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Abstract

Background: Hospital at home (HAH) programs offer acute care at home as a substitute for inpatient hospitalization, reducing
health care costs while maintaining safety and care quality. Despite point-of-care ultrasound (POCUS) having been validated in
inpatient and emergency settings, its role in HAH care remains underexplored. Common conditions treated in 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 POCUS integration into clinical decision-making and have been proven to
improve health care use outcomes. The portability of POCUS makesit ideal for usein HAH; however, its feasibility remains to
be proven given the need for health care provider training and use in online settings.

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

Methods: This randomized controlled trial compares usual HAH care (control) to lung and IV C POCUS—enhanced HAH care

(intervention). Handheld POCUS devices captured images that were securely shared using a cloud-based application. Thisenabled
real-timeimage sharing among the clinical team, facilitating immediate decision-making by remote physicians. A mixed methods
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approach will evaluate clinical outcomes, patient experiences, health care use, and health care provider perceptions of POCUS
integration. The primary outcome is defined as the length of stay for the index HAH admission. Quantitative analysis will assess
clinical efficacy and health care resource use, while qualitative methods, such as interviews and surveys, will capture patient and
health care provider experiences.

Results: Study funding beganin April 2022, and data coll ection commenced in December 2023. Patient recruitment wasfinalized
on December 31, 2024. This study included a 3-month follow-up for significant outcomes and will include a 1-year follow-up
for long-term health care use, including admissions to long-term care. In total, 20 patients were enrolled (intervention group:
n=10, 50%; control group: n=10, 50%). Initia results highlighted the feasibility and potential benefits of remotely acquired
POCUS imaging in HAH. Full data analysisisin progress.

Conclusions: This study is the first randomized controlled trial to investigate remotely acquired POCUS by nonphysician
practitionersfor real-time lung and 1V C remote decision-making in HAH care. Findingswill provide insights into whether serial
lung and 1VC POCUS assessments improve ADHF, AE-COPD, and pneumonia outcomes in the HAH setting, enhancing
understanding of the value of POCUS integration from a health care provider’'s perspective. By assessing its clinical impact and
feasibility, this research may inform future guidelines for incorporating POCUS into home-based care, ultimately improving

patient care and optimizing health care resource use.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2025;14:€76186) doi: 10.2196/76186
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Introduction

Background

Acute decompensated heart failure (ADHF), acute exacerbation
of chronic obstructive pulmonary disease (AE-COPD), and
pneumonia are among the leading causes of patient morbidity
and mortality worldwide. Patients with the aforementioned
diseases present with dyspnea and respiratory distress [1,2].
Currently, diagnosis and management of these patients are
reliant on symptoms, physical examination such as lung
auscultation, radiographic imaging studies, and laboratory
investigations [3-5]. However, for these conditions, the
aforementioned modalities have poor diagnostic rates, with
radiographs having fal se-negative rates exceeding 25% at times.
Biomarkers have poor predictive vaue in patients with
comorbidities presenting with multiple physiological
derangements [6-8]. Furthermore, chest radiographs often
require costly machinery housed in a hospital or radiology
center, with the potentia 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 shows
reductions in hospital length of stay (LOS), favorable patient
outcomes, and lowered health care costs[10-13]. Thesefindings
are often attributed to POCUS's comparabl e or higher sensitivity
relative to physical examination and chest radiography in
detecting early signs of pulmonary edema, pleura effusions,
impaired diaphragmatic excursion, and subpleural consolidation
[14-16]. Unlike radiographic imaging, POCUS also offers
advantages such as portability, absence of radiation exposure,
and suitability for frequent bedside use in longitudinal care
[15,17,18]. Guevarraand Greenstein [19] describe how POCUS
is now integral to volume status assessment, cardiac function
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evaluation, and lung imaging in patients who are critically ill.
Despiteits clinical utility, widespread adoption of POCUS has
historically been limited by the need for specialized training, a
shortage of trained health care providers, and variability in
image acquisition and interpretation [10,11,16].

While mobile health tool s have gained traction in chronic disease
management, rel atively few have been designed specifically for
acute cardiorespiratory conditions such as AE-COPD or ADHF.
A systematic review of reviews found that mobile health
interventions can improve symptoms and reduce hospitalizations
in chronic pulmonary disease and heart failure, among other
conditions [20]. However, most commercialy available
solutions focus on general wellness monitoring or outpatient
management, with limited application to POCUS in acute care.
Recent reviews have demonstrated that POCUS, particularly
when integrated with mobile platforms, can substantially
improve diagnostic accuracy and guide management in heart
failure and other acute conditions [11,21]. This latter finding
underscores the need for tailored, evidence-based tools that
address specific diagnostic and triage challenges in these
high-risk populations.

Recent studies suggested that nonexpert health care providers
(and even patients themselves) could be effectively trained to
acquire quality POCUS imagesin an acute care, emergency, or
intensive care unit setting, particularly by using teleguidance
methods [22-24]. Although POCUS is well established in
emergency and critical care settings, its use has progressively
expanded into community and home-based care environments
[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,
teleultrasound has emerged as a viable solution, supporting
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timely and accurate clinical decision-making within evolving
models of home-based acute care [23,28-30].

This paper describes a study protocol developed to investigate
thefeasibility and clinical usefulness of embedding community
paramedic (CP)—acquired lung and inferior vena cava (1VC)
POCUS scans in supporting real-time remote decision-making
by physicians of ahospital 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 the
sharing of ultrasound images among clinical team membersfor
both educational and clinical care purposes.

Objectivesand Aims

Thisstudy isamultisite, 2-arm, parallel, randomized controlled
trial (RCT) comparing enhanced daily assessments for patients
with AE-COPD, ADHF, or pneumonia using POCUS with a
cloud-based application versus standard care provided by an
HAH program at atertiary acute care medical teaching hospital
in Calgary, Alberta.

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

Methods

Study Setting

The Calgary Zone Virtual Home Hospital (previously the
Complex Care Hub) [31] is an HAH program that provides
substitute acute care in patients homes for a general internal
medicine (GIM) population at 2 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
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(NNs), and a pharmacist. Thisteam performs case finding,
in-person assessments, and interventions in a dedicated
clinic space and oversees the care plan. In addition,
physicians conduct online visitsfor patients admitted to the
program, either directly leveraging digital remote patient
monitoring technology or via an online consultation with
home-visiting CPs.

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

Patient Recruitment

Patients admitted to HAH with ADHF, AE-COPD, or
pneumoniawereidentified as potentially eligible either by HAH
NNs or through the research team’s screening of the patient
charts (under awaiver 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 REDCap (Research Electronic Data Capture;
Vanderhilt University) or email.

Inclusion criteriafor patientswere (1) aprimary activediagnosis
of ADHF, AE-COPD, or pneumonia requiring home-based
acute care at the time of enrollment; (2) previous admission to
the HAH program; and (3) willingnessto participatein the study
and provideinformed consent. Patientswere excluded from this
study if they did not have 1 of the 3 index conditions, had new
unstablerib fractures, aprevious history of allergy to ultrasound
gel, or chronic lung diseases that would confound POCUS
imaging (pulmonary fibrosis, fibrothorax, lung cancer or other
intrapulmonary malignancy, pleural plaques, pneumothorax, or
pulmonary embolus). These conditions were confirmed through
imaging, such as radiographs or computed tomography,
performed in the BAM hospital before admission to the HAH
program.

Enrolled study participants were randomized using REDCap’s
randomization function to either the intervention arm (HAH
care enhanced with serial POCUS assessment) or the control
arm (usual HAH care; Figure 1).
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Figure 1. Randomization and study protocol. ADHF: acute decompensated heart failure; AE-COPD: acute exacerbation of chronic obstructive pulmonary
disease; HAH: hospital at home; IV C: inferior vena cava; POCUS: point-of-care ultrasound; RCT: randomized controlled trial.
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Health Care Provider Recruitment

HAH Headth care providers were recruited based on an
expressed willingness to participate in this 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, 2 physicians from the research team who regularly
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attended HAH assumed care of study patients for the weeksin
which there was a nonparticipating 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 [32], and asynchronous mentorship. The
latter was used to evaluate the quality and clinical usability of
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participants POCUS images based on a rubric developed in
consultation with POCUS experts.

There were 2 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 or trainees. These
individuals required only abrief orientation to the cloud-based
application used for image interpretation, asthey were already
proficient in POCUS use. Initially, we intended to train
non-POCUS expert physicians in acquiring and interpreting

Grinman et d

lung and 1IVC POCUS using the same training program
described earlier for CPs. However, the post—-COVID-19
pandemic challenges of high patient volumes, multiple
competing priorities, and physician burnout made it infeasible
for physicians to complete the training. Consequently, we
pivoted to train 2 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 this study.

Figure2. Processfor remote acquisition, interpretation, and real-timelearning of inferior venacava (1V C) and lung point-of-care ultrasound (POCUS).

CP: community paramedic; MD: doctor of medicine.
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Randomization and Allocation Concealment

Randomization through the REDCap functionality allocated
participants to their respective study arms. Data analysts,
including economists, are 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.

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
patients’ homes and transmitted to HAH physiciansvia Presuna,
a cloud-based application. Presuna is a versatile software
platform that allows ultrasonography programs to grow and
maintain ultrasonography capacity through both in-person and
online ultrasonography assessments and analytics. Key features
include structured digital |ogbooks for supervised, on-site scan
capture; flexible assessment templates that can be tailored to
individual program objectives; securelink sharing for soliciting
second opinionsfrom expert reviewers; and built-in user surveys
timed to critical workflow events (eg, immediately after scan
upload or interpretation). The platform’s anal ytics dashboards
provide real-time insights at both individual and cohort levels,
enabling programs to monitor procedural volumes, acquisition
quality, and interpretive accuracy and to benchmark performance
against competency thresholds.
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During devel opment, Presunafollowed a user-centered, iterative
design process with ultrasonography experts, CPs, and
physiciansto ensureitsworkflows and interfaces met real-world
needs. Enhancements were developed throughout the pilot
around the asynchronous online assessments, assessment
templates, and analytics.

In pilot testing, Presuna was deployed in collaboration with
Zedu Ultrasound Training Solutions and Alberta Health
Services Mobile Integrated Healthcare program for community
paramedicine. During the pilot, CPs performed POCUS in
patient homes, uploading studies via digital tabletsto Presuna.
Physicians used the platform's customizable assessment
templates and secure link sharing to interpret scans remotely
and solicit second opinions from ultrasonography experts. Every
study then underwent centralized quality assurance review by
Zedu educators, leveraging built-in user surveys triggered
immediately after uploads and interpretationsto capture usability
and contextual research datain real time.

The built-in user survey was structured and quantitative. It was
administered to assess the implementation and clinical
integration of POCUS. The survey included closed-ended
questions using Likert scales and multiple-choice formats to
evaluate technical issues affecting workflow, perceived quality
of acquired scans, and health care provider confidence in scan
acquisition. Additional items assessed interpretation consistency
with expert reviewers for lung IVC scans, changes in
interpretation foll owing expert consultation, confidencein scan
interpretation, and the perceived useful ness of POCUSfindings
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for clinical decision-making and patient management. Responses
were collected after each POCUS encounter to capturereal -time
health care provider experience.

Throughout the pilot, Presunas competency analytics
dashboards were used to track acquisition quality and
interpretive accuracy at both the individual and cohort levels.
These analytics informed when CPs and physicians reached
predefined competency thresholds that alowed them to more
safely participate in the RCT phase of the pilot.

Overall, Presuna alowed for the extraction and secure sharing
of the images captured by the handheld POCUS. CPs used a

Grinman et d

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 application (which
isencrypted). Once on Presuna, theimageswere instantaneously
avalable for the 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 study participant in theintervention arm, CPs acquired
images for a minimum of 8 out of 10 lung zones (Figure 3).
They attempted to acquire 2 views of 1VC (longitudinal and
transverse) with measurements at end inspiration and expiration
to derive the IV C collapsibility index.

Figure 3. Lung zones. L1: left upper anterior zone; L2: left middle anterior zone; L3: left upper lateral zone; L4: |eft lower lateral zone; L5: left upper
posterior zone; R1: right upper anterior zone; R2: right middle anterior zone; R3: right upper lateral zone; R4: right lower lateral zone; R5: right upper

posterior zone.

ACCUMEN

Lung scan protocol—10 zones

Ethical Considerations

Human Participant Ethics Review Approvals or
Exemptions

This study was approved by the Conjoint Human Research
Ethics Board at the University of Calgary (REB22-0434; latest
protocol amendment version: 13.0; issue date: March 27, 2025).
This study isregistered asaclinical trial on Clinical Trials.gov
(NCT05423652). Ethics approval covered all aspects of the
study, including patient identification, consent procedures, and
data collection.

I nformed Consent

As described in the Patient Recruitment section, patients
admitted to the HAH program with ADHF, AE-COPD, or
pneumoniawereidentified as potentially eligible either by HAH
NNs or through chart screening by the research team under a
waiver of consent. Eligible patientswere offered the opportunity
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to be contacted by the research team to learn more about the
study. Following initial contact, consenting patients were
enrolled by the research team, who obtained written or verbal
informed consent via REDCap or email.

Privacy and Confidentiality

Participant privacy and confidentiality were maintained
throughout the study. Each participant was assigned an
anonymous study number, which was the only identifier for
POCUS scans on Presuna and used during the data analysis.
Any data containing personal identifiers were stored securely
inlocked cabinets or password-protected digital filesaccessible
only to the research team. All reported data were aggregated to
prevent the identification of individual participants.

Compensation Details
No compensation was provided to research participants.
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Data Collection

All data on Presuna are 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.
Consequently, no identifiable patient information was stored
on Presuna. Furthermore, Presuna uses the “least access
principle,” so health care providers could only access the data
needed to perform their workflows and inform their decisions.
In addition, al practitioners accessing Presuna had their codes
to protect them as health care provider participantsin the study
and reduce theidentifiable linkages of patientswith their health
care providers.

All other study datawere collected and managed using REDCap
electronic data capture tools hosted at the Centre for Health
Informatics, Cumming School of Medicine, University of
Calgary, Cdgary, Alberta, Canada[33,34]. REDCap isasecure,
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
datadownloadsto 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
datasets. To ensure confidentiality, data dispersed to research
team members will be blinded to any identifying participant
information.

https://www.researchprotocols.org/2025/1/€76186
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Study Outcomes

Overview

The demographic characteristics collected in this study includes
date of birth, age, sex or gender, comorbid 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 end points 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.

Data were collected to evaluate the added clinical value of
incorporating POCUS for lung and IVC into our HAH carein
terms of its impact on clinical outcomes, feasibility, and
sustainability.

Primary Outcome

The primary outcome is defined as 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]. As the program has an acute (hospital
substitution) and subacute arm (after acute care), LOS on each
arm will also be reported.

Secondary Outcomes

Textbox 1 summarizes the metrics according to the quadruple
aim framework, which guided our evauation of clinical
outcomes, patient- and clinician-reported metrics, as well as
health care system sustainability outcomes.
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Textbox 1. Study metrics by category.

Patient outcomes

Patient or caregiver experience

Health care provider experience

Health care use and cost

Health-related quality of life (EQ-5D-5L) at the time of randomization, within 1 week following hospital at home (HAH) discharge, and at 3
months after discharge, along with other objective metrics, will be assessed.

Disease-related metrics for pneumonia are as follows:
« Timeto resolution of infection (return to baseline oxygen saturation level) and normalization of white blood cell count
«  For intervention-group participants, the normalization of pathological B-lines due to consolidative pneumonia

«  Changein hemoglobin and white blood cell count during the enrollment period

Disease-related metrics for acute decompensated heart failure are as follows:

«  Time to decongestion (absence of crackles on lung auscultation and return to baseline oxygen saturation levels)

»  For the intervention group, the absence of pathological B-lines or pleural effusions on ultrasound

«  Changein N-terminal pro-B-type natriuretic peptide, troponin, creatinine, and estimated glomerular filtration rate during the enrollment
period

Disease-related metrics for acute exacerbation of chronic obstructive pulmonary disease are as follows:

«  Timeto reduction in dynamic hyperinflation defined as the absence of wheeze and return to baseline respiratory effort and oxygen levels

«  Absence of new pulmonary findings because point-of-care ultrasound (POCUS) monitoring in this population was intended to proactively
identify new findings (eg, pneumonia) that could complicate the acute exacerbation of chronic obstructive pulmonary disease

o Changein 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 before enrollment as well as during clinical
status changes during the index HAH admission, including chest X-rays, computed tomography, and ventilation-perfusion scans to rule out
pulmonary embolism.

Medication burden was assessed at the time of randomization, until 1 week following discharge from HAH.

Clinical status changes from the date of randomization until discharge from the index HAH admission were assessed. Changes in patient status
were evaluated in terms of their severity and impact. Escalation of care is defined as the incidence ratio of transfer back to a brick-and-mortar
hospital ward from HAH for areason concerning clinical stability.

Adverse events measured in standard monitoring of the program include new venous thromboembolism, falls, infection, and mortality.

Self-reported patient experience surveys after discharge from the index HAH admission, with quantitative Likert scales and free text options
(refer to Multimedia Appendices 1-3) were conducted.

Semiquantitative surveys of nurse practitioners, community paramedics (CPs), and physicians providing care to patients in the study were
conducted. Surveys were administered to inquire into health care providers' experience with the HAH model and various technol ogies used over
the course of itsduration (digital remote patient monitoring, videoconferencing, aswell as POCUS Presunafor the intervention arm). Participants
were asked to score their responses on a Likert scale, allowing entriesin the form of strongly disagree, disagree, neither agree nor disagree, and
strongly agree.

We embedded questions after each encounter in a clinical survey on Presuna for CPs and physicians to complete regarding their confidence in
acquiring and interpreting images (both in terms of their own confidence and theimage quality), respectively. We also asked questionsto determine
the usability and clinical usefulness of POCUS for each encounter.

Length of stay for the index HAH admission (refer to the aforementioned information) will be calculated.
Readmission rate (7, 30, and 90 days after discharge from HAH) will be calculated.

Admission to facility living, including long-term care or supportive living, will be assessed up to 12 months following discharge from the index
HAH admission.

Time per CP visit will be calculated.

Cost comparison of the cost of CP, physician, nursing services, medications, and diagnostic testing will be done. We will leverage Alberta's
health datarepositories, including physician claims; National Ambulatory Reporting System; Discharge Abstracts Database; and Data Integration,
Measurement and Reporting, as well as Alberta Health Services' cost estimates.
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Statistical Analysis

The study by Ohman et a [35] 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 (mean 6.85, SD 4.22 days
versus mean 3.72, SD 2.02 days). For our study, we will use a
conservative 30% reduction in LOS on HAH for theintervention
arm versus the control arm, powered at 80% with an o level of
.05. In designing the study, we estimated that we would require
asamplesize of 22 patients per study arm within thetimeframe
of this project.

The analysis and reporting of this trial will be undertaken in
accordance with CONSORT (Consolidated Standards of
Reporting Trials) guidelines [36]. We will conduct an
intention-to-treat analysis, including all randomized patients
who receive at least 1 study intervention or control procedure.
We will aso conduct a per-protocol analysis [37] based on
patients who complete the study without major protocol
deviations affecting primary end points and a safety analysis of
all randomized patients who receive any study-related care.

For the primary outcome of HAH LOS, we will conduct a
2-sample 2-tailed t test (if normally distributed) or a
Mann-Whitney U test (if nonnormally distributed) between the
intervention and control groups. We will report the effect size
with 95% Cls alongside the P values. Given the small sample
size, no subgroup analyses will be conducted.

An analysis of resource use and costs will be conducted to
inform the economic impact of HAH through an economic
evaluation and budget impact analysis. We will use the data
gathered by the study, supplemented with datafrom health care
administrative databases, for thisanalysis. Theimplementation
of HAH is anticipated to yield improvements in both system
efficiency and patient outcomes, and the economic evaluation
will quantify the costs and benefits associated with HAH
compared with conventional care models.

For analysis of secondary and economic outcomes, we will
report outcomes, P values, and Cl's, but formal hypothesistesting
will be avoided, given the exploratory nature of the analysis.
However, any notable imbalances will be described and
considered in the interpretation of results. For analysis of the
net resource effectiveness, economic data 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 earlier as
standard practice HAH care, with the POCUS or Presuna
(intervention) group in patients with ADHF, AE-COPD, and
pneumonia. Secondary patient outcomes will be analyzed via
a2 tailed t test comparing differencesin biomarker or imaging
values between control and intervention groups, set to the same
power of 0.80 and an a level of .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
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research team in consultation with a POCUS expert physician.
Thisinvolved asynchronous mentorship leveraging the Presuna
platform and Zedu Ultrasound Training Solutions. We created
a POCUS acquisition or interpretation evaluation rubric to
evaluate the presence of proper anatomical landmarks, image
quality, and systematic analysis of the scans to identify the
presence or absence of pathological findings.

A structured, modular rubric was used within the Presuna
platform to assess both the quality of ultrasound image
acquisition and the accuracy of scan interpretation. The rubric
was designed to separate scan-level observations from
examination-level conclusions and was tailored to the unique
requirements of different examination types. For lung
ultrasound, physician reviewers documented specific scan
findings such as A-lines, lung diding, B-lines, and pleura
effusion while also making global diagnostic determinations
across the entire examination (eg, interstitial edema and
pneumothorax). For 1V C assessments, which requireintegration
of multiple clips, the rubric focused on examination-level
evaluation, including visual estimates of IVC size and
collapsibility, and clinical estimation of central venous pressure.
Quality assurance reviewers used a parallel rubric to evaluate
acquisition quality, with domains covering technical parameters
(eg, depth and gain), anatomical accuracy (eg, correct orientation
and landmark visualization), and interpretability (eg,
completeness, labeling, and diagnostic utility). All questions
wereformatted as categorical selections(eg, yesor no, multiple
choice, and ordinal scales) to ensure consistency and enable
guantitative tracking. The rubric was adaptabl e to site-specific
protocols and levels of training, allowing for reliable, scalable
assessment across educational and clinical implementations.
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 death up to
1 year after discharge.

The dataand safety monitoring board reviewed potential adverse
events during the study. The data and safety monitoring board
was composed of 2 GIM specialists who worked on HAH and
were trained in POCUS for this study and 2 expert POCUS
physicians. These 2 expert POCUS physicians (aGIM physician
who works at a different hospital and a thoracic surgeon) have
extensive experience in the design and deployment of
ultrasound-based training curricula.

Finally, a steering committee for the project met monthly to
discuss project operations and updates as well as provide
direction and guidance to the research team. This committee
consisted of the research team and coinvestigators, a human
factor 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 December 2023. Patient recruitment was

JMIR Res Protoc 2025 | vol. 14 | €76186 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

finalized on December 31, 2024. This study includes a3-month
follow-up for major outcomes and a 1-year follow-up for
long-term health care use, including admissions to long-term
care. A total of 20 patients were enrolled (intervention group:
n=10, 50%; control group: n=10, 50%).

Preliminary findings were presented in poster format at the
World Hospital at Home Congress (March 2025). Initial results
of an analysis of patient and health care provider experience
highlighted the 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

Anticipated Findings

This study aims to evaluate the feasibility and clinical impact
of POCUS for lung and IV C assessments acquired by CPsin
the HAH setting. We hypothesized that remote POCUS would
enhance clinical decision-making and improve outcomes for
patients with ADHF, AE-COPD, and pneumonia. Preliminary
findings suggest that remote POCUS is feasible and may offer
clinical value in HAH, particularly in guiding volume status
and respiratory assessments.

Comparison With International Literature

This study builds on emerging evidence supporting the use of
POCUSin home-based care. Previous studies have demonstrated
the utility of lung ultrasound in diagnosing pneumonia and
monitoring pulmonary congestion in patientswith heart failure,
but few have explored its integration into online care models.
Our approach, leveraging remote guidance and interpretation,
addresses a critical gap in the literature by enabling real-time
imageinterpretation to support clinical decision-making without
requiring the physical presence of a sonographer or physician,
which may be particularly beneficial in resource-limited or
geographically dispersed settings.

Strengths and Limitations

The strengths of this study include its randomized controlled
design, multisite implementation, and focus on real-world
feasibility. Theintegration of health care provider feedback and
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patient-reported outcomes adds depth to the eval uation, offering
amore holistic understanding of remote POCUS in HAH.

Degspite these promising insights, several limitations must be
acknowledged. The most substantial limitation is the reduced
sample size; although our power calculations indicated a need
for 22 patients per arm, only 10 patients were recruited per
group due to shifts in HAH admission patterns after the
COVID-19 pandemic. Thisresulted inlower 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. This will limit our ability to detect
statistically significant differences in the primary outcome and
some secondary outcomes. However, the rich qualitative and
semiquantitative data collected will dtill provide valuable
insights into patient and health care provider experiences,
workflow integration, and perceived utility of remote POCUS.

Future Directions

Future directionsinclude expanding the study to additional sites
with higher volumes of target diagnoses, refining recruitment
strategies, and exploring automated image interpretation tools
to further streamline remote assessments. A dissemination plan
isunderway, with preliminary findings already presented at the
World Hospital at Home Congress (March 2025). Full results
of the clinical tria are currently being analyzed and will be
submitted for peer-reviewed publication. Once the analysisis
completed, weintend to present thefinalized clinical trial results
at upcoming conferences.

Conclusions

This study represents the first RCT investigating remotely
acquired POCUS for lung and 1V C real-time decision-making
inHAH care. Whilelimited by sample size, preliminary findings
support the feasibility and potential clinical value of remote
POCUS in guiding care for patients with ADHF, AE-COPD,
and pneumoniain the HAH setting. The integration of POCUS
into HAH may enhance diagnostic accuracy, inform treatment
decisions, and improve patient and heath care provider
experiences. Theseinsightswill inform future research and may
contribute to the development of guidelines for incorporating
POCUS into home-based acute care models.

Thiswork has been funded by an Alberta Boehringer Ingelheim Collaboration grant in partnership with the University Hospital

Foundation.

The authors would like to acknowledge the Calgary Zone Virtual Home Hospital nurse navigators, physicians, and leaders for
supporting the implementation of this initiative and the development of this protocol for the RCT.

Disclaimer

The views expressed in this manuscript are those of the individual researchers and not an official position of the affiliated

institutions or funder.

https://www.researchprotocols.org/2025/1/€76186

JMIR Res Protoc 2025 | vol. 14 | €76186 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Grinman et &

Authors Contributions

MNG, SR, GA, NDN, OO, ACY |, RK, JC, AWK, IWYM, JR, and SP participated in designing the study. MNG, GA, DM, OO,
ACYI, SS, and SP conducted the study. ACY I, MNG, GA, JR, and JC will be involved in data analysis and methods. MNG, PN,
and ACY| drafted and revised the manuscript in response to coauthor feedback. All authors were involved in reviewing and
editing seria versions of the manuscript before submission.

Conflictsof I nterest

SR isthe founder and owner of Presuna, who was provided with reimbursement for the cost of participation in the study. Presuna
did not profit from this study but benefited from iterative feedback from the research and clinical team to refine the software to
be more responsive and usable for clinical teams embedding point-of-care ultrasound (POCUS) into their care. SP is the owner
of Zedu Ultrasound Solutions and contributed her time in kind to the development of the rubric to evaluate and provide quality
assurancefor the acquisition and interpretation of POCUSimagesfor lung and inferior venacava POCUS. SPwas only reimbursed
for her time providing remote mentorship to the clinicians. Neither SR nor SP will be involved in data analysis and preparation
of results presentations. IWY M declares receiving an editorial honorarium from Elsevier and is funded by the John A Buchanan
Chair in Genera Internal Medicine at the University of Calgary, both unrelated to the manuscript. IWY M serves as a volunteer
on the executive of the American Institute of Ultrasound in Medicine. JC has held peer reviewed grant funding from the WHO
for assessing the use of drone aerial systemsto deliver medical suppliesand personal protective equipment to remote First Nations
communities during the COVID-19 pandemic and from Alberta Innovates for reducing ventricular/lumbar drain and ventricular
shunt Insertion infections in the neurosurgery, trauma, and intensive care unit patient population. He has also received
accommodations and airfare to attend and speak at a symposium in 2022 from bioMerieux Canada on antimicrobial resistance
co-hosted by the University of Toronto and bioMerieux Canada in 2022 and accommodations and airfare from the 2023 ICPIC
meeting to attend a Think Tank meeting on infectious diseases modelling in Geneva, Switzerland. AWK has consulted for the
Zoll, Acdlity (3M/KCI), and Innovative Trauma Care Companies, and is the Principal Investigator of the COOL trial. All other
authors declare no conflicts of interest.

Multimedia Appendix 1

Health care provider pre-post training survey.
[PDE File (Adobe PDF File), 248 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Patient experience survey.
[PDE File (Adobe PDF File), 296 KB-Multimedia A ppendix 2]

Multimedia Appendix 3

Health care provider experience survey.
[PDFE File (Adobe PDF File), 312 KB-Multimedia Appendix 3]

References

1. ChenH,LuoX,DuY,HeC, LuY, Shi Z, et a. Association between chronic obstructive pulmonary disease and
cardiovascular disease in adults aged 40 years and above: datafrom NHANES 2013-2018. BMC Pulm Med. Aug 31,
2023;23(1):318. [FREE Full text] [doi: 10.1186/s12890-023-02606-1] [Medline: 37653498]

2. Global Burden of Disease Study 2021 (GBD 2021) cause-specific mortality 1990-2021. Global Burden of Disease
Collaborative Network. URL : https://ghdx.healthdata.org/record/ihme-data/ghd-2021-cause-specific-mortality-1990-2021
[accessed 2025-05-29]

3.  Meyer T, Colucci W, Dardas T. Approach to diagnosis and evaluation of acute decompensated heart failure in adults.
UpToDate. URL: https://www.uptodate.com/contents/
approach-to-diagnosis-and-eval uation-of -acute-decompensated-heart-fail ure-in-adul ts [accessed 2025-04-16]

4.  Stoller K, Hatipoglu U. COPD exacerbations: management. UpToDate. URL: https.//www.uptodate.com/contents/
copd-exacerbations-management [accessed 2025-04-16]

5. Ramirez JA. Overview of community-acquired pneumoniain adults. UpToDate. URL : https.//www.uptodate.com/contents/
overview-of-community-acquired-pneumonia-in-adults [accessed 2025-04-16]

6. Makhnevich A, Sinvani L, Cohen SL, Feldhamer KH, Zhang M, Lesser ML, et al. Theclinical utility of chest radiography
for identifying pneumonia: accounting for diagnostic uncertainty in radiology reports. AJR Am J Roentgenol. Dec
2019;213(6):1207-1212. [doi: 10.2214/AJR.19.21521] [Medline: 31509449]

https://www.researchprotocols.org/2025/1/e76186 JMIR Res Protoc 2025 | vol. 14 | €76186 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v14i1e76186_app1.pdf&filename=5ee03ce3bdb743841ba8801de0cb7cca.pdf
https://jmir.org/api/download?alt_name=resprot_v14i1e76186_app1.pdf&filename=5ee03ce3bdb743841ba8801de0cb7cca.pdf
https://jmir.org/api/download?alt_name=resprot_v14i1e76186_app2.pdf&filename=e78c078a0395423398ede365cfa42fd6.pdf
https://jmir.org/api/download?alt_name=resprot_v14i1e76186_app2.pdf&filename=e78c078a0395423398ede365cfa42fd6.pdf
https://jmir.org/api/download?alt_name=resprot_v14i1e76186_app3.pdf&filename=904c450b28ff10c4803d25b4a86d329d.pdf
https://jmir.org/api/download?alt_name=resprot_v14i1e76186_app3.pdf&filename=904c450b28ff10c4803d25b4a86d329d.pdf
https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890-023-02606-1
http://dx.doi.org/10.1186/s12890-023-02606-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37653498&dopt=Abstract
https://ghdx.healthdata.org/record/ihme-data/gbd-2021-cause-specific-mortality-1990-2021
https://www.uptodate.com/contents/approach-to-diagnosis-and-evaluation-of-acute-decompensated-heart-failure-in-adults
https://www.uptodate.com/contents/approach-to-diagnosis-and-evaluation-of-acute-decompensated-heart-failure-in-adults
https://www.uptodate.com/contents/copd-exacerbations-management
https://www.uptodate.com/contents/copd-exacerbations-management
https://www.uptodate.com/contents/overview-of-community-acquired-pneumonia-in-adults
https://www.uptodate.com/contents/overview-of-community-acquired-pneumonia-in-adults
http://dx.doi.org/10.2214/AJR.19.21521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31509449&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Grinman et &

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Collins SP, Lindsell CJ, Storrow AB, Abraham WT, ADHERE Scientific Advisory Committee, Investigators and Study
Group. Prevalence of negative chest radiography results in the emergency department patient with decompensated heart
failure. Ann Emerg Med. Jan 2006;47(1):13-18. [doi: 10.1016/j.annemergmed.2005.04.003] [Medline: 16387212]
Pivetta E, Goffi A, Nazerian P, Castagno D, Tozzetti C, Tizzani P, et al. Study Group on Lung Ultrasound from the Molinette
and Careggi Hospitals. Lung ultrasound integrated with clinical assessment for the diagnosis of acute decompensated heart
failurein the emergency department: arandomized controlled trial. Eur JHeart Fail. Jun 2019;21(6): 754-766. [FREE Full
text] [doi: 10.1002/ejhf.1379] [Medline: 30690825]

Omofoye TS, Vlahos |, Marom EM, Bassett R, Blasinska K, Ye X, et a. Backlogsin formal interpretation of radiology
examinations: apilot global survey. Clin Imaging. Feb 2024;106:110049. [doi: 10.1016/j.clinimag.2023.110049] [Medline:
38070475]

Duggan NM, Jowkar N, Ma W, Schulwolf S, Selame LA, Fischetti CE, et al. Novice-performed point-of-care ultrasound
for home-based imaging. Sci Rep. Nov 28, 2022;12(1):20461. [FREE Full text] [doi: 10.1038/s41598-022-24513-X]
[Medline: 36443355]

Naddaf N, Dianati Maleki N, Goldschmidt ME, Kalogeropoulos AP. Point of Care Ultrasound (POCUS) in the management
of heart failure: anarrative review. J Pers Med. Jul 18, 2024;14(7):766. [FREE Full text] [doi: 10.3390/jpm14070766]
[Medline: 39064020]

Van Schaik GW, Van Schaik KD, Murphy MC. Point-of-Care Ultrasonography (POCUS) in a community emergency
department: an analysis of decision making and cost savings associated with POCUS. J Ultrasound Med. Aug 28,
2019;38(8):2133-2140. [doi: 10.1002/jum.14910] [Medline: 30593670]

Zieleskiewicz L, Cornesse A, Hammad E, Haddam M, Brun C, Vigne C, et a. Implementation of lung ultrasound in
polyvalent intensive care unit: impact on irradiation and medical cost. Anaesth Crit Care Pain Med. Feb 2015;34(1):41-44.
[doi: 10.1016/j.accpm.2015.01.002] [Medline: 25829314]

Maw AM, Hassanin A, Ho PM, MclnnesMD, Moss A, Juarez-ColungaE, et a. Diagnostic accuracy of point-of-care lung
ultrasonography and chest radiography in adultswith symptoms suggestive of acute decompensated heart failure: asystematic
review and meta-analysis. JAMA Netw Open. Mar 01, 2019;2(3):€190703. [EREE Full text] [doi:
10.1001/jamanetworkopen.2019.0703] [Medline: 30874784]

Nakao S, Vaillancourt C, Taljaard M, Nemnom MJ, Woo MY, Stiell 1G. Diagnostic accuracy of lung point-of-care
ultrasonography for acute heart failure compared with chest x-ray study among dyspneic older patients in the emergency
department. J Emerg Med. Aug 2021;61(2):161-168. [doi: 10.1016/j.jemermed.2021.02.019] [Medline: 33795166]
Bhagra A, Tierney DM, Sekiguchi H, Soni NJ. Point-of-care ultrasonography for primary care physicians and general
internists. Mayo Clin Proc. Dec 2016;91(12):1811-1827. [doi: 10.1016/j.mayocp.2016.08.023] [Medline: 27825617]
Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick AW, et a. International Liaison Committee
on Lung Ultrasound (ILC-LUS) for International Consensus Conference on Lung Ultrasound (ICC-LUS). International
evidence-based recommendations for point-of-care lung ultrasound. Intensive Care Med. Apr 6, 2012;38(4):577-591. [doi:
10.1007/s00134-012-2513-4] [Medline: 22392031]

Demi L, Wolfram F, Klersy C, De Silvestri A, Ferretti VV, Muller M, et al. New international guidelines and consensus
on the use of lung ultrasound. J Ultrasound Med. Feb 22, 2023;42(2):309-344. [FREE Full text] [doi: 10.1002/jum.16088]
[Medline: 35993596]

GuevarraK, Greenstein Y. Point-of-care ultrasonography in the critical care unit: an update. Curr Cardiol Rep. Feb 15,
2025;27(1):54. [doi: 10.1007/s11886-024-02187-3] [Medline: 39954172]

Marcolino MS, OliveiraJA, D'Agostino M, Ribeiro AL, Alkmim MB, Novillo-Ortiz D. Theimpact of mHealth interventions:
systematic review of systematic reviews. IMIR Mhealth Uhealth. Jan 17, 2018;6(1):e23. [FREE Full text] [doi:
10.2196/mhealth.8873] [Medline: 29343463]

Yampolsky S, Kwan A, Cheng S, Kedan |. Point of care ultrasound for diagnosisand management in heart failure: atargeted
literature review. POCUS J. Apr 22, 2024;9(1):117-130. [FREE Full text] [doi: 10.24908/pocus.v9i1.16795] [Medline:
38681155]

Tierney D, Rosborough T, Sipsey L, Hanson K, Smith C, Boland L, et al. Association of internal medicine Point of Care
Ultrasound (POCUS) with length of stay, hospitalization costs, and formal imaging: a prospective cohort study. POCUS
J. Nov 27, 2023;8(2):184-192. [FREE Full text] [doi: 10.24908/pocus.v8i2.16791] [Medline: 38099159]

Uschnig C, Recker F, BlaivasM, Dong Y, Dietrich CF. Tele-ultrasound in the eraof COVID-19: apractical guide. Ultrasound
Med Biol. Jun 2022;48(6):965-974. [FREE Full text] [doi: 10.1016/j.ultrasmedbio.2022.01.001] [Medline: 35317949]
Jindal SK, Lee T, Agrawa A, DemersL, Schwartz AW. A national survey on point of care ultrasonography use among
veterans affairs clinicians in home care and skilled nursing facilities. JAm Med Dir Assoc. Jun 2024;25(6):104930. [doi:
10.1016/j.jamda.2023.12.018] [Medline: 38336356]

Peris A, Tutino L, Zagli G, Batacchi S, Cianchi G, SpinaR, et al. The use of point-of-care bedside lung ultrasound
significantly reduces the number of radiographs and computed tomography scansin critically ill patients. Anesth Analg.
Sep 2010;111(3):687-692. [doi: 10.1213/ANE.Ob013e3181e7cc42] [Medline: 20733164]

https://www.researchprotocols.org/2025/1/e76186 JMIR Res Protoc 2025 | vol. 14 | €76186 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.annemergmed.2005.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16387212&dopt=Abstract
http://hdl.handle.net/2318/1690913
http://hdl.handle.net/2318/1690913
http://dx.doi.org/10.1002/ejhf.1379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30690825&dopt=Abstract
http://dx.doi.org/10.1016/j.clinimag.2023.110049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38070475&dopt=Abstract
https://doi.org/10.1038/s41598-022-24513-x
http://dx.doi.org/10.1038/s41598-022-24513-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36443355&dopt=Abstract
https://www.mdpi.com/resolver?pii=jpm14070766
http://dx.doi.org/10.3390/jpm14070766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39064020&dopt=Abstract
http://dx.doi.org/10.1002/jum.14910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30593670&dopt=Abstract
http://dx.doi.org/10.1016/j.accpm.2015.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25829314&dopt=Abstract
https://europepmc.org/abstract/MED/30874784
http://dx.doi.org/10.1001/jamanetworkopen.2019.0703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30874784&dopt=Abstract
http://dx.doi.org/10.1016/j.jemermed.2021.02.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33795166&dopt=Abstract
http://dx.doi.org/10.1016/j.mayocp.2016.08.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27825617&dopt=Abstract
http://dx.doi.org/10.1007/s00134-012-2513-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22392031&dopt=Abstract
https://europepmc.org/abstract/MED/35993596
http://dx.doi.org/10.1002/jum.16088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35993596&dopt=Abstract
http://dx.doi.org/10.1007/s11886-024-02187-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39954172&dopt=Abstract
https://mhealth.jmir.org/2018/1/e23/
http://dx.doi.org/10.2196/mhealth.8873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29343463&dopt=Abstract
https://europepmc.org/abstract/MED/38681155
http://dx.doi.org/10.24908/pocus.v9i1.16795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38681155&dopt=Abstract
https://europepmc.org/abstract/MED/38099159
http://dx.doi.org/10.24908/pocus.v8i2.16791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38099159&dopt=Abstract
https://europepmc.org/abstract/MED/35317949
http://dx.doi.org/10.1016/j.ultrasmedbio.2022.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35317949&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2023.12.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38336356&dopt=Abstract
http://dx.doi.org/10.1213/ANE.0b013e3181e7cc42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20733164&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Grinman et &

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Mjglstad OC, Andersen GN, Dalen H, Graven T, Skjetne K, Kleinau JO, et a. Feasibility and reliability of point-of-care
pocket-size echocardiography performed by medical residents. Eur Heart JCardiovasc Imaging. Dec 2013;14(12):1195-1202.
[FREE Full text] [doi: 10.1093/ehjci/jet062] [Medline: 23644936]

Lichtenstein DA, Meziere GA. Relevance of lung ultrasound in the diagnosis of acute respiratory failure: the BLUE protocol.
Chest. Jul 2008;134(1):117-125. [FREE Full text] [doi: 10.1378/chest.07-2800] [Medline: 18403664]

Kirkpatrick AW, McKee JL, Ball CG, MalW, Melniker LA. Empowering the willing: the feasibility of tele-mentored
self-performed pleural ultrasound assessment for the surveillance of lung health. Ultrasound J. Jan 03, 2022;14(1):2. [FREE
Full text] [doi: 10.1186/s13089-021-00250-6] [Medline: 34978611]

Kirkpatrick AW, McKee JL. Lung ultrasonography in awoman with COVID-19: this examination could be remote. CMAJ.
Apr 20, 2020;192(16):E435. [FREE Full text] [doi: 10.1503/cmaj.75302] [Medline: 32312827]

Kirkpatrick AW, McKee JL, Conly JM. Longitudinal remotely mentored self-performed lung ultrasound surveillance of
paucisymptomatic COVID-19 patients at risk of disease progression. Ultrasound J. May 30, 2021;13(1):27. [FREE Full
text] [doi: 10.1186/s13089-021-00231-9] [Medline: 34056676]

Grinman M, Kozicky R, Smith M, Proceviat K, Bettcher L, Amlani S, et al. Bringing acute general internal medicine outside
of hospital walls. JGen Intern Med. 2022;17(1):1-11. [FREE Full text]

Home page. Canadian Point of Care Ultrasound Society (CPoCUS). URL: https://cpocus.ca/acute-care-core/ [accessed
2025-04-16]

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing transational research informatics support. J Biomed
Inform. Apr 2009;42(2):377-381. [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et a. REDCap Consortium. The REDCap consortium:
building an international community of software platform partners. J Biomed Inform. Jul 2019;95:103208. [FREE Full
text] [doi: 10.1016/j.jbi.2019.103208] [Medline: 31078660]

Ohman J, HarjolaV, Karjalainen P, Lassus J. Focused echocardiography and lung ultrasound protocol for guiding treatment
in acute heart failure. ESC Heart Fail. Feb 28, 2018;5(1):120-128. [FREE Full text] [doi: 10.1002/ehf2.12208] [Medline:
28960894]

Hopewell S, Chan AW, Collins GS, Hrébjartsson A, Moher D, Schulz KF, et al. CONSORT 2025 statement: updated
guidelinefor reporting randomised trials. BMJ. Apr 14, 2025;389:e081123. [FREE Full text] [doi: 10.1136/bmj-2024-081123]
[Medline: 40228833]

Smith VA, Coffman CJ, Hudgens MG. Interpreting the results of intention-to-treat, per-protocol, and as-treated analyses
of clinical trials. JAMA. Aug 03, 2021;326(5):433-434. [FREE Full text] [doi: 10.1001/jama.2021.2825] [Medline: 34342631]

Abbreviations

ADHF: acute decompensated heart failure

AE-COPD: acute exacerbation of chronic obstructive pulmonary disease
BAM: brick-and-mortar

CONSORT: Consolidated Standards of Reporting Trials
CP: community paramedic

GIM: general internal medicine

HAH: hospital at home

IVC: inferior vena cava

NN: nurse navigator

POCUS: point-of-care ultrasound

RCT: randomized controlled trial

REDCap: Research Electronic Data Capture

https://www.researchprotocols.org/2025/1/e76186 JMIR Res Protoc 2025 | vol. 14 | €76186 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/23644936
http://dx.doi.org/10.1093/ehjci/jet062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23644936&dopt=Abstract
https://europepmc.org/abstract/MED/18403664
http://dx.doi.org/10.1378/chest.07-2800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18403664&dopt=Abstract
https://europepmc.org/abstract/MED/34978611
https://europepmc.org/abstract/MED/34978611
http://dx.doi.org/10.1186/s13089-021-00250-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34978611&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=32312827
http://dx.doi.org/10.1503/cmaj.75302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32312827&dopt=Abstract
https://europepmc.org/abstract/MED/34056676
https://europepmc.org/abstract/MED/34056676
http://dx.doi.org/10.1186/s13089-021-00231-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34056676&dopt=Abstract
https://utppublishing.com/doi/10.22374/cjgim.v17i1.548
https://cpocus.ca/acute-care-core/
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078660&dopt=Abstract
https://europepmc.org/abstract/MED/28960894
http://dx.doi.org/10.1002/ehf2.12208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28960894&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=40228833
http://dx.doi.org/10.1136/bmj-2024-081123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40228833&dopt=Abstract
https://europepmc.org/abstract/MED/34342631
http://dx.doi.org/10.1001/jama.2021.2825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34342631&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Grinman et &

Edited by T Leung, A Schwartz; The proposal for this study was peer reviewed by ABIC (Alberta Boehringer Ingelheim Collaboration)
Seering Committee, University Hospital Foundation (Alberta, Canada). Submitted 22.Apr.2025; accepted 31.Aug.2025; published
23.5ep.2025.

Please cite as.

Grinman MN, Nakhla P, Reid S, Moon D, Dehghan Noudeh N, Olaosebikan O, Ip ACY, Saunders S Kozicky R, Conly J, Kirkpatrick
AW, Round J, Ma IWY, Pascoe S, Altabbaa G

Aiding Chronic Obstructive Pulmonary Disease and Congestive Heart Failure Ultrasound-Guided Management Through Enhanced
Point-of-Care Ultrasound (ACCUMEN-POCUS): Protocol for a Randomized Controlled Trial

JMIR Res Protoc 2025; 14:€76186

URL: https.//www.researchprotocols.org/2025/1/e76186

doi: 10.2196/76186

PMID:

©Michelle Nora Grinman, Peter Nakhla, Steve Reid, Dennis Moon, Negar Dehghan Noudeh, Oladoyin Olaosebikan, Amanda
Chung Yan Ip, Salomé Saunders, Ryan Kozicky, John Conly, Andrew Wallace Kirkpatrick, Jeff Round, Irene Wai Yan Ma,
Suean Pascoe, Ghazwan Altabbaa. Originaly published in IMIR Research Protocols (https.//www.researchprotocols.org),
23.Sep.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Research Protocaols, is properly cited. The compl ete bibliographic information,
alink to the original publication on https.//www.researchprotocols.org, as well asthis copyright and license information must be
included.

https://www.researchprotocols.org/2025/1/e76186 JMIR Res Protoc 2025 | vol. 14 | €76186 | p. 14
(page number not for citation purposes)

RenderX


https://www.researchprotocols.org/2025/1/e76186
http://dx.doi.org/10.2196/76186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

