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ABSTRACT

Introduction The combination of a reduction in the
Danish hospital bed count, the shortage of hospital

staff and demographic changes challenges the Danish
hospital capacity. This was further highlighted during

the COVID-19 pandemic when hospitals worldwide were
overwhelmed by infected patients requiring acute hospital
care. To address these challenges, a hospital-at-home
(HaH) programme offers an alternative to conventional
in-hospital admission. Furthermore, HaH has the potential
to improve patient outcomes, reduce costs and increase
patient satisfaction. However, few studies have evaluated
HaH in a Scandinavian setting, and this article describes
the protocol for a randomised controlled trial (RCT)
comparing an HaH model with continued conventional in-
hospital admission. The main aim of the trial is to evaluate
physical activity level and mental wellbeing in patients
admitted at home compared with conventionally admitted
patients.

Methods and analysis 110 clinically stable patients from
two internal medical wards at Nordsjaellands Hospital in
Denmark will be included and randomised in a ratio of

1:1 to either continued conventional in-hospital admission
(control group) or virtual HaH model (intervention group).
The control group will receive standard hospital treatment,
and the intervention group will be transferred home for
continued treatment (eg, intravenous antibiotics or oxygen
treatment). The primary outcome measures are physical
activity assessed using daily step count (during the first
24 hours after inclusion, as an intermediary indicator of
the risk of adverse events) and treatment satisfaction
(assessed using a patient satisfaction survey). Secondary
outcome measures are adverse events of special interest,
escalation of care, readmission rate postdischarge (30
days and 90 days), mortality (associated and 7 days,

30 days and 90 days postdischarge), process data (eg,
the number of teleconsultations) and a health economic
evaluation.

Ethics and dissemination The study was approved by
the Danish Research Ethics Committees (no. 2303051) and
the Danish Medicines Agency (CIV-23-03-042542) and will
be monitored by the Copenhagen University Hospital Good

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The randomised controlled trial (RCT) has been pre-
ceded by usability and feasibility studies that have
informed the design of the RCT including the select-
ed endpoints.

= By evaluating both patient-related outcomes, tele-
medicine and organisational outcomes and eco-
nomic outcomes of our vHaH model, results of
this RCT may aid stakeholders in decision-making,
thereby impacting healthcare practices and re-
source utilisation.

= Use of a validated motion sensor for reliable and
unbiased monitoring of patients’ physical activity
levels.

= Due to the nature of the study, where participants
are randomly allocated to treatment at two different
locations (home or hospital department), blinding of
participants is not feasible.

Clinical Practice unit. Results will be published in peer-
reviewed journals and presented at relevant national and
international conferences. We also plan to communicate
the results to relevant stakeholders in the Danish
healthcare system.

Trial registration number NCT05920304.

INTRODUCTION

Over the past decades, the Danish healthcare
system has centralised its medical and surgical
specialties. This has led to the closure of
smaller local hospitals and the construction
of fewer but larger hospitals. As a result, the
national hospital bed count for somatic care
has decreased over the years from 16241 beds
in 2010 (2.93 beds per 1000 citizens) to 11675
beds in 2021 (2.00 beds per 1000 citizens),
representing a reduction of 31.7%." Concur-
rently, the Danish healthcare system is facing
challenges in recruitment and retention,
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particularly with a shortage of nurses, compounded by
demographic changes®® that increase the demand for
hospital care among the elderly. These factors are already
straining hospital capacity, emphasising the necessity
to prioritise hospital beds without compromising the
general quality of care. Furthermore, seasonal epidemics
such as influenza and respiratory syncytial virus (RSV) and
indeed pandemics such as COVID-19 can lead to sudden
surges in hospital admissions, potentially exceeding
hospital capacity.”*

By receiving hospital care at home, frail and elderly
patients can benefit from hospital quality care and treat-
ment without the risk of hospital-associated compli-
cations. This approach also tends to result in higher
satisfaction for patients and their families.”” Hospital-
isations and sudden immobility due to acute illness are
associated with a variety of clinical complications, such
as an increased risk of nosocomial infections, thrombo-
embolic events, delirium and functional decline due to
inactivity.'"""® These are conditions that affect a large
proportion of patients worldwide and cause increased
morbidity and mortality, as well as an increased duration
of hospitalisation. Maintaining physical activity has the
potential to improve appetite,'®'” prevent muscle loss,
hyperglycaemia and constipation, and thereby enhance
overall patient outcomes."*™’

Various versions of hospital-athome (HaH) models
have been implemented as an emergency solution
to a steep increase in the number of hospitalisations
during the COVID-19 pandemic crisis. Conventionally,
epidemic patients who require medical monitoring will
be admitted to the hospital. Recently, patients hospital-
ised for COVID-19 requiring medical supervision for
an extended period—sometimes weeks—have been
admitted to their homes supported by telemedicine and/
or a mobile hospital-based care team (MHCT). Various
models of home-based admissions of pandemic patients
have been implemented internationally with great results
regarding safety and effectiveness.” ** These models
are mostly based on the physical attendance of physi-
cians in the patient’s home and are in most situations
implemented out of need. Home-based models provide
promising results regarding costs, but results are based
on low-quality evidence.” Health systems facing capacity
constraints and rising costs need to allocate resources
based on high-quality evidence.

Reducing hospital admissions and delivering treat-
ment closer to or in the patients’ homes is a key objec-
tive for various stakeholders in the Danish healthcare
system, aimed at fostering a more cohesive and acces-
sible healthcare experience.” However, Danish health-
care infrastructure and capacity will not allow for HaH
models primarily depending on the physical attendance
of physicians in the patient’s home, nor will it be possible
to manually monitor all patient-reported data. Therefore,
we saw a need for a telemedicine-supported virtual HaH
(vHaH) model with a smart algorithm alarming clinical
staff and thereby aiding in the timely handling of patient

data and clinical state. This also aligns with other models
being evaluated in randomised controlled trials (RCTs),
for example, Mayo Clinic’s Advanced Care at Home
programme.*

This controlled clinical trial will be part of a large
project called Influenzer, which aims to develop, imple-
ment and evaluate a novel HaH model that will enable
safe and satisfactory admission of hospitalised patients,
including epidemic patients, in their homes. This study
protocol is based on the results from two other small-
scale studies embedded within the Influenzer. The devel-
opment stages before the RCT included the development
of the technology and standard operating procedures, an
in-hospital usability test and a feasibility study.”’

The Influenzer vHHaH model is comprised of features of
complex interventions as defined by Medical Research
Council guidance, and the work has been guided by a
framework for complex intervention development.*®
Therefore, relevant stakeholders were involved in the
development of the telemedicine solution and the work-
flows around home hospitalisations. Also, key learning
points from the feasibility study drove the decision
on how to design the RCT and guided in the develop-
ment of our programme theory (see figure 1: Influenzer
programme theory). This was developed informed by the
existing evidence, for example, the positive effects of
physical activity” and the empirical data from the inter-
views with patients and primary informal caregivers who
experienced the programme in the feasibility trial.”’ It
is expected that patients admitted at home will have a
higher physical activity level when compared with conven-
tionally admitted patients, thereby leading to better clin-
ical outcomes for the patients.

Objective

This article describes the protocol for an RCT that
compares the Influenzer vHaH model to a conventional
in-hospital admission. The aim is to investigate the effect
on the primary endpoints (physical activity level and
patient mental wellbeing, satisfaction and perceived
safety) and the secondary endpoints (patientrelated
endpoints, process data and economic endpoints).

Hypotheses

We hypothesise that physical activity level, nutritional
status and mental wellbeing will increase in patients
hospitalised with acute illness or an acute exacerbation of
chronic disease if they are randomised to a telemedicine-
supported vHaH model (intervention group) compared
with patients randomised to a conventional in-hospital
trajectory (control group).

Also, we hypothesise that the intervention group will
experience their treatment course to be at least as safe
and satisfactory as the control group.

Finally, we hypothesise that the intervention will be a
viable, cost-neutral alternative to the conventional in-hos-
pital patient trajectory for the selected patient population.
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Mechanism

Outcomes

Open access

Impact

Activities related to the

patient admitted in a

virtual Hospital at

Home model:

e Home based
admission begins

o Self-measurements

o Video assessment by

Change of environment

towards domestic

settings leads to:

o Increased physical
activity level

o Better sleep

o Better nutrition

Short term outcomes:

o Reduction of clinical
complications
associated to in-
hospital admission

o Reduced Length of
Stay

o vHaH perceived as

Impact on patient level:

e Increased health
service satisfaction

e Increased mental
wellbeing

Impact on societal level:
e Reduced socio-
economic costs due

a clinician

e Domestic visits by a
local mobile hospital-
based care team for
clinical interventions
and/or municipal
healthcare personnel

safe by patients
to:

- Fewer sick leave
days

- Reduction in hospital
resource use and
number of contacts in
primary care

Midterm outcomes:

e Faster recovery

e Reduced re-
admittance rate

o Reduced mortality

Figure 1 Influenzer programme theory. vHaH, virtual hospital-at-home.

METHODS AND ANALYSIS
The Influenzer RCT study flow is presented in figure 2:
Influenzer RCT study flow.

Study design and setting

We will conduct an RCT in the period between 1 June
2023 and 1 June 2025, where enrolled participants will
be randomised to either vHaH (intervention group) or
conventional hospitalisation (control group) in a ratio of
1:1.

The study will be carried out at Nordsjaellands
Hospital, Hilleroed, Denmark, in collaboration between
four departments—the Department of Clinical Research
(where the trial is coordinated and the research team is
rooted), the Department of Pulmonary and Infectious
Diseases (DPID) and the Department of Endocrinology
and Nephrology (ENA) (from where the participants
will be included) and the Department of Multimorbidity
(where the local MHCT is rooted).

The protocol was developed per the Standard Protocol
Items: Recommendations for Interventional Trials.*’ This
is V.1.4 of the protocol, and it was registered at https://
www.clinicaltrials.gov/ on 26 May 2023 (NCT05920304),
before initiating the inclusion of participants. Any amend-
ments to the protocol will be reported to the Danish
Research Ethics Committees and the Danish Medicines
Agency.

Apart from aiding in the development of the Influenzer
programme theory through interviews from our feasibility
study, patients and the public were not formally involved
in the design and planning of the RCT.

Participants

The study aims to include 110 patients admitted to either
DPID or ENA at Nordsjaellands Hospital. Inclusion
criteria are as follows: age of 18 years or older; a patient

admitted to DPID or ENA; residential address (either
permanent or temporary, ie, a holiday home) within the
catchment area of Nordsjaellands Hospital and a treat-
ment regimen which can be handled within the vHaH
model. Exclusion criteria are as follows: unstable clin-
ical condition defined by a current Early Warning Score
(EWS) >6o0r single score=3 (see online supplemental
table 1); permanent physical or cognitive impairment or
observed non-compliance that might negatively affect the
ability to perform required actions during the interven-
tion, such as self-measurements, data transfer via the app
and communication through telephone or video consul-
tation; unproficiency in Danish and pregnancy.

Recruitment process and informed consent

Patients admitted to the DPID or ENA will be identified as
potential study participants by their clinicians. The identi-
fied individuals will be provided with a short information
pamphlet about vHaH and requested by clinicians for
interest in being a part of the Influenzer project. If interest
is expressed, the potential study participants will receive
full oral and written information regarding the study
provided by a member of the research team.

According to Danish legislation when testing new
medical devices, women of childbearing age will be tested
for possible pregnancy.

A medical doctor (MD) will assess the potential study
participant’s eligibility against all inclusion and exclu-
sion criteria, and the information will be entered into the
database (Research Electronic Data Capture (REDCap)).
Also, consent to participate will be documented and regis-
tered by the study group in REDCap.

Because home-based admission is a complex interven-
tion and logistics in some cases require several hours
and even days of activities ahead of the early transfer,
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Influenz-

Identification
Potential study participants are er
identified by clinicians at the
Department of Pulmonary and
Infectious Diseases or Department of
Endocrinology and Nephrology.
Temporary exclusion Contact to the investigator group.
The inclusion criteria are
- v

currently not met. It is expected
— Provision of study information

A

to be a temporary condition,
and eligibility can be re-

assessed later. ¢
Patient is included
Permanent exclusion - Generation of study ID
- The inclusion criteria are not - Baseline questionnaire on
met, and this condition is Pl demographic characteristics and EQ-
expected to be permanent. 5D-5L
- Patients declined to participate - Assessment of medical eligibility
- Other reasons - Randomization

- App installation and device
education if randomized to vHaH

y A
Conventional Hospital Virtual Hospital at Home
Admission - Self-measured vital parameters
- Vital parameters - Self-assessment (questionnaire)
- Measurement of activity level - Measurement of activity level
Post discharge Discharge

Questionnaire on patient experience

data collection N i )
Questionnaire on sick leave and production

14 days post discharge
Semi-structured interview
Follow up on sick leave and production loss

:

30- and 90-days post discharge
Mortality
Re-admission rate
Questionnaire EQ-5D-5L 3 months follow up

Figure 2 Influenzer RCT study flow. RCT, randomised controlled trial. EQ-5D-5L, The EuroQol-5 Dimension-5 Levels
questionnaire.
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participants who enrol in the intervention group will
undergo a final clinical assessment by an MD (non-study)
on the day of the transfer to home-based admission. If
any condition that has an impact on the eligibility of
the participant changes, the participant will stay at the
hospital and be excluded from the intervention, but stay
in the study, and will be a part of the intention-to-treat
analysis. Furthermore, any reason for non-initiated inter-
vention (defined as a participant who is randomised to
the intervention group but never gets transferred from
the hospital to his home) will be noted in REDCap.

Patients who do not wish to participate in the study will
be asked for reasons for declining participation, to shed
light on the underlying causes.

Randomisation and blinding

Study participants will be randomised to either vHaH
or conventional hospitalisation in a ratio of 1:1. Rando-
misation will be stratified by the hospital department of
admission. The randomisation process will be performed
by a member of the research team using a computer-
generated randomisation sequence in the randomisation
module in REDCap. Due to the nature of the interven-
tion, where patients are physically treated and moni-
tored at a different location than the hospital, blinding
of participants, informal caregivers and hospital staff
will not be possible, which introduces a potential risk of
detection and performance bias.™ *' However, the SENS
motion activity sensor and other similar activity trackers
have previously been validated to be used for monitoring
patients’ activity levels.*®

Treatment courses

All participants will wear an activity tracker on the thigh
(SENS motion sensor), and they will be asked to answer
questionnaires at baseline, on discharge and 3months
after discharge.

Conventional hospital admission (control group)

Participants in the control group will continue their
hospital treatmentunchanged, and theywill be discharged
when there is no further need for hospital admission.

Virtual hospital-at-home (vHaH; intervention group)

Participants in the intervention group will be provided
with expanded information about the concept of vHaH
before initiation of home-based admission. Information
includes a description of the telemedicine monitoring
and communication model, the technology used, all
relevant workflows for both participants and healthcare
staff, together with detailed safety instructions and an
emergency plan. The participant will be provided with
mobile equipment for domestic use, which includes a
pulse oximeter (which also measures respiratory rate), an
electronic blood pressure monitor and a thermometer. If
relevant, participants can be further provided with other
equipment such as a blood glucose metre or a weighing
scale.

Any necessary domestic arrangements will be made
before home-based admission begins, and participants
will be offered transportation home. For those requiring
supplemental oxygen therapy, the oxygen installation
will be completed in their home prior to the home-
based admission. Participants and their relatives will
receive comprehensive instructions on the safe use of the
domestic oxygen equipment.

When home-based admission begins, participants
will be monitored and be able to get in touch with
hospital staff 24/7. Patients are required to report
health data at least two times per day according to
EWS. They will receive daily ward rounds Monday
through Friday and during the weekend if found
necessary (same procedure as for conventionally
admitted patients). Ward rounds will be virtual and
will be supported by video if applicable. The hospital
staff are not dedicated solely to the HaH patients;
they work in a regular hospital ward and care for both
HaH patients and conventionally admitted patients.
Therefore, it is necessary for the information tech-
nology (IT) system to generate alarms so that staff
can be guided in timely handling of patients.

The telemedicine component is developed by
an external provider in collaboration with the
researchers who founded the idea and concept of
the home-hospital care model and the hospital staff.
The IT solution is comprised of a dedicated app on
the patient’s smartphone or a tablet (designed for
transferring vital parameters, self-reported symptoms
and contact requests as well as having an overview of
the planned activities) and a hospital-based moni-
toring programme for the hospital staff (designed for
receiving patient data, generating alarms in case of,
for example, out-of-range data, and planning activi-
ties for the patient).

Supporting the telemedicine concept, hospital-
based or community-based healthcare personnel will
perform clinical tasks including intravenous admin-
istration of medications, blood samples and on-site
clinical assessment in the participant’s home, when
relevant.

Hospital staff can terminate home-based admission
and transfer the participant back to the hospital if
found necessary (ie, due to clinical deterioration
or lack of compliance). The participant and their
coliving informal caregiver can also terminate home-
based admission if feeling insecure.

Participants will be discharged when they are assessed
by an attending MD as of no further need of admission.

Outcome measures

The primary outcome measures will be physical
activity level stratified by study inclusion day, for
example, day O=first 24 hours after study inclusion,
day 1=24-48 hours after study inclusion, etc, and eval-
uation through questionnaires and semistructured
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Box1 Outcome measures

Primary outcomes:
= Physical activity level. Day 1 and day 2 will be time windows of
primary interest.
= Daily step count
= Time (minutes) in different activities (eg, rest time, standing time,
walking time, running and high intensity movement time and cy-
cling time)
= Evaluation through questionnaires and semistructured interviews of:
= Patient mental wellbeing
= Patient satisfaction
= Patient-perceived safety
= Patient-related endpoints
= Demographic characterisation of patients eligible for virtual
hospital-at-home
= Biomarkers (measured in routine blood samples):
= Albumin level in plasma
= G reactive protein
= Leucocytes
= Weight in dialysis patients (measured routinely in relation to
dialysis)
= Adverse events of special interest (AESI)
= Readmittance rate postdischarge (30 days and 90 days)
= Mortality (associated and 7 days, 30 days and 90 days)
= Process data (only relevant for participants in the intervention group)
= Percentage of timely service delivery in response to red alarms
as a sign of clinical deterioration (health workers demonstrate
adequate ability in telemedicine service delivery).
= Percentage of scheduled video consultations which were
delivered.
= Important device events
= Economic endpoints (3 months follow-up):
= Intervention costs
= Number of in-hospital days
= Number of outpatient visits
= Costs of hospital resource use
= Number of contacts in primary care (general practitioner, phys-
iotherapy, etc)
= Costs of primary care resource use
= Total costs of health care utilisation per patient
= Quality adjusted life years gained

interviews of patient mental wellbeing, patient satis-
faction and patient-perceived safety.

Secondary outcome measures will include patient-
related outcomes, process data and economic evalua-
tions. Please see box 1 for a full list of outcomes.

Sample size

A previous study performed at the Department of Pulmo-
nary and Infectious Diseases, Nordsjaellands Hospital,
Denmark® has shown that patients admitted with pneu-
monia were predominantly sedentary with a median daily
step count of 1356 steps per day (IQR 778-1965). The
study also showed a reduction in length of stay and reduc-
tion in in-hospital and 30-day mortality for every 500-step
increase in daily step count. As this is the same depart-
ment with the same patient profile, we find a difference

of 500 daily steps to be clinically relevant. Therefore, we
want to test if patients admitted at home will have a daily
step count of 500 steps or more above the conventionally
admitted patients. With an o of 0.05, a power of 0.8 and
a  of 500, we will need to include 47 participants in the
intervention arm and 47 participants in the control arm,
when including in the ratio 1:1. To account for potential
dropouts or other circumstances, we wish to include 55
participants in the intervention arm and 55 participants
in the control arm.

Data

After randomisation and before the potential commence-
ment of home-based admission, study participants will
be equipped with an activity tracker (a SENS motion
sensor) to measure daily step count and physical activity
level during admission. Also, study participants will be
asked to complete questionnaires according to the study
flow diagram in figure 2. In case of missing completion
of follow-up questionnaires (on discharge and 3 months
postdischarge), the participant will receive a reminder—
either electronically (via secure mail) or by phone.

Process data will be extracted from Modulus Care (MC)
and the Electronic Patient Record (EPR).

Biomarkers (routine blood samples), weight in dialysis
patients, adverse events of special interest, readmittance
rate and mortality will be extracted from the EPR.

Data on resource use and costs will be collected from:
» Administrative systems: MC, EPR and The National

Health Insurance Register
» Observations and time registrations of work processes
» Questionnaires: baseline, sick leave and productivity
loss and EuroQoL EQ-5D-51.*

Data from MC and EPR will be collected by a research
physician who is not involved in the intervention or the
treatment of the patients. Data from The National Health
Insurance Register will be collected by a health economist.

Data from the activity tracker will be stored in the SENS
database, and other data will be collected and managed
using REDCap electronic data capture tools hosted at the
Capital Region of Denmark.***> REDCap is a secure, web-
based software platform designed to support data capture
for research studies. All data will be handled and stored
per the Danish Data Protection Agency requirements.

Statistical analyses
Statistical analyses will be performed by the research
physician and the health economist with the assistance of
an external biostatistician without any knowledge of the
participants. Analyses will be performed using R (R Core
Team, 2023).36

Demographic variables will be visualised using descrip-
tive statistics using means and ranges for continuous vari-
ables and percentages for categorical variables.

The primary analysis of the primary endpoint will
be a linear regression additively adjusted for age and
gender as well as the stratification variable (department
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of admission). We employ a significance level of 5% and
report 95% CI for the adjusted mean difference.

Secondary outcomes will be analysed as the primary
for continuous variables and using adjusted logistic
regression for binary variables. In case of severe non-
normality in the residuals of the linear regressions, a
bootstrap procedure will be employed to ensure valid p
values. Secondary outcomes will be assessed at a 5% level
with no adjustment for multiple testing. A test hierarchy
with mortality and readmission (in that order) will be
employed. Accordingly, firm conclusions are possible on
the primary endpoint and the two secondary endpoints in
the test hierarchy. For other secondary endpoints, signifi-
cant findings will be considered explorative.

The primary analyses will be in the intention-to-treat
population. An explorative analysis excluding patients in
the intervention group who never end up being home-
admitted will be performed.

There are no subgroup analyses planned.

No interim analyses will be performed.

We expect that some patients will have incomplete
information on the primary outcome. This can happen
when the activity monitor is removed (or otherwise fails)
before the first full 24 hours. To accommodate this, as
well as respect natural variations in activity across the
day and night, we will record step counts per completed
1-hour interval. If some of these are missing, we will do
multiple imputation for missing 1-hour slots using activity
measures and adjustment variables, as well as time of day
as covariates. These 24 variables for each person will then
be summed to provide a measure for the full 24 hours.
For completely measured patients, the procedure will of
course not change the value of the primary outcome vari-
able. We will perform the full analysis, as described above,
on each of five imputed datasets and will then combine
using Rubin’s rule as per standard multiple imputation
technique.

Health economic evaluation will be based on the clin-
ical study and use an estimation approach, rather than a
hypothesis testing approach.

Mean resource use, costs, utility values and quality-
adjusted life years (QALY) will be estimated for the inter-
vention and control groups.

Resource use and costs will be reported by arithmetic
mean per patient on average and by 95% Cls. Data
on healthcare use might be skewed, so the difference
between groups on total costs will be estimated accord-
ingly. Coefficient of the group variable will be reported
for crude and adjusted models.

QALYs will be derived from EQ-5D-5L values at baseline
and 90 days after randomisation. Danish utility weights will
be assigned to the EQ-5D-5L responses, to obtain utility
scores. The area under the resulting utility curves will be
used to calculate mean QALY in each group. For the esti-
mation of mean QALYSs in the Influenzer and control arm,
a regression-based adjustment will be carried out.

The incremental cost-effectiveness ratio will be esti-
mated based on incremental costs and QALYs. Overall

uncertainty of the ICER will be evaluated through prob-
abilistic sensitivity analysis with bootstrap resample and
95% CIL.

Ethics and dissemination

The Influenzer study adheres to the principles of the
Helsinki Declaration. The study was approved by the
Danish Research Ethics Committees (no. 2303051) and
the Danish Medicines Agency (CIV-23-03-042542) and
will be monitored by the Copenhagen University Hospital
Good Clinical Practice unit.

All participants will receive written and oral informa-
tion about the trial aims and procedures by a member of
the research group before informed consent (please see
online supplemental material for information material
and consent form). It will be clearly stated that participa-
tion is voluntary and that they can withdraw at any time.
Withdrawal from the study will not affect any subsequent
treatments. Participants will be covered by the standard
patient compensational arrangements (Patienterstat-
ningen), since all participants suffering an injury caused
by a health science experiment in Denmark are covered
by Patienterstatningen.

Information on (serious) adverse events and device
events is documented consecutively and will be reported
to relevant authorities.

Results will be published in peer-reviewed journals and
presented at relevant national and international confer-
ences, for instance, the World Hospital at Home Congress.
We also plan to communicate the results to relevant
stakeholders in the Danish healthcare system, and we are
already in contact with central Danish health authorities
(such as the Ministry of the Interior and Health, Danish
Health Authority, Danish Patient Safety Authority, Danish
Medical Agency and Danish Medical Association) who
are following our study with interest.

Author affiliations

'Department of Clinical Research, Nordsjaellands Hospital, Hillerad, Capital Region
of Denmark, Denmark

%Centre for Innovative Medical Technology, Odense University Hospital, Odense,
Region Syddanmark, Denmark

SDepartment of Pulmonary and Infectious Diseases, Nordsjaellands Hospital,
Hillerad, Capital Region of Denmark, Denmark

“Department of Public Health, Section of Global Health, University of Copenhagen,
Copenhagen, Capital Region of Denmark, Denmark

Acknowledgements The authors express their gratitude to the members of
the task force for their involvement and invaluable contributions to the design
of the HaH model. We also express our sincere thanks to all staff and personnel
involved in the HaH model for their unwavering dedication to the project and
their contributions to data collection. Finally, we are deeply appreciative of the
department managers and hospital executive management for their steadfast
support for the project.

Contributors Each author has made substantial contributions to the conception
and design of the trial, including the formulation of research questions and the
provision of methodological expertise. TKF, as the originator of the idea of evidence-
based HaH in a Danish setting, played a pivotal role in conceptualising and
advocating for this innovative model. TKF and CDvS, serving as project managers,
were instrumental in fostering collaborative efforts and ensuring the successful
execution of the project. They also prepared the proposals for grant applications.
MNL drafted the initial version of this study protocol and was responsible for

Larsen MN, et al. BMJ Open 2025;15:€098287. doi:10.1136/bmjopen-2024-098287


https://dx.doi.org/10.1136/bmjopen-2024-098287

protocol development and approval processes with authorities. TKF, CDvS and
TLN provided overarching guidance throughout the project. MKR led the economic
analysis aspect of the design. All authors had a key role in revising the manuscript
and have approved the final manuscript. TKF is the guarantor.

Funding The project was partly funded by Innovation Fund Denmark
(0176-000178).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Maria Normand Larsen http://orcid.org/0000-0003-4114-1937

REFERENCES

1 OECD. Health care resources: hospital beds by function of health
care, somatic care beds, Denmark. Available: https://stats.oecd.org/
Index.aspx?ThemeTreeld=94# [Accessed 15 Dec 2022].

2 Danmarks Statistik. Markant flere aeldre i fremtiden. Available:
https://www.dst.dk/da/Statistik/nyheder-analyser-publ/nyt/NytHtmI|?
cid=26827 [Accessed 2 Dec 2022].

3 Danmarks Statistik. Befolkningsfremskrivning. Available: https://
extranet.dst.dk/pyramide/pyramide.htmi#!ly=2045&a=19,80&g
[Accessed 2 Dec 2022].

4 Statens Serum Institut. Influenzaszaesonen - opgerelse over
sygdomsforekomst 2021/22. Available: https://www.ssi.dk/
sygdomme-beredskab-og-forskning/sygdomsovervaagning/i/
influenzasaesonen---opgoerelse-over-sygdomsforekomst-2021-22
[Accessed 11 Nov 2022].

5 Leff B, Burton L, Mader S, et al. Satisfaction with hospital at home
care. J Am Geriatr Soc 2006;54:1355-63.

6 Leff B, Burton L, Mader SL, et al. Comparison of stress experienced
by family members of patients treated in hospital at home with that
of those receiving traditional acute hospital care. J Am Geriatr Soc
2008;56:117-23.

7 Levine DM, Ouchi K, Blanchfield B, et al. Hospital-Level Care at
Home for Acutely lll Adults: a Pilot Randomized Controlled Trial. J
Gen Intern Med 2018;33:729-36.

8 Levine DM, Pian J, Mahendrakumar K, et al. Hospital-Level Care at
Home for Acutely Ill Adults: a Qualitative Evaluation of a Randomized
Controlled Trial. J GEN INTERN MED 2021;36:1965-73.

9 Leong MQ, Lim CW, Lai YF. Comparison of Hospital-at-

Home models: a systematic review of reviews. BMJ Open
2021;11:e043285.

10 Bergmann J-F, Cohen AT, Tapson VF, et al. Venous thromboembolism
risk and prophylaxis in hospitalised medically ill patients. The
ENDORSE Global Survey. Thromb Haemost 2010;103:736-48.

11 Beveridge C, Knutson K, Spampinato L, et al. Daytime Physical
Activity and Sleep in Hospitalized Older Adults: Association with
Demographic Characteristics and Disease Severity. J Am Geriatr Soc
2015;63:1391-400.

12 Burke JP. Infection control - a problem for patient safety. N Engl J
Med 2003;348:651-6.

13 Manoukian S, Stewart S, Dancer S, et al. Estimating excess length
of stay due to healthcare-associated infections: a systematic
review and meta-analysis of statistical methodology. J Hosp Infect
2018;100:222-35.

14 Ryan DJ, O’'Regan NA, Caoimh RO, et al. Delirium in an adult acute
hospital population: predictors, prevalence and detection. BMJ Open
2013;3:e001772.

15 Levin C, Rand D, Gil E, et al. The relationships between step count
and hospitalisation-associated outcomes in acutely hospitalised
older adults - A systematic review. J Clin Nurs 2021.

16 Ballesteros-Pomar MD, Gajete-Martin LM, Pintor-de-la-Maza
B, et al. Disease-Related Malnutrition and Sarcopenia Predict
Worse Outcome in Medical Inpatients: A Cohort Study. Nutrients
2021;13:2937.

17 Cederholm T, Barazzoni R, Austin P, et al. ESPEN guidelines
on definitions and terminology of clinical nutrition. Clin Nutr
2017;36:49-64.

18 Severinsen MCK, Pedersen BK. Muscle-Organ Crosstalk: The
Emerging Roles of Myokines. Endocr Rev 2020;41:594-609.

19 Pedersen BK, Saltin B. Exercise as medicine - evidence for
prescribing exercise as therapy in 26 different chronic diseases.
Scand J Med Sci Sports 2015;25 Suppl 3:1-72.

20 Ryrse CK, Dungu AM, Hegelund MH, et al. Physical Inactivity
and Sedentarism during and after Admission with Community-
Acquired Pneumonia and the Risk of Readmission and Mortality: A
Prospective Cohort Study. J Clin Med 2022;11:5923.

21 Ryan PP, Hawkins KL, Altman S, et al. A novel virtual hospital at
home model during the coronavirus disease 2019 (COVID-19)
pandemic. Infect Control Hosp Epidemiol 2021;42:1140-2.

22 Pericas JM, Cucchiari D, Torrallardona-Murphy O, et al. Hospital at
home for the management of COVID-19: preliminary experience with
63 patients. Infection 2021;49:327-32.

23 Heller DJ, Ornstein KA, DeCherrie LV, et al. Adapting a Hospital-at-
Home Care Model to Respond to New York City’s COVID-19 Crisis. J
Am Geriatr Soc 2020;68:1915-6.

24 Sitammagari K, Murphy S, Kowalkowski M, et al. Insights From
Rapid Deployment of a 'Virtual Hospital' as Standard Care During the
COVID-19 Pandemic. Ann Intern Med 2021;174:M20-4076:192-9:.

25 Sundhedsstruktur kommissionen &, Indenrigs- og
Sundhedsministeriet. Sundhedsstruktur kommissionens rapport.
Indenrigs- Og Sundhedsministeriet; 2024.

26 Yao X, Paulson M, Maniaci MJ, et al. Effect of hospital-at-home
vs. traditional brick-and-mortar hospital care in acutely ill adults:
study protocol for a pragmatic randomized controlled trial. Trials
2022;23:503.

27 Sandreva T, Larsen MN, Rasmussen MK, et al. Transforming health
care: Investigating Influenzer, a novel telemedicine-supported early
discharge program for patients with lower respiratory tract infection:
A non-randomized feasibility study. J Telemed Telecare 2024;2024.

28 Craig P, Dieppe P, Macintyre S, et al. Developing and evaluating
complex interventions: the new Medical Research Council guidance.
BMJ 2008;337:a1655.

29 Chan A-W, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement:
defining standard protocol items for clinical trials. Ann Intern Med
2013;158:200-7.

30 Probst P, Grummich K, Heger P, et al. Blinding in randomized
controlled trials in general and abdominal surgery: protocol for a
systematic review and empirical study. Syst Rev 2016;5:48.

31 Wasmann KA, Wijsman P, van Dieren S, et al. Partially randomised
patient preference trials as an alternative design to randomised
controlled trials: systematic review and meta-analyses. BMJ Open
2019;9:e031151.

32 Pedersen BS, Kristensen MT, Josefsen CO, et al. Validation of Two
Activity Monitors in Slow and Fast Walking Hospitalized Patients.
Rehabil Res Pract 2022;2022:9230081.

33 EuroQoL. EuroQoL EQ-5D -5L. Available: https://euroqgol.org/
information-and-support/eurogol-instruments/eq-5d-5I/ [Accessed
17 Dec 2024].

34 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed
Inform 2009;42:377-81.

35 Harris PA, Taylor R, Minor BL, et al. The REDCap consortium:
Building an international community of software platform partners. J
Biomed Inform 2019;95:103208.

36 R Core Team, R Foundation for Statistical Computing. R: a language
and environment for statistical computing. 2023. Available: https://
www.R-project.org/

Larsen MN, et al. BMJ Open 2025;15:€098287. doi:10.1136/bmjopen-2024-098287


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4114-1937
https://stats.oecd.org/Index.aspx?ThemeTreeId=9#
https://stats.oecd.org/Index.aspx?ThemeTreeId=9#
https://www.dst.dk/da/Statistik/nyheder-analyser-publ/nyt/NytHtml?cid=26827
https://www.dst.dk/da/Statistik/nyheder-analyser-publ/nyt/NytHtml?cid=26827
https://extranet.dst.dk/pyramide/pyramide.htm#!y=2045&a=19,80&g
https://extranet.dst.dk/pyramide/pyramide.htm#!y=2045&a=19,80&g
https://www.ssi.dk/sygdomme-beredskab-og-forskning/sygdomsovervaagning/i/influenzasaesonen---opgoerelse-over-sygdomsforekomst-2021-22
https://www.ssi.dk/sygdomme-beredskab-og-forskning/sygdomsovervaagning/i/influenzasaesonen---opgoerelse-over-sygdomsforekomst-2021-22
https://www.ssi.dk/sygdomme-beredskab-og-forskning/sygdomsovervaagning/i/influenzasaesonen---opgoerelse-over-sygdomsforekomst-2021-22
http://dx.doi.org/10.1111/j.1532-5415.2006.00855.x
http://dx.doi.org/10.1111/j.1532-5415.2007.01459.x
http://dx.doi.org/10.1007/s11606-018-4307-z
http://dx.doi.org/10.1007/s11606-018-4307-z
http://dx.doi.org/10.1007/s11606-020-06416-7
http://dx.doi.org/10.1136/bmjopen-2020-043285
http://dx.doi.org/10.1160/TH09-09-0667
http://dx.doi.org/10.1111/jgs.13520
http://dx.doi.org/10.1056/NEJMhpr020557
http://dx.doi.org/10.1056/NEJMhpr020557
http://dx.doi.org/10.1016/j.jhin.2018.06.003
http://dx.doi.org/10.1136/bmjopen-2012-001772
http://dx.doi.org/10.1111/jocn.16085
http://dx.doi.org/10.3390/nu13092937
http://dx.doi.org/10.1016/j.clnu.2016.09.004
http://dx.doi.org/10.1210/endrev/bnaa016
http://dx.doi.org/10.1111/sms.12581
http://dx.doi.org/10.3390/jcm11195923
http://dx.doi.org/10.1017/ice.2020.435
http://dx.doi.org/10.1007/s15010-020-01527-z
http://dx.doi.org/10.1111/jgs.16725
http://dx.doi.org/10.1111/jgs.16725
http://dx.doi.org/10.7326/M20-4076
http://dx.doi.org/10.1186/s13063-022-06430-6
http://dx.doi.org/10.1177/1357633X241254572
http://dx.doi.org/10.1136/bmj.a1655
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.1186/s13643-016-0226-4
http://dx.doi.org/10.1136/bmjopen-2019-031151
http://dx.doi.org/10.1155/2022/9230081
https://euroqol.org/information-and-support/euroqol-instruments/eq-5d-5l/
https://euroqol.org/information-and-support/euroqol-instruments/eq-5d-5l/
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
https://www.R-project.org/
https://www.R-project.org/

	Telemedicine-­supported hospital-­at-­home for acutely admitted patients at Nordsjaellands Hospital, Denmark: a study protocol for a ﻿﻿randomised﻿﻿ controlled trial
	Abstract
	Introduction﻿﻿
	Objective
	Hypotheses

	Methods and analysis
	Study design and setting
	Participants
	Recruitment process and informed consent
	﻿﻿Randomisation﻿﻿ and blinding
	Treatment courses
	Conventional hospital admission (control group)
	﻿﻿Virtual hospital-at-home (vHaH; intervention group)

	Outcome measures
	Sample size
	Data
	Statistical analyses
	Ethics and dissemination

	References


