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Abstract

Objective: One potential solution to limited health care in
rural and remote regions is remote presence robotic tele-
presentation to allow health care providers to care for
patients in their home community via a robotic interface.
We synthesized evidence regarding the use of remote pres-
ence robotic tele-presentation in rural and/or remote
Canadian health settings.
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Methods: Medline, PubMed, and Embase were searched up to
August 2023. Remote presence robotic tele-presentation refers
to any robotic device used for the purpose of presenting and/or
collecting patient information. Primary research was included if
the patient was located in remote and/or rural Canada, featured
remote presence robotic tele-presentation, and assessed patient,
family, or clinician satisfaction, patient transport to nearby
regional or urban center, health care costs, clinical outcomes,
infrastructure outcomes, adverse events, or telementoring.
Results: Six studies were included. Patients, nurses, and
physicians all reported high levels of satisfaction when using
the remote presence robotic tele-presentation. Fifty to sixty-
three percent of patients were managed in their home commu-
nity and did not require transfer to another center. Remote
presence robotic sonography resulted in adequate imaging in
81% of first trimester ultrasound limited exams but was less
useful for second trimester complete obstetric ultrasounds
(20% adequate imaging). Two of eight laparoscopic colorectal
surgeries had to be converted to open surgeries. Telerobotic
ultrasound clinics resulted in a diagnosis in 70% of cases.
Conclusions: Evidence suggests remote presence robotic tele-
presentation is a safe and cost-effective approach to provid-
ing care in distant communities and can prevent some trans-
fers and evacuations to tertiary hospitals.

Keywords: remote, rural, Canada, robots, tele-presentation,
telemedicine

Introduction
isparities in health care access and services in
remote and rural Canada are well documented, par-
ticularly in northern communities. Only 21% of
Nunavut residents live within 100 km of a hospital
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and 20% of Nunavut’s health costs are spent on medical
travel' (~ 269 of its gross national product is spent on health
expenditures).? Projected 2019 per-person health care spend-
ing is greatest in northern territories ($16,090 CAD compared
with the Canadian average of $7,068 CAD).?

Access to health care within home communities is a key
social determinant of health,® and lack of locally available
health care is one contributor to poorer health outcomes. Tel-
ehealth is defined as digital health care including phone and/
or online/virtual platforms used for medical care, provider
and patient education, health information services, and
remote patient monitoring.* It can improve access to care and
has similar health outcomes compared with in-person care
for several conditions.” Telehealth can reduce patient hard-
ships associated with leaving their community for health
care, decrease costs associated with transfers or air evacua-
tions, and help mitigate health care staffing challenges in
rural and remote locations.®” The Canadian Medical Associa-
tion’s 2022 report on virtual care recommended to “make
equity a fundamental principle underpinning the delivery of
virtual care in Canada.”® It is imperative to consider the use-
fulness, effectiveness, and suitability of various forms of tele-
health to meet patient and family needs.

Telehealth is typically conducted using video and/or audio
technology. Telehealth use increased during the COVID-19
pandemic.”'® A frequently cited limitation of telehealth is
the health care provider’s limited ability to perform a physical
exam.''"'* Recent technological advancements include the
use of remote presence robotic tele-presentation (referred to
herein as a “robot”) to provide real-time clinical care. The
robot is physically located at a rural or remote health center
and features can include high-definition cameras, micro-
phones, speakers, stethoscopes, dermatoscopes, otoscopes,
and printers. With the assistance of a trained health care pro-
vider who is located physically elsewhere (e.g., urban center),
the robot can partially address the physical exam. The health
care provider can perform functions like driving the robot to
the patient’s bedside, adjusting camera positioning to facili-
tate conversation or assessments (e.g., visualization, auscul-
tation), and print patient education materials or prescriptions.
Adequate bandwidth is required at both sites to facilitate

bidirectional video communication. Robots have successfully
provided prenatal sonography'> and pediatric urgent and pri-
mary care in rural and remote Canada.'®

There is growing evidence supporting the utility, feasibil-
ity, and potential cost-effectiveness of remote presence
robotic tele-presentation in Canada. Our objective was to
synthesize the available evidence regarding the use of
remote presence robotic tele-presentation in health care
settings in rural and/or remote Canada to determine safety,
acceptability, and effectiveness in managing medical
conditions.

Methods
LITERATURE SEARCH

Pubmed, Medline, and Embase were searched for poten-
tially relevant articles from inception to August 2023. Clini-
caltrials.gov was searched in July 2024 to confirm no
unpublished or ongoing trials. Search strategies were adapted
for each database but included derivations of the following
terms: robot, robotic, robotic technology, telehealth, telero-
botic, telementoring, remote presence, Indigenous health,
rural, remote, and Canada (Table 1). The electronic search
output was downloaded into Rayyan'” and duplicate referen-
ces were removed. The reference lists of included studies were
reviewed to ensure that no relevant studies were missed. The
protocol was not registered for reasons outlined by Tawfik
et al. including that registration is not mandatory, unclear
benefits of registration, time-consuming process, and fear of
idea theft.'® There were no methodological changes once
data extraction began.

INCLUSION CRITERIA

To be included, studies must (1) include individuals of any
ages living in rural or remote areas (defined by the author) in
Canada whose clinical appointment included the use of a
robot with the health care provider in an urban center; (2)
measure patient, family, or clinician satisfaction or accept-
ability, patient transport to the nearby regional or urban cen-
ter or avoided transfers, health care costs, success in
telementoring, clinical (e.g., diagnostic accuracy, initiating
treatment) or infrastructure (e.g., sufficient internet, feasibility)

Table 1. Search Strategy

Pubmed, Embase, Medline:

floating subheading word, candidate term word]

1 [(Robotic* or Robotic* Technolog* or Telerobotic* or Remote Presence* or Telementor*) and Canada and (Rural or Remote or North*)l.mp.
[mp = title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword,

Clinicaltrials.gov "Robotics" + Canada
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outcomes, or adverse event (e.g., missed diagnosis); (3) be a
randomized or controlled clinical trial, prospective or retro-
spective cohorts study, case-control study, case-series, or case
cross-over study; and (4) be published in English or French. All
medical conditions were included. Other countries were
excluded due to the unique challenge of accessing health care
in Canadian rural or remote communities (e.g., fly-in commun-
ities or roads only available during winter months) in addition
to a universal health care system. Studies examining
robotic assistance for image guidance during surgeries or
ultrasonic-guided procedures at only one physical site were
excluded. Robots were defined as any technological system
able to be controlled or accessed by a remote health care
provider.

STUDY IDENTIFICATION

Titles and, when available, abstracts of the potentially rele-
vant studies were independently screened by two reviewers.
Reviewers manually screened the studies into “potentially
include” or “exclude.” Full texts of “potentially include” stud-
ies were obtained. A priori inclusion criteria were applied
independently by two reviewers. Disagreements were dis-
cussed and resolved by a third reviewer as needed.

DATA EXTRACTION

Data extracted from each study included: study character-
istics (author, year, funding), remote or rural site using the
robot and the urban site controlling the robot (location, dis-
tance between sites), technology and infrastructure to operate
the robot (robot model, capabilities, internet network), health
care provider characteristics at both sites (training, special-
ties), patient characteristics (age, sex, medical condition/con-
cern), and outcomes.

One reviewer extracted the data into an electronic form. A
second reviewer checked the data for accuracy and complete-
ness. Disagreements were resolved through discussion.

METHODOLOGICAL QUALITY ASSESSMENT
Methodological quality assessment was completed using
the National Institutes of Health’s suite of study quality
assessment tools.'® This method assesses the study’s meth-
odological quality by answering several study design-
specific questions as “yes,” “no,” or “n/a.” The appropriate
quality assessment tool was selected based on the study
design (case-series, case-control, or cross-sectional or cohort
study). All three tools included questions about the methodo-
logical quality, details of the objective, population, patient
selection, exposure and outcome definition, and appropri-
ateness of the statistics, sample size, or presentation of
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results. Tools for the case-control, cross-sectional, or cohort
studies also assessed biases specific to the study design. Tools
for the case-series and cross-sectional or cohort studies exam-
ined the length of follow-up. Methodological quality was
independently assessed by two reviewers. All discrepancies
were resolved through discussion or a third reviewer.

DATA ANALYSIS

The lack of consistent selection and reporting of outcomes
across the studies precluded a meta-analysis. The data are
presented narratively and in tables.

Results
STUDY IDENTIFICATION

Electronic searches identified 3,378 articles and 335 dupli-
cates were removed. In total, 3,043 articles were screened and
124 articles were identified as being potentially relevant. The
full text of the 124 articles was reviewed using the a priori
inclusion criteria. Reasons for exclusion were: (1) the clinical
exam was not conducted in rural or remote Canada, (2) did
not use or refer to a tele-presenting robot, and (3) not primary
research. Six studies were included (Fig. 1). One study found
tele-presentation to be useful during pharmacist-led medicine
reviews at discharge; however, it was excluded because the
pharmacist’s location was not specified.*®

l of studies via and registers ]

c Total records (N=3378)
2 Records identified from*: Records removed before
E Pubmed (N=719) screening:
= Embase (N=697) Duplicate records removed
S Medline (N=1962) (N=335)

Records screened »| Records excluded™

(N=3043) (N=2913)

Reports sought for retrieval Reports not retrieved
2 (N=130) (N=6)
; !

Reports assessed for eligibility Reports excluded: (n=118)

(N=124) Reason 1: No robot (N=35)

Reason 2: Not remote Canada (N=45)
Reason 3: Not primary research (N=38)
] Studies included in review
° =
2 Reports of included studies
£ (N=0)
—

Fig. 1. PRISMA diagram of the study identification process.*® The
process of identification of studies to be included in the system-
atic review. N, number of articles.
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STUDY CHARACTERISTICS

The six studies were published between 2006 and 2022
and conducted in Saskatchewan, Ontario, Quebec, and New-
foundland and Labrador (Table 2). Four studies were case—
series,®21723 one cross-sectional,?* and one case-control.'®
In five studies, the health care provider and the robot site
were within the same province.'>'®*"?*?* In four studies, a
physician operated the robot.'®?'?*?* In two studies, a
sonographer operated the ultrasound.'*?? The clinical condi-
tions included acute pediatric conditions, pregnancy ultra-
sounds, cancer, colorectal surgery, and diagnostic imaging
for pelvic, abdominal, and renal conditions. Four different
robots were used. Two studies used versions of the RP-7
Remote Presence Robot (Food and Drug Administration’s
Class II medical device) that included a camera, microphone,
speakers, and peripheral digital devices.'®*' In two studies,
the MELODY robot was used, which has ultrasound- and
sonography-specific capabilities.'>?? One study used both a
telementoring system where a surgical mentor could
remotely view a surgery and video output from the laparo-
scope from the remote operating room and provide demon-
strations by drawing on the operating field screen and a
Zeus TS microjoint telerobotics system where the mentor
could see the remote operating room, operative view, and
control a robotic arm remotely.?” The final study included a
digital stethoscope, fiberoptic scopes, and a high-resolution
handheld camera; however, the individual pieces were not
assembled as a one-piece robot.?*

METHODOLOGICAL QUALITY OF INCLUDED STUDIES
Five articles were rated as “good” quality,'®'®21:23:24
one was rated as “fair"*? using the quality assessment tool.
Common methodological flaws were the lack of sample size
justification'®?* and the lack of follow-up.?"**%*

and

OUTCOMES OF REMOTE PRESENCE ROBOTICS

Four outcomes were assessed: satisfaction,>?%%*
16,21

transfers
or patient evacuations, costs,?! and quality of the proce-

dure'®?? (Table 3).

SATISFACTION

Four studies reported patient, nurse, physician, and
mentor satisfaction. Brigden et al. surveyed 98 physicians
about their experience: 86% were satisfied with the process
and 61% believed teleoncology could result in sooner
treatment initiation.?* Half of physicians believed the
teleoncology process could be further improved (sugges-
tions not provided). Overall, 910% believed that their
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patients were satisfied; patient satisfaction was not
directly assessed.

Mendez et al. assessed patient, nurse, and physician sat-
isfaction: 95% of patients indicated they would use the
robot in a subsequent appointment and 84% felt comforta-
ble with the robot.>' Approximately half the patients
required an interpreter or assistance from a family member;
90% of caregivers believed the robot was helpful during the
physician interaction. Most (84%) patients believed the
nurse acting as a primary care provider at a rural nursing
station improved patient management and diagnostics and
80% reported that the robot facilitated the patient-physi-
cian interaction. All nurses thought the robots could help
offset nurse recruitment and retention challenges in north-
ern Canada. All physicians surveyed believed the robot
improved clinical collaboration, workflow, and reduced
stress.

Adams et al. asked patients to identify the advantages and
disadvantages of robotic sonography.'> Advantages included
not leaving their community, increased access to ultrasound,
convenience, and a safe experience during the COVID-19
pandemic. The disadvantage was that some images were
inadequate. Adams et al. found that 95% of patients were
willing to have a future telerobotic exam.*?

MEDICAL TRANSPORTATION OUT OF HOME COMMUNITY

Two studies assessed the impact of robots on the need to
transfer patients from their rural or remote community to an
urban center for care. Mendez et al. reported that 7 of 14
(5000) patients assessed remotely were effectively managed
in their home community and did not need to be transferred
or evacuated to an urban center.”' Holt et al. found that 24
of 38 (63%) children treated with robots did not require
transfer, 6 (16%) were transferred to a regional hospital, and
8 (21%) to a tertiary center.'® All 193 children whose man-
agement did not include the robot were transferred to a terti-
ary center. A secondary analysis was conducted where
patients treated with a robot were matched based on propen-
sity score to control patients in the Saskatchewan Pediatric
Transport Database who required transfer. All control
patients were transported to a tertiary center versus 43% of
the children whose medical management included a robot.
After propensity score matching, 44% of the robot-managed
children were transported to a regional center compared with
0% of controls. Among transferred children, the length of
stay was similar between children regardless of robot
involvement (p = 0.89).
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Table 2. continued
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FDA, Food and Drug Administration; LCS, laparoscopic colorectal surgery; PedCTAS, Pediatric Canadian Triage and Acuity Scale; QOS, quality of service; RPRT, remote presence robotic technology.

COST

Two studies reported costs associated with flights or pro-
jected cost savings by using robots. Mendez et al. reported
providing health care to 50% of patients in their home com-
munity with robots resulted in a 60% reduction in the num-
ber of flights to referral sites.?' At that time, a commercial
flight was about $875 CAD round trip and a one-way medical
evacuation flight cost ~$1800 CAD. Holt et al. estimated a
cost savings of $360,000 CAD because 24 of the 38 (63%)
children did not need to leave their community compared
with the ~$100,000-300,000 USD cost of the robot (exclud-
ing local costs of health management).'®*"%*

QUALITY OF PROCEDURE

Adams et al. reported the success of first and second tri-
mester pregnancy ultrasounds: 81% of first trimester ultra-
sound limited exams were adequate and 20% of second
trimester complete obstetric ultrasounds were adequate.'®
The radiologist recommended repeat exams for 19% of first
trimester exams and 70% of second trimester exams. Five
of the 21 exams had technical difficulties due to time lags,
but this did not impact the actual exam. Adams et al.??
reported sonographers and radiologists at the urban site
felt that 49% of exams were adequate for diagnosis, 24%
were adequate with some reservations, and 28% were inad-
equate. Sebajang et al. assessed surgeon mentor and
mentee satisfaction with the use of robotics for colorectal
surgery and reported that all were satisfied with the sur-
gery quality.?” Two laparoscopic surgeries had to be con-
verted to open surgery and the mentor could assist from
afar using the robot.

Discussion

This study systematically assessed the evidence regarding
the remote presence of robotic tele-presentation in rural
and remote Canada. Collectively, the studies reported that it
was relatively safe (no adverse events were reported),
reduced medical transfers and evacuations to urban centers,
allowed for medical care in the patient’s home community,
and resulted in cost savings. Physicians, nurses, and
patients reported satisfaction with their experience using
robots.

Despite a universal health care system, access is not
equally available to all Canadians.”® People in remote and
rural communities experience additional barriers to accessing
health care (particularly specialist physicians and specialized
equipment).?” While timely health care is a pervasive problem
for most Indigenous people, the challenges are most pro-
nounced in rural, remote, and northern communities.® With
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Table 3. Results and Conclusions of Included Studies

FIRST AUTHOR YEAR
Brigden 2008%*

RESULTS

98 referring physicians surveyed; 59 (60%) responded

91% believed patients were satisfied

86% were satisfied with the teleoncology process

0% were unsatisfied

96% were satisfied with the information provided

89% were satisfied with the comprehensiveness of the reports

70% were satisfied with the timeliness of reports

70% felt well-informed about the patient, treatment plans, and follow-up
74% felt because of the teleconcology process they were recognized as an
integral part of the care

6100 felt teleoncology could result in earlier initiation of treatment

50% believed the teleoncology process could be further improved

98% would continue the use of teleoncology

969% would recommend teleoncology to clinical colleagues

AUTHORS' CONCLUSIONS

The use of teleoncology has increased to help rural
populations but certain cancers will still

require in-person diagnosis (head, neck, lymphoma,
cervical cancer)

Holt 2017'®

Required transport: 14/38 (37%) RPRT; 193/193 (100%) with no RPRT

6/14 (43%) transported were triaged to a nearby regional hospital

8/14 (67%) were triaged to a tertiary center

0/193 (0%) controls were regionalized

24/38 (63%) were triaged to remain at the local clinic (no patients
remained in the local clinic >24 h)

12 patients who underwent treatment with RRPT and remained at the local
clinic were propensity score matched to 22 controls and 9

Patients who underwent treatment with RRPT and transported were
propensity score matched to 22 controls

9 (43%) of RPRT and 100% of controls needed transport

4/9 (44%) were regionalized to closer centers compared with 0% of
controls (p < 0.001)

RPRT-transported patients had similar length of stay as controls (6.0 vs.
5.7 days; p=0.89)

Patients who underwent treatment with RRPT and remained in their
community had significantly shorter length of stay than controls who were
transported (0 vs. 4.9 days; p < 0.001)

Approximately $360,000 in cost savings versus the cost of the robot
(~$80,000)

RPRT reduced the need for specialized pediatric
interfacility transport and enabled regionalization when
appropriate

Broader implementation of RPRT, refining process for
triaging, and patient care redistribution may
substantially reduce the need for transport services and
tertiary care hospitals

RPRT addresses a key social determinant of health by
helping overcome barriers of geographical distance and
time in access to care

Mendez 20132’

Flight costs/needs:
60% reduction in the number of flights to distant referral sites
7/14 (50%) patients were effectively managed in Nain and Medivac was
avoided
7 transfers: six on a commercial flight ($875 round trip) and one via
Medivac ($1800 one way)
Physician satisfaction (number NR):
100% felt the robot improved clinical collaboration with nurses, facilitated
workflow, and reduced stress associated with making diagnostic/manage-
ment
decisions from a distant
Nurse satisfaction (number NR):
100% felt the robot was superior to other telehealth methods
84900 felt the robot facilitated the diagnosis/management of patients
800% reported the robot facilitated patient/physician interaction
100% believe the robot could facilitate the recruitment and retention of
Northern community nurses in Canada
Patients satisfaction (number NR):
95% said they would use the robot again
84% very comfortable with the robot
53% needed an interpreter or family member present and 90% of said
caregivers felt it was helpful in promoting physician interaction

There was high physician, nurse, and patient satisfaction
with the robot and improved communication and
connection with patient/physician

Collaboration with physicians was particularly important
during mental health sessions

Acceptance of robots by patients was very high

The cost savings associated with reduced air transport
will offset the cost of the robot

Robot use may be the opportunity to help narrow the
gap in health care delivery in northern communities
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REMOTE PRESENCE ROBOTIC TECHNOLOGY IN RURAL CANADA

Table 3. continued

FIRST AUTHOR YEAR RESULTS

AUTHORS' CONCLUSIONS

Sebajang 2006%2

Surgeons' satisfaction score (tool not described): mentor and mentee
satisfied with the quality of each surgery completed

Two cases where the appropriate dissection plane could not be established
with the mentor's assistance and surgeries were converted to open where
the mentor could use a robotic arm to jump in and assist

Telementoring and telerobotic assistance are effective
tools that can assist a novice laparoscopic surgeon
performing LCS

The primary advantage is limiting the need for air travel
although establishing the network is costly
Telementoring and telerobotic assistance can be used to
create a standard of care with the potential to expand
access to all of rural Canada

Adams 2020'®

11 first trimester limited exams:

9/11 (81%) images adequate

1/11 (9%) images adequate with some reservations

1/11 (9%) images inadequate

10 second trimester complete obstetrical exams:

2/10 (20%) images adequate

3/10 (30%) images adequate with reservations

5/10 (50%) images inadequate

Radiologist recommended repeat study for 2/11 limited exams and 7/10

complete exams

Technical difficulties in 5/21 (24%) exams on four different clinic days due

to a delay in time between mock pro and visualization of filmage but no

significant impact on the exam itself

A significant delay of 5-10 s required the system to be rebooted (delay

remained after rebooting for two cases)

16/21 patients provided written comments on a survey about telerobotic

sonography during the COVID-19 pandemic:
Advantages: eliminated the need to travel, increased ultrasound availabil-
ity (including for emergencies and decreased wait times), convenient, safe
Disadvantage: patients' ability to see images as they were obtained,
somewhat because of the position of the ultrasound unit in relation to
the patient

Telerobotic sonography is feasible as exams successfully
answered clinical questions regarding fetal viability,
dating, and fetal presentation in a timely matter
Anatomy assessment in the second trimester was
limited due to multiple factors

Telerobotic sonography appears to improve access to
diagnostic imaging and increase patient safety during
the COVID-19 pandemic

This may be especially important to Indigenous
communities with increased pregnancy rates and risk
for pandemic

Adams 2022%

43 (499%) telerobotic ultrasounds were adequate for diagnosis, 24 (28%)
were not sufficient for diagnosis, 20 (24%) caused reservations for
diagnosis

Follow-up with a conventional ultrasound was not recommended for any
of the renal ultrasounds but was recommended for up to 75% for second
trimester complete obstetrical ultrasounds

95% of patients reported they would select telerobotic ultrasound again
Reasons for patient satisfaction included appreciation for having the
procedure conveniently close to home to eliminate travel and associated
costs; decreased wait times for examination and diagnosis because of
increased availability; and increased safety amid the COVID-19 pandemic
by being able to stay in their home community

Reasons for patient dissatisfaction included not feeling that the service
was available enough for the needs of the community and being
uncomfortable with the novel technology

Telerobotic ultrasound clinics were successful in three
remote Saskatchewan communities

Remote examinations were sufficient in most cases
Telerobotic ultrasound services may improve access to
ultrasound imaging in rural and remote communities
and provide benefits to those requiring the services

sufficient bandwidth, robots can promote equitable access to
health care by allowing patients to access specialized health
care professionals and certain health services while remain-
ing in their home community. This could supplement care
delivery provided by locum specialists who travel to under-
served communities. Robots can reduce the cost, fear, and

anxiety associated with traveling to an unfamiliar city to
access an often complex health care system that has a history
of and continues to exhibit racism and cultural insensitiv-
ity.>”® However, robots require notable internet infrastruc-
ture and their widespread use and impact will require the
Canadian government to follow through with commitments
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to decrease the “digital divide” by providing internet infra-
structure throughout rural and remote Canada.?**° The Cana-
dian government aims to connect all Canadians to high-
speed internet by 2030 and access in rural communities has
increased from <40% in 2017 to ~60% in 2021.>" Argu-
ments can be made that access to broadband internet is a
social determinant of health®” and that reliance on the inter-
net for health increased during the COVID-19 pandemic.?’
Canada’s promised investment to improve internet access
would remove a barrier to broader robot use in rural and
remote communities.>*

A limitation of telehealth is that it may be more difficult
for the health care provider and patient to establish a trustful
relationship. Patients prefer attending telemedicine appoint-
ments with a physician with whom they have an established
relationship and prefer receiving specialist referrals from a
trusted health care provider.>> Patients and providers found
that new relationships were difficult to establish using tele-
health and described challenges in communication, rapport
building, and alliance.?® For interested communities, robots
may serve as an intermediate between traditional telehealth
and limited in-person care. It is important for future research
to examine any changes in how people accept robots as part
of their health care team.

Two studies found cost savings associated with robot
use. Although the costs of purchasing robots are substantial
($100,000-300,000 USD at the time of writing, depending
on the model), this cost could quickly be offset by avoided
patient transport fees. The national cost for medical trans-
portation of Indigenous patients was nearly $602.2 CAD
million in 202237 and even partial reductions in travel and
temporary living expenses would result in significant sav-
ings. Establishing the cost savings associated with robots in
rural and remote settings would provide a persuasive argu-
ment for the government to increase their use while reduc-
ing inequities associated with access to health care and
potentially improving health outcomes among those living
in rural and remote Canada.

While this may take time to properly implement, we
believe that the addition of more robots within Canada can
improve timely access to quality health care in remote and
rural communities. Preventing patients from being trans-
ported for initial assessments would be less burdensome for
patients and their families. Robots are a promising tool within
a multipronged approach to improving equitable health care
access in the Canadian health care system. Decisions about
its use will need to be made on a case-by-case basis, in part-
nership with communities.

10 TELEMEDICINE and e-HEALTH MONTH 2024

LIMITATIONS

Several limitations should be noted. First, the included
studies were heterogenous in terms of medical conditions
assessed, outcomes measured, and capabilities of the spe-
cific robots. While this precluded a meta-analysis, the
results of the individual studies largely favored the integra-
tion of robots into patient care to improve health care
delivery.

The randomized controlled trial is the gold standard for
establishing the effectiveness of an intervention or treat-
ment.’® No randomized controlled trials were identified.
Therefore, there may be confounding bias in the observa-
tional studies. Although we only included studies pub-
lished in English, it is unlikely we missed any relevant
studies since English is one of two official languages in
Canada. None of the included studies included references
to French studies. We do not believe this biased our
results.’® While three studies commented on the cultural
benefits of patients staying in their home commu-
nity,'>'®?! no study examined the cultural relevance or
cultural safety of the robots. Qualitative methodology
could be used to determine how patients and community
members in rural and remote Canada perceive health care
that includes robots.

Conclusions

Although only six studies examined the use of robots, the
evidence suggests that robots can be successfully incorpo-
rated into clinical practice in rural and remote Canadian
communities. Robots have the potential to support and
increase the medical knowledge, skills, and capacity among
people who live and work in rural and remote communities.
While the initial cost of the robot is notable, the potential
cost avoidance associated with emergency air transfers, food
and accommodation stays in urban centers, and the cost of
an escort for some patients will quickly offset the initial setup
costs.
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