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Abstract

Background: Hospital at home (HAH) programs offer acute care at home as a substitute for inpatient hospitalization, reducing
healthcare costs while maintaining safety and quality of care. Despite point-of-care ultrasound’ s (POCUS) validation in inpatient
and emergency settings, itsrole in HAH care remains underexplored.

Common conditions treated on medical HAH programs such as acute exacerbation of chronic obstructive pulmonary disease (AE-
COPD), acute decompensated heart failure (ADHF), and pneumonia are highly amenable to the integration of POCUS into
clinical decision making and have been proven to improve healthcare utilization outcomes. POCUS' portability makes it ideal
for use in HAH but its feasibility remains to be proven given the need for provider training and use in virtual settings where a
non-physician practitioner is providing in-person care.

Objective: This study evaluates the feasibility and clinical utility of remotely interpreted lung and inferior vena cava (1VC)
POCUS acquired by Community Paramedics (CPs) to support real-time clinical decision-making for HAH patients with AE-
COPD, ADHF, and pneumoniain Calgary, Canada.

Methods: This randomized control trial (RCT) compared usual HAH care (control) to lung and IVC POCUS-enhanced HAH
care (intervention). Handheld POCUS devices captured images, which were downloaded and securely shared using a cloud-
based application. This enabled real-time image sharing among the clinical team, facilitating immediate decision-making by
remote physicians.
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A mixed-methods approach will evaluate clinical outcomes, patients experience, healthcare utilization, and healthcare provider
perceptions of POCUS integration. The primary outcome of the study is defined as length-of-stay for the index HAH admission.
Quantitative analysis will assess clinical efficacy and healthcare resource use, while qualitative methods such as interviews and
surveys will capture patient and provider experiences.

Results: Study funding began in April 2022, with data collection having commenced in Dec 2023. Patient recruitment was
finalized on December 31, 2024. The study included a three-month follow-up for significant outcomes and will include a one-
year follow-up for long-term healthcare utilization, including admissions to long-term care. A total of 20 patients were enrolled
(20 intervention, 10 control).

Initial results highlighted feasibility and potential benefits of remotely-acquired POCUS imaging in HAH. Full dataanalysisisin
progress.

Conclusions: This study is the first RCT to investigate virtually-acquired POCUS by non-physician practitioners for real-time
lung and IV C remote decision-making in HAH care. Findings will provide insights into whether serial lung and 1VC POCUS
assessments improve ADHF, AE-COPD, and pneumonia outcomes in the HAH setting. The study will also enhance
understanding of the value of POCUS integration from a provider perspective. By assessing its clinical impact and feasibility,
this research may inform future guidelines for incorporating POCUS into home-based acute care, ultimately improving patient
care and optimizing healthcare resource utilization. Clinical Trial: Clinical Trials.gov NCT05423652
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Abstract

Background

Hospital at home (HAH) programs offer acute care at home as a substitute for inpatient
hospitalization, reducing healthcare costs while maintaining safety and quality of care. Despite point-
of-care ultrasound’s (POCUS) validation in inpatient and emergency settings, its role in HAH care
remains underexplored.

Common conditions treated on medical HAH programs such as acute exacerbation of chronic
obstructive pulmonary disease (AE-COPD), acute decompensated heart failure (ADHF), and
pneumonia are highly amenable to the integration of POCUS into clinical decision making and have
been proven to improve healthcare utilization outcomes. POCUS’ portability makes it ideal for use in
HAH but its feasibility remains to be proven given the need for provider training and use in virtual
settings where a non-physician practitioner is providing in-person care.

Objective

This study evaluates the feasibility and clinical utility of remotely interpreted lung and inferior vena
cava (IVC) POCUS acquired by Community Paramedics (CPs) to support real-time clinical decision-
making for HAH patients with AE-COPD, ADHF, and pneumonia in Calgary, Canada.

Methods

This randomized control trial (RCT) compared usual HAH care (control) to lung and IVC POCUS-
enhanced HAH care (intervention). Handheld POCUS devices captured images, which were
downloaded and securely shared using a cloud-based application. This enabled real-time image
sharing among the clinical team, facilitating immediate decision-making by remote physicians.

A mixed-methods approach will evaluate clinical outcomes, patients’ experience, healthcare
utilization, and healthcare provider perceptions of POCUS integration. The primary outcome of the
study is defined as length-of-stay for the index HAH admission. Quantitative analysis will assess
clinical efficacy and healthcare resource use, while qualitative methods such as interviews and
surveys will capture patient and provider experiences.

Results

Study funding began in April 2022, with data collection having commenced in Dec 2023. Patient
recruitment was finalized on December 31, 2024. The study included a three-month follow-up for
significant outcomes and will include a one-year follow-up for long-term healthcare utilization,
including admissions to long-term care. A total of 20 patients were enrolled (10 intervention, 10
control).

Initial results highlighted feasibility and potential benefits of remotely-acquired POCUS imaging in
HAH. Full data analysis is in progress.

Conclusions

This study is the first RCT to investigate virtually-acquired POCUS by non-physician practitioners
for real-time lung and IVC remote decision-making in HAH care. Findings will provide insights into
whether serial lung and IVC POCUS assessments improve ADHF, AE-COPD, and pneumonia
outcomes in the HAH setting. The study will also enhance understanding of the value of POCUS
integration from a provider perspective. By assessing its clinical impact and feasibility, this research
may inform future guidelines for incorporating POCUS into home-based acute care, ultimately
improving patient care and optimizing healthcare resource utilization.

Trial Registration: ClinicalTrials.gov NCT05423652

Key words: Hospital at Home; Point-of-Care Ultrasound; ADHF; AE-COPD; Pneumonia
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Introduction

Acute decompensated heart failure (ADHF), acute exacerbations of chronic obstructive pulmonary
disease (AE-COPD) and/or pneumonia are among the leading causes of patient morbidity and
mortality worldwide. They present with dyspnea and respiratory distress[1,2]. Currently, diagnosis
and management of these patients is reliant on symptoms, physical examination such as lung
auscultation, radiographic imaging studies and laboratory investigations[3-5]. However, for these
conditions, the above modalities have poor diagnostic rates with radiographs having false-negative
rates exceeding 25% at times. Biomarkers have poor predictive value in comorbid patients with
multiple physiologic derangements[6—8]. Furthermore, chest radiographs often require costly
machinery housed in a hospital or radiology centre, with the potential for delays due to radiologic
interpretation time[9].

Emerging literature on using point-of-care ultrasound (POCUS) for management of AE-COPD,
ADHF and pneumonia show reductions in hospital length-of-stay, favourable patient outcomes and
lowered healthcare costs[10—13]. These findings are often attributed to the same or higher sensitivity
than physical exam and chest radiography in detecting early signs of pulmonary edema, pleural
effusions, impaired diaphragmatic excursion and/or subpleural consolidation[14—16]radiograph are
also characterized by a lack of exposure to radiation, improved portability, and conduciveness to
frequent bedside use in longitudinal care[15,17,18]. Historically, the success of POCUS in clinical
medicine has been limited by the need for provider training, insufficient numbers of trained
providers, and variability in the acquisition and interpretation of scans[10,11,16].

Recent studies suggested that non-expert providers, and even patients themselves, could be
effectively trained to acquire quality POCUS images in an acute care, emergency or intensive care
unit setting, particularly by using tele-guidance methods[19-21]. Although POCUS is well
established in emergency and critical care settings, its utilization has progressively expanded into
community and home-based care environments[22—24]. This shift has been notably accelerated by
the COVID-19 pandemic, which highlighted the need for accessible diagnostic modalities among
homebound older adults and populations in geographically isolated regions. In this context, tele-
ultrasound has emerged as a viable solution, supporting timely and accurate clinical decision-making
within evolving models of home-based acute care.[20,25-27]. This shift has been notably accelerated
by the COVID-19 pandemic, which highlighted the need for accessible diagnostic modalities among
homebound older adults and populations in geographically isolated regions. In this context, tele-
ultrasound has emerged as a viable solution, supporting timely and accurate clinical decision-making
within evolving models of home-based acute care.[20,25-27].

This paper describes a study protocol developed to investigate the feasibility and clinical usefulness
of embedding Community Paramedic-acquired lung and inferior vena cava (IVC) POCUS scans in
supporting real-time remote decision-making by physicians on a Hospital at Home (HAH) program.
The sharing of images, feedback and clinical decision-making was supported by a cloud-based
application (Presuna) designed to extract POCUS images from handheld POCUS devices, to enable
sharing of ultrasound images between clinical team members for education and clinical care.

Objectives and Aims

This study is a multi-site, two-arm, parallel, randomized controlled trial (RCT) comparing enhanced
daily assessments for patients with AE-COPD, ADHF, and/or pneumonia using POCUS with a
cloud-based application versus standard care provided by a HAH program at a tertiary acute care
medical teaching hospital in Calgary, Alberta, Canada.

Standard care provided through this HAH program was selected as the comparator to assess patient
outcomes, experience, and healthcare utilization, and to evaluate the economic feasibility of
integrating POCUS into future standard care practices.

https://preprints.jmir.org/preprint/ 76186 [unpublished, non-peer-reviewed preprint]
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Methods

This study is approved by the Conjoint Human Research Ethics Board at the University of Calgary
(REB22-0434; latest protocol amendment version: 13.0; Issue date: Mar 20, 2025) and registered as
a clinical trial (NCT05423652) at clinicaltrials.gov.

Study Setting

The Calgary Zone Virtual Home Hospital (previously the Complex Care Hub)[28] is a HAH program
that provides substitutive acute care in patients’ homes for a General Internal Medicine (GIM)
population at two hospitals, the Rockyview General Hospital and South Health Campus. Patients can
be admitted to HAH from a Brick-and-Mortar (BAM) hospital, either directly from the Emergency
Department or the medical inpatient wards, as well as from community settings such as specialty
clinics and family medicine referrals.
There are two collaborating teams:

1) The hospital-based team consists of a hospital physician (GIM or Family Medicine Hospitalist),
Nurse Navigators (NN) and a pharmacist. This team performs case-finding, in-person assessments
and interventions in a dedicated clinic space and oversees the care plan. Physicians also conduct
virtual visits for patients admitted to the program, either directly leveraging digital remote patient
monitoring technology or via a virtual consult with home-visiting Community Paramedics (CPs).

2) The home-based team consists of highly skilled CPs who collaborate with patients and their
caregivers in the home. CPs perform the majority of home visits, assessments, and interventions
under remote guidance by the HAH physician.

Patient Recruitment

Patients admitted to HAH with ADHF, AE-COPD and/or pneumonia were identified as potentially
eligible either by HAH NNs or through the research team’s screening of the patient charts (under a
waiver of consent). NNs or CPs offered eligible patients the opportunity to be contacted by the
research team to learn about the research study. Following initial contact, consenting patients were
contacted by research assistants for enrollment into the study, obtaining written or verbal informed
consent via Research Electronic Data Capture (REDCap) or email.

Inclusion criteria were: 1) Primary active diagnosis of ADHF, AE-COPD and/or pneumonia that
required home-based acute care at the time of enrollment; 2) Patients must already have been
admitted to HAH; 3) Patients were also required to be willing to participate in the study and to
provide informed consent. Patients were excluded from the study if they did not have one of the three
index conditions, had new unstable rib fractures, a prior history of allergy to ultrasound gel, or
chronic lung diseases that would confound POCUS imaging (pulmonary fibrosis, fibrothorax, lung
cancer or other intra-pulmonary malignancy, pleural plaques, pneumothorax, or pulmonary embolus).
These conditions were confirmed on imaging done in BAM before admission to HAH, including
radiographs and/or Computed Tomography.

REDCap’s randomization function was used to allocate enrolled study patients to either the
intervention arm (HAH care enhanced with serial POCUS assessment) or the control arm (usual
HAH care) (Figure 1).

Randomization and Allocation Concealment

Randomization through the intrinsic REDCap functionality allocated participants to their respective
study arms. Data analysts, including economists, are being blinded to study allocation. The master
list of the clinical and study codes will be kept in an encrypted file on the University of Calgary
server and managed by the research study team.

https://preprints.jmir.org/preprint/ 76186 [unpublished, non-peer-reviewed preprint]
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Provider Recruitment

HAH providers were recruited based on an expressed willingness to participate in the study after
being provided with information about the study’s aims and methods. Study staff then obtained
informed consent, via email or in person. When a physician did not want to participate in the study,
two physicians from the research team who regularly attend on HAH assumed care of study patients
for the week(s) in which there was a non-participating physician.

In preparation for the RCT, we previously trained 6 CPs in POCUS image acquisition for lung and
IVC using a hybrid protocol consisting of in-person didactic lectures and bedside teaching, online
modules from the Canadian Point of Care Ultrasound Society (CPOCUS)[29], and asynchronous
mentorship. The latter was used to evaluate their POCUS images’ quality and clinical usability based
on a rubric developed with consultation from POCUS experts.

There were two groups of physician participants, a mix of non-POCUS experts and POCUS experts
who regularly rotate through the service. Those defined as POCUS experts are physicians certified in
POCUS use and capable of providing consultative support to other clinicians/trainees. They only
required an orientation to using the cloud-based application to interpret images. Initially, we intended
to train non-POCUS expert physicians in acquiring and interpreting lung and IVC POCUS using the
same training program described above for CPs. However, the post-pandemic challenges of high
patient volumes, multiple competing priorities and physician burnout made it infeasible for
physicians to complete the training. As such, we pivoted to train two physicians from the research
team to be able to provide real-time POCUS interpretation support for non-POCUS expert
physicians. (Figure 2). While certain physicians leveraged this support and the rubric on the cloud-
based application to aid them in learning about POCUS, this was not common and was not evaluated
in the study.

Intervention

Patients randomized to the interventional study arm received serial lung and IVC POCUS
assessments throughout their admission to HAH. These images were acquired by CPs in their home
and transmitted to HAH physicians via Presuna, a cloud-based application. Presuna allowed for
extraction and secure sharing of the images captured by the handheld POCUS. CPs used a Phillips
Lumify C5-2 curved array ultrasound transducer connected to a Samsung tablet to extract the images
from the Lumify App and upload them to the Presuna App (which is encrypted). Once on Presuna,
the images were instantaneously available for HAH physicians to interpret, either on a hospital
computer or their personal cell phones, facilitating immediate decision-making by remote physicians
(Figure 2).

For each POCUS study, CPs acquired images for a minimum 8 out of 10 lung zones (Figure 3). They
attempted to acquire two views of IVC (longitudinal and transverse) with measurements at end
inspiration and expiration to derive the IVC collapsibility index.

Data Collection
Confidentiality

All data on Presuna is encrypted in transit with modern Transport Layer Security and while at rest
(storage) with modern Advanced Encryption Standard 256-bit encryption. Patient study IDs were
used as the only method of patient identification. As such, no identifiable patient information was
stored on Presuna. Furthermore, Presuna uses the 'least access principle’, so providers could only
access the data needed to perform their workflows and inform their decisions. In addition, all
practitioners accessing Presuna had their codes to protect them as provider participants in the study,
but also to reduce the identifiable linkages of patients with their providers.

All other study data was collected and managed using REDCap electronic data capture tools hosted

https://preprints.jmir.org/preprint/ 76186 [unpublished, non-peer-reviewed preprint]
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at the Centre for Health Informatics (CHI), Cumming School of Medicine, University of Calgary,
Calgary, Alberta, Canada[30,31]. REDCap is a secure, web-based application designed to support
data capture for research studies providing an intuitive interface for validated data capture; audit
trails for tracking data manipulation and export procedures; automated export procedures for
seamless data downloads to standard statistical packages, and procedures for data integration and
interoperability with external sources. The Principal Investigator and the research team members
involved in data analysis will be given access to the cleaned data sets. To ensure confidentiality, data
dispersed to research team members will be blinded of any identifying participant information.

Study Outcomes

The study’s demographic summary includes date-of-birth, age, sex and/or gender, co-morbid
diagnoses, Charlson comorbidity Index, education level, employment status, race, smoking history,
medication history, home medications, goals-of-care status and overall functional status. This serves
to stratify endpoints based on potentially extraneous variables, thus minimizing their confounding
effect in the final analysis. Study outcomes are intended to capture the most clinically significant
causes of patient morbidity and mortality.

Primary Outcome
The primary outcome is defined as length-of-stay (LOS) for the index HAH admission, measured
from the date of admission until discharge based on ADHF studies showing decreased LOS in BAM
inpatient care[12]. Since the program has an acute (hospital substitution) and subacute arm (post-
acute care), LOS on each arm will also be reported.

Secondary Outcomes
Secondary outcomes consist of patient-specific clinical outcomes, self-reported patient experience
ratings (qualitative and quantitative), provider experience ratings (qualitative and quantitative) for
physicians and paramedics, metrics of healthcare resource utilization, and assessment of feasibility
within the HAH model.

Patient-specific secondary clinical outcomes include health-related quality of life (EuroQuoL-5-
Dimension-5-Level (EQ-5D-5L) at the time of randomization, within one week following HAH
discharge, at three months post-discharge and at six months post-discharge, and other objective
metrics relating to disease progression/resolution while minimizing the subjectivity in relying on
symptomatology alone.

Objective disease-related metrics for pneumonia include time to resolution of infection, defined as
return to baseline oxygen saturation (considering home oxygen in some patients), normalization of
white blood cell count, and for intervention-group participants the normalization of pathologic B-
lines due to consolidative pneumonia. For ADHF patients, time to decongestion is defined as absence
of crackles on lung auscultation, return to baseline oxygen saturations, and for intervention-group
participants the absence of pathologic B-lines and/or pleural effusions on ultrasound. For AE-COPD
patients, time to reduction in dynamic hyper-inflation is defined as absence of wheeze and return to
baseline respiratory effort and oxygen levels, and absence of new pulmonary findings. POCUS
monitoring in this population was intended to proactively identify new findings (e.g.: pneumonia)
that could complicate the AE-COPD. Relevant biochemical parameters include change in N-terminal
pro-B-type natriuretic peptide on admission relative established ‘time of decongestion’, change in
troponin from maximum to minimum as measured during the enrollment period, change in creatinine
and estimated glomerular filtration rate during the enrollment period, change in hemoglobin and
white blood cell count during the enrollment period.

Imaging modalities performed as a function of routine clinical care were used to support diagnosis
prior to enrollment, as well as during clinical status changes during the index HAH admission,
including chest x-rays, CT, and ventilation—perfusion scans to rule out pulmonary embolism.

Study participants’ medication burden was assessed at time of randomization, until one week
following discharge from HAH. Admission to facility living, including long-term care or supportive
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living will be assessed up to 12 months following discharge from the index HAH admission.
Changes in patient status were analyzed in terms of their severity and impact. Escalation of care is
defined as the incidence ratio of transfer back to a BAM hospital ward from HAH for a reason
concerning clinical stability. The transfers included in this metric are from the date of randomization
until discharge from the index HAH admission. Adverse events that are measured in standard
monitoring of the program include venous thromboembolism, falls, new infection, and mortality.
Qualitative analysis of patient experience of the index HAH admission was collected via survey
format. The analysis is comprised of inquiries into patients’ perceived experience with the clinical
care model and the various technologies employed by HAH (digital remote patient monitoring,
videoconferencing, and POCUS for the intervention arm). To achieve analytical granularity, we
utilized a non-dichotomous but nominal rating scale: ‘yes’, ‘yes to some extent’, ‘no’ and ‘unsure’.
Responses were collected upon discharge from the index HAH admission.

We collected data on the overall experience of healthcare providers via qualitative means, including
nurse practitioners, CPs, and physicians. Qualitative surveys were administered to inquire into
providers’ experience with the HAH model and various technologies employed for its duration
(digital remote patient monitoring, videoconferencing, as well as POCUS-Presuna for the
intervention arm). Participants were asked to score their responses on a Likert scale allowing entries
in the form of ‘strongly disagree,” ‘disagree’, ‘neither agree nor disagree’ and ‘strongly agree’. We
also embedded survey questions on Presuna for CPs and physicians to complete regarding their
confidence in interpreting images (both in terms of their own confidence and the image quality),
usability and clinical usefulness of POCUS for each encounter.

Statistical Analysis

Ohman et al.[32] showed a 46% reduction in hospital LOS in the standard care group versus the
treatment arm that used cardiothoracic ultrasound to guide clinical decision-making for inpatient care
(6.85 days, standard deviation: 4.22 versus 3.72 days, standard deviation: 2.02). For our study, we
will use a conservative 30% reduction in LOS on HAH for the intervention arm versus the control
arm, powered at 80% with an alpha level of 0.05. In designing the study, we estimated that we would
require a sample size of 22 patients per study arm within the time frame of this project.

For analysis of the net resource effectiveness, economic data that still requires collection will be
analyzed via the headroom model which is a method that quantifies the greatest cost at which an
intervention would continue to demonstrate a net economic benefit. In this study, the headroom
analysis will compare the control group, defined above as standard practice HAH care, with the
POCUS/Presuna (intervention) group in ADHF, AE-COPD and pneumonia patients. Secondary
patient outcomes will be analyzed via t-test comparing difference in biomarker or imaging values
between control and intervention groups, set to the same power 0.80 and alpha 0.05.

Quality Assurance, Adverse Event Monitoring, and Steering Committee

Several measures were enacted to improve adherence to intervention protocols and ensure patient
safety. Quality assurance of randomly selected scans was performed by the research team in
consultation with a POCUS expert physician. This involved asynchronous mentorship leveraging the
Presuna platform and Zedu Ultrasound Training Solutions. We created a POCUS
acquisition/interpretation evaluation rubric to evaluate the presence of proper anatomic landmarks,
image quality, and systematic analysis of the scans to identify the presence/absence of pathologic
findings.

Adverse events were stratified under frequency and severity of venous thromboembolism, new
infections (focal or systemic), falls, delirium and medication-related reactions, or other clinically
significant events. They were recorded from the date of randomization up to discharge from HAH.
Mortality outcomes will be stratified under time-to death and cause of death from date of
randomization until participant mortality up to one year post-discharge.
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A Data and Safety Monitoring Board (DSMB) reviewed adverse events during the study. The DSMB
was comprised of two GIM specialists who work on HAH and were trained in POCUS for this study
and two expert POCUS expert physicians. These two expert POCUS physicians (a GIM physician
who works at a different hospital and a thoracic surgeon) have extensive experience in the design and
deployment of ultrasound-based training curriculums.

Lastly, a steering committee for the project met monthly to discuss project operations and updates as
well as providing direction and guidance to the research team. This committee consisted of the
research team and co-investigators, a human factors evaluation team, the CP manager, POCUS
experts, advisors, and a health economics analyst.

Results

Study funding began in April 2022, with data collection commencing in Dec 2023. Patient
recruitment was finalized on December 31, 2024. The study includes a three-month follow-up for
major outcomes and a one-year follow-up for long-term healthcare utilization, including admissions
to long-term care. A total of 20 patients were enrolled (10 intervention, 10 control).

Preliminary findings were presented in poster format at the World Hospital at Home Congress
(March 2025). Initial results of an analysis of patient and provider experience highlighted feasibility
and potential benefits of remotely acquired POCUS imaging in HAH. Full data analysis is in
progress, with results to be disseminated through journal publication and future scientific
conferences.

Discussion

Our sample size calculations suggested a minimum of 22 patients per study arm to detect a
statistically significant difference in length-of-stay. However, HAH experienced a shift in the
expected diagnoses admitted the program in the post-COVID-19 pandemic period. This resulted in
lower numbers of patients with ADHF, AE-COPD and pneumonia than expected. While we
implemented multiple strategies to increase recruitment, including adding the second site and
obtaining a no-cost extension from the funder, we were only able to recruit 10 patients per study arm.
While this will impact the analysis of the primary outcome, the rest of the metrics and particularly
the semi-quantitative and qualitative data will be highly informative for future research in POCUS-
enhanced HAH services.

Conclusions

This study is the first RCT investigating virtually acquired POCUS for lung and IVC real-time
decision-making in HAH care. Findings will provide insights into whether serial lung and IVC
POCUS assessments improve outcomes for ADHF, AE-COPD, and pneumonia in the HAH setting.
The study will also enhance understanding of the value of POCUS integration from a provider
perspective. By assessing its clinical impact and feasibility, this research may inform future
guidelines for incorporating POCUS into home-based acute care, ultimately improving patient care
and optimizing healthcare resource utilization.
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Figures

Figure 1: Randomization and study protocol
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Patients admitted to HAH program for ADHF, AE-COPD, and/or pneumonia
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Figure 2: Process for Remote Acquisition, Interpretation and Real-Time Learning of IVC and Lung
POCUS
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Randomization and study protocol.
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Process for remote acquisition, interpretation and real-time learning of 1V C and lung POCUS.
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Lung zones.
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