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ABSTRACT
Canada is a wealthy nation with a geographically diverse population,
seeking health innovations to better serve patients in accordance with
the Canada Health Act. In this country, population and geography
converge with social determinants, policy, procurement regulations,
and technological advances with the goal to achieve equity in the
management and distribution of health care. Rural and remote pa-
tients are a vulnerable population; when managing chronic conditions
like cardiovascular disease, there is currently inequity to accessing
specialist physicians at the recommended frequencydincreasing the
likelihood of poor health outcomes. Ensuring equitable care for this
population is an unrealized priority of several provincial and federal
government mandates. Virtual care technology might provide practical,
economical, and innovative solutions to remedy this discrepancy. We
conducted a scoping review of the literature pertaining to the use of
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R�ESUM�E
Le Canada, pays riche dont la population est r�epartie dans des r�egions
g�eographiquement diversifi�ees, reste à l’affût des innovations en
matière de sant�e pour mieux servir les patients conform�ement à la Loi
canadienne sur la sant�e. Dans ce pays, la population et la g�eographie
ainsi que les d�eterminants sociaux, les politiques, la r�eglementation
des march�es publics et les progrès technologiques convergent vers un
objectif d’�equit�e dans la gestion et la distribution des soins de sant�e.
Les patients des r�egions rurales et �eloign�ees constituent une popula-
tion vuln�erable; la prise en charge de maladies chroniques comme les
maladies cardiovasculaires est marqu�ee par des in�egalit�es en ce qui
concerne l’accès aux m�edecins sp�ecialistes à la fr�equence
recommand�ee e ce qui augmente le risque de problèmes de sant�e. La
garantie d’un accès �equitable aux soins de sant�e pour cette population
constitue une priorit�e non concr�etis�ee pour plusieurs gouvernements
On the basis of its geographic size and distributed population
density, Canada is well positioned to become a leader of
innovation for remote medical caredwhether the nation is
optimally capitalizing on this is unclear. Rural populations are
essential to the well-being of a nation, because they are
naturalized environmental stewards; farmers and harvesters
provide most food and other natural resources that enable
urban living and a trade economy. In contrast to urban
populations, rural patients are a vulnerable group in need of
special attention to ensure equitable health care delivery.1-3

The inequities affecting rural populations are complex, but a
major concern is timely access to specialist physicians in
accordance with clinical guideline recommendations.4-6 Dis-
parities in health care negatively affect all clinical outcomes,
and thus provisions to secure equitable health care and
comparable health outcomes for vulnerable groups are
necessary. The scientific and clinical efforts toward addressing
this are increasing and multiple approaches to improve care
for this population are being studied.7 One approach is the
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virtual care technologies to monitor patients living in rural areas of
Canada with cardiovascular disease. A search strategy was developed
to identify the literature specific to this context across 3 bibliographic
databases. Two hundred thirty-two unique citations were ultimately
assessed for eligibility, of which 37 met the inclusion criteria. In our
assessment of these articles, we provide a summary of the in-
terventions studied, their reported effectiveness in reducing adverse
events and mortality, the challenges to implementation, and the
receptivity of these technologies among patients, providers, and policy-
makers. Furthermore, we glean insight into the barriers and opportu-
nities to ensure equitable care for rural patients and conclude that
there is an ongoing need for clinical trials on virtual care technologies
in this context.

provinciaux et f�ed�eraux. Les technologies des soins virtuels pourraient
offrir des solutions pratiques, �economiques et novatrices afin de
rem�edier à la disparit�e qui persiste. Nous avons effectu�e une revue
exploratoire de la litt�erature relative à l’utilisation des technologies des
soins virtuels pour le suivi des patients atteints de maladies car-
diovasculaires vivant dans les r�egions rurales du Canada. Une strat�egie
de recherche a �et�e �elabor�ee pour recenser les articles visant
sp�ecifiquement ce contexte dans trois bases de donn�ees bi-
bliographiques. Au terme de la recherche, 232 r�ef�erences uniques ont
�et�e �evalu�ees en fonction des critères d’admissibilit�e; 37 y r�epondaient.
Dans notre �evaluation des articles, nous r�esumons les interventions
�etudi�ees, leur efficacit�e rapport�ee quant à la r�eduction des
�ev�enements ind�esirables et de la mortalit�e, les difficult�es de mise en
œuvre et la r�eceptivit�e des patients, des fournisseurs de soins et des
d�ecideurs politiques aux technologies utilis�ees. En outre, nous offrons
un aperçu des obstacles à surmonter et des occasions à saisir pour
garantir un accès �equitable aux soins de sant�e dans les r�egions rurales
et nous concluons que des �etudes cliniques sur les technologies des
soins virtuels demeurent n�ecessaires dans ce contexte.
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opportunity for health care workers, researchers, and policy
makers to adopt innovative virtual care and remote moni-
toring platforms to improve clinical outcomes, reduce hospital
wait times, or increase the quality of life for patients and their
families.8,9 An example of how such a system could work is
depicted in Figure 1, which has been adapted from Prescher
et al.10 In the 1970s, Canada was a leader in virtual care, yet
now lags behind other countries. In a recent interview, the
president of the Canadian Medical Association, Dr Gigi Osler,
expressed that: “The reasons for Canada’s sluggishness to
adapt vary from province to province. Some lack the policy
and legislation that would enable physicians to reach out to
patients outside their offices; some pay only for in-person
visits. Health providers are often restricted from dealing
with patients outside their provinces’ borders,” and that all of
this “adds up to an inefficient system that makes it difficult for
some people to get health care when they need it, especially in
remote communities.”11 There is now increasing demand by
Canadian physicians for more virtual care technology,
training, and payment models to support and integrate/hy-
bridize with standard/historical clinical practices. In an orga-
nized initiative, the Canadian Medical Association Virtual
Care Task Force recently created a national strategy of practice
recommendations.12

There is no widely accepted definition of virtual care, tel-
ehealth, telemedicine, or e-medicine, and these terms are often
used interchangeably, along with many others. The World
Health Organization defines e-health as “the cost-effective and
secure use of information and communication technologies in
support of health and health-related fields, including health
care services, health surveillance, health literature, and health
education, knowledge, and research.”13 The use of virtual care
technologies continues to grow and includes electronic virtual
visits, referrals, consults, prescriptions, medical records, vital
sign monitoring, digital therapeutics, care flow-ordered
checklists, telepresence, and robotic surgery. For the purpose
of this review, virtual care is defined as health care services
provided directly to patients using information telecommu-
nications technology (that is, medical care provided without
traditional dependence on physical contact, paper, or archaic
technologies such as fax machines). We refer to all further
instances of these terms simply as virtual care. Health care
providers can use virtual care to remotely diagnose, treat, and
manage patients, in many but not all instances. Thus, virtual
care ensures continuity and integration with practice-level
operations, not displacement or replacement. Patients can
be seen virtually by primary care providers in their homes,
places of work, or anywhere else they have access to the
Internet. The ability to connect providers and patients
without regard for their respective locations is a compelling
benefit of virtual care services for patients and providers.14 It is
also considered to be essential infrastructure to occupational
health, safety, and productivity by employers by reducing
down-time and sick days, and an optimized work culture.
Virtual care simply provided by video and audio alone has
diverse applications, but numerous disease-specific platforms
and devices have also been developed to remotely provide the
consulting physician with ever more information to improve
decision-making. These devices include stethoscopes, gluc-
ometers, oxygen saturation monitors, weigh scales, tempera-
ture, and blood pressure devices, along with more invasive
technologies such as otoscopes, continuous positive airway
pressure sleep devices, or even implantable cardiac
defibrillators.15,16

As was alluded to previously, virtual care technologies are
not intended to replace traditional health care delivery
methods, but rather to augment and integrate with services to
ensure more productive, efficient, and equitable health care
for all citizens. Regular health monitoring of patients at-risk
ofdor diagnosed withdcardiovascular disease (CVD), has
the potential to reduce the need for significant treatment in-
terventions, including invasive cardiac surgery or readmissions
for past interventions.17-19 Virtual care mitigates the need for
rurally located patients to defer care or make burdensome
commutes to visit with specialist clinicians for follow-up ap-
pointments. This can improve postoperative health outcomes.
Because these technologies enable more productive, efficient,
sustainable, supported, and convenient care management,



Figure 1. The architecture of a virtual care system. Data from Prescher et al.10
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they have important economic implications to health care
payers, whether they are government or private allied insurers.
CVD ranks among the largest chronic comorbidity and cause
of morbidity and mortality in Canada.20 Therefore, our
research question was directed at understanding: what efforts
in the realm of rural CVD management using virtual care
technologies have recently been conducted in Canada? The
purpose of this review is to summarize the relevant studies, the
effectiveness of virtual care systems to reduce adverse events,
improve adherence to medication and lifestyle modifications
to affect all-cause mortalitydrecognizing barriers to imple-
mentation or acceptance of these technologies among payers,
patients, and providers.
Methods

Eligibility criteria

Using a priori-developed selection criteria, we included
studies that reported on the use of virtual care technolo-
gies in the context of patients living with CVD in rural
areas of Canada. We used the definition of CVD outlined
by the World Health Organization’s International Classi-
fication of Diseases Tenth Edition (ICD-10), which en-
compasses all diseases of the circulatory system, primarily:
(1) coronary artery disease, or ischemic heart disease,
caused by low myocardial perfusion, and thus precipi-
tating angina, myocardial infarction, and/or heart failure
(HF); (2) cerebrovascular disease, including disorders that
affect the blood supply to the brain, including stroke and
transient ischemic attack; and (3) peripheral artery disease,
involving the limbs or claudication in peripheral vascula-
ture. Additionally, hypertension, valvular pathologies,
aortic aneurysms, and cardiac arrhythmias were all
considered to be cardiovascular pathologies that fit this
definition.21

This is a scoping review (as defined by Par�e et al.22) and
therefore includes all study designs, including quantitative
pilot and retrospective comparison studies, and qualitative
analyses of the various aspects involved with the adoption
of virtual care technologies by health care providers, pa-
tients, and their families. Therefore, the population of in-
terest included patients diagnosed with CVD or individuals
caring for patients diagnosed with CVD at the time of
study. We only included studies that explicitly mentioned
rurally located patients living in Canada, because the eco-
nomic and political climate of a particular health care
network has proven to be a critical factor regulating how
these virtual care technologies are being disseminated and
studied. Despite this, in some subsections, we reflect on
Canadian studies that did not explicitly focus on rural
patients to contextualize the state of the technology for a
given disease. The articles also had to have been published
in English within the past 10 years, because the technology
is rapidly evolving, and older technologies are becoming
irrelevant.



Figure 2. Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) flow diagram depicting literature search and study
extraction processes, where n represents the number of studies in each group. CVD, cardiovascular disease; IHD, ischemic heart disease; Rehab,
rehabilitation.
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Literature search strategy
Literature search strategies were developed with the assis-

tance of an experienced information services librarian (Jackie
Phinney, W.K. Kellogg Health Sciences Library, Dalhousie
University), who reviewed and refined the search criteria
through iterative discussion. We adopted relevant elements of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).23 An initial search of the literature
was performed by the primary author (R.B.) in May of 2020
using PubMed, Embase, and the Cochrane Central Register of
Controlled Trials (CENTRAL). All articles that listed in the
title or abstract the terms, “telehealth,” “omnicare,” “e-med-
icine,” “electronic medicine,” “remote consultation,” or
“telemedicine” were linked through the Boolean operator
“and” to rural-patienteidentifying terms (“rural,” “remote,”
“distance,” “rural population,” and “rural health services”), as
well as the terms “Canada,” and terms relating to the diseases
of interest (“hypertension” or “cardiovascular disease”).
Medical Subject Headings (MeSH) terms were used where
appropriate and when possible. Using the features built into
each of these respective databases, the results were limited to
studies published in English within the past 10 years before
being imported into Covidence (https://community.cochrane.
org/help/tools-and-software/covidence). The search was then
updated in May of 2021.

Study selection

After being imported into the review software, any dupli-
cate articles were automatically removed. The remaining titles
and abstracts were screened for relevance to the research
question and were removed if they did not meet the a priori-
defined criteria. The full text of each of the remaining articles
were then individually obtained and reviewed in depth to
determine their applicability. At this stage, each article was
either removed, or included and subsequently categorized on
the basis of the subtype of CVD in the study. A miscellaneous

https://community.cochrane.org/help/tools-and-software/covidence
https://community.cochrane.org/help/tools-and-software/covidence
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category was created for studies that included multiple CVD
subtypes. The primary author (R.B.) led the literature search
and the study selection process with constructive and direct
contributions and guidance from the coauthors. A total of 232
unique citations were identified and assessed for eligibility, yet
only 37 studies met the inclusion criteria and are discussed in
this review (Figure 2).
Results

We summarized our findings in Table 1 and categorized
them on the basis of which specific disease subtype the re-
ported interventions were targeting, with a miscellaneous
category when only the generic term, CVD, was used, or
when the study concerned multiple subtypes. Despite that the
collective studies lacked the desired scientific rigour, or were of
limited metadata, the qualitative insights provide valuable
recommendations for researchers and clinicians planning to
deploy virtual care technologies in the future. These have been
summarized through a thematic compilation process on the
basis of the readings in their entirety and are depicted in
Figures 3 and 4.

Study characteristics

The studies that met the inclusion criteria of this review
reported on virtual care programs from 5 provinces: Ontario
(12), British Columbia (8), Alberta (6), Quebec (2), and
Saskatchewan (1). One study specifically included Indigenous
Nations in 3 provinces (Ontario, Quebec, and New Bruns-
wick), which strengthens the validity of inclusiveness in a rural
Canadian context for that study.40 The remaining 7 articles
were commentary pieces or reviews that did not enroll pa-
tients, but still provided insights relevant to our
objectives.54-60 The articles included 23 full-length articles
and 14 abstracts. The articles were published from 2010 to
2021, with nearly half (n ¼ 16) published in the past 5 years.

General CVD interventions

Our findings suggest that health care providers and pa-
tients supported the use of virtual care in the management of
CVD, with the greatest benefits derived from the ability to
share patient data and support patient self-management.24-26

Two concerns commonly expressed were the accuracy of pa-
tient self-reported data and security, therefore support for
implementing such systems needs to be tempered by a clear
understanding of how these concerns will be mitigated.24

Some reassurance might be derived from the fact that many
of these systems include automatic vital sign reporting to the
provider (as well as an option for manual input by the pa-
tient), and most devices adhere to federal regulatory standards
with respect to privacy and security. Taken together, these
studies show that virtual care initiatives can be a viable means
of overcoming geographic barriers for rural patients, and that
patients and providers in rural areas might be uniquely
receptive to these innovations.26 Outcomes produced from
these programs, including those related to self-efficacy, and
mental and physical health status, can be comparable to in-
person programs, thereby enhancing the overall reach and
equity of health care services.25,26 Recent work done by Chu
et al. shows, not surprisingly, that the COVID-19 pandemic
has rapidly accelerated this adoption process among rural
Ontarians; this is likely a glimpse into a national trend,
though evidence for this was not sourced.27

HF interventions

Andrikopoulou and colleagues described a conceptual
model of HF disease management in which they state that
virtual care is effective because it allows for early detection of
worsening HF symptoms. Further, device data might prompt
providers to optimize medication regimens and might allow
patients to better understand their unique causes of decom-
pensation.61 The real-world literature in this context
confirmed these benefits, because the deployment of virtual
care technologies generally resulted in a reduced rate and
duration of hospital admissions for HF decompensation.28,62

A common point of note was that the success of these pro-
grams were largely attributable to the cardiovascular nurses’
ability to assess and manage complex patients and are therefore
a key factor in the effectiveness of this model of care.28,62,63

Reassuringly, Jaana and Sherrard concluded that rural HF
patients might not be perceived as extensive users of resources,
nor patients who represent challenges in terms of feasibility of
virtual care use.29 This is encouraging, because it suggests that
rural patients, with the potential to benefit more from virtual
care services than their urban counterparts, should not believe
that they are being perceived as “depriving health care dollars”
from urban taxpayers when advocating for its increased pro-
motion and use within their own communities.

Cardiac arrhythmia interventions

The Canadian Cardiovascular Society and Canadian Heart
Rhythm Society position statement on virtual care technology
for cardiovascular implantable electronic device follow-up
suggested that integrating virtual care technologies into clin-
ical practice could accelerate the identification of clinical events
and device problems and recommended that virtual care be
available at all cardiovascular implantable electronic device
follow-up clinics as standard of care.64 The collective studies we
identified that met our criteria in this category reported near-
universal satisfaction and support for the use of virtual care
to augment traditional clinical visits, provided they are tailored
to be inclusive of patients living in a rural demographic area,
and thereby preserve the vital role of primary care physicians.
Virtual care use tended to decrease patient anxiety levels,
improved communication of device information, and facilitated
patients living in rural communities’ access to specialized
care.30,32-34 A particular point of note was the significant cost
and time savings that these technologies allowed. Several
challenges were also mentioned, such as changes to clinic
workflow, compliance and usability by patients, and the need
to develop effective education strategies when initiating moni-
toring with new patients.30-34 Taken together, these studies
show the importance of involving patients as stakeholders when
designing virtual care technology and dissemination strategies.
The evidence also suggests that, if designed correctly, patients
might not need to attend a preliminary face-to-face visit with
their care providers before initiating a virtual care-based health
care relationship.31 Established self-learning and orientation
using video or walk-through modules is one way to empower
patients in this regard.



Table 1. Summary of virtual care studies

Disease Sample size Community setting Virtual care components Author-reported outcomes Reference

CVD 48 Rural and urban (BC) Assessment of stakeholder
perceptions

Strong stakeholder support;
concerns regarding data
accuracy and security

Jarvis-Selinger et al.24

129 Rural (ON) Remote chronic disease self-
management program

Noninferior improvements
in self-efficacy, health
behaviours, and health
status

Jaglal et al.25

213 Rural (ON) Remote chronic disease self-
management program

Geographic barriers for rural
patients were
demonstrably overcome

Cameron et al.26

N/R
(> 100,000
events)

Rural (ON) All modalities approved for
billing

> 10-fold increase in
utilization of services after
onset of the Covid-19
pandemic

Chu et al.27

Heart failure 69 Rural and urban (BC) Home vital data monitoring
(BP, HR, O2, weight);
self-management

Stakeholder satisfaction;
decreased emergency
department visits and
length of stay

Lauscher et al.28,*

240 Rural and urban (ON) Home vital data monitoring
(BP, HR, ECG, weight);
with telephone nursing
visits

Demonstrated technologic
feasibility among rural
patients; concerns
regarding data accuracy
and security; improved
access to specialist care

Jaana and Sherrand29

Arrhythmias N/R Rural (AB) Remote consultations and
home vital data
monitoring

Noninferior patient
management; reduced
travel costs; stakeholder
satisfaction

Amelio and Manchak30,*

5 Rural (ON) Home data monitoring
(device setup)

Technologic challenges,
influenced by gender, age,
and experience with
technology; technologic
feasibility

Sparkes et al.31

350 Rural and urban (BC) Remote consultations Patient satisfaction;
challenges to integrate into
current practices;
improved access to
specialist care

Forman et al.32,*

116 Rural (BC) Assessment of stakeholder
perceptions

Strong stakeholder support,
particularly to expedite
access to specialist care

Rush et al.33

14 Rural (BC) Assessment of stakeholder
perceptions

Variability in stakeholder
receptiveness, on the basis
of past experiences and
perceptions

Rush et al.34

IHD; acute 208 Rural (QC) Remote ECG monitoring Early diagnosis and
treatment; improved
patient outcomes
(rerouting of ambulances
toward PCI centres)

Tanguay et al.35

728 Rural (QC) Remote ECG monitoring Early diagnosis and
treatment; improved
patient outcomes
(rerouting of ambulances
toward PCI centres)

Tanguay et al.36

IHD;
rehabilitation

86 Rural (BC) Virtual cardiac rehabilitation
and vital data monitoring
(BP, HR, weight)

Noninferior patient
outcomes (exercise
capacity, blood indices,
blood pressure); improved
program adherence

Lear et al.37

N/R Rural (BC) Virtual cardiac rehabilitation
with health education
component

Robust patient interest,
uptake, satisfaction, and
improved self-efficacy

Pistawka et al.38,*

38 Rural (BC) Virtual cardiac rehabilitation
and SMS nursing follow-
up

Improved patient follow-up
when access to hospital-
based CRPs is limited;
technologic challenges

Mendell et al.39
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Table 1. Continued.

Disease Sample size Community setting Virtual care components Author-reported outcomes Reference

Hypertension 243 Indigenous rural (ON, QC,
NB)

SMS-based health education
regarding lifestyle
modification

Noninferior blood pressure
control; feasibility of
remote blood pressure
monitoring by nonmedical
staff

Tobe et al.40

CeVD; acute N/R Rural (ON) Synthesized delivery of
training for health care
providers

Harmonized standards of
practice for physicians in
network

Zimmer et al.41,*

211 Rural (AB) Virtual consultations and
diagnostic imaging
interpretation

Geographic barriers for rural
patients were
demonstrably overcome;
decreased need for patient
transfers

Khan et al.42,*

18 Rural (AB) Remote consultations and
portable diagnostic
imaging equipment

Portable CT scanners and
virtual consultations were
successfully used to
evaluate remote stroke
patients

Shuaib et al.43

68 Rural (ON) Comparison of stroke
outcomes (virtual vs in-
person care)

Noninferior patient
outcomes (time to
definitive treatment, rate
of complications, length of
stay, and mortality)

Khan et al.44,*

498 Rural (AB) Comparison of stroke
outcomes (virtual vs in-
person care)

Noninferior patient
outcomes (time to
definitive treatment and
rate of hemorrhagic
complications)

Jeerakathil et al.45,*

N/R Rural (AB) Telestroke simulations using
virtual consultations

Health care providers
reported confidence to
competently manage
patients

Taralson et al.46,*

119 Rural (AB) Remote consultations and
portable diagnostic
imaging equipment

Mobile stroke units served as
a triage mechanism before
transport to a tertiary care
centre

Shuaib and Jeerakathil47

CeVD;
rehabilitation

7 Indigenous rural (ON) Remote home safety
assessments

Improved access to
occupational therapy
services; clinical utility;
technologic challenges

Linkewich et al.48,*

10 Rural (ON) Virtual stroke rehabilitation
(video/audio) with
interdisciplinary team

Stakeholder satisfaction;
concerns/difficulties with
the technology

French et al.49

N/R Indigenous rural (ON) Virtual stroke rehabilitation
(video/audio)

Successful development of
culturally appropriate
services and supports in
partnership with
communities

Bodnar50,*

19 Rural (ON) Virtual, group-based stroke
rehabilitation program
(video/audio)

Stakeholder satisfaction;
decreased travel
requirements; loss of
personal connection when
communicating

Taylor et al.51

184 Rural (SK) Remote consultations Stakeholder satisfaction;
decreased travel
requirements (cost savings)

Whelan et al.52,*

75 Rural (ON) Remote consultations Stakeholder satisfaction;
decreased wait times and
visit duration; decreased
travel requirements (cost
savings)

Appireddy et al.53

AB, Alberta; BC, British Columbia; BP, blood pressure; CRP, cardiac rehabilitation program; CeVD, cerebrovascular disease; CT, computed tomography;
CVD, cardiovascular disease; ECG, electrocardiogram; HR, heart rate; IHD, ischemic heart disease; NB, New Brunswick; N/R, not reported; O2, oxygen satu-
ration; ON, Ontario; PCI, percutaneous coronary intervention; QC, Quebec; SK, Saskatchewan; SMS, short message service.

* Abstract.
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Ischemic heart disease interventions

Accurate and efficient interpretation of prehospital 12-lead
electrocardiograms has been shown to produce favourable
patient outcomes because it reduces the delay to reperfusion
through fibrinolysis or percutaneous coronary intervention
(PCI) therapies.35,65 Our search revealed 2 virtual care-based
ST-elevation myocardial infarction detection programs that
allow for the transmission of an electrocardiogram every 2
minutes for remote interpretation of abnormalities by a
physician and potential diversion to primary PCI facil-
ities.35,36 Both studies illustrate that virtual care can help give
timely access to PCI for rural populations that would not
otherwise have access to this treatment. Integrating virtual care
with paramedic and emergency departments can further
augment this capacity to deliver on-time care to rural patients.
Despite this, however, one could argue that truly remote
patients will never be able to reach a PCI centre within the
recommended time window, and thus these results might not
be applicable. After an acute event of cardiac ischemia, cardiac
rehabilitation programs, consisting of a combination of life-
style and risk factor management, can improve psychosocial
outcomes and reduce premature mortality and future cardiac
events. Because these programs are traditionally offered in
large urban centres, geography is a common reason for
decreased attendance and inaccessibility. The review by Lear
summarizes key work done in Canada that leverages virtual
care technologies for use in remote cardiac rehabilitation
programs.54 The specific studies we found that investigated
this model of care showed that they are cost efficient and
readily sustainable because of the robust patient interest, up-
take, and improved self-efficacy.37-39 However, Stone pre-
sented an alternative opinion in their recent editorial, in which
it was claimed that, despite a recent finding that there are >
700 mobile applications available that are dedicated to CVD
care, most have failed to find a mainstream space within the
everyday delivery of cardiovascular care. Specifically, they
argue that most have “failed to find the right interface on the
right device in the right practice environment with the right
metrics for the right patient and the right payer at the right
time and in the right place.”66 This suggests that simply
making downloadable applications available passively without
provider engagement is not conducive to virtual care uptake or
utility and should be avoided as a stand-alone strategy.

Hypertension interventions

The prevalence of hypertension in Canada continues to
increase and coordinated efforts to improve the treatment and
control of hypertension are needed.67 Despite the high prev-
alence rate, we only identified 1 primary research article that
specifically investigated the use of virtual care for hypertensive
patients living in rural areas in Canada. Tobe et al. conducted
the Diabetes Risk Evaluation and Management (DREAM-
GLOBAL) study to improve hypertension awareness, treat-
ment, and management in Canadian Indigenous populations
living in rural areas using virtual care.40,55 Their quantitative
results suggest that virtual care can be effective for lowering
blood pressure for Indigenous community members under the
direction of community leadership.40 Contrary to some
studies we discuss herein, their qualitative results revealed that
76% of patients enrolled did not have concerns about the
privacy of their data in this context.55 This study also gives
credence to the idea that community leaders can be trained to
serve as intermediaries between patients in a given community
and health care providers at a distance, thereby enhancing
communication and participant engagement. This would
align with empowered community care, equity, and inclu-
siveness with Indigenous reconciliation. In an editorial com-
mentary about this study, Padwal suggested that passive
virtual care interventions like text messages are unlikely to be
effective and that more dynamic interventions such as tele-
transmitting blood pressure devices are a better strategy.56

Further cultural engagement with Indigenous communities
is needed to have 2-eyed seeing initiated with Indigenous ways
of knowing to evaluate the approaches and goals for CVD
management.68

Cerebrovascular disease interventions

The phrase “time-is-tissue” is used by cardiologists and
neurologists to emphasize that tissue is lost quickly as an
infarction progresses without reperfusion, therefore emergent
evaluation and rapid therapy are required.69 For this reason,
virtual care is paramount to individuals affected bydand
involved in the care ofdpatients with these conditions when
geographically distant from health care centres specializing in
stroke treatment. The Canadian Stroke Best Practice Guide-
lines state that virtual care services are a cost-effective tool to
support health systems in closing the urban/rural and tertiary/
primary care gap.70 In their 2012 article, Dr Hakim57 suggests
that the delivery of thrombolysis with the help of virtual care
is safe and achieves clinical outcomes similar to the same
treatment delivered at stroke centres. He further suggests that
a virtual care approach could be used to provide training,
teaching, and therapy in the recovery phase for stroke patients
living in remote regions.57

Several articles reported on the training necessary to
establish a stroke-focused virtual care system, the components
of which include: clinical workflow algorithms, nursing/
physician competencies, an education/training flow chart,
protocols, technical readiness, evaluation tools, and resource
contact information.41,46,60 Comprehensive training systems
seem to have facilitated efficiencies and standardization of
practice to ensure optimal acute stroke management.41 An
enthusiastic local leadership team, with strong physician
support, and an equally supportive hub site stroke team were
found to be necessary for successful implementation,
following which regular participation in mock code drills
helped to maintain staff confidence and competency.45,46

Access to computed tomography (CT) scanners is para-
mount to differentiating an acute stroke from an intracranial
bleed, which call for entirely antagonistic treatments. Several
studies show that remote interpretation of these scans could be
carried out by a single hub-site physician responding to
emergencies over a large geographic area, allowing patients to
be treated effectively without the need for transfer.42,44,45

Stroke quality indicators have been compared between pa-
tients treated remotely using these programs and those who
received care from an on-site stroke specialist, and they were
indeed comparable.44,45 The rationale for not yet national-
izing such a virtual care program remains unclear. Although
they are becoming increasingly more affordable, CT scanners
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are an expensive piece of equipment and are not yet widely
available in rural areas. We identified studies that show
portable CT scanners can be brought into rural sites and can
be operated after minimal training.43,47 These examples of
advanced paramedic technology suggest the potential for
decentralizing care in remote areas to bring the “hospital to
the patient.” Although initial success has been documented,
the question of cost effectiveness, particularly in the rural
setting, requires further study and should be an important part
of ongoing research studies.58

The disparities in CVD rates among Canadian Indigenous
populations contribute to increased rates of stroke, and
therefore some researchers have partnered with Indigenous
organizations to work toward developing culturally appro-
priate services and support programs. Bodnar reported on
projects undertaken within the Northwestern Ontario
Regional Stroke Network centred around the development of
educational materials and strategies, and virtual care-based
initiatives designed to meet the unique needs of Indigenous
people.50

After stroke, extensive rehabilitation is often needed,
involving physiotherapists, occupational and speech therapists,
and social workers, many of whom are not accessible to
remote populations. There were a number of studies identified
that investigated the use of virtual care to bypass the need for
members of these communities to attend in-person
sessions.48,49,51-53 There was strong stakeholder support for
most interventions, largely because of significant time and cost
savings, derived from the lack of travel, shorter wait times to
obtain an appointment, and shorter visit durations, all while
maintaining a high degree of patient satisfaction. Although
some quantitative data describing these benefits were avail-
able, the evidence was sparse and variable, therefore incor-
porating health economic analyses into virtual care pilots,
implementation, and monitoring should be emphasized in
future studies.52,53 These health value demonstration initia-
tives are ideally well powered and longitudinal partnerships
between academic institutes and health authorities.

As is a common theme in this review, health care, com-
munity, and virtual care partnerships were critical to the
success of this program.59,60 Health care providers generally
reported confidence in making practice recommendations
using these programs, however, a comment about needing to
“sense” the client in a different way was repeatedly made,
suggesting that reduced nonverbal body language could be a
disadvantage of such tools.49,51 Technology-based experiential
quality is a surmountable issue and can be overcome through
cell tower and emerging satellite high-speed connectivity.
These findings also emphasize that the goal of virtual care
should not be to eliminate in-person systems, but rather to
integrate and augment the standard of care to enhance pro-
ductivity, efficiency, automation, and patient outcome or
experience benefit.
Discussion

To our knowledge, this is the first review of recent pub-
lications that examine the use of virtual care technology
seeking to benefit patients with CVD who are living in rural
Canadian locations. We have attempted to understand the
effectiveness of the various interventions, which have generally
had positive effects among the patient population of interest.
The specific subjective benefits of virtual care include reduced
hospitalization and readmission rates, improved mortality
rates, increased cost effectiveness for patients and hospitals,
improved quality of life for patients, and an increase in self-
management of CVD. Further benefit is derived through
better disease prevention and increased patient investment in
their health span. Virtual care is not a panacea for all rural
medicine needs. However, it is clear that value is being
extracted, predominantly by 3 Canadian provinces (British
Columbia, Ontario, and Quebec), which is concerning
because these provinces have the greatest urban concentrations
of people.71 These provinces also account for most research
pertaining to rural medicine in general, which indicates po-
tential inequities in medical research contrary to the objectives
of the Canada Health Act. Remarkably, the Western Prairies,
Territories, and the Atlantic provinces (with seemingly the
most need and the most to gain from virtual care innovations)
are not well represented in this subsection of the literature. In
the Canadian context, this puts all provinces at a disadvantage
by being over-reliant on federal health transfers to deliver the
minimum expectations of care without overpayments for
special projects that might be highly relevant to their unique
needs (ie, Indigenous and rural communities, to name a few).
As an example, Toronto might expect to receive extra pay-
ments to conduct urban efficiency studies whereas Manitoba
might be ideally suited to a distributed health care optimiza-
tion program because of their centralized government and
unique geography, respectively. There are never sufficient
resources to provide all things to all people, however, so the
solution might be interprovincial collaboration expectations
with regard to health innovation rollouts (ie, Ontario and
Manitoba, Quebec and New Brunswick, or Alberta and
North West Territories). As such, we should present the best
opportunities for Canadians, unbound by provincial political
boundaries. Establishing an online, virtual care institute that
could intentionally reduce geographic or political barriers
might be possible, yet most supercluster and centres of
excellence are concentrated in dense urban zones without
nodes for change managers in regional areas of priority.
Moving forward, exploring this potential inequity from a
legal, social, and humanities perspective should be of interest
to researchers.

Although still largely unadopted on a national level, the
data indicate that systems in place for acute pathologies like
stroke and ST-elevation myocardial infarction are the most
well established and far-reaching, whereas systems focused on
more chronic subtypes of CVD like HF, hypertension, and
arrhythmias are lagging and largely remain in the pilot phase.
This is an important point to highlight, because the man-
agement of chronic disease is likely to have the greatest effect.
Studies performed within government by health departments
or industry in the form of white papers were inaccessible for
review. As a result, very few randomized controlled trials were
identified and much of the work in this area is only being
shared in conference proceedings. In the wake of the COVID-
19 pandemic, this dynamic is likely to rapidly evolve because
of the expedited policy changes surrounding the use of virtual
care technologies.72 Innovative solutions like the ones dis-
cussed herein are now of critical importance because of their
ability to reduce contact between health care providers and
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vulnerable patient populations. However, the lack of coordi-
nated planning to optimize and automate systems of virtual
care could also negatively affect perceptions of utility, partic-
ularly if telephone-alone use was adopted as a means of
avoided in-person visits.

Overall, there is an interest to support virtual care among
the stakeholders investigated in this study, despite some
perceived barriers compared with in-person approaches to
health care. Despite this enthusiasm, there is still insufficient
evidence to objectively support the outcomes, health eco-
nomics, physician/patient satisfaction, and privacy concerns
because of a lack of trials and peer-reviewed evidence at this
time. Because of the low number of study participants and the
overall diversity among the articles, extrapolating definitive,
objective conclusions from this data set is prone to bias and
therefore should be considered weak evidence to form
consensus in any proposed interpretation. CVD risk factor
management using virtual care needs peer-reviewed study in
the Canadian context to build an evidence base that informs
policy development. Such studies should emphasize the
rationale, define the intended benefit, and the comparator
arm, and address cost effectiveness or any barriers to imple-
mentation. Until that time, it remains presumed but uncer-
tain whether virtual care in Canada can assist in the
prevention of CVD, compared with more specified conditions
requiring interventional support.

Despite that the collective studies lacked the desired sci-
entific rigour, or are of limited metadata, the qualitative in-
sights provide valuable recommendations for researchers
planning to deploy virtual care technologies in the future. As
mentioned, these have been thematically summarized in
Figures 3 and 4. Briefly, a common point of note was the need
to involve patients as stakeholders during the planning of
virtual care distribution strategies. Kim and colleagues provide
insightful commentary as to how best to involve patients.73

Another was the need to clarify the roles and responsibilities
of all members of the health care team related to the virtual
care system, specifically stressing who will be responsible for
the training of patients and informal care providers. This
might represent an obstacle best overcome by online educa-
tion videos or other patient-assistive products and services.
Role clarification is needed between the payer and the pro-
vider for services and should be explored in future studies.
Canada remains predominantly a single, public-paying system
and is slow to integrate innovations predominantly developed
by the private sector. Establishing a priori criteria to be met by
the private sector to deliver virtual care would be welcomed,
because the preferences of payers are a critical policy consid-
eration for health authorities. One concern in particular that
would require private sector attention is that, in Canada,
provincial regulatory standards supersede federal standards
with regard to patient confidentiality mandates. Therefore, the
onus will be on the provincial authorities to individually vet
the security protocols of each system they consider adopting.
Rather, such authority should be set as a pass/fail system by
Health Canada to avoid interprovincial disparity and inequity.
To fulfil their obligations, private companies will need to work
with governments to ensure they meet their standards or else
risk losing the contract to a competitor. Establishing victory
conditions (that is, clear target end points) would avoid any
further languishing of incorporating health care technology
innovation that is greatly needed, to be prepared for crisis
rather than react to it in the example of implementing virtual
care during a pandemic.

The current disparities in health metrics suggest that pa-
tients in rural areas, particularly Indigenous nations, desire
greater diversity in health care delivery, desire to contribute
culturally, and require specific accommodations. In addition
to virtual care services, advanced care paramedics, mobile care
units, increased scope of practice for rural pharmacists,
augmented extramural nursing and home care options, and
physician assistants could all contribute to rural health care
teams. As mentioned, the goal of virtual care should not be to
eliminate in-person systems, but rather to focus them and
integrate them with existing care processes to enhance pro-
ductivity, automation, efficiency, and benefit patient
outcome or experience. Many of these auxiliary topics, in
addition to the challenges of policy and privacy, were not well
addressed in these studies and should be the subjects of future
research and policy development. Similarly, little in the way
of economic analyses were reported, nor is there a consensus
for adopting cost-saving or cost-deferring innovations or
establishment of time-dependent value thresholds. Studies
that did report on the cost savings of the intervention aver-
aged approximately CAD$475 per appointment for patients
living in rural communities. Using a reported rural Canadian
population of 19%, data showing approximately 500,000 HF
patients, and an estimated 10 HF-related health care ap-
pointments per year per patient, equating to $451 million in
lost opportunity, illustrates that virtual care tools could
significantly reduce out-of-pocket expenses for patients.74,75

To further illustrate, we will assume that 60% of all in-
person visits could be performed using virtual care tools
and systems, as has been the low estimate during the
COVID-19 pandemic. The Commonwealth Fund reports
that the average annual physician visits per capita in Canada
in 2017 was 6.8.76 For a current population of 37.59 million,
and an opportunity cost ranging between $31 and $500 per
visit, this extrapolates to potential cost savings of approxi-
mately $4.8-$77 billion. This is to say nothing with respect
to the cost savings for the health care system itself, which
would likely be enough to recoup the costs of purchasing and
implementing a virtual care system within a short period of
time. Industry-partnered health value demonstration initia-
tives dedicated to regions with a high need can accelerate
access to this opportunity by engaging with academic in-
stitutions and health authorities in tri-lateral objectives to
patient-centred care.

Study limitations and strengths

This systematic review has several limitations. We evalu-
ated published articles written in English from 3 relevant
databases, therefore, virtual care interventions described in
other languages or those not peer-reviewed, but communi-
cated internally within government health departments were
likely missed. Additional search results might have been
found using other databases and sources (eg, grey literature,
books, etc) and were therefore not included in this review.
We also did not evaluate articles that were published before
2010, because we decided that 10 years was a sufficient
amount of time to gather material germane to our objectives
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in a country with a paucity of standard virtual care. Because
of the highly specific inclusion criteria, this review risks
implying that these are the only interventions that serve rural
populations, which is not the case. There are likely to be
many virtual care services based in an urban/semirural setting
(because that is where specialty services tend to reside) that
also serve a wide range of Canadians, including those in rural
and remote locales. When these interventions are evaluated,
they do not always include an explicit subgroup analysis on
the basis of rurality. Furthermore, only a single reviewer
screened the included studies, therefore unconscious selec-
tion bias might be at play, however, studies show that this
approach still represents an appropriate methodological
approach.77 Strengths of this review include: a diverse
writing group with multiple relevant disciplines represented,
the assistance of an experienced librarian for the development
of the search strategy, and adherence to the PRISMA
guidelines.

Future directions

Many important areas relating to virtual care were not well
addressed and require further study. These include: (1) the
role of the public and private sectors in evaluating, dissemi-
nating, and overseeing the use of virtual care technology; (2)
appropriate remuneration rates for using virtual care tech-
nology; (3) incentivizing a priori criteria for using and
adopting virtual care technology; and (4) preparing future
health care providers to incorporate virtual care technology in
cardiovascular practices, such as providing training in under-
graduate medical education programs and providing
continuing medical education credits.

For a successful virtual care program to be developed, it
must first meet or ideally improve on desired health outcomes.
This must be quantitatively determined through solid surro-
gate or direct metrics that are clinically meaningful, like
rehospitalization, mortality, blood pressure control, etc.
Crossover studies will then be required to compare these
outcomes between virtual and traditional care practices.
Ideally, superiority will be shown, however, noninferiority
with virtual care is sufficient if there is a lower cost. The
system should be shown, over the long-term, to improve
health economics and lower costs (in that the initial invest-
ment in technology should yield tangible returns over time
through automation, prevention, accessibility, and/or effi-
ciency). When these components have been satisfied, patient
and provider satisfaction will need to be shown to be
acceptable, scalable, equitable, and adherent to the principles
of the Canada Health Act.78
Conclusion
In summary, the systems for acute pathologies seem to be

the most well established, whereas those focused on chronic
cardiac conditions remain in the pilot phase. Many research
groups focused on soft end points like satisfaction without
first confirming quantitative noninferiority in health outcome
metrics, which will need to be more thoroughly addressed to
effect practice change. The evidence presented herein indicates
a potential for long-term health care savings with virtual care
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solutions but are as yet unproven because it has been under-
studied or indirectly assessed. Using the themes identified in
this reviewdvirtual care technologies are likely efficacious,
well accepted, and economical, we believe that these systems
should be adopted and actively integrated into clinical cardi-
ology practices to care for patients diagnosed with chronic
CVD who are living in rural areas of Canada. To this end, the
current trajectory of virtual care adoption is running contrary
to the principles of the Canada Health Act; specifically, the
ideas of universality and accessibility are being violated in that
some provinces such as British Columbia and Ontario have
great virtual care services, with innovative access and inte-
gration, whereas other provinces are years behind or have
none at all in practical application. It is our belief that this has
reached a point requiring federal intervention, and so we call
upon organizations like the Canadian Cardiovascular Society,
the Heart and Stroke Foundation of Canada, Hypertension
Canada, and the Canadian Institutes of Health Research
Institute for Circulatory and Respiratory Health to assist with
these advancement efforts and work to establish policies for
innovation testing and adoption in collaboration across pro-
vincial lines with health authorities, clinicians, and academics.
There needs to be virtual care legislation mandated for equi-
table delivery of these opportunities to the more dispersed and
less populated provinces that, in fact, could likely benefit from
them the most.
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