients
with a specific disease, for example heart failure.”” We
discuss the impact of the implementation of CO@h
models elsewhere®; the focus of this study is the impact
of post-hospital discharge CVW models.

National guidance set out the recommended protocol
for new CVW services.™ It was to be available for adults
in hospital with a primary diagnosis of COVID-19,
where clinical assessments had determined that the
patient was suitable for discharge. Specifically, suitable
patients were likely to be those with oxygen saturations
of 95—100%, ‘NEWS2 scores’ less than 3 (this is an
index based on physiological readings, linked to risk of
clinical deterioration)” and improving clinical trajecto-
ries. Patients with saturation levels of 93—94% and
with improving trajectories (symptoms, signs, blood
results and chest X-rays) might also be considered for
the service.

Enrolled patients were to be given a pulse oximeter
(with instructions), and have an agreed discharge and
escalation plan. This would include monitoring arrange-
ments, a diary for use by the patient, and a hospital
number to call for advice or escalation. The patient
would be asked to take three readings per day following
discharge, and call the service (or other available emer-
gency services, if out of hours) immediately if a reading
was less than 92%. The patient was also to be proac-
tively contacted by phone every day, as if still part of a
hospital-based ward round. By day 14 on the CVW, or
earlier where clinically appropriate, the patient would
be discharged from the service, and the pulse oximeter
returned for reuse."

However, the national roll out of CVW was not
intended to supplant existing services, and nor was it
intended to be entirely prescriptive. Our related study of
a number of such services in England (both CVW and
CO@h) demonstrated considerable variability in imple-
mentation models, including in patient eligibility crite-
ria, onboarding processes and monitoring processes
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(including the use of digital technologies and frequency
of contact).”® A number of the services were managed
as joint integrated community (pre-hospital) and hospi-
tal (post-discharge) models. Some services were imple-
mented earlier than others (for example, during the first
wave), with a small number of hospitals without a CVW
service a month after the national roll out. It is likely
that such differences were driven by the influence of
local context relating to capacity and resourcing issues,
and the extent of pre-existing links between local organi-
sations.

In facilitating the national rollout of services, NHS
England stated that “CVWs have been proven to reduce
admissions/bed occupancy and improve length of stay”,
and so could act to mitigate the pressure on hospital
beds, which was severe at the time.”” However, evidence
of the impact on hospital activity has been lacking. A
US study found a reduction in rates of ED presentation
or readmission for a group of 225 patients enrolled onto
a post-discharge monitoring program,'® and two studies
(from the Netherlands, and a case study from England)
estimated reduced lengths of hospital stays, but with
small patient cohorts and uncontrolled methods.'"°
Elsewhere, where outcomes have been reported, these
have tended to focus on rates of patient escalation
(including readmissions) in the absence of a compara-
tor. Occasionally these are considered against a per-
ceived optimal level (for example, a 10% conversion rate
to admissions for ambulatory care pathways®), or the
reported performance of services elsewhere." #7221

Data on which patients were enrolled to CVWs in
England was not collected, but information was assem-
bled on launch dates of CVW at each hospital trust. By
late February 2021 the large majority of acute hospital
trusts in England had a service available for use. Our
analysis aimed to use patient-level admissions data to
provide quantitative evidence of the impact of the

service, to contribute to future development of post-dis-
charge home monitoring programmes during the
remainder of the COVID-19 pandemic, and beyond.

The primary aim of this paper was to address the fol-
lowing research question:

What was the impact of COVID Virtual Wards on the
length of stay of COVID-19 hospitalisations, and rates of
subsequent readmission for COVID-19?

A secondary aim, in the context of COVID-19’s
widely reported differential effects on outcomes for
groups of patients (for example, by gender, age and
ethnicity),”*** was to reflect on associations found
between patient characteristics and hospital outcomes.

Methods

Data sources
The data sets used in this analysis are provided in
Table 1.

Setting and participants

From HES APC data, we extracted information on all
individuals discharged alive from 123 English hospital
trusts where there had been a confirmed or suspected
COVID-19 ICD-10 diagnosis code (Uoyr or Uoyz)
recorded as a primary diagnosis at any point during the
inpatient stay. We included all patients discharged
between 17 August 2020 and 28 February 2021, a
period covering the beginning, the peak, and the start of
the decline of England’s second COVID-19 wave.””
Where a patient had two or more relevant inpatient
stays, all stays were included in our analysis. The 123
acute trusts were selected from the KSS AHSN list of
128, having excluded four specialist trusts (not expected
to treat patients with COVID-19 as a primary cause of
the admission), and one non-specialist acute trust

Data Source

Data description

Dates used

Hospital Episode Statistics
Admitted Patient Care (HES
APC)**

COVID Virtual Ward start dates

NHS Digital

Kent, Surrey and Sussex Aca-
demic Health Science Network
(KSS AHSN)

Index of Multiple Deprivation,
2019 (IMD 2019)*

Acute beds occupied by COVID-
19 patients”®

UK Ministry of Housing, Commu-
nities & Local Government

NHS England and Improvement

Pseudonymised national (England)

Start dates of the COVID-19 virtual

Small area-level national (England)

Hospital trust-level data published

August 2018 to end July 2021

hospital admissions dataset

Final date 22 February 2021
wards (CVW) service in each of 128

English NHS acute or specialist

hospital trusts

2019 index version

deprivation index

March 2020 to end February 2021
weekly on the proportion of acute

beds occupied by COVID-19

patients

Table 1: Data sets used in analysis.

?
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whose CVW start date was not known. We additionally
extracted limited data on numbers of similar COVID-19
discharges for all trusts in the HES APC data, to com-
pare the number in our analysis with national counts of
similar patients.

Analytical approach

We developed multivariate models to examine the
impact of the availability of CVW (the primary indepen-
dent variable of interest) on two outcomes: the length of
stay (LOS) of the COVID-19 inpatient stay, and on sub-
sequent readmissions for COVID-19.

Variables

In our analyses we included a range of factors likely to
be associated with LOS and rates of readmissions for
COVID-19 patients®® 3; see Table 2. Time period cate-
gories were included to take account of fluctuating base-
line LOS and rates of readmissions over the analysis
period.** The proportion of beds occupied by COVID-19
patients was included to represent COVID-related bed
pressures.

Age, gender, ethnic group, hospital trust, emergency
admission information, time period of discharge were
all taken from information recorded against the inpa-
tient COVID-19 stay itself, as was the lower super out-
put area (LSOA) of residence of the patient, which was
used to add the deprivation quintile. The Charlson
comorbidity category index score®® was calculated using
HES APC data (specifically, diagnostic information)
from two years (730 days) prior to the COVID-19 admis-
sion date. The proportion of acute beds occupied by
COVID-19 patients was assigned to the appropriate
week of the date of discharge.

From the COVID-19 inpatient stay, we recorded the
LOS as the discharge date minus the admission date. In
our analyses, we replaced all LOS of greater than
60 days with 6o days to reduce the potentially distorting
impact of very long lengths of stay.

Using subsequent HES APC data, we recorded the
occurrence of any readmission for COVID-19, to any
hospital, within 28 days of the COVID-19 stay discharge
date. Here we included any confirmed or suspected
COVID-19 ICD-10 diagnosis code, recorded as either a
primary or secondary diagnosis on the admission epi-
sode of the inpatient stay.

The variable indicating the availability of COVID-19
virtual ward was assigned depending on the hospital
trust and date: for any individual trust, every discharge
from the day of the CVW service start date onwards was
assigned as having a CVW available, while all discharges
before that date were assigned to having no CVW avail-
able. Where a trust was known to have not implemented
a CVW by the end of the analysis period, all that trust’s
discharges were assigned as having no CVW available.

Statistical analysis

Basic descriptive statistics were initially used to provide
information on the characteristics of all patients
included in the analysis, and also split into two mutually
exclusive groups: COVID-19 patients discharged from a
hospital trust where a CVW was, and was not, available.
We compared differences between the groups using
Pearson’s chi-squared test for categorical variables. For
differences between the groups for the single continu-
ous variable, we tested for normality via Q-Q plots. The
assumption of homogeneity of variances via Levene's
test failed, and so we used the Welch t-test.

We calculated unadjusted means of COVID-19 LOS
and rates of COVID-19 readmission for all categories of
patient characteristics. Negative binomial regression
was used to examine the relationship between indepen-
dent variables and LOS,*® and logistic regression was
similarly used for occurrence of any readmission. To
account for clustering at the level of the hospital trust,
generalised estimating equation (GEE) approaches were
used.

To investigate the robustness of our findings, we car-
ried out a number of sensitivity analyses. For both

Modeling factors

Categories assigned to each COVID-19 patient discharge

Age at admission

Gender

Ethnic group

Charlson comorbidity index category™

Whether the stay was the person’s first COVID-19 hospital stay
Whether the inpatient stay was an emergency admission
Deprivation quintile Index of Multiple Deprivation (2019)
Time period of the discharge date

Proportion of all acute beds occupied by COVID-19 patients

0—-17, 18—49, 50—64, 65—79, 80s+

Male, Female

Asian, Black, White, Mixed, Other, Unknown

0,1,2,3,4,5,6+

Yes, No

Yes, No (elective)

1 — most deprived to 5 — least deprived, with a sixth category for unknown area
14 categories, each covering a 14-day period starting from 17 August 2020

A trust- and week-specific continuous measure (mapped to week of discharge)

Table 2: Factors included in models.

7
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outcomes, we tested two alternatives for the time period
of discharge variable: 7 days and 28 days, and also tested
including data from England’s first COVID-19 wave
(specifically from 2 March 2020). We also tested two
further LOS outcomes: one untrimmed at 6o days (that
is, the crude LOS, however long), and another where we
disregarded episodes of care at the beginning of the
inpatient stay, where these appeared to predate the
COVID-19 diagnosis. Moreover, we iteratively examined
the statistical significance of each independent variable
as well as the impact of their order, by constructing our
models step-by-step.

All analyses were carried out in SAS v9-4 (SAS Insti-
tute, North Carolina, US).

Ethical considerations

The use of HES APC data was governed by a data shar-
ing agreement with NHS Digital covering NIHR RSET
analysis (DARS-NIC-194,629-S4F9X). A protocol cover-
ing this analysis (as one part of a wider study) received
ethical approval from the University of Birmingham
Humanities and Social Sciences ethics committee
(ERN_13—1085AP39) and was categorised as a service
evaluation by the HRA decision tool and UCL/UCLH
Joint Research Office (Jan 2021). No patient consent
was required for this study.

Role of the funding source

The funders had no role in study design, data collection,
analysis or interpretation, nor in the decision to publish
the manuscript. The views and opinions expressed herein
are those of the authors and do not necessarily reflect
those of the NIHR, NHSE&I, NHS Digital or the Depart-
ment of Health and Social Care. TG and CSJ had access to
the HES APC data under the terms of a data sharing
agreement with NHS Digital. All authors had access to
data from KSS AHSN, and publicly available data used
(deprivation quintiles and occupied beds). All authors
decided to submit the manuscript for publication.

Results

Participants

We found 139,619 discharges between 17 August 2020
and 28 February 2021 where the patient had a primary
diagnosis of COVID-19 recorded during their inpatient
stay, and had not died in hospital. These discharges
belonged to 129,461 individuals. Table 3 shows charac-
teristics of these COVID-19 patient discharges.

The number of COVID-19 patients discharged in
this time across England (not limited to the 123 analysis
trusts) was 142,216. Thus, our analysis includes 98-2%
of recorded inpatient stays of patients in England with a
primary COVID-19 diagnosis, discharged alive.

www.thelancet.com Vol 48 Month June, 2022

Table 3 also shows the characteristics of the patients
split into two key analysis groups: patients discharged
where no CVW was available (N = 81,174, 58-1%), and
those discharged where a CVW was available (N = 58,445,
41-9%). These two sets of patients were well matched in
terms of gender and comorbidities. Patients discharged
where a CVW was available were more likely to be in the
age range 50 to 64 and members of non-White ethnic
groups, and less likely to be from the most deprived areas.
As a consequence of the accelerated set up of CVW serv-
ices from early January 2021 (Figure 1), discharge dates of
patients where a CVW was available tended to take place
toward the end of the analysis period, with nearly 4 in 5
occurring on or after 4 January 2021 (compared to 2 in §
of the discharges where a CVW was not available). Dis-
charges of patients taking place where a CVW was avail-
able were more likely to be occurring in the context of
higher levels of beds occupied by COVID-19 patients.

COVID-19 length of stay

The mean LOS for patients discharged where a CVW
was available was 10-1 days (standard deviation (SD) 11-3
days), compared to 8-9 days (SD 10-3 days) for patients
where a CVW was not available (Figure 2); this was an
unadjusted incidence rate ratio of 1-13, or 13% longer for
discharges taking place from hospital trusts with a
CVW. Distributions of COVID-19 length of stays for
patients discharged with and without an available CVW
are provided in the Supplementary material (Figure S1).

Fully adjusting for all covariates, we found an adjusted
incidence rate ratio (IRR) of 1-05 (95% CI 1-01 to 1-09) for
discharges where a CVW was available compared to those
where a CVW was not available, indicating that the length
of stay was 5% longer for relevant COVID-19 inpatient
stays where a CVW had been available.

In terms of the other factors in the fully adjusted
model, we additionally found strong, generally positive
gradients of LOS for increasing age and comorbidity (note
that these relationships relate to all 139,619 discharges,
and not just those with a CVW-available). Females had
shorter lengths of stay than males (adjusted IRR o-95,
95% CI 0-94 to 0-906), as did all non-White ethnic group-
ings, compared to the White group (for example, Asian
patients had an adjusted IRR 0-89, 95% CI 0-87 to 0-91,
and Black patients an adjusted IRR of 0-93, 95% CI 0-9o
to 0-95). Patients resident in the most affluent population
quintiles tended to have slightly shorter lengths of stay
than those in the most deprived quintile. First COVID-19
inpatient stays were longer than subsequent stays
(adjusted IRR 1-07, 95% CI 1-02 to 1-12). The LOS short-
ened significantly for all time periods after 31 August
2020, until mid-February 2021. As the proportion of acute
beds occupied by COVID-19 patients increased, LOS
tended to fall: for every ten-percentage point increase in
this proportion, the adjusted IRR was 0-97 (CI 0-96 to
0-98).
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All COVID-19 discharges,
N (%)
N =139,619 (100%)

CVW availability
Discharges with no CVW
available, N (%)

N = 81,174 (58.1%)

P value of
difference *

Discharges with CVW a
vailable, N (%)
N = 58,445 (41.9%)

Gender
Male
Female
Age band
0-17
18—49
50—64
65—79
80+
Ethnic group
Asian
Black
Other
White
Mixed
Unknown
IMD 2019 quintile of residence
1 (most deprived)
2
3
4
5 (least deprived)
Unknown
Charlson comorbidity score
0
1

[© I NV )

6+
First COVID-19 admission?
Yes
No
COVID-19 admission - emergency?
Yes
No
COVID stay discharge date (from date)
17/08/2020
31/08/2020
14/09/2020
28/09/2020
12/10/2020
26/10/2020
09/11/2020
23/11/2020
07/12/2020
21/12/2020
04/01/2021
18/01/2021
01/02/2021

Table 3 (Continued)

75,429 (54.0%)
64,190 (46.0%)

2041 (1.5%))
30,076 (21.5%;
39,776 (28.5%,
38,140 (27.3%,
29,586 (21.2%,

16,360 (11.7%)
6002 (4.3%)
4969 (3.6%)

93,688 (67.1%)

1394 (1.0%)

17,206 (12.3%)

38,247 (27.4%)
31,794 (22.8%)
26,391 (18.9%)
22,697 (16.3%)
19,354 (13.9%)

1136 (0.8%)

47,904 (34.3%)
15,012 (10.8%)
23,403 (16.8%)
14,677 (10.5%)
9538 (6.8%)
8585 (6.1%)
20,500 (14.7%)

129,041 (92.4%)
10,578 (7.6%)

136,643 (97.9%)
2976 (2.1%)

(0.
619 (0
1561 (1.
2952 (2.1%
4767 (3.4%)
7872 (5.6%)
10,014 (7.2%)
9135 (6.5%)
8696 (6.2%)
14,214 (10.2%
24,578 (17.6%
25,632 (18.4%
(

)
)
)
18,193 (13.0%)

43,714 (53.9%)
37,460 (46.1%)

1242 (1.5%)
17,647 (21.7%
22,620 (27.9%
22,384 (27.6%.
17,281 (21.3%

9089 (11.2%)
3172 (3.9%)
2501 (3.1%)

56,357 (69.4%)
779 (1.0%)

9276 (11.4%)

23,848 (29.4%)
18,413 (22.7%)
14,975 (18.4%)
12,859 (15.8%)
10,367 (12.8%)
712 (0.9%)

27,858 (34.3%)
8667 (10.7%)

13,658 (16.8%)
8528 (10.5%)
5587 (6.9%)
5056 (6.2%)

11,820 (14.6%)

75,948 (93.6%)
5226 (6.4%)

79,642 (98.1%)
1532 (1.9%)

488 (0.6%)
512 (0.6%)
1354 (1.7%)
2625 (3.2%)
4188 (5.2%)
6661 (8.2%)
8246 (10.2%)
7119 (8.8%)
6452 (7.9%)
10,274 (12.7%)
15,410 (19.0%)
11,637 (14.3%)
4600 (5.7%)

0.127
31,715 (54.3%)
26,730 (45.7%)
<0.0001
799 (1.4%)
12,429 (21.3%)
17,156 (29.4%)
15,756 (27.0%)
12,305 (21.1%)
<0.0001
7271 (12.4%)
2830 (4.8%)
2468 (4.2%)
37,331 (63.9%)
615 (1.1%)
7930 (13.6%)
<0.0001
14,399 (24.6%)
13,381 (22.9%)
11,416 (19.5%)
9838 (16.8%)
8987 (15.4%)
424 (0.7%)
0.402
20,046 (34.3%)
6345 (10.9%)
9745 (16.7%)
6149 (10.5%)
3951 (6.8%)
3529 (6.0%)
8680 (14.9%)
<0.0001
53,093 (90.8%)
5352 (9.2%)
<0.0001
57,001 (97.5%)
1444 (2.5%)
<0.0001
0.1%)
%)
%)
%)

0
0y
0/
%)
0
0/
0

3 (
107 (0.
207 (0.
327 (0.
579 (1
1211 (2.1%)
1768 (3.0%)
2016 (3.4%)
2244 (3.8%)
3940 (6.7%)
9168 (15.7%)
13,995 (23.9%)
(

13,593 (23.3%)

.2
4
.6
.0
2.1
.0
4
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www.thelancet.com Vol 48 Month June, 2022



Articles

CVW availability

patients at time of discharge

0—-9.99% 17,370 (12.4%)
10—19.99% 34,052 (24.4%)
20—-29.99% 35,514 (25.4%)
30—39.99% 24,841 (17.8%)
40—49.99% 16,757 (12.0%)
50—59.99% 10,035 (7.2%)
60—69.99% 938 (0.7%)
70—79.99% 112 (0.1%)

All COVID-19 discharges, Discharges with no CVW Discharges with CVW a P value of
N (%) available, N (%) vailable, N (%) difference *
N = 139,619 (100%) N=281,174 (58.1%) N = 58,445 (41.9%)
15/02/2021 10,845 (7.8%) 1608 (2.0%) 9237 (15.8%)
Proportion of beds occupied by COVID <0.0001

13,439 (16.6%)
18,865 (23.2%)
20,173 (24.9%)
13,999 (17.2%)

3931 (6.7%)
15,187 (26.0%)
15,341 (26.2%)
10,842 (18.6%)

8281 (14.2%)

(
(
(
(
8476 (10.4%)
(
(
(

5550 (6.8%) 4485 (7.7%)
560 (0.7%) 378 (0.6%)
112 (0.1%) 0 (0.0%)

Table 3: Characteristics of COVID-19 patient discharges, also split by CVW availability.
* Chi-square test, except for proportion of beds occupied by COVID patients (Welch t-test).

Model variants carried out as sensitivity analyses
marginally altered the resulting adjusted IRR of the
CVW-available discharges (Supplementary Table Sr1).
Shortening the time period variable to 7 days reduced
the IRR slightly such that the difference was no longer
significant at 95% statistical confidence level (IRR 1-04,
95% CI 0-997 to 1-08), while increasing the period to
28 days increased the adjusted IRR to 1-08 (95% CI
1-04 to 1-13). The addition of earlier (wave 1) data made
the two groups effectively indistinguishable from one

another (IRR 1-01, 95% CI 0-97 to 1-05). The two alter-
native LOS outcomes tested had little impact on the
adjusted IRRs compared to the base model.

COVID-19 readmissions within 28 days

Of the patients discharged from trusts with a CVW
available, 13.0% were readmitted with COVID-19 within
28 days, compared to 13-2% from trusts where no CVW
was available (Figure 3). Adjusting for all variables, we
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Figure 1. Cumulative start dates of CYW services in England’s non-specialist acute hospital trusts (n = 123 trusts).

14 trusts had no

CVW by 22 February 2021. The gray box represents the main period of this analysis.
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Mean LOS
Number of  (standard Adjusted IRR
Categories discharges deviation) Adjusted IRR (log scale) (95% Cls) P value
Gender
Male 75,429 9.31(10.7) Reference
Female 64,190 9.52(10.8) . 0.95(0.94,0.96)  <0.001*
Age band
0-17 2,041 2.36 (4.27) Reference
18-49 30,076 5.40 (7.23) - 2.12(1.88,2.39)  <0.001*
50-64 39,776  7.83(9.22) - 2.80(2.50,3.14)  <0.001*
65-79 38,140 10.9 (11.5) - 3.49 (3.09,3.95) <0.001 *
80+ 29,586 14.1 (12.5) - 424 (3.744.82) <0.001*
Ethnic group
White 93,688 10.3(11.4) Reference
Asian 16,360 6.94 (8.31) L] 0.89 (0.87,0.91)  <0.001*
Black 6,002 7.80(9.29) o 0.93(0.90,095)  <0.001*
Other 4,969 7.59(8.82) Ll 0.97 (0.94,1.00) 0.027 *
Mixed 1,394 6.96 (8.64) . 0.92 (0.86,0.99) 0.026 *
Unknown 17,206 8.32(9.70) L] 0.98 (0.95,1.00) 0.091
IMD 2019 quinitle
1 (most deprived) 38,247 9.35(10.7) Reference
2 31,794 9.28 (10.6) ° 1.00 (0.98,1.01) 0.623
3 26,391 9.49 (10.7) L] 0.98 (0.96,1.00) 0.060
4 22,697 9.59(11.0) L 0.96 (0.94,0.98) <0.001 *
5 (least deprived) 19,354 9.61(10.9) . 0.95(0.93098) <0.001*
Unknown 1,136 6.29 (8.61) - 0.79 (0.73,0.86) <0.001 *
Charlson comorbidity category
0 47,904 6.09 (7.59) Reference
1 15,012 9.02 (9.80) . 1.31(1.28,1.34) <0.001 *
2 23,403 8.68(10.0) . 1.25(1.22,1.27)  <0.001 *
3 14,677 11.2(11.4) L) 1.46 (1.42,1.49) <0.001 *
4 9,538 125 (12.4) L] 1.52(1.48,1.56)  <0.001 *
5 8,585 12.9(12.5) o 1.56 (1.52,1.61) <0.001 "
6+ 20,500 14.1(13.2) . 1.65(1.61,1.69)  <0.001 *
First COVID admission?
No 10,578 9.61(10.6) Reference
Yes 129,041  9.39 (10.7) . 1.07 (1.02,1.12) 0.002 *
COVID admission - emergency?
No 2,976 11.6 (15.0) Reference
Yes 136,643 9.36 (10.6) - 0.73 (0.66,0.80) <0.001*
COVID stay discharge date (from date)
17/08/2020 541 139(17.9) Reference
31/08/2020 619 10.1(15.5) - 0.80 (0.69,0.93) 0.003 *
14/09/2020 1,561 5.89(9.18) - 0.49 (0.42,0.56)  <0.001*
28/09/2020 2,952 6.46 (7.67) - 0.54 (0.47,0.61)  <0.001*
12/10/2020 4,767 6.83 (7.60) - 0.54 (0.48,0.61) <0.001*
26/10/2020 7,872 7.76 (8.60) - 0.61 (0.54,0.69) <0.001 *
09/11/2020 10,014  9.02 (9.84) - 0.69 (0.61,0.78)  <0.001 *
23/11/2020 9,135 10.9(11.1) - 0.81(0.71,0.91) <0.001*
07/12/2020 8,696 11.2(12.4) - 0.84 (0.74,0.95) 0.006 *
21/12/2020 14,214 8.25(10.5) - 0.69 (0.60,0.78) <0.001*
04/01/2021 24,578 8.03 (9.69) - 0.70 (0.62,0.79)  <0.001*
18/01/2021 25,632 8.86(9.78) - 0.76 (0.67,0.86)  <0.001*
01/02/2021 18,193 11.0(11.2) - 0.87 (0.78,0.98) 0.021*
15/02/2021 10,845 13.6(13.9) - 1.02 (0.91,1.15) 0.682
Proportion of beds occupied COVID pats
Each 10% point increase ® 0.97 (0.96,0.98) <0.001 *
CVW available at discharge?
No 81,174 8.94 (10.3) Reference
Yes 58,445 10.1(11.3) . 1.05(1.01,1.09) 0.014*
T
0.5 15 3 5
— —_—
Shorter LOS Longer LOS

Figure 2. Patterns of length of stay (LOS) of COVID-19 hospitalisations by category. The figure includes for each category: the count
of relevant discharges, the mean LOS (unadjusted), and the Incidence Rate Ratio (IRR) adjusted for all factors in the model. Adjusted
IRRs are displayed visually on a log scale (with horizontal bars defining the bounds of 95% confidence limits), and are also given as
figures, alongside the associated P value. P values marked with an asterisk denote statistically significant differences at 95% confi-
dence level.
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Number of

of 1 1S Adjusted OR
Categories discharges (%) Adjusted OR (log scale) (95% Cls) P value

Gender

Male 75,429 10,615 (14.1) Reference

Female 64,190 7,715 (12.0) . 0.78 (0.75,0.81)  <0.001 *
Age band

0-17 2,041 215 (10.5) Reference

18-49 30,076 2,699 (9.0) - 0.78 (0.65,0.94) 0.010 *

50-64 39,776 4,126 (10.4) - 0.87 (0.72,1.04) 0.124

65-79 38,140 5,956 (15.6) - 1.20 (1.00,1.45) 0.051

80+ 29,586 5,334 (18.0) —- 1.33 (1.10,1.60) 0.003 *
Ethnic group

White 93,688 12,960 (13.8) Reference

Asian 16,360 2,032 (12.4) * 1.03 (0.97,1.10) 0.355

Black 6,002 663 (11.0) L 0.91 (0.84,0.99) 0.029 *

Other 4,969 547 (11.0) - 0.96 (0.87,1.06) 0.411

Mixed 1,394 153 (11.0) .- 0.95 (0.80,1.12) 0.519

Unknown 17,206 1,975 (11.5) . 0.92 (0.87,0.97) 0.003 *
IMD 2019 quinitle

1 (most deprived) 38,247 4,884 (12.8) Reference

2 31,794 4,089 (12.9) o 0.99 (0.94,1.03) 0.512

3 26,391 3,552 (13.5) ° 1.01 (0.96,1.06) 0.767

4 22,697 3,137 (13.8) L] 1.02 (0.96,1.08) 0.528

5 (least deprived) 19,354 2,609 (13.5) L3 0.97 (0.90,1.03) 0.317

Unknown 1,136 59 (5.2) — 0.37 (0.23,0.60) <0.001 ~
Charlson comorbidity category

0 47,904 4,363 (9.1) Reference

1 15,012 1,693 (11.3) L] 1.16 (1.10,1.22) <0.001 *

2 23,403 2,903 (12.4) o 1.35(1.28,1.42) <0.001 *

3 14,677 2,142 (14.6) ° 1.48 (1.39,1.58) <0.001 ~

4 9,538 1,630 (17.1) o 1.72 (1.61,1.84) <0.001 *

5 8,585 1,488 (17.3) . 1.72 (1.61,1.83) <0.001 ~

6+ 20,500 4,111 (20.1) . 2.01(1.90,2.12) <0.001 ~
First COVID admission?

No 10,578 1,569 (14.8) Reference

Yes 129,041 16,761 (13.0) [ 3 1.03 (0.96,1.10) 0.391
COVID admission - emergency?

No 2,976 631 (21.2) Reference

Yes 136,643 17,699 (13.0) - 0.46 (0.39,0.53) <0.001 *
COVID stay discharge date (from date)

17/08/2020 541 39 (7.2) Reference

31/08/2020 619 73 (11.8) —e— 1.92 (1.32,2.81) <0.001 *

14/09/2020 1,561 183 (11.7) —— 1.99 (1.40,2.83)  <0.001 *

28/09/2020 2,952 291 (9.9) —— 1.63 (1.18,2.26) 0.003 *

12/10/2020 4,767 606 (12.7) —— 2.01 (1.49,2.70) <0.001 *

26/10/2020 7,872 1,091 (13.9) —— 2.09 (1.52,2.86) <0.001 *

09/11/2020 10,014 1,298 (13.0) —e— 1.84 (1.34,2.53) <0.001 *

23/11/2020 9,135 1,161 (12.7) —e— 1.75 (1.27,2.40) <0.001 *

07/12/2020 8,696 1,206 (13.9) —e— 1.96 (1.43,2.69) <0.001 *

21/12/2020 14,214 2,024 (14.2) —— 2.20(1.61,3.01)  <0.001 *

04/01/2021 24,578 3,517 (14.3) —— 2.14 (1.57,2.92) <0.001 *

18/01/2021 25,632 3,556 (13.9) —— 2.03 (1.47,2.81) <0.001 *

01/02/2021 18,193 2,151 (11.8) —— 1.68 (1.22,2.31) 0.001 *

15/02/2021 10,845 1,134 (10.5) —e— 1.48 (1.07,2.05) 0.018 *
Proportion of beds occupied COVID pats

Each 10% point increase [ 1.03 (0.99,1.06) 0.103
CVW available at discharge?

No 81,174 10,749 (13.2) Reference

Yes 58,445 7,581 (13.0) . 0.97 (0.91,1.03) 0.319

I T T T T
02 05 15 3
Fewer readmissions More readmissions

Figure 3. Patterns of COVID-19 readmissions within 28 days by category. The figure includes for each category the count of relevant
discharges, the number and proportion readmitted, and the Odds Ratio (OR) adjusted for all factors in the model. Adjusted ORs are dis-
played visually on a log scale (with horizontal bars defining the bounds of 95% confidence limits), and are also given as figures, along-
side the associated P value. P values marked with an asterisk denote statistically significant differences at 95% confidence level.
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found a non-significant difference in COVID-19 read-
missions within 28 days, for discharges where a CVW
was available compared to those where a CVW was not
available (adjusted odds ratio (OR) of 0-97, 95% CI 0-91
to 1-03). Our sensitivity analyses demonstrated the
robustness of these findings.

As with LOS, we found generally positive gradients
of relative odds of readmission with increasing age and
comorbidity. Females had significantly lower odds of
readmission than males (adjusted OR 0-78, 95% CI
0-75 to 0-81). Black patients had lower odds of readmis-
sion compared to White patients (adjusted OR o-91,
95% CI 0-84 to 0-99), while no other ethnic categories
(for patients with known ethnicity) showed similarly sig-
nificant differences. There were no apparent differences
in the odds of COVID-19 readmission for patients resi-
dent in less deprived areas, compared to those in the
most deprived quintile areas.

For both LOS and readmissions models, adding vari-
ables one by one to our multivariate models (an example
shown in supplementary Table S2) revealed that the
addition of the 14-day time period categories, and the
clustering by hospital trust had large impacts on the
estimated adjusted ratios, but all additional variables
(age, comorbidity index, and so on) had relatively mar-
ginal additional impacts.

Discussion

In this analysis of COVID-19 patients discharged from
hospital during the second wave of the COVID-19 pan-
demic in England, we found no evidence of a relation-
ship between the availability of hospital-based COVID
virtual wards (CVW) and subsequent rates of readmis-
sion for COVID-19. We did find that the length of stay
for hospitalised COVID-19 patients was 5% longer
where a CVW was available, but a number of caveats
mean that this is a result which should be approached
with some caution.

There are few studies available against which we can
compare our results. Our finding of no difference with
respect to readmissions appears to contrast with that of
an analysis of a post-discharge remote monitoring
model implemented in five Boston (US) hospitals. This
study found that enrolled patients had a reduced odds
(OR 0-54, p-value 0-04) of attending ED or being read-
mitted within 30 days of discharge, compared to those
not enrolled.”® However, given the relatively large confi-
dence intervals in their estimate, ED attendances being
much more common than readmissions for the
enrolled patient cohort, and those readmissions being
for any cause, our findings may not be inconsistent.

Two other analyses have claimed reductions in
length of hospitalization associated with post-discharge
models, on a scale of 30—40%. One, related to imple-
mentation in a Netherlands hospital, estimated a reduc-
tion in the LOS of 5-0 days, (with a resulting mean LOS

of 10-6 days),"” and a second, in an English hospital
trust reported a reduced LOS of 10 days, against an aver-
age of 17 days prior to implementation.® Both analyses,
however, were based on small patient cohorts with no
formal statistical testing; in the first analysis it was not
clear how estimates of reductions were made, and in
the second there was no attempt made to control for dif-
ferences between the compared groups.

More generally, there is evidence of non-COVID
related post-discharge virtual wards having a positive
impact on readmissions when employed as a disease-
specific intervention (at least in the case of heart fail-
ure), but there is not similar evidence of impact for
more mixed groups of high-risk chronic disease
patients.”” Our findings may be consistent with this pic-
ture, considering the heterogeneity of COVID-19
patients, and the multi-organ effects of COVID-19
infection.>*37:3%

With respect to the analysis of post-discharge
COVID monitoring services our study is currently
unique in its scope. We have made use of a national
administrative hospital dataset, and have analysed
almost 140,000 COVID-19 admissions in an effort to
detect an impact of a national-scale roll out of post-dis-
charge remote monitoring services. We have been prag-
matic in our use of the available data, and have
controlled for characteristics available to us.

Nevertheless, there are several limitations which
mean that our results should be interpreted with cau-
tion. We did not know which patients were enrolled
onto a CVW, and so treated all patients as potentially
having received the intervention where one was avail-
able at a hospital trust. We had no information about
important clinical factors, for example: ICU admission,
clinical readings (including oxygen saturation levels),
and specific treatments received. The location to which
patients were discharged (home, care home, and so on)
was not known, and we also had no information about
out-of-hospital deaths (and this during a period in which
rates of out-of-hospital deaths had been persistently
above long-term norms).’® We extracted data only on
patients discharged alive, and so the impact (if any) of
COVID-19 patients who died during their hospital stay
has not been accounted for. Our analyses have assumed
that these potential confounders — which are likely to
have been associated to a greater or lesser degree with
eligibility for referral, and/or with risks of readmission
and long stays — were well balanced between the two
key groupings of patients after having adjusted for
model factors. But the extent to which this is the case is
not known. However, in terms of at least one of these
missing factors, an analysis of a cohort of 419 COVID-
19 patients managed on a post-discharge pathway sug-
gests that out-of-hospital deaths may have been rela-
tively rare (<0-1%).°

From our wider study of oximetry monitoring pro-
grammes in 28 sites, we had some information about
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the implementation of CVW services in a limited num-
ber of sites, including reports of numbers of patients
monitored.”® For seven hospital trust-based sites, we
estimated a range of from 4% up to 65% of discharged
COVID-19 patients may have been monitored on a
CVW. But nationally, we did not know the scale of each
trust’s implementation and our analysis was not able to
examine potential dose-response relationships.

Our study also indicated that services were imple-
mented with significant differences, depending on the
locally adopted models of care and whether they were
running an integrated CVW/CO@h service: our analy-
sis treated the intervention as being homogeneous, and
was not able to estimate differential impacts by hospital
trust, though these may have existed.

An additional point of uncertainty arises from specu-
lation that some hospital trusts, when releasing CVW-
enrolled individuals to their homes for monitoring, may
not have recorded a formal discharge as having taken
place. In such cases, patients enrolled onto a CVW
would appear (from the point of view of the hospital
data) to remain inpatients until the date of discharge
from the virtual ward itself, and their lengths of stay
would include a mix of days in hospital, and days at
home. This plausibly might be a reason for an observed
increase in lengths of stay. However, it is far from clear
if this method of recording discharges has occurred to
any significant degree. Recent guidance on virtual
wards from the NHS in England suggests that this
would not be the expected method of coding such activ-
ity (“as this would affect length of stay and other
reporting”) and that guidance to hospital trusts on cod-
ing virtual wards would be published in due course.*®

We found longer COVID-19 inpatient stays associ-
ated with implementation of COVID virtual wards; this
was not expected for a service that aimed to support the
early discharge of patients. One explanation might be
that CVW eligibility criteria influenced hospitals’ dis-
charge decisions such that patients were kept in a bed
for longer than they otherwise might have been. It is
not clear whether local pre-hospital (CO@h) services
starting at similar times might have affected admissions
in such a way that patients were admitted sooner, and
stayed for longer. The finding might in part also be a
consequence of many CVW services launching during
the falling (improving) edge of England’s second
COVID-19 wave, with longer lengths of stay being a con-
sequence of improving bed capacity.

We did attempt to control for the latter effect in our
addition of trust-specific weekly occupied beds data, and
with our inclusion of a time period variable in our mul-
tivariate analyses. In one sensitivity analysis, when we
shortened the time period to 7 days (from 14) — we no
longer found a statistically significant difference in LOS
at the 95% level (adjusted IRR 1-04, 95% CI 1-00 toO
1-08, p-value o0-07). The time factor used in our fully-
adjusted models was somewhat arbitrary, and it is not
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clear that 14 days was better used above 7 days. The find-
ing of a longer LOS associated with CVW therefore
needs to be considered with some care.

In addition, while ‘safe admission avoidance’ was
noted to be an additional aim of COVID Virtual Wards
in the standard operating procedure,’* the impact we
would expect on readmissions following discharge is
not obvious. These services aimed to detect early deteri-
oration in patients for more rapid escalation (this
includes readmission), to potentially improve ultimate
outcomes. It may be the case therefore, that readmis-
sions might have been expected to increase. Unfortu-
nately, with limitations in the available data as
described above, we were not able to assess any changes
in the severity of patients on readmission.

As aresult of the limitations in the available data out-
lined above, there is a strong possibility that any positive
impacts - at a local hospital trust level, or for specific ver-
sions of the pathway - were not ultimately able to be
detected. This limits the extent to which this analysis
can contribute to the further development of these, or
similar services, and highlights the importance of mak-
ing routine data collection - appropriate for use in evalu-
ation — an intrinsic part of services’ operations.

Briefly, we reflect on observed relationships between
patient characteristics and COVID-19 lengths of stay,
and readmissions. Positive relationships between age
and comorbidities and these outcomes have been
observed elsewhere.**3*#4> Meanwhile, differences
with respect to gender (in this study’s case both out-
comes were lower for females versus males) tend to
have been absent.”??**4* We found shorter lengths of
stay and lower rates of readmissions for patients belong-
ing to specific ethnic groups with respect to White
patients (this was the case for patients belonging to
Black ethnic groups for both outcomes, and also Asian,
Mixed and ‘Other’ ethnic groups for length of stay). Evi-
dence from elsewhere is mixed, but at least one US
study found shorter lengths of stay for hospitalised non-
White patient groups.** Ultimately, however, care is
needed when interpreting findings for specific charac-
teristics separate from the context of the other model
variables; it is possible, for example that non-White eth-
nic groups (to give one example) may be acting as fine-
scale markers of urban or more deprived areas (in addi-
tion to the model deprivation categories) and as markers
of younger patients (within modelled age bands).

Our analysis has not shown any evidence of early dis-
charges or changes to rates of readmissions associated
with the roll out of COVID Virtual Wards in England.
While this may reflect the true impact of the service, it
may be in part a consequence of the lack of certain data:
on which patients were enrolled (or even how many),
what COVID-19 treatments were received while in hos-
pital, their clinical observations. It is possible that CVW
services had a range of impacts, that we have ultimately
not been able to reveal.

1
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