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Abstract

Background: Hospital at home (HaH) provides hospital-level care at home as
a substitute for traditional hospital care. Interest in HaH is increasing mark-
edly. While multiple studies of HaH have demonstrated that HaH provides
safe, high-quality, cost-effective care, there remain many unanswered research
questions. The objective of this study is to develop a research agenda to guide
future HaH-related research.

Methods: Survey of attendees of first World HaH Congress 2019 for input on
research for the future HaH development. Selection and ranking of important
topic areas for future HaH-related research. Development of research domains
and research questions and issues using grounded theory approach, sup-
plemented by focused literature reviews.

Results: 240 conference attendees responded to the survey (response rate,
55.3%). The majority were from Europe (64%) and North America (11%) and
were HaH program leaders (29%), HaH physicians (27%), and researchers
(13%). Nine research domains for future HaH research were identified: 1) defi-
nition of the HaH model of care; 2) the HaH clinical model; 3) measurement
and outcomes of HaH; 4) patient and caregiver experience with HaH; 5) educa-
tion and training of HaH clinicians; 6) technology and telehealth for HaH; 7)
regulatory and payment issues in HaH; 8) implementation and scaling of HaH;
and 9) ethical issues in HaH. Key research issues and questions were identified
for each domain.

Conclusions: While highly evidence-based, unanswered research questions
regarding HaH remain, focusing research efforts on the domains identified in
this study will serve to improve HaH for all key HaH stakeholders.
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INTRODUCTION

Hospital at home (HaH) provides hospital-level care in
the home as a substitute for traditional hospital care.'
Before the coronavirus 2019 (COVID-19) pandemic,
interest in HaH had been increasing as health systems
expanded their value-based care initiatives.”> With the
COVID-19 pandemic, interest in HaH increased substan-
tially around the world as health systems
sought alternatives to facility-based acute care. In the
United States, HaH adoption increased markedly in
response to a public health emergency-related payment
mechanism and regulatory framework offered by the
Centers for Medicare and Medicaid Services (CMS) that
provided a hospital diagnosis-related group (DRG) pay-
ment for HaH care.®’

HaH has been the subject of multiple research stud-
ies, including many randomized-controlled trials and sys-
tematic reviews. These studies have reported on a specific
range of outcomes and research questions including med-
ical outcomes, patient and caregiver experience, quality
and safety, quality of life, utilization, and cost. Overall,
these studies have demonstrated that providing acute
hospital-level care at home is feasible and effective;
patients opt into HaH care at high rates; high-quality care
is provided with lower rates of iatrogenic complications
(including mortality, in some studies), patient and care-
giver experience is better, and costs are lower in compari-
son with traditional acute hospital care.*'® As interest in
HaH grows, additional questions worthy of study are
emerging. In April 2019, the first World Hospital at
Home Congress was convened. The aim of this study was
to leverage input from Congress attendees to develop a
research agenda to guide HaH-related research into the
future.

METHODS
Survey development

The investigators developed a 6-question survey (see Data
S1) to inform the development of a research agenda for
HaH. The survey was pilot-tested by 4 HaH clinicians
and refined based on their feedback. Respondents
reported the continent where they worked, their main
role(s) in HaH, and the number of patients treated annu-
ally in their HaH, if applicable. The survey then asked
respondents to select all items that needed to be
addressed in future research related to HaH from a list of
22 potential research topic areas developed iteratively by
the investigators and a free-text option to add additional
research topics or specific research questions to the list.
From this same list, respondents were asked to select the

Key points

« A Hospital at home (HaH) research agenda
was developed

« Key research domains include: HaH definition;
measurement and outcomes; patient and care-
giver experience; education and training; tech-
nology; regulation and payment; and scaling
of HaH

Why does this paper matter?

This agenda will guide optimal HaH research
and funding priorities.

5 most important areas for HaH research, again with free
text option. The final question asked respondents to pro-
vide any additional thoughts regarding research issues
for HaH in free text.

Survey deployment

A link to the online anonymous Qualtrics survey was sent
via email to all advance registrants 1 week prior to the first
World Hospital at Home Congress convened in Madrid,
Spain in April 2019. A reminder email was sent on the first
day of the Congress. At various Congress sessions, attendees
were encouraged to complete the survey. No remuneration
was provided. Informed consent was obtained of respon-
dents in the opening screen of the survey.

Analysis
Survey data

Survey responses were compiled in the Qualtrics system. We
describe the characteristics of our respondents and their
selection and prioritization of research agenda items with
simple percentages. Investigators (DML, BL) reviewed all
free-text suggestions (N = 66) for additional HaH research
topics. As appropriate, suggestions were assigned to the pre-
viously developed 22 potential HaH research topic areas;
one additional topic area was added based on free text input.

Domain development
To identify and refine key ideas and themes from the data,

investigators employed a grounded theory approach'” to
develop  research  domains.  Investigators,  first
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independently, then as a group, iteratively categorized
the potential HaH research topic areas into broader
research domains using the data from the survey respon-
dents. Nine research domains captured all the potential
HaH research topic areas. For each domain, a focused
narrative literature review was conducted to understand
the current state of knowledge/research related to that
domain.’®! A Pubmed search from 1976 forward until
January 2021 was conducted using the search strategy:
“hospital at home” [TI] or “home hospital”’[TI]. Key
words associated with each of the domains were then
added to this basic search term to conduct domain-
specific searches. Abstracts and relevant articles were
reviewed by the investigators. Each domain was assigned
to an investigator who developed a draft set of research
priorities and questions related to the domain, which
were reviewed by all the investigators in two rounds of
review for inclusion in final recommendations based on
importance to advance the field of HaH.

Approval
This research was approved by the institutional review
board of The Johns Hopkins University School of Medicine.

Funding source

This work was supported by The John A. Hartford Foun-
dation. Otherwise, the funder had no role in the study.

RESULTS

The link to the online survey was emailed to
434 attendees of the Congress. Two-hundred forty com-
pleted the survey for a response rate of 55.3%.

Panel A: Respondent Locale, N=240
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Respondent characteristics

Characteristics of survey respondents are depicted in
Figure 1. They came from around the world with a
majority 153 (64%) from Europe and 27 (11%) North
America. The most common roles were HaH program
leaders (29%), HaH physicians (27%), and researchers
(13%). The majority of programs treated more than
300 patients per year.

Most important specific research topic
areas

The 5 specific topic areas deemed most important for HaH
research were: use of technology and telemonitoring in
HaH care (n = 98; 23% of respondents), selecting patients
for HaH care (n = 93; 21%), defining the HaH model of care
(n = 93; 21%), developing new applications for HaH care
(n = 74; 17%), and medication management and safety in
HaH care (n = 62; 14%).

Defining research domains

After review of survey data, investigators categorized the
potential research topic areas into 9 broad domains: 1)
definition of the HaH model of care; 2) the HaH clinical
model; 3) measurement and outcomes of HaH; 4) patient
and caregiver experience with HaH; 5) education and
training of HaH clinicians; 6) technology and telehealth
for HaH; 7) regulatory and payment issues in HaH; 8)
implementation and scaling of HaH; and 9) ethical issues
in HaH.

For each domain, we provide a brief summary of the
current state of knowledge/research in that domain and
then a brief description of key areas for researchers to
focus on in future work. See Table 1 and Figure 2.

Panel B: Respondent Main Role in Hospital at Home
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FIGURE 1 Survey respondent
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TABLE 1 Research agenda domains and key research areas or questions for hospital at home

Domain Key research areas or questions
Definition of the « Develop a consensus statement on the definition of HaH
HaH model of care « Define a standard nomenclature for HaH

+ Determine how the definition of HaH evolves as more care delivery services move to the
community and patients' homes

The HaH clinical » Define whether a HaH admission must originate in the hospital emergency department or
model inpatient service to qualify for HaH
« Define and test approaches to medication management in HaH
« Define clinical standards for HaH
» Define whether HaH exist as a clinical unit of an acute care hospital or can safely exist as a
freestanding service not tied to a specific hospital

Measurement and « Perform comparative effectiveness studies of different HaH models and the associations
outcomes of HaH between different program inputs and outcomes
« Define optimal study outcomes in and study designs for HaH evaluation
« Develop validated measures unique to HaH

Patient and caregiver » Development of a HaH-specific patient and caregiver experience conceptual framework
experience with » Define patient and caregiver factors associated with HaH care experience
HaH « Determine effects of HaH on the patient-caregiver relationship

« Define role(s) of family members/caregivers in providing HaH care, if any
« Determine how caregivers best be educated about or trained for HaH

Education and « Define the key competencies for HaH clinicians
training of HaH « Define education and training for HaH clinicians
clinicians « Determine the phenotypes of physicians, advance practice providers, nurses, and other

clinicians best suited to provide HaH care

« Determine whether HaH medicine and associated professional disciplines develop into a
subspecialty

« Determine best approaches to train next generation of HaH clinicians

« Define how subspecialists should be trained or educated to collaborate effectively in the
provision of HaH care

Technology and + Define minimum standards and appropriate dosing for technology in HaH
telehealth for HaH » Define barriers to using technology effectively in HaH
« Determine how best to integrate technology and patient monitoring into clinical workflows
« Determine which point of care testing HaH should employ
« Determine optimal balance between high-touch and high-technology approaches in HaH
» Determine the best methods to maintain cybersecurity in HaH
« Develop artificial intelligence approaches specific to HaH that support the technology and the
clinicians using it.
« Conduct comparative effectiveness studies of HaH-appropriate technologies

Regulatory and « Determine payment models and regulatory frameworks that maximize value and quality of
payment issues in HaH care
HaH « Development of regulations to encourage safe scaling of the HaH

Implementation and « Define barriers, facilitators, and approaches to scale HaH at regional and national levels
scaling of HaH « Develop decision rubrics to help health systems decide on HaH implementation

» Define optimal organizational structures to promote scaling of HaH
» Determine how to help the health system transition to HaH
» Conduct cross-national studies on issues related to implementation and scaling of HaH

Ethical issues in « Identify a code of ethics for HaH
HaH « Determine whether to employ a principles or values approach to ethical issues in HaH care
« Clarify how or if constructs such as of autonomy or patient consent for care evolve with care
being provided in a patient's home
« Define ethical issues associated with clinicians in being a “professional guest” in
patient's home
« Determine whether patients need a different bill of rights when acutely ill at home
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Domain Summary of Domain
Definition of HaH Model of Care What is HaH?
HaH Clinical Model What HaH does and how it does it?

Measurement & Outcomes of HaH
Patient & Caregiver Experience with HaH
Education and Training of HaH Clinicians

Define competencies and training

Clarify ethical issues

Definition of the HaH model of care

It is critical to clearly define a health service delivery
model. That is, “what is it?” The generally accepted defi-
nition of HaH is the delivery of acute hospital-level care
to patients at home."'®'® It is an acute clinical service
that takes all key services traditionally found in hospitals
and delivers them to selected acutely ill people at home.
It is episodic; comprehensively responsible for the epi-
sode; provides continuous care 24 h, 7 days; and includes
medical, nursing, paramedical, therapy, laboratory, radi-
ology, and pharmacy care. HaH is not: personal home
care services, skilled home health care, home hospice,
outpatient care, outpatient parenteral antibiotic therapy
(OPAT), chronic care, day center or nursing home care,
home-based primary care, basic community nursing care,
comprehensive geriatric assessment at home, or self-
administered care. However, controversy remains as to
what fits into this general definition.® Areas for addi-
tional research include the development of an interna-
tional consensus statement on the definition of HaH and
the growing variety of clinical delivery models that claim
HaH status and to define a standard nomenclature for
HaH that is appropriate for patients, caregivers, clini-
cians, and regulators. The field will need to consider how
the definition of HaH evolves as more care delivery ser-
vices move to the community and patients’ homes.

The HaH clinical model

Given a definition of what HaH is, does the deployed ser-
vice fulfill the definition? This domain focuses on what
the HaH model does and how it accomplishes it. While
there are common elements among HaH models that ful-
fill its basic definition, there is variation in the HaH clini-
cal model within and across countries. The range of
conditions treated, level of acuity treated, and types of

FIGURE 2 Hospital at home (HaH)
research agenda domains and summary
of domain-specific research focus

New measures for HaH and comparative effectiveness studies

Conceptual frameworks on care experience and roles in care; carer education

Define standards, optimal use, & treatment approaches

Optimal payment models & regulatory frameworks

Define approaches to facilitate widespread implementation and scaling

clinicians used to provide care across programs varies
and may be influenced by the culture of the health sys-
tem at national and local levels in how it defines clinical
thresholds for hospitalization and how that influences
payment and relevant regulatory issues, the types of clini-
cal assets, supply chain, and logistic support available to
programs. Must a HaH admission originate in the hospi-
tal emergency department or inpatient service to qualify
for HaH? The field needs to develop, test, and define
high-quality and safe approaches to medication manage-
ment and administration in the home,?* clinical monitor-
ing, clinical care pathways, staffing requirements, and
care team composition and approaches to providing HaH
care in rural areas.”> More research is needed to define
whether HaH should exist as a clinical unit of an acute
care hospital, whether it can safely exist as a freestanding
service not tied to a specific hospital, and on the develop-
ment of emerging HaH models.

Measurement and outcomes of HaH

Multiple randomized controlled and observational trials
of HaH have been conducted; nearly all have been of
new or nascent programs, not mature ones. There are
two meaningful controls for HaH interventions: tradi-
tional hospital inpatient care and alternative HaH service
models. Research comparing HaH with standard inpa-
tient care is common; research comparing different HaH
service models is absent. In studies that compare HaH to
standard inpatient care, outcomes have included those
generally described for hospital inpatient care and those
related to the specific condition under study, such as
mortality, length of stay, 30-day hospital readmission,
patient and caregiver experience, quality of care, and
cost. Certain important HaH-specific outcomes, such as
unplanned return to hospital or “escalations” do not have
an equivalent in the traditional hospital.”> As HaH
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evolves, comparative effectiveness studies of different
HaH models and the associations between different pro-
gram inputs for HaH models focused on similar patient
populations, for example, in-person physician versus
remote virtual physician care, and outcomes should be
conducted. Other opportunities include defining the
appropriate level of HaH program maturity suitable for
study and best study designs for HaH evaluation. Vali-
dated measures unique to HaH should be clearly defined
and tested. This may include novel quality indicators
such as care escalations, days at home,?* and others.

Patient and caregiver experience with HaH

Patient and caregiver experience has been conceptualized
as the patients’ and caregivers' experiences with care and
as feedback about those experiences.*>*® HaH studies fre-
quently operationalize care experience as satisfaction
with care. Many HaH studies have used or adapted tradi-
tional acute hospital experience tools, for example,
HCAHPS,* Picker Experience Score, or Press-Ganey hos-
pital survey.*® Care experience in HaH has also examined
caregiver strain or burden associated with HaH care pro-
vision. Overall, the studies show better patient and care-
giver experience and similar or less caregiver stress or
strain in HaH.®%'3'>2%732 Fewer studies have examined
why patients accept or decline HaH care.**>* A HaH-spe-
cific care experience conceptual framework should be
developed, which could inform development of a HaH-
specific care experience measurement tool. The charac-
teristics of patients and caregivers associated with HaH
care experience and whether and how experience varies
with the specific type HaH services provided should be
clarified. We need to better understand how to balance
the needs of patients and caregivers in HaH care, includ-
ing clarifying the role of family and caregivers and
whether they should be enlisted as functional HaH staff
or not, and if so, determine which tasks are appropriate
and how can they be trained and supported to perform
those duties.

Education and training of HaH clinicians

In providing hospital-level care at home, HaH sits at a
nexus that requires unique approaches to the education
and training of all clinicians who provide HaH care. The
current generation of HaH clinicians has been largely
self-taught, borrowing from the fields of hospital and
home care medicine and content largely from internal
and family medicine and its subspecialties. Most HaH
physicians have come from the ranks of internal

medicine, family medicine, and geriatric medicine, with
growing interest among hospitalists,*> oncologists,*® and
surgeons.>” Approaches to education and training of cli-
nicians will need to be developed, including delineated
competencies for those clinicians. It is not known which
phenotypes of physicians, advance practice providers,
and nurses are best suited to provide HaH care. Another
opportunity is to develop approaches to train mid-career
clinicians to provide HaH care. Additional areas to clarify
include determining appropriate training modalities and
curricula for HaH clinicians, how subspecialist physi-
cians can be enlisted to provide HaH care, and the best
approaches to train the next generation of HaH clini-
cians. Should HaH medicine and associated professional
disciplines develop into their own subspecialties?*®

Technology and telehealth for HaH

Most studies of HaH were conducted in an era when
telehealth, portable technology, point of care testing, and
remote patient monitoring were nonexistent or in their
infancy. HaH programs are beginning to incorporate
technology to advance their capabilities and improve the
safety and quality of care provided, expand the acuity
and range of conditions they care for, and better leverage
their workforce.’**® More research is needed to define
standards for use of technology in HaH, gain a better
understanding of the barriers to effective technology use,
optimal remote monitoring and treatment approaches,
and define the appropriate balance between high-touch
and high-technology care. Studies should be conducted to
understand how to maintain cybersecurity and optimally
integrate technology into HaH clinical workflows and
how to best match technology to the needs of patients. It
is important to develop artificial intelligence approaches
that leverage data obtained through remote patient
monitoring and electronic health records and produce
actionable clinical data to support and enhance safe, high-
quality HaH care and enable caring for higher acuity
patients in the home.*" Comparative effectiveness studies of
HaH-appropriate technologies should be conducted.

Regulatory and payment issues in HaH

Currently, different regulatory frameworks and payment
models for HaH exist in different countries or remain
undefined. In some countries, HaH is defined, paid for,
and regulated as hospital care, but not in all. There has
been a dearth of research on HaH regulatory and pay-
ment issues. While these issues are necessarily linked to
the underlying health care system at the country level,
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there are significant opportunities for research in this
area. Future directions include determining how to best
structure HaH payment and regulate and accredit HaH
clinical units to ensure high-quality care is delivered.
Research to determine the most appropriate regulatory
framework for HaH to maximize the effectiveness of the
model while ensuring safety and high-quality care deliv-
ery should be conduction. Further, how should HaH be
accredited and in the context of safety, should there be
entry requirements to reduce the risk of of the provision
of substandard HaH care?

Implementation and scaling of HaH

With the exception of France, Spain, and Australia,*
HaH has not been implemented at a regional or national
scale. Many aspects of implementation and scaling of
HaH have not been addressed in research.**** Broad
topics for inquiry include determining major barriers and
facilitators to scaling HaH and how those can be over-
come, the development of decision rubrics to aid health
systems in their decision to implement HaH, the optimal
organizational structures to promote scaling, and how to
create optimal logistics and supply chains to support
more rapid adoption of HaH by health systems. Another
opportunity is to conduct cross-national studies to help
payers and regulators understand how their strategies
regarding HaH affect its implementation.

Ethical issues in HaH

The scaling of HaH, despite its potential benefits, may be
associated with a number of moral, social, and ethical
issues. Moving the site of acute care into the home poses
unique ethical challenges and there is a dearth of litera-
ture in this area.*® There is a need to broadly identify a
code of ethics for HaH care delivery and determine
whether to employ a principles or a values-based
approach to developing such a code. In addition, investi-
gators in this area may focus on clarifying how ethical
constructs such as autonomy and patient consent may
evolve in the context of HaH care, as well as the the
ethics for clinicians in being a “professional guest” in a
patient's home, and whether patients need a different bill
of rights when under HaH care.

DISCUSSION

This study is the first to describe a research agenda for
HaH. With input from a broad range of international

stakeholders, we report specific topic areas deemed most
important by stakeholders for HaH research and devel-
oped a set of research domains and questions for the field
to address in future work. The highest prioritized specific
research topics by stakeholders were focused on clinical
aspects of HaH care delivery, including the use of tech-
nology, defining the HaH model, and selecting patients
for HaH care.

The research domains cover a broad array of issues
and highlight multiple potential research foci. If ade-
quately addressed by researchers in the coming years, the
field of HaH could advance substantially. In a future
state, the HaH model will be better defined in a manner
to facilitate research and the development of appropriate
payment and regulatory frameworks. HaH will have
established outcomes and quality indicators to guide the
field, assess quality, and engage in comparative effective-
ness research. The roles of caregivers will be better
defined, assessed, and managed. HaH will be staffed by
clinicians whose professional education and training pro-
vided them with the knowledge, skills, and mindsets to
provide high-quality acute care at home leveraging tech-
nology into clinical workflow to care for high-acuity
patients. This advancing body of research will support
the broad implementation of HaH. However, we note
that there are potential barriers to moving forward with
the proposed research agenda. Aside from potential lack
of interest among funders, the incentives to perform rig-
orous research may diminish if HaH scales rapidly in
response to new payment mechanisms.

This study has important limitations. The literature
reviews performed to inform the development of the
research agenda were not systematic ones. We therefore
may have omitted salient studies. The grounded theory
approach used to identify research domains may have
been limited by the unconscious application of prior
extensive knowledge of the investigators to the analysis
process. Further, we did not use a formal process to prior-
itize the research areas or questions. The survey that
supported the development of the research agenda
domains was conducted in 2019 and did not describe the
number of years of experience in HaH or the race/
ethnicity of respondents. This work predated the COVID-
19 pandemic and the widespread recognition of the
importance of diversity, equity, and inclusion issues in
health care. Because these items were not included in the
survey, we did not include them in the formal results;
however, clarifying and addressing issues of diversity,
equity, and inclusion in HaH research are paramount to
bring the model to scale. Multiple research questions in
this sphere remain unanswered. For instance, does HaH
care privilege one group over another? Do different
groups experience different outcomes under HaH care? If
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so, how can this be ameliorated? How can HaH programs
adapt to ensure that socially and economically disadvan-
taged patients have access to and benefit from HaH care?
The COVID-19 pandemic has been an important factor
in the increased interest in HaH as health systems have
used HaH as a tactic to create inpatient capacity.>*”*®
COVID-19 was a major focus of the recent 2021 HaH
World Congress*® and will be a continued focus for HaH
research. There has been little or no research and com-
mentary on issues of related to diversity, equity, and
inclusion associated with HaH care provision and multi-
ple research questions in this sphere are unanswered.
Finally, we surveyed persons at a single Congress, which
may limit the representativeness and generalizability of
our findings.

The study also has several strengths. The develop-
ment of this research agenda was data-driven, based on
input from a broad range of HaH stakeholders drawn
from around the world, and was not based solely on
expert opinion. The focused narrative literature reviews
conducted for each research domain provide a high-level
view of the current state of the field.

There is an urgent need to ensure that HaH continues
to develop in a manner that benefits all relevant HaH
stakeholders. By focusing research in these identified
domains, investigators and entities that sponsor research
can make important advances in HaH development and
assure that widespread implementation and scaling of
HaH is guided by data and science.
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