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Abstract

Background: Virtual care technologies have rapidly expanded in emergency medicine, particularly following the COVID-19
pandemic. However, comprehensive economic evaluations of their cost-effectiveness remain fragmented across different clinical
applications and health care settings, creating uncertainty for policymakers and health care administrators considering
implementation.

Objective: This study aimed to systematically review and synthesize evidence on the cost-effectiveness of virtual emergency
care models compared to traditional in-person emergency care across diverse clinical conditions, populations, and health care
settings.

Methods: We conducted a systematic review following PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines, searching 8 electronic databases (PubMed, Embase, Scopus, Web of Science, CINAHL, Cochrane
Library, MEDLINE, and PsycINFO) from inception to February 2025. Weincluded full economic evaluations comparing virtual
emergency careinterventionswith usual care. Two reviewersindependently screened studies, extracted data, and assessed quality
using the Drummond checklist and Consensus Health Economic Criteria (CHEC) list. Evidence certainty was evaluated using
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) methodology. Given heterogeneity in
interventions and methods, we conducted a narrative synthesis by virtual care modality and clinical application.

Results: From 5817 identified references, 13 studies met inclusion criteria, representing diverse virtual care modalities across
6 countries (United States, Australia, Italy, Canada, Haiti, and Belgium). All included studies reported favorable economic
outcomesfor virtual emergency care. Video consultation was the most common modality (11/13 studies), achieving 31% to 73%
reduction in patient transfers and cost savings of US $73 (AUD $105) to US $5118 per encounter. A total of 6 (46%) studies
found virtual care to be dominant (both less costly and more effective). Incrementa cost-effectiveness ratios ranged from US
$1273 (€990) to US $108,363 per quality-adjusted life year, with most below accepted willingness-to-pay thresholds. Transfer
avoidance was the primary economic driver, particularly in rural settings. Quality assessment revealed high methodological rigor
(mean Drummond score 92.3%, SD 6.0%; mean CHEC score 95%, SD 4.2%). Using GRADE, evidence certainty was rated high
for cost-effectiveness, moderate for transfer reduction and quality of lifeimprovements, and low for emergency department length
of stay and mortality benefits.

Conclusions: Virtua emergency care demonstrates strong and consistent cost-effectiveness across diverse clinical conditions,
populations, and health care settings. The evidence particularly supports implementation for stroke care, pediatric emergencies,
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and rural/remote populations where transfer avoidance drives substantial economic benefits. All evaluated modalities achieved
favorable economic outcomes, suggesting technology should match context rather than maximize sophistication. These findings
provide robust economic justification for expanding virtual emergency care access and removing regulatory barriers. As health
care systems face mounting pressures from aging populations, workforce shortages, and budget constraints, virtual emergency
care offers a proven strategy for improving access and quality while reducing costs.

Trial Registration: PROSPERO CRD42025648218; https.//www.crd.york.ac.uk/PROSPERO/view/CRD42025648218

(IMIR Mhealth Uhealth 2026;14:e82143) doi: 10.2196/82143
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Introduction

The Challenge of Emergency Department Pressures

Emergency departments (EDs) worldwide face unprecedented
challenges, including overcrowding, workforce shortages, and
geographic disparities in access to specialist care [1,2]. These
pressures have intensified following the COVID-19 pandemic,
which accelerated the adoption of virtual care technologies
while highlighting systemic vulnerabilities in emergency care
delivery [3]. Theseissues not only hinder operational efficiency
but also lead to delays in care, reduced patient and staff
satisfaction, and increased adverse clinical outcomes [4,5].

Virtual Emergency Care Models

For the purposes of this review, we define “virtual emergency
care” as any technology-mediated health care interaction that
replaces or augments in-person emergency care delivery,
encompassing synchronous telemedicine (rea-time video or
audio consultations), asynchronous telemedicine
(store-and-forward transmission of clinical data), remote
monitoring, and digital triage tools. We use “virtual emergency
care’ as the overarching term, with specific modalities (eg,
telestroke, telepsychiatry, and tel ephone consultation) specified
where relevant.

Virtual emergency care models have emerged as a promising
approach for addressing these challenges by potentialy
expanding access, improving efficiency, and containing costs
[4-6]. However, thesetechnol ogies al so raise concerns, including
the risk of diagnostic error without physical examination,
potential mistriage, technology dependence and failure modes,
patient safety considerations, and the possibility of exacerbating
health disparities for populations with limited digital access or
literacy [6-8]. Patient-to-provider telemedicine enables
individual sto engage with emergency cliniciansviasynchronous
(eg, video) or asynchronous (eg, text) methods for clinical
assessment without the need for physical ED visits [9,10].
Provider-to-provider teleconsultations, such as telestroke or
teletrauma, extend specialist expertise to individuals in
underserved rural and remote areas where accessto speciaized
emergency medical servicesisoften limited or nonexistent [11].
Digitd triagetoolsinclude symptom checkers, decision support
algorithms, and chatbot-based platforms that guide disposition
and urgency based on self-reported symptoms [12]. Remote
monitoring systems, such as wearables or sensor-based
technologies, enable continuous physiologic surveillance and
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timely escalation for conditions such as sepsis or acute
decompensated heart failure [13,14].

Economic Implications of Virtual Emergency Care

The economic implications of virtual emergency care are
particularly significant given that emergency services account
for a substantial proportion of health care expenditures. In the
United States alone, ED visits generate over US $150 billion
in annual costs, with rural and underserved populations facing
additional burdensfrom unnecessary transfers and delayed care
[15]. Whilethe clinical benefits of virtual emergency care have
been increasingly documented, the economic case for
implementation remains acritical consideration for health care
decision-makers. Economic evaluation provides a framework
for comparing the costs and outcomes of virtual care models
against traditional approaches, informing resource allocation
decisions in resource-constrained health care systems. While
virtual care technologies have demonstrated clinical efficacy in
various emergency applications, their economic vaue
proposition remains incompletely  understood, with
cost-effectiveness evidence scattered across different clinical
domains and implementation contexts.

Gapsin Existing Evidence

Previous systematic reviews have predominantly emphasized
clinical effectiveness, patient satisfaction, or implementation
feasibility [16,17]. Some other reviews have examined
telemedicine applications in specific emergency conditions or
settings([7,9,18-20], but none have comprehensively synthesized
the economic evidence across the full spectrum of virtua
emergency care modalities. This gap is problematic for health
care decision-makerswho must justify infrastructure investments
and policy changes based on robust economic evidence.
Furthermore, the heterogeneity of virtual care interventions,
from simple telephone consultations to sophisticated
hub-and-spoke telestroke networks, necessitates a nuanced
analysis of which modalities provide optimal value in different
contexts.

Theurgency of understanding virtual emergency care economics
has intensified as health care systems globally face budget
constraints while demanding improved access and quality.
Policymakersrequire evidence not only of clinical effectiveness
but also of economic sustainability and return on investment
(RQI). Additionally, the rapid evolution of virtual care
technologies and payment models necessitates a current
synthesis of available evidence to guide implementation
decisions.
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Study Aim

This systematic review addresses these knowledge gaps by
comprehensively evaluating the cost-effectiveness of virtual
emergency care models compared to traditional in-person care.
We examine economic outcomes across different virtual care
modalities, clinical applications, and implementation settings
while identifying factors that influence cost-effectiveness. Our
analysis aims to provide actionable evidence for health care
administrators, policymakers, and clinicians considering virtual
emergency care implementation.

Specifically, we sought to answer the following research
guestion: “In patients requiring emergency medical care
(population), isvirtual caretechnology including telemedicine,
remote monitoring, and digital triage (intervention)
cost-effective compared to traditional in-person emergency care
(comparator), as measured by incremental cost-effectiveness
ratios (ICERS), cost savings, and quality-adjusted life years
(QALYs; outcomes), across various hedlth care settings and
time horizons (setting/time)?’

Methods

Study Design and Protocol

We conducted this systematic review following the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines (MultimediaAppendix 1) [21]. The
review protocol was registered prospectively in PROSPERO
(International Prospective Register of Systematic Reviews,
registration number CRD42025648218). No ethical approval
was required as this study involved analysis of published
literature only.

Search Strategy

A comprehensive search strategy was developed to identify all
relevant economic evaluations of virtual emergency care. We
searched 8 electronic databases from inception to February
2025: PubMed (n=2084), Embase (n=1827), Scopus (n=916),
Web of Science (n=645), CINAHL (n=199), The Cochrane
Library (n=82), MEDLINE (n=30), and PsycINFO (n=3).

The search strategy combined 3 concept blocks using Boolean
operators. (1) virtual care terms (“telemedicine,” “telehealth,”
“virtua care,” “remote consultation,” “ digital health,” “eHealth,”
and “mHealth”); (2) emergency care terms (“emergency,”
“urgent care” “acute care” “emergency department,”
“emergency room,” “trauma,” and “critica care”’); and (3)
economic evaluation terms (“ cost-effectiveness,” “ cost-benefit,”
“cogt-utility,” “economic evaluation,” “cost analysis,” “ROI,”
“ICER,” “QALY,” and “cost-minimization”). The search
strategy was refined iteratively with input from an information
speciaist. Whilewe primarily used free-text termsto maximize
sensitivity across databases with varying indexing systems, we
acknowledge that the absence of MeSH terms for economic
evaluation concepts (eg, “cost-benefit analysis’ [MeSH]) and
emergency-specific controlled vocabulary may have reduced
search precision. During the screening process, one eligible
study wasinitially misclassified during automated deduplication
in Covidence due to similar authorship and title to another
included study [22,23]. This study was subsequently identified
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through manual verification, retrieved, and included in thefinal
analysis. Our broad digital health termswere designed to capture
the rapidly evolving terminology in this field, though this
approach may have introduced some irrelevant results during
initial screening. We recognize that certain virtual care terms
(eg, “teleconsultation,” “teleurgency,” and “ store-and-forward”)
may not have been captured by our search terms. No language
or date restrictions were applied. The full search strategy for
each database is available in Multimedia Appendix 2.

Additionally, we performed citation searching of included
studies (n=14) and searched gray literature sources (n=17) to
identify unpublished economic eval uations, government reports,
and health technology assessments.

Eligibility Criteria

Studies were included if they met al predefined eligibility
criteria. Eligible studies focused on patients of any age
presenting to EDs or requiring emergency medical care. The
intervention of interest was any form of virtual care technology
applied to emergency care delivery, encompassing synchronous
or asynchronous tel emedicine, remote monitoring, digital triage
tools, or mobile health apps. Prehospital emergency care
interventions, including ambulance-based telemedicine, were
eigiblefor inclusion provided they met al other criteriafor full
economic evaluation. Stand-alone digital triage tools without
clinician involvement (eg, automated symptom checkers used
independently by patients without subsequent clinician
assessment) were excluded, asthese represent adistinct category
of intervention with different economic evaluation
considerations. This distinction was made a priori to maintain
afocuson clinician-mediated virtual care models. Studieswere
required to include a comparator group involving traditional
in-person emergency care or usua care practices. Only full
economic evaluations were considered, specifically those that
incorporated both cost and outcome data through
cost-effectiveness, cost-utility, cost-benefit, or cost-minimization
analyses. Relevant outcomesincluded economic measures such
as cost-effectiveness ratios and other forms of comparative
economic analysis.

Studies were excluded if they reported only costs or only
outcomeswithout integrating both into an economic evaluation.
Abstracts without accessible full texts, even after attempts to
contact authors, were not considered. Additiona exclusions
applied to studies with unsuitable designs such as reviews,
editorials, commentaries, or protocols; studies focusing on
nonemergency settings or conditions (such as routine outpatient
care or scheduled procedures); those lacking a clear economic
evaluation framework; and those not involving direct patient
care, such as research limited to provider education or
administrative systems.

Study Selection

All identified references were imported into Covidence
systematic review software for deduplication and screening.
Two reviewers independently screened the titles and abstracts
based on predefined dligibility criteria. Full texts of studies
deemed potentially eligible were then retrieved and assessed
independently by the same reviewers. Any disagreements were
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resolved through discussion and, if needed, with input from a
third reviewer. Interrater agreement was found to be strong
across both stages of screening. The entire screening process,
including reasonsfor exclusion, was documented in accordance
with PRISMA guidelines. During quality checks, 1 study that
had been inadvertently excluded during automated deduplication
was identified. This study, which shared the same lead author
and similar title as another included study, was manually
retrieved, assessed for eligibility, and subsequently included in
the final synthesis.

Data Extraction

A standardized data extraction form was developed and
pilot-tested to ensure consistency, with initial testing conducted
on a small sample of studies. Two reviewers independently
extracted data from all included studies across severa key
domains. Study characteristics were recorded, including the
first author, publication year, country, study design, and funding
source. Population details such as sample size, age, sex
distribution, emergency conditions, triage acuity levels, and
comorbidities were documented. Information on intervention
characteristics included the type of virtua care model,
technology platform used, provider types involved, frequency
and duration of interventions, and how the virtual model related
to in-person care. Comparator details focused on usual care
practices and the associ ated providers and resources. Economic
evaluation methods were captured, including the type of
analysis, analytic perspective, time horizon, discount rate,
currency, and price year. Outcome measures covered
effectivenessindicators such asQALY s, disability-adjusted life
years (DALY's), and clinical outcomes, as well as cost-related
metricsincluding direct, indirect, and societal costs, and |CERSs.
Data on the types of sensitivity analyses conducted and key
results were also extracted. Finally, implementation factors,
including any barriers and facilitators identified, were noted.
Any discrepancies in data extraction were resolved through
discussion and careful reexamination of the original source
materials.

Quality Assessment

Methodological quality of included studies was assessed using
2 validated checklists: the Drummond checklist for economic
evaluations [24] and the Consensus Health Economic Criteria
(CHEC) list [25]. The combined use of both checklists is
recommended by the Cochrane Handbook for Systematic
Reviews of Interventions for appraising the methodological
quality of full economic evaluations[26], as each tool addresses
complementary quality domains. The Drummond checklist (10
items) focuses on the completeness and rigor of reporting in
economic evaluations, including research question clarity, study
design appropriateness, cost identification, incremental analysis,
and uncertainty assessment [27]. The CHEC list (19 items)
emphasizes methodol ogical quality and reporting transparency,
covering domains such as appropriate study population, time
horizon, discount rate, outcomes measurement, and
generalizability discussion [25]. This dual-checklist approach
has been used in previous systematic reviews of economic
evaluations to provide a more comprehensive quality
assessment, as noted by Wattsand Li [28] in their meta-review
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of checklist use in 346 systematic reviews of economic
evaluations. Where the 2 tools assessed overlapping domains
(eg, research question clarity and cost identification), we
prioritized the more detailed tool’ s assessment for that domain.

Two reviewers independently rated each study, with
disagreements resolved through consensus. We acknowledge
that presenting quality scores as percentages has limitations, as
these checklists were not originaly designed to produce
aggregate numerical scores, and individual checklist items may
vary inimportance [29]. The percentage scores should therefore
be interpreted as broad indicators of methodological quality
rather than precise quantitative measures. Item-level quality
assessment results are presented in Multimedia Appendix 3 to
allow readersto evaluate specific methodol ogical strengthsand
weaknesses across studies.

Evidence Synthesis

We adapted the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach to assessthe
certainty of evidence for key outcomes [30], recognizing that
GRADE was originally developed for clinical interventions
rather than economic evaluations. Our adaptation followed the
framework described by Brunetti et al [31], which provides
guidance on considering resource use and rating the quality of
economic evidence within the GRADE system. We additionally
drew on the conceptual GRADE approach for assessing the
certainty of modeled evidence outlined by Brozek et al [32],
which confirmed that the standard GRADE domains apply to
evidence from modeling studies, including those used in health
economic evaluations.

Specifically, we assessed risk of bias (considering study design,
model assumptions, and potential conflicts of interest),
inconsistency (direction and magnitude of findings across
studies), indirectness (applicability of study populations and
settings to the review question), imprecision (confidence in
effect estimates), and publication bias. For upgrading
considerations, we evaluated the magnitude of effects and the
consistency of the direction of findings across studies. The
reference to dose-response relationships that appeared in the
origina protocol has been removed, as this criterion is not
directly applicableto economic evaluationsin this context [31].
Given the heterogeneity in interventions, populations, and
economic evaluation methods, we conducted a narrative
synthesis organized by virtual care modality and clinical
application.

Subgroup and Sensitivity Analyses

We planned a priori subgroup analyses to explore potential
sources of heterogeneity across included studies. Subgroup
analyses examined variations by clinical condition, virtual care
modality, geographic setting, patient age group, and economic
perspective. These subgroup analyses are distinct from the
sensitivity analyses conducted within individual included
studies, which tested the robustness of each study’s findingsto
variations in key parameters and assumptions. We report the
results of within-study sensitivity analyses as part of our data
extraction and discuss their implications for the certainty of
findings.
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Costs were reported in the original currencies and price years
as presented in the included studies. We did not convert costs
to a common currency or adjust for inflation, as the primary
objective was to assess the direction and magnitude of
cost-effectiveness findings within each study’s context rather
than to pool absolute cost figures. This approach is consistent
with narrative synthesis methodology for heterogeneous
economic eval uations. However, we acknowledge that thislimits
direct cross-study cost comparisons. Where available, we report
the original publication year for each study to facilitate reader
interpretation.

Results

Study Selection

The systematic search identified 5786 referencesfrom electronic
databases. After removal of 1806 duplicates (3 identified
manually and 1803 by Covidence), 3980 unique database

Shankar et al

references remained. Combined with 31 referencesfrom citation
searching (n=14) and gray literature (n=17), a total of 4011
referenceswere screened at thetitle and abstract level. Titleand
abstract screening excluded 3848 studies, leaving 163 for
full-text review. Exclusion categories at the full-text stage were
abstract only without accessible full text (n=44), unsuitable
study design (n=3), focused on nonemergency clinical conditions
such as routine outpatient management (n=13), no formal
cost-effectiveness analysis (n=15), not primary research (n=4),
and did not involve an emergency care delivery setting despite
addressing acute conditions (n=71). The distinction between
“nonemergency conditions’ and “did not involve emergency
care settings’ reflects studies where the clinical condition was
nonacute (eg, chronic disease management) vs studies where
the condition was acute but the care setting was not an ED or
emergency care pathway (eg, postdischarge follow-up and
scheduled urgent care). A total of 13 studies met al inclusion
criteriaand were included in the review (Figure 1).

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Studies from databases/registers (n = 5786)
PubMed (n = 2084)
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Studies included in review (n = 13)

Included

Study Char acteristics

The 13 included studieswere published between 2011 and 2024,
with over half (n=7, 54%) published after 2015, reflecting recent
growthinvirtual emergency care evaluation. Studiesoriginated
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Studies excluded (n = 150)
Abstract only (n = 44)
Wrong study design (n = 3)
Not emergency conditions (n = 13)
No indication for cost effectiveness (n = 15)
Not primary research (n = 4)
Do not involve emergency care setting (n = 71)

from 6 countries: the United States (n=6), Australia(n=2), Italy
(n=2), Canada (n=1), Haiti (n=1), and Belgium (n=1),
representing diverse health care systems and economic contexts
(Table 1).
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Table 1. Study characteristics of the included studies.

Shankar et al

Study (first  Country  Sample Population  Emergency con- Virtual caremodel  Technology Provider type Compara-
author, year) size ditions tor
Brunetti, Italy 109,750 Petientswith  Acute coronary  Prehospital 12-lead ECG Remote cardiologist Convention-
2014 [33] ECGS suspected syndrome, ar-  telemedicineECG  viamobile (2417) al EDP
acutecardiac  rhythmia triage phone triage
disease
Demaer- United 1112 (hypo- Petientswith Acuteischemic Hub-and-spoketele- Videoconferenc- Vascular neurolo- No tele-
schalk, 2013 States thetical) acuteis stroke stroke network ing gists (2417) stroke net-
[34] chemic work
stroke
Espinoza, Belgium 2282 (reg- Patientswith Acute stroke In-ambulance LiveAVE +vi- Neurologist+ EMs? Standard
2017 [35] istry), 1000 suspected (@l types) telemedicine tal signs stroke care
(modeled)  stroke
Flaherty, Haiti 10,585 Children0-9 Diarrheal diss  Nighttime Telephonecal  Nurseswith physi-  Hospital
2022 [36] (projected) years ease, respiratory  telemedicinewith  center cian oversight emergency
infections, skin  medication delivery care
infections
Kadel, 2018 Italy 1676 Neurosurgi- Tg| € spind in- Televideoconsultae  Multispecialist  Consultant neurosur-  Transfer to
[37] ca emergen- . . f tion video system geon the referral
: juries, ICH’, )
cies ) hospital
brain cancer
Kim,2022  Austradia 1024 Patientswith  Stroke ED-based telestroke Mobilecomput-  Physician No virtual
[38] stroke<4.5h er/camera consulta-
onset tion
Nelson, United 8 spoke Acuteis Acuteischemic ED-based telestroke 2-way audiovi-  Stroke specialists Usual care
2011 [23] States hospitals ~ chemic stroke sual without
stroke telestroke
Nelson 2016 United 864 (98 Acuteis Acuteischemic  Hub-spoke tele- 2-way AV Stroke specialists Nontele-
[22] States pre, 766 chemic stroke stroke (POTNY) videoconferenc- stroke care
post) stroke ing
Pace, 2023 Canada 108 Pediatric Critical pedi- Pediatricteleresusci-  Videoconferenc-  Pediatric specialists  Standard
[39] emergencies atric emergen-  tation ing ED care
<18 years cies
(CTAS™1/2)
Thomas, United 494 Pediatric Suicideintent, ED-basedtdlepsychi- Videoconferenc- Psychiatrists, social  Ambulance
2018 [40] States psychiatric ~ self-harm, de-  atry ing workers transfer
emergencies pression/anxiety
Von Huben, Australia 49,228ED  Any age, ru- General ED Virtual Rural Gener-  Hpi videocon-  Rurdl generalistdoc-  Lo-
2024 [41] presenta  ra ED pa presentations alist Service (75%  terenci ng tors cal/locum
tions tients virtual) doctors
Whetten, United 777consul-  Neuroemer-  p| g‘y mTBI k’ ED-based 2-way AV with  Neurologists/neuro- Standard
2018 [42] States tations gentcondi-  peyroemergent  telemedicineconsul- - imagetransfer  surgeons rural care
tions disorders tation
Yang, 2015  United 135 Pediatric Asthma, bron-  ED-based pediatric  Liveinteractive Pediatric critical Telephone
[43] States critical care  chialitis, pneu-  telemedicine AV care physicians consulta-
<18 years monia tion

3ECG: electrocardiogram.

beD: emergency department.

CAV: audiovisual.

‘Ems: emergency medical services.
®TBI: traumatic brain injury.

fICH: intracranial hemorrhage.
9POTN: Providence Oregon Telestroke Network.
NCTAS: Canadian Triage and Acuity Scale.

'HD: high definition.

IAIS: acute ischemic stroke.
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KmTBI: mild traumatic brain injury.

Study designs varied, with model-based economic evaluations
being most common (n=7, 54%) [22,23,34,35,39,42,43],
followed by observationa cost-effectiveness analyses (n=4,
31%) [8,36,37,40] and 2 (15%) within-trial analyses [22,38].
Sample sizes ranged from 108 to 109,750 patients, with a
median of 1068 (IQR 706-4358) patients (Table 1). The largest
study [8] evaluated a prehospital electrocardiogram triage
program in Italy serving a population of 4 million.

Clinical conditions addressed included stroke/cerebrovascul ar
emergencies (n=7, 54%), pediatric emergencies (n=4, 31%),
general neuroemergencies (n=2, 15%), psychiatric emergencies

https://mhealth.jmir.org/2026/1/€82143
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(n=1, 8%), and cardiac emergencies (n=1, 8%). One study [41]
examined general ED presentations without condition-specific
focus (Table 1).

Economic Outcomes

Economic evauation methods varied across studies, with
cost-effectiveness analysis being most common (n=8), followed
by cost-utility analysis (n=3), cost-minimization (n=1), and
cost-consequence analysis (n=1). A total of 8 (62%) studies
adopted a health care system perspective, while 4 (31%) used
abroader societal perspective incorporating patient and family
costs (Table 2).
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Table 2. Economic evaluation results of virtual emergency care models.?

Shankar et al

Study (first
author, year)

Type of analysis

Perspective  Time hori-

zon

Effective-
nessmeasure

Costs (inter-
vention vs
comparator)

ICERP

Key findings

Sensitivity analy-
sis

Brunetti, 2014 Cost-minimiza-
tion/cost-utility

[33]

Demaer-
schalk, 2013
[34]

Espinoza,
2017 [35]

Flaherty, 2022
[36]

Kadel, 2018
(37]

Kim, 2022
(38]

Nelson, 2011
[23]

Cost-utility

Cost-utility

Cost-effective-
ness

Cost-€ffective-
ness

Cost-€ffective-
ness

Cost-effective-
ness

Regional
hedlth sys-
tem

1year

Societal Lifetime

Healthcare Lifetime
payer

Societal 1year

Health ser-
vice

4 years

Societal 1lyear

Societal 90 days
and life-

time

Lives saved
(STEMI);
QALY

QALYs

QALYs

DALYS
averted

Transfers
avoided

QALYs

QALYs

€16.70vs
€24.80-
55.20 per

ECG® (costs
in 2012 €)

Intervention
cost US
$1436 lower
compared to
standard care
over lifetime
(costsin
2011 USdol-
lars)

Savings of
US$30 com-
pared to
standard care
(costsin
2014USdoal-
lars)

us
$317,898/year
vsUS
$89,392/year
(costsin av-
erage US
dollars from
2019 July-
2021 June)

€2326 vs
€4173 per
patient (costs
in 2009 €)

AUD
$82,259 vs
AUD
$82,449 at
12 months
(costsin
2018 Aus-
tralian dol-
lars)

Infrastruc-
ture + care
costs
90-day: US
$14, 274 vs
US $13, 872
lifetime: US
$133,527 vs
US $130,
343

(costsin
2008 USdol-
lars)

€1927/QALY
(€990 to
—€2508 after
correction)

Dominant
(savesUS
$1436, gains
0.02 QALYYS)

Dominant
(saves US $30,
gains 0.00456
QALYS)

us
$1288/DALY
averted

€365/transfer
avoided (domi-
nant)

AUD $0-
$5000/QALY
(50.6% itera-
tions)

90-day: US
$108,363/QALY;
lifetime: US
$2449/QALY

Cost-saving; low-
er cost per
ECG/Consulta
tion

Cost-saving and
more effective

Cost-€ffective
from 6-min time
gain; dominant
from 12 min

Cost-€ffective
(below 3 x GDP
threshold)

73% transfer re-
duction;
€3,095,863 total
savings

Cost-€ffective;
small cost sav-
ingswith QALY
gains

Cost-effective
over lifetime

Range analysis
(savings of
€8.10-€38.40 per
ECG/consulta-
tion)

1-way, 2-way
sensitivity analy-
ses

1-way, 2-way,
probabilistic
(5000 iterations)

Univariate sensi-
tivity analysis

None performed

Deterministicand
probabilistic
(1000 iterations)

1-way and Monte
Carlo (10,000 iter-
ations)
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Study (first Typeof analysis Pergpective Timehori- Effective- Codts (inter-  |ceRP Key findings Sensitivity analy-
author, year) zon nessmeasure vention vs sis
comparator)
Nelson, 2016  Cost-effective- Spokeand  Inpatient QALYs SpokeA: US  Spoke: US Cost-€ffective; 1-way by
[22] ness hub stay $51-$1956;,  $1322- best for severe  NjHSS and cost-
hubA: US  $50,687/QALY;  grokes; tPAYrate  sharing; proba-
$863-$2767  Hub: US tripled bilistic (10,000)
$22,363-
$71,703/QALY
Pace, 2023 Cost-€ffective- Societal 3years YLL avert- CAD CAD Cost-€ffective; Deterministic
[39] ness ed $2032.73vs $64.61/YLL reduced mortality  (£20%) and prob-
CAD averted abilistic (10,000
$317.45 runs)
(costsin
2022 Canadi-
an dollars)
Thomas, 2018 Cost-efficiency ~ Hospital Singleen-  gpi | ogk, US$3493vs Notcaculated Lower charges,  Nonereported
[40] system counter disposition US $8611 shorter LOS (5.5
rates per patient vs 8.3 hours)
(median
charges;
costsin 2015
USdollars)
VVon Huben, Cost-conse- Hedthcare 1year Multipleout- AUD $134  Dominant (less AUD $105sav-  1-way and sce-
2024 [41] quence funder comes vs AUD costly, moreef- ingsper ED en-  nario analyses
$240 per ED fective) counter; im-
encounter proved outcomes
(costsin
2022 AUD)
Whetten, 2018 Cost-effective- Hedthcare 90 days QALYs Us $4241 Dominant Cost-saving; 0.20 1-way, tornado
[42] ness payer savingsper  (savesUS QALY gainper  diagram, Monte
patient (costs  $21,205/QALY) patient Carlo (10,000)
in 2015 US
dollars)
Yang, 2015 Cost-effective- Hedthcare 1year Transfers US$3641vs Dominant 31%transfer re-  1-way, 2-way,
[43] ness and RO!' payer avoided US $8303 (savesUS duction; US probabilistic
per $4662 per $46,620 annual  Monte Carlo
childlED/year child/ED/year; savingsper ED (5000 iterations)
(costsin ROI: 1.28
2013USdoal-
lars)

8Costs reported in non-US currencies in this table were converted to US dollars using the average annual exchange rate for the currency and cost year
reported in each study: €1=US $1.39 (2009); €1=US $1.29 (2012); AUD $1=US $0.75 (2018); AUD $1=US $0.69 (2022); CAD $1=US $0.77 (2022).

The same rates are applied throughout the manuscript.
B CER: incremental cost-effectiveness ratio.
CSTEMI: ST-elevation myocardial infarction.
dQALY: quality-adjusted life year.

®ECG: electrocardiogram.

DALY: disability-adjusted life year.

9tPA: tissue plasminogen activator.

ANIHSS: National Institutes of Health Stroke Scale.
YLL: years of lifelost.

IED: emergency department.

KLos: length of stay.

'ROI: return on investment.

Cost-Effectiveness Results

Virtual emergency care was associated with favorable economic
outcomes across al included studies, though the strength and
mechanisms of cost-effectiveness varied by clinical domain.

https://mhealth.jmir.org/2026/1/€82143

Stroke-related applications (n=6) demonstrated the most
consistent evidence of dominance, driven by increased
thrombolysisrates and transfer avoidance. Pediatric applications
(n=4) achieved cost-effectiveness primarily through reduced
transfers and averted hospitalizations, while psychiatric and
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general emergency applications were each supported by single
studies, limiting the certainty of subgroup-specific conclusions.
A total of 6 (46%) studies found virtual care to be dominant,
that is, both less costly and more effective than usua care. These
included telestroke networks [34,42], pediatric telemedicine
[43], neuroemergency consultation [37], and rural generalist
services [41].

Among studies reporting | CERs, the time horizon significantly
influenced results: Nelson et a [23] reported an ICER of US
$108,363/QALY a 90 days, which improved to US
$2449/QALY over a lifetime horizon. Nelson et a [22]
demonstrated that from the spoke hospital perspective, ICERs
ranged substantialy depending on the proportion of
implementation costs borne by the spoke facility: US
$1322/QALY when the spoke bore 0% of implementation costs,
US $25,991/QALY at 50%, and US$50,687/QALY at 100%.
From the hub perspective, the overall ICER ranged from US
$22,363/QALY to US $71,703/QALY. Cost-effectiveness was
most pronounced for patients with severe stroke (National
Ingtitutes of Health Stroke Scale [NIHSS] score >15), with
spoke ICERs ranging from US $7794/QALY to US
$40,071/QALY, while mild strokes (NIHSS <5) were not
cost-effective from the spoke perspective when spokes bore
>50% of implementation costs. Most reported | CERsfell below
commonly accepted willingness-to-pay thresholds of US
$50,000-$100,000 per QALY [44].

Cost savings varied by setting and intervention type.
Per-encounter savings ranged from US $73 (AUD $105) [41]
to US $5118 [40]. The primary driver of cost savings was a
reduction in patient transfers, which decreased by 31%-73%
across studies [37,43]. Transfer avoidance alone generated
savings of US $3729 per patient in[42]. The prehospital model
demonstrated different economics: Espinoza et al [35] found
in-ambulance telemedicine to be dominant with time gains of
12 minutes or more, saving US $30 per patient while gaining
0.00456 QALYs. Notably, this intervention became
cost-effective with time gains as smal as 6 minutes,
demonstrating that time gains influenced cost-effectiveness
thresholds.

Clinical Effectiveness

Virtual care interventions consistently improved clinical
outcomes aongside economic benefits. QALY gains ranged
from 0.02 [34] to 0.20 [42] per patient (over alifetime), with
stroke and neuroemergency applications showing the largest
improvements. Nelson et a [22] reported an incremental
effectiveness of 0.039 QALYs per patient for telestroke
compared to nontelestroke assisted care, with telestroke
implementation leading to a more than threefold increase in
tissue plasminogen activator (tPA) treatment rates (from 9.2%
to 31.7%). This treatment effect was most dramatic in
moderate-severity strokes (NIHSS 5-14), where a nearly
seven-fold increase in tPA treatment was observed (6.9% to
47.7%). The Haiti pediatric service[36] averted 199.76 DALY s
annually at a cost of US $1288 per DALY averted, which is
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well below the country’s GDP-based cost-effectiveness
threshold.

ED length of stay decreased by 2.8 hours with virtua
consultations in Thomas et a [40]. This study documented a
median ED length of stay of 5.5 hoursfor telepsychiatry vs 8.3
hours for usual care (P<.001). Hospital admission rates fell
significantly: Thomas et a [40] reported a reduction from 56%
to 42% for pediatric psychiatric emergencies. Importantly, these
efficiency gains occurred without compromising quality or
safety, with patient satisfaction exceeding 90% in all studies
reporting this outcome.

Quality Assessment

Methodological quality was independently assessed using the
Drummond checklist (10 itemsfocused on analytical rigor) and
the CHEC list (19 items emphasizing reporting standards). The
included studies demonstrated consistently high quality, with
mean scores of 9.29 (SD 0.60) out of 10 criteria met for the
Drummond checklist and 18.04 (SD 0.79) out of 19 criteriamet
for the CHEC list. While we present these aggregate figuresfor
descriptive purposes, we note that these checklistswere designed
as qualitative assessment tools rather than quantitative scoring
instruments, and individual items are not equally weighted.
Item-level quality assessment results are presented in
Multimedia Appendix 3 to alow readers to evaluate specific
methodological strengths and weaknesses. The term “overall
mean quality score” has been removed to avoid implying a
validated composite metric. All 13 (100%) studies achieved an
“Excellent” quality rating (=85%), with Kim et a [38] scoring
the highest at 100% (Table 3). All studiesclearly stated research
questions, appropriately selected the type of economic
evaluation, comprehensively identified costs, and explicitly
reported perspectives and time horizons. Sensitivity analyses
were conducted in the majority of studies (12/13, 92%), often
using multiple approaches. The most common limitationswere
inadequate discussion of generalizability (observed in 5/12,
42% of studies) and incomplete conflict of interest reporting
(7112, 58%). Notably, no study scored below 83% on either
checklist, indicating that the economic evaluations of virtual
emergency care consistently meet high methodological
standards. This uniform methodological rigor, paired with
consistently favorable economic findings.

Using GRADE methodology, we assessed the certainty of
evidence as high for cost-effectiveness outcomes based on 10
studies with consistent positive findings. Evidence certainty
was moderate for transfer rate reduction and quality of life
improvements, and low for ED length of stay and mortality
benefits due to study design limitations and imprecision (Table
4).

The evidence generally supports virtual emergency care
implementation, with 6/10 economic eval uations demonstrating
dominance (cost-saving with better outcomes). However, one
study showed unfavorable short-term cost-effectiveness, and
effectiveness measures varied across studies. Large reductions
were observed primarily in transfer rates (31%-90%), with cost
impacts varying by setting and condition.
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Table 3. Quality assessment of included studies using Drummond and CHEC (Consensus Health Economic Criteria) checklists.
Study (first author, year)  Condition Economic perspective  Drummond score(out CHEC score Overall quality
of 10) (out of 19)
Brunetti, 2014 [33] Acute coronary syndrome Health care system 8.0 16 Good (82.10%)
Demaerschalk, 2013 [34]  Acute ischemic stroke Societal 10.0 185 Excellent (98.69%)
Espinoza, 2017 [35] Stroke Health care payer 10.0 175 Excellent (96.05%)
Flaherty, 2022 [36] Pediatric emergencies Societal 9.5 185 Excellent (96.18%)
Kadel, 2018 [37] Neurosurgical emergencies  Health service 9.0 185 Excellent (93.68%)
Kim, 2022 [38] Stroke Societal 10.0 19.0 Excellent (100.00%)
Nelson, 2011 [23] Acute ischemic stroke Societal 10.0 185 Excellent (98.69%)
Nelson, 2016 [22] Acute ischemic stroke Spokeand hub perspec- 9.0 18.0 Excellent (92.37%)
tives
Pace, 2023 [39] Pediatric resuscitation Societal 9.0 19.0 Excellent (95.00%)
Thomas, 2018 [40] Behavioral health emergen-  Hospital system 9.0 175 Excellent (91.05%)
cies (pediatric)
Von Huben, 2024 [41] Mixed ED? presentations Health care funder 9.0 185 Excellent (93.68%)
Whetten, 2018 [42] Stroke Health care payer 9.0 18.0 Excellent (92.37%)
Yang, 2015 [43] Pediatric conditions Health care payer 9.0 18.0 Excellent (92.37%)

3ED: emergency department.
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Table 4. GRADE (Grading of Recommendations Assessment, Development, and Evaluation) evidence summary table: overall evidence assessment
by outcome.?

QOutcome Studies,n Study de-  Risk Inconsis- Indirect- Impreci- Other Virtual  Control Effect esti-  Certain-  Impor-

sign of bias tency ness sion consder- care mate ty tance
ations
Cost-effec- 10 6 Seri-  Notseri- Notseri- Notseri- Large  671/1924 8552107  7/10 domi- 6666 Critica
tiveness (233339, RcTdlues- Ous ous ous ous effect nant, 3/10 _
(CERRQALYY 4243]  experimen- (-1)° (+1), cost-effec- ~ high
tal, 4 mod- dose re- tive ICERs:
eling stud- sponse US $1273
ies (+1) (€990)-US
FIBIQALY
Transfer 7 4observa-  Seri-  Notseri- Notseri- Notseri- Large 4231380 756/1339 31-85% re- ooeo Critica
rates [23,34-37, tiona, 3 ous ous ous ous effect duction RR9
4243 modeling (g (+1), 0.15-0.77 ~ Mmoder-
consis- ate
tent di-
rection
ED lengthof 4[38-41] 3observas Seri-  Notseri- Notseri- Serious Consiss 891846 10172039 2.8-3.2hours op00 Mmpor-
stay tional, 1 ous ous ous (_1)i tent di- reduction tant
RCT (_1)h rection MD} -2.95 low
hours
Quality of 6 3RCTs, 3 Seri- Notseri- Notseri- Notseri- Allpos- 7121547 9191730 0.02-0.20 oopo Critica
life(QALYs [23.33-35, modeling  ous ous ous ous tive ef- QALYs
gained) 38,42] (—l)k fects gained MD  moder-
' +0.11 ate
QALYs
Mortali- 3 lobserva-  Seri-  Notseri- Serious Notseri- Strong  185/654 231/687 Lives saved ©e00 Critical
ty/lives [333941] tional, 2 ous ous nm ous assocCia for STEMI™,
saved modeling  (_y) tion o low
2655 YLL
averted ORP
0.73(0.52-
0.95)
Patient satiss 3 3observa-  Seri-  Notseri- Notseri- Serious Large NR NR >90% ap- op00 |mpor-
faction [33,3941] tional ous ous ous &\ effect proval rates tant

8Costs reported in non-US currencies in this table were converted to US dollars using the average annual exchange rate for the currency and cost year
reported in each study: €1=US $1.39 (2009); €1=US $1.29 (2012); AUD $1=US $0.75 (2018); AUD $1=US $0.69 (2022); CAD $1=US $0.77 (2022).
The same rates are applied throughout the manuscript.

B CER: incremental cost-effectiveness ratio.

CQALY: quality-adjusted life year.

9RCT: randomized controlled trial.

®Most studies nonrandomized with potential selection bias.
fObservational studies with potential confounding.

9RR: risk ratio.

AL imited randomized data, measurement inconsistencies.
Wide Cls, small sample sizes.

IMD: mean difference.

KMix of study designs with methodological limitations.
ILimited studies, potential reporting bias.

M ndirect mortality measures in some studies.

NSTEMI: ST-elevation myocardial infarction.

OYLL: yearsof lifelost.

POR: odds ratio.

9Subjective measures, potential response hias.

"Limited sample sizes, measurement variability.
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Subgroup Analyses

By Clinical Condition

Stroke care showed the most robust evidence, with 5/6 studies
demonstrating dominance [22,23,34,37,42]. The consistent
mechanism was increased thrombolysis rates through rapid
specialist consultation, generating both clinical benefits and
cost savingsthrough avoided transfersand improved outcomes.
Nelson et a [22] extended this evidence by demonstrating that
the cost-effectiveness of telestroke varied significantly by stroke
severity: severe strokes (NIHSS >15) showed the most favorable
ICERs(US$7794/QALY to US$40,071/QALY fromthe spoke
perspective), while mild strokes (NIHSS <5) were dominated
when spokes bore =50% of implementation costs. This
severity-stratified analysis, thefirst of itskind in the telestroke
cost-effectiveness literature, provides critical nuance for
implementation planning. Demaerschalk et al [34] documented
US $1436 lower costs and 0.02 QALY gains over patient
lifetimesin their hub-and-spoke telestroke network eval uation.
The prehospital stroke model [35] achieved cost-effectiveness
through a different mechanism, through time savings enabling
earlier treatment rather than transfer avoidance. Their model
showed that every minute saved trandated into measurable
economic and clinical benefits.

Pediatric emergency applications[36,39,43] achieved favorable
economics through different mechanisms. Critica care
consultations avoided unnecessary transfers (31% reduction)
[43], while the Haiti model prevented hospitalizations through
early intervention. Yang et a [43] reported ROI ranging from
1.28 to 1.96 across pediatric studies, with annual cost savings
of US $46,620 per ED treating 10 children with telemedicine.
By Geographic Setting

Rura and remote implementations [22,23,34,36,41-43]
consistently showed superior cost-effectiveness compared to
urban applications, driven primarily by high transfer costs and
distances. Rural settings achieved 6 of 7 dominant outcomes,
with savings amplified by avoided air medical transports and
family travel costs. Whetten et al [42] demonstrated that transfer
rates from rural hospitals to urban medical facilities decreased
from 85% to 5% (no tPA) and from 90% to 23% (tPA) with
their Access to Critical Cerebral Emergency Support Services
(ACCESS) telestroke program. Nelson et a [22] provided
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additional evidence from the Pacific Northwest, where 17 spoke
facilitiesin the Providence Oregon Tel estroke Network (POTN)
served rural communities. Their analysis uniquely demonstrated
how cost-sharing arrangements between hub and spokefacilities
influence cost-eff ectiveness, with the spoke perspectiveyielding
ICERs as low as US $1322/QALY when implementation costs
were fully subsidized by the hub.

Urban network implementations [23,34] achieved
cost-effectiveness through operational efficiency and care
standardization rather than transfer reduction. The Italian
regional networks [8,37] demonstrated how high-volume
centralized systems can achieve economies of scale.

By Technology Type

Video consultation technology’s[22,23,34,35,37-43] versatility
across clinical conditions and ability to support visual
assessment appeared critical for both clinical and economic
success (Table 5). These implementations typically featured
2-way, high-definition audiovisual systems connecting EDsto
remote specialists. Hub-and-spoke models were common, with
specidist coverageratiosof 1:7-8 peripheral sitesas documented
by Demaerschalk et al [34] and Nelson et al [23]. Nelson et al
[22] used a similar hub-and-spoke model with 2 hub facilities
(1 primary stroke center and 1 comprehensive stroke center)
supporting 17 spoke facilities, demonstrating scalability of this
approach.

Other virtual modalities included mobile electrocardiogram
transmission [8], telephone consultation with medication
delivery [36], and a hybrid model combining 75% virtual with
25% in-person coverage [41]. Technology sophistication varied
considerably, from basic tel ephone systemsin resource-limited
Haiti to advanced platformswith peripheral examination devices
and rapid imaging transfer capabilities. Lower-technology
solutions proved viable in resource-constrained settings. The
Haiti telephone-based model [36] achieved cost-effectiveness
despite, or perhaps because of, its simplicity, suggesting
technology should match context rather than maximize
sophistication. The in-ambulance telemedicine model [35]
represents an intermediate technology approach, combining
real-time consultation with automated data transmission. This
prehospital intervention uniquely demonstrated that time gains
as small as 6 minutes could achieve cost-effectiveness, with
dominance achieved at 12 minutes.
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Table5. Virtual care modality comparison—types, cost-effectiveness, and implementation contexts.?

Shankar et al

Virtual care Technology platform  Clinical applications Cost-€effectiveness  Implementation Key successfac-  Challenges/limitations
modality findings setting tors
Real -time 2-way HDP video- Stroke . 3 01_‘ 4studies « Rura EDs . Specia_l ist Technology in-
video consulta- conferencing [23,34,35,42] indicate the to urban expertiseac- frastructure costs
tion Mobile carts with Pediatric emergen- dominant specialists cess Internet connec-
cameras cies[39,40,43] cost-savingof «  Hub-and- «  Rapid deci- tivity inrural ar-
Peripheral exami- Neuroemergencies the interven- spoke net- sion-making eas
nation devices [37,38] tion works + Visud as- Staff training re-
Psychiatricemer- « CAD $64.61 .« 24/7 avail- sessment ca quirements
gencies [40] per YLLS ability pability
averted: « Highclini-
Saves US ciansaisfac-
$4662 per tion
chilt/EDYyear
o €365per
transfer
avoided;
. 0-5000
AUD/QALY®
o Lower
charges;
shorter LOS'
for the inter-
vention
Mobile ECGY 12-lead ECG Acutecoronary . €990- + Prehospi- .«  Rapidcar- Limited to car-
transmission recorder syndrome €2508/QALY td EMS diac diagno- diac conditions
Mobile phone Cardiac arhyth- «  €16.70vs units sis RequiresEMS
transmission mias €24.80- . Regiona * Avoidedun- training
Central hub inter- Prehospital triage €55.20/ECG coverage necessary Mobile network
pretation [33] o Livessaved (4M popu- transports dependency
for STEMIM Iation) «  24/7cadiol-
patients . 109,750 ogist avail-
ECGslyear ability
Telephone Call center plat- Pediatricpreemer- « US « Haiti(ree « Addresses Limited to pre-
consultation form gencies $1288/DALY! source- accessbarri- emergency cases
Twilio intake sys- Nighttime service averted limited) ers Novisual assess-
tem Medicationdeliv- ,  cog-effective ©  Nighttime- «  Lowtechnol- ment
Beacon driver dis- ery [36] below 3x only ser- ogy require- Requires deliv-
patch GDP vice ments ery infrastructure
. 199.76 o Home o Integrated
DALY savert- medication medication
edlyear delivery delivery
Hybrid virtu- HD videoconfer- Gengd EDpresen- «  Dominant e 29rural «  Workforce Requires some
a-physical encing tations strategy hospitals sustainabili- physical pres-
model Wireless tele- Rural hospital « AUD $105 o 24/7cover- ty ence
health carts coverage predomi- savings/ED age +  Reduced Complex
75% virtual, 25% nantly lower acu- encounter o Virtua ru- locum de- scheduling
in-person ity [41] «  Improved ral general- pendency Multiple site co-
quality met- ists « Maintained ordination
rics carecontinu-
ity

8Costs reported in non-US currencies in this table were converted to US dollars using the average annual exchange rate for the currency and cost year
reported in each study: €1=US $1.39 (2009); €1=US $1.29 (2012); AUD $1=US $0.75 (2018); AUD $1=US $0.69 (2022); CAD $1=US $0.77 (2022).
The same rates are applied throughout the manuscript.

PHD: high definition.

SYLL: yearsof lifelost.
deD: emergency department.
CQALY: quality-adjusted life year.

fLos: length of stay.
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9ECG: electrocardiogram.

NSTEMI: ST-elevation myocardial infarction.
EMS: emergency medical services.

IDALY: disability-adjusted life year.

By Provider Type

Provider typesdelivering virtual careincluded neurologistsand
stroke specialists [23,34,35,37,38,42], pediatric critical care
physicians and psychiatrists [36,39,40,43], rural generalist
physicians [41], cardiologists [8], and nurses with physician
oversight [36]. Most programs operated 24/7, though the Haiti
servicefunctioned only during nighttime hourswhen traditional
carewas unavailable. A unique prehospital model was evaluated
by Espinoza et a [35], featuring in-ambulance telemedicine
with live bidirectiona audio-video communication, automated
vital signstransmission, and 24/7 neurologist consultation. This
system served 150 patients per ambulance annually, with 39%
of eligible patients receiving tel emedicine consultation.

Sensitivity analyses were conducted in 12/13 (92%) studies.
The most common approaches were 1-way deterministic
sengtivity analysis (n=9), probabilistic sensitivity analysisusing
Monte Carlo simulation (n=7, with iterations ranging from 1000
to 10,000), 2-way sensitivity analysis (n=4), and scenario
analysis (n=2). Kadel et al [37] werethe only study that did not
perform a sensitivity anaysis. Key findings from sensitivity
analyses included results were robust to parameter variation in
10/12 studies; Nelson et a [23] found that the ICER was most
sensitive to the time horizon assumption, shifting from US
$108,363/QALY at 90 daysto US $2449/QALY over alifetime;
Nelson et a [22] demonstrated through probabilistic sensitivity
analysis (10,000 iterations) that telestroke was the most
cost-effective strategy in at least half of simulation runs when
willingness-to-pay threshol ds exceeded US $5000/QALY (spoke
bearing 0% costs), US $30,000/QALY (50% costs), or US
$52,000/QALY (100% costs); Espinozaet al [35] identified the
minimum time gain threshold (6 minutes) needed for
cost-effectiveness, and Yang et a [43] reported that ROI
estimates remained favorable (range 1.28-1.96) across
probabilistic iterations. Key uncertainty drivers across studies
included time horizon, transfer rates, intervention use rates,
cost-sharing arrangements, and discount rates. No study
identified scenarios under which virtual care became definitively
cost-ineffective in their primary sensitivity analyses, though
shorter time horizons and lower use rates reduced the magnitude
of economic benefits.

Cost Components Analysis

Direct medical costs consistently favored virtual care, with
per-consultation costs ranging from €16.70 (US $21) for
electrocardiogram telemedicine [8] to US $600 per consultation
for neurological telemedicine [42]. Whileinitial infrastructure
investment was substantial, break-even typically occurred within
1-3 years based on operational savings. The Victorian Stroke
Telemedicine program showed cost savings of US $142 (AUD
$190) per patient (control: US $61,631 [AUD $82,449;
intervention: US $61,489 [AUD $82,259]) at 12 months [38].
Direct medical costs consistently favored virtual care across
multiple studies. Brunetti et a [8] reported telemedicine
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electrocardiogram consultation costs of €16.70 (US $21) per
encounter compared to €24.80-€55.20 (US $32-71) for
conventional ED visitsin Italy. Similarly, Von Huben et al [41]
documented cost savings of US $73 (AUD $105) per ED
encounter for their Virtual Rural Generalist Service (US$93 vs
US $167 [AUD $134 vs AUD $240] for usual care). Nelson et
al [22] provided detailed cost breakdowns from POTN: spoke
facility fixed costs included monthly camera fees (US
$1980/month), 1-time equipment setup (US $11,000), and yearly
training (US $768), while hub facility costs included 1-time
equipment (US $26,300), annual wireless connectivity (US
$4500), a full-time telestroke coordinator (US $89,679), and
yearly training (US $900). These real-world cost data, derived
from encounter-level financia records rather than literature
estimates, represent a significant contribution to understanding
the true infrastructure investment required for telestroke
implementation.

Infrastructure investment varied considerably by program scope
and technology. While initial setup costs could be substantial,
rapid ROl was consistently demonstrated. Yang et al [43]
calculated an ROI of 1.28 in their base case, rising to 1.96 in
probabilistic analyses for pediatric telemedicine consultations.

Transfer and transportation represented the largest cost
differential, particularly in rural settings. Virtual care programs
achieved dramatic reductionsin transfer rates—from 85%-90%
to 5%-23% in patients with stroke [42] and a 73% reduction in
neurosurgical transfers[37]. Nelson et al [22] reported a slight
decline in transfer probability for tPA-treated patients (55.6%
to 51.9%) but an increase among untreated patients (11.2% to
16.8%), the latter likely reflecting improved identification of
patients requiring higher-level care. Beyond direct ambulance
costs, virtual care eliminated family travel costs and productivity
losses. The Canadian pediatric teleresuscitation program
documented mean costs of US $1563 (CAD $2032.73) for
telemedicine cases vs US $244 (CAD $317.45) for controls
[39]. Transfer and transportation costs represented the largest
area of savings. Whetten et a [42] reported cost savings of US
$3729 per patient, primarily from reduced unnecessary transfers
(85% to 5% for non-tPA patients and 90% to 23% for tPA
patients). Kadel et a [37] documented a 73% reduction in
transfer rates for neurosurgical emergencies, saving 139,916
km in travel distance and €3,095,863 (US $4,303,250) over 4
years. Beyond direct ambulance costs, virtual care eliminated
associated family expenses and productivity losses.

Staffing efficiencies emerged as a significant economic driver.
Hub-and-spoke models achieved specialist coverage ratios of
1:7-8 sites compared to traditional 1:1 models [23,34]. The
POTN model [22] demonstrated a similar approach with 2 hub
facilities supporting 17 spokefacilities, with an average of 14.4
patients with acute ischemic stroke per spoke per year. Von
Huben et al [41] documented substantial reductionsin expensive
locum physician shifts (from 1456 to 609 days), with the Virtual
Rural Generalist Service achieving a price per activity unit of
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AUD $1047 compared to AUD $1753 for usual care. Staffing
efficiencies emerged asacritical economic driver. They reported
a60% reduction in expensive locum physician shiftsfrom 1456
to 609 days annually, with the price per activity unit lower for
virtual care (AUD $1047) compared to usual care (AUD $1753).
Hub-and-spoke models achieved efficient specialist coverage,
asdemonstrated by Demaerschalk et a [34] with 1 hub hospital
supporting 7 spoke hospitals.

The Haiti pediatric telemedicine program demonstrated unique
cost-effectiveness at US $1288 per DALY averted, well below
the World Health Organization cost-effectiveness threshold of
3timesper capitaGDP (US$3531) [36]. Thisprogramincluded
medication delivery, representing an innovative model
combining consultation and pharmaceutical services.

Implementation Factors

Studies consistently identified high initial technology costs as
the primary implementation barrier, though rapid ROI mitigated
this concern. Yang et a [43] demonstrated an ROI of 1.28 in
base case analysis, with pediatric telemedicine generating annual
cost-savings of US $46,620 per ED treating 10 children. Rural
connectivity challenges were addressed through tiered
technology approaches—the Haiti study successfully operated
using basic telephone systems [36], while other programs
required high-definition videoconferencing [41]. Technology
infrastructure costs emerged as the primary implementation
barrier across studies. However, flexibility in technology
requirementsfacilitated adoption. Flaherty et a [36] successfully
implemented a nighttime pediatric telemedicine servicein Haiti
using basic telephone technology, while Von Huben et al [41]
used high-definition videoconferencing in Australian rural
hospitals.

Facilitators of successful implementation included strong clinical
champions, executive support, and phased rollout strategies
targeting high-need populations. Programs focusing on
time-critical conditionslike stroke demonstrated early winsthat
facilitated expansion. The Victorian Stroke Telemedicine
program strategically excluded 4 large hospitals with existing
stroke protocols, focusing implementation whereimpact would
be greatest [38]. Programs targeting high-need populations
demonstrated early wins—stroke programs consistently showed
increased tPA administration rates and improved outcomes
[23,34].

I ntegration with existing workflows proved critical for success.
Kadel et a [37] demonstrated efficiency with 75% of
teleconsultations completed within 15 minutes and 90% within
30 minutes. The ACCESS program achieved consultation
completion rates with neurologists available for rural EDs,
resulting in cost savings of US $4241 per patient and QALY
gains of 0.20 per patient [42]. Clinica workflow integration
proved critical for success. Kadel et a [37] reported that 75%
of teleneurosurgery consultations were completed within 15
minutes and 90% within 30 minutes, demonstrating efficiency
that encouraged provider adoption. Similarly, Brunetti et al [8]
achieved rapid electrocardiogram interpretation with remote
cardiologists available 24/7.
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Volume and case mix significantly influenced economic
outcomes. The Brunetti et al study processed 109,750
electrocardiogramsfrom 274,198 total emergency callsin 2012,
achieving economies of scade with a cost per
electrocardiogram/consultation of €16.70 (US $21) [8].
Programswith lower volumes, such asthe Belgian in-ambulance
telemedicine study with 39% use rates, ill achieved
cost-effectiveness when time gains exceeded 6-12 minutes[35].

Provider acceptance was enhanced by demonstrable benefitsto
work-life balance and patient outcomes. Thomas et al [40]
reported reduced ED length of stay (5.5 vs 8.3 hours) and lower
charges (US $3493 vs US $8611) for telepsychiatry compared
to usual care. Pace et al [39] documented an ICER of US $50
(CAD $64.61) per year of life lost averted for pediatric
teleresuscitation, demonstrating clear value.

Funding model s and reimbursement structures varied by country
and health care system. In the United States, several studies
noted consultation fees ranging from US $600 per consult [42]
to operational costsof US $222,800 annually for telepsychiatry
services [40]. The dominant finding across studies was that
virtual emergency care programs generated net savings despite
initial investments.

Discussion

Principal Findings

This systematic review found that virtual emergency care was
associated with favorable economic outcomes across diverse
clinical applications and hedth care settings. While these
findings suggest economic viability, the predominance of
model-based evaluations (7/13, 54% of included studies) and
the absence of empirical negative findings warrant cautious
interpretation. M odel-based analyses rely on assumptions about
clinical pathways, costs, and transition probabilities that may
not fully capture real-world complexities. Multiple mechanisms
underlie these favorable outcomes, including avoiding patient
transfers and improving operational efficiency. Our results
present a supportive economic case beyond direct cost savings,
highlighting workforce sustainability benefits as well. For
instance, one study documented a 60% reduction in the use of
costly locum physicians [41].

It isimportant to recognize that the clinica heterogeneity across
included studies spanning telestroke, pediatric telemedicine,
psychiatric emergencies, cardiac triage, and rural generalist
services limits the generalizability of aggregate conclusions.
Each clinical domaininvolvesdistinct patient populations, care
pathways, cost structures, and outcome measures (QALY's,
DALY s, transfers avoided, and length of stay). Whilethe overall
direction of findings was consistently positive, the evidence
baseis strongest for stroke care (supported by multiple studies
with concordant findings) and more preliminary for psychiatric
and general emergency applications (each supported by single
studies).

Comparison With Prior Work

Our findings extend earlier domain-specific reviews in several
important ways. Previous systematic reviews of telestroke
cost-effectiveness [7] have demonstrated favorable outcomes
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in stroke-specific applications, while reviews of telemedicine
in emergency settings [7,17,18] have primarily focused on
clinical effectiveness rather than economic outcomes. Our
review is the first to synthesize economic evidence across the
full spectrum of virtual emergency care modalities,
demonstrating that the favorable economics observed in
telestroke extend to pediatric, psychiatric, and genera
emergency applications. This broader scope strengthens the
evidence base for policy decisions that span multiple clinical
domains.

Unlike the mixed results reported for telemedicine
cost-effectiveness in nonemergency settings by Whitten et al
[45], our findings were uniformly positive—a discrepancy that
may reflect emergency care’s unique characteristics (high
baseline costs, time-sensitive decisions, and clear outcome
metrics) rather than a true absence of unfavorable results.
Furthermore, the success of simpler technologies in
resource-constrained settings challenges the assumption that
high technological sophistication is necessary for
cost-effectiveness. For example, atelephone-based consultation
model in Haiti was found to be cost-effective [36], suggesting
that matching the technology to the context can be more
important than using the most advanced tools. Our review also
highlights the prehospital telemedicine model as an important
middle ground: ambulance-based systems can achieve
cost-effectiveness without a full hospital infrastructure.

Moreover, by including full economic evaluations rather than
cost-only studies, our review provides more robust evidence
than prior reviews that examined only cost data without health
outcome integration.

Interpretation of Cost-Effectiveness Findings

The cost-effectiveness of virtual emergency care was driven by
distinct mechanisms across clinical domains. In stroke care, the
primary value proposition was enabling time-sensitive
thrombolysis through rapid specialist consultation, where even
modest improvements in treatment times transated into
substantial QALY gainsand reduced long-term disability costs.
The strong lifetime cost-effectiveness (ICER of US
$2449/QALY) despite unfavorable short-term economics (US
$108,363/QALY at 90 days) underscores the importance of
capturing downstream benefitsin economic eval uations of acute
interventions.

In pediatric applications, cost-effectivenesswas primarily driven
by transfer avoidance and reduced unnecessary hospitalizations,
reflecting the high baseline costs of pediatric emergency
transfers and the ability of specialist teleconsultation to safely
manage patients locally. The variability in ICERS across
studies—ranging from US $1273 (€990)/QALY to US
$108,363/QALY —reflects differencesin time horizons, health
care system costs, comparator practices, and the specific clinical
conditions studied. These contextual factors mean that the
transferability of specific ICER valuesto new settings requires
careful consideration of local cost structures, existing care
pathways, and patient populations.
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Policy and Clinical Implications

The evidence supports consideration of expanding virtua
emergency care programs, particularly in settings where the
economic case is strongest, while acknowledging that
implementation decisions should account for local contextual
factorsnot fully captured in economic models. The rapid uptake
of virtual care during temporary COVID-19 policy relaxations
demonstrated the feasibility of swift implementation. Health
care administrators should prioritize high-impact virtual
applications (eg, telestroke and pediatric critical care) in
underserved areas to maximize early ROl and build
organizationa support; documented break-even periods of 12-24
months can reassure budget-conscious decision-makers.

Moreover, the fact that all economic perspectives examined
showed positive resultsfurther strengthenstheinvestment case:
even analyses using a narrow health care system perspective
demonstrated cost savings, while broader societal perspective
analyses revealed added benefits such as reduced costs for
families and productivity gains. For clinicians, it is significant
that the economic benefits of virtual emergency care were
accompanied by quality improvements (maintained or improved
patient outcomes, >90% patient satisfaction, and reduced ED
length of stay). This finding suggests that virtual care can
enhance care quality rather than compromise it, while aso
reducing clinicians’ workload through improved patient flow.

M ethodological Considerations

Although theincluded studies used diverse economic evaluation
methods reflecting real-world variability, this heterogeneity
complicates direct comparisons and underscores the need for
more standardized reporting of cost-effectiveness outcomes (eg,
consistent use of ICER calculations, uniform costing methods,
and common time horizons). The development of a core set of
economic outcome measures for virtual emergency care could
significantly improve comparability across studies.

While 54% (7/13) of the studies were model-based analyses,
thereby raising some questions about generalizability, the
consistency of findings between these models and the
observational studies is reassuring. However, the reliance on
modeling introduces inherent uncertainty, as results depend on
assumptions about clinical pathways, transition probabilities,
and cost structures that may not hold across al settings.

Overdll, the quality of the economic evidence was generally
high: on average, studies met over 90% of criteriaon validated
quality assessment checklists, though we note that these
percentage scores should beinterpreted as descriptive indicators
rather than precise quality metrics, as these checklists were not
designed for numerical aggregation. However, future eval uations
should strengthen their reporting of generalizability and better
disclose any conflicts of interest. Encouragingly, 92% (12/13)
of the studies included sensitivity analyses, indicating that
uncertainty was appropriately handled—uwhich is an important
practice for decision-maker confidence.

Sensitivity Analysis and Uncertainty

While 92% (12/13) of included studies conducted sensitivity
analyses, several important sources of uncertainty merit
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discussion. Key parameters driving variation in
cost-effectiveness estimates included the time horizon of
analysis, with shorter horizons (eg, 90 days) producing less
favorable ICERs than lifetime models; patient volume and use
rates, which influenced the spread of fixed infrastructure costs,
transfer rates and distances, which were the dominant cost
drivers in rural settings; and discount rates applied to future
health benefits.

Notably, no study systematically explored scenarios in which
virtual care would not be cost-effective, such as settings with
very low patient volume, high existing specialist availability,
or unreliable technology infrastructure. Future evaluations
should explicitly model conditions under which virtual
emergency care may not represent good value for money, to
provide decision-makers with amore complete picture of when
implementation is and is not warranted.

Equity and Global Generalizability

The evidence base is dominated by high-income countries (the
United States, Australia, Canada, Italy, and Belgium), with only
one study conducted in a low-income setting (Haiti). This
geographic concentration significantly limitsthe generalizability
of findingsto low- and middle-income countries (LMIC), where
health care infrastructure, digital connectivity, workforce
composition, and cost structures differ substantially. While the
Haiti study demonstrated that simpler technol ogies can achieve
cost-effectiveness in resource-constrained environments, this
single study cannot address the diverse challenges faced across
LMIC. Claims about global scalability should therefore be
interpreted with caution.

Future research should prioritize economic evaluationsin LMIC,
where the potential impact of virtual emergency care may be
greatest but where implementation barriers—including limited
broadband access, electricity reliability, and trained workforce
availability—are a so most pronounced. Equity considerations,
including whether virtual emergency care reduces or exacerbates
disparities related to digital literacy, language, age, or
socioeconomic status, also require dedicated investigation.

Strengths and Limitations

This review implemented several measures to minimize bias.
We conducted a comprehensive search across multiple
databases, including gray literature and non-English studies,
and applied rigorous quality assessments using validated tools
alongside the GRADE approach. Furthermore, by focusing
exclusively on full economic evaluations, we ensured that our
conclusionsreflect true value generation rather than cost shifting
between settings.

Degspite these strengths, the study has several limitations. The
interventions evaluated were heterogeneous, which precluded
ameaningful meta-analysis. In addition, most included studies
adopted a health care system (rather than societal) perspective,
potentially underestimating the full benefits of virtual care.

Publication bias represents a significant concern in this review.
Despite our comprehensive search across 8 databases and gray
literature sources, al 13 included studies reported favorable
economic outcomes for virtual emergency care. The complete

https://mhealth.jmir.org/2026/1/€82143

Shankar et al

absence of negative or neutral findings is noteworthy and may
reflect selective publication of studies with positive results,
selective reporting of favorable outcomes within studies, or
genuine cost-effectiveness of virtual emergency care across all
evaluated contexts. The possibility that unfavorable economic
evaluations remain unpublished or were not identified by our
search cannot be excluded. This limitation should temper the
certainty with which the overall positive conclusions are
interpreted.

Several important cost dimensions are underrepresented in the
included studies. Ongoing technol ogy maintenance and upgrade
costs, which can be substantial as hardware ages and software
requires updates, were rarely incorporated. Staff training
costs—both initial and recurrent—were inconsistently reported,
yet represent a significant and recurring investment. Workflow
integration costs, including the time and resources required to
redesign clinical processes, develop protocols, and manage
change, were largely absent from economic evaluations.
Additionally, theincluded studies did not systematically account
for potential downstream costs such asfollow-up care resulting
from remote diagnostic limitations, liability and malpractice
considerations, or the costs of addressing technology failures
and downtime.

The long-term sustainability of cost savings remains uncertain,
as initial efficiencies may diminish as programs scale,
technology costs evolve, or reimbursement structures change.
While early evidence indicates that the benefits are sustained
or even amplified over time, longer-term studies will be
important to confirm this durability.

Whilethisreview adhered to PRISMA 2020 guidelines, certain
recommended items—including formal assessment of reporting
bias across studies and provision of underlying extracted
data—were not fully addressed. The complete dataset of
extracted study characteristics and economic outcomes is
available from the corresponding author upon request.

Future Research Directions

Looking ahead, further research is needed in several key areas.
First, economic evaluation methods should be standardized to
facilitate cross-study comparisons and enable future
meta-analyses. Second, researchers should evaluate emerging
virtual care modalities such as Al-driven triage algorithms and
integrated digital emergency systems to determine which
features truly drive cost-effectiveness and which simply add
expense. Third, dedicated studies should assess the equity
impacts of virtual emergency care to determine whether it
reduces or exacerbates health care disparities, with particular
attention to the digital divide. Fourth, implementation science
approaches are needed to optimize how virtual emergency care
is delivered. Comparative studies of different care models,
training methods, and change management strategies could offer
practical guidance for health systems, given that current
variation in program success suggests significant room for
improvement. Finaly, long-term evaluations are crucial to assess
how the benefits of virtual emergency care evolve over time,
how quality of care is maintained as programs scale up, and
how these models adapt to changing technology landscapes.
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Future evaluations should also adopt longer time horizons and
incorporate comprehensive implementation cost
frameworks—including technology maintenance, staff training,
workflow redesign, and opportunity costs—to provide a more
complete economic picture. Studies should explicitly model
conditions under which virtual emergency care may not be
cost-effective to help decision-makers identify appropriate
implementation contexts.

Degspite these research needs, the existing evidence supports
broader implementation of virtual emergency care, particularly
for high-need populations and time-sensitive emergency
conditions where its benefits are most pronounced.

Shankar et al

Conclusion

This systematic review found consistent evidence of favorable
economic outcomes for virtual emergency care across diverse
clinical conditions, settings, and modalities. The evidence is
strongest for stroke care and rural/remote implementations,
where transfer avoidance drives substantial savings. While all
included studies reported cost-effectiveness or cost savings, the
predominance of model-based analyses, the absence of evidence
from LMIC, and the possibility of publication bias warrant
cautious interpretation. These findings support the continued
expansion of virtual emergency care, particularly for high-need
populations and time-sensitive conditions, while highlighting
the need for standardized economic evaluation methods,
long-term sustainability assessments, and equity-focused
research to guide future implementation decisions.

Funding

This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Data Availability

All data generated or analyzed during this study are included in this published article and its supplementary information files.
The complete search strategy, data extraction forms, and quality assessment ratings are available in Multimedia Appendices 2
and 3. The dataset of extracted study characteristics and economic outcomes is available from the corresponding author upon
reasonable request.

Authors Contributions

Conceptualization: RS, SW

Methodology: RS

Formal analysis: RS

Screening: LW, SHH

Data extraction: LW, SHH

Data curation: RS

Writing — original draft: RS

Writing — review and editing: RS, LW, SHH, MFL, SPKG, TCW, SW
Supervision: MFL, SPKG, SW

Project administration: RS

Conflictsof Interest
None declared.

Multimedia Appendix 1

PRISMA checklist.
[PDE File (Adobe PDF File), 161 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Full electronic search strategies for all eight databases.
[DOCX File, 19 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Item-level methodological quality assessment of the included studies using the Drummond and CHEC checklists.
[DOCX File, 23 KB-Multimedia Appendix 3]

References

1. Di Sommas, Paladino L, Vaughan L, Lallel, Magrini L, Magnanti M. Overcrowding in emergency department: an
international issue. Intern Emerg Med. 2015;10(2):171-175. [doi: 10.1007/s11739-014-1154-8] [Medline: 25446540]

https://mhealth.jmir.org/2026/1/e82143 JMIR Mhealth Uhealth 2026 | vol. 14 | e82143 | p. 19

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v14i1e82143_app1.pdf&filename=a1eb971966bdc6e391bce2be4a57dc10.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e82143_app1.pdf&filename=a1eb971966bdc6e391bce2be4a57dc10.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e82143_app2.docx&filename=dbfa15552d61bddc4c2f50dff4ea0382.docx
https://jmir.org/api/download?alt_name=mhealth_v14i1e82143_app2.docx&filename=dbfa15552d61bddc4c2f50dff4ea0382.docx
https://jmir.org/api/download?alt_name=mhealth_v14i1e82143_app3.docx&filename=d01e13a77063b80060544bf629295e2a.docx
https://jmir.org/api/download?alt_name=mhealth_v14i1e82143_app3.docx&filename=d01e13a77063b80060544bf629295e2a.docx
http://dx.doi.org/10.1007/s11739-014-1154-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25446540&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Shankar et a

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Morley C, Unwin M, Peterson GM, Stankovich J, Kinsman L. Emergency department crowding: a systematic review of
causes, consequences and solutions. PLoS One. 2018;13(8):e0203316. [FREE Full text] [doi: 10.1371/journal.pone.0203316]
[Medline: 30161242]

Baum A, Kaboli PJ, Schwartz MD. Reduced in-person and increased tel ehealth outpatient visits during the COVID-19
pandemic. Ann Intern Med. 2021;174(1):129-131. [FREE Full text] [doi: 10.7326/M20-3026] [Medline: 32776780]
HsiaRY, Sarkar N, Shen Y. Impact of ambulance diversion: Black patients with acute myocardial infarction had higher
mortality than Whites. Health Aff (Millwood). 2017;36(6):1070-1077. [FREE Full text] [doi: 10.1377/hlthaff.2016.0925]
[Medline: 28583966]

Sun BC, HsiaRY, Weiss RE, Zingmond D, Liang L, Han W, et al. Effect of emergency department crowding on outcomes
of admitted patients. Ann Emerg Med. 2013;61(6):605-611.e6. [FREE Full text] [doi: 10.1016/j.annemergmed.2012.10.026]
[Medline: 23218508]

Natafgi N, Shane DM, Ullrich F, MacKinney AC, Bell A, Ward MM. Using tele-emergency to avoid patient transfersin
rural emergency departments: an assessment of costs and benefits. J Telemed Telecare. 2018;24(3):193-201. [doi:
10.1177/1357633X 17696585] [Medline: 29278984]

Baratloo A, Rahimpour L, Abushouk Al, Safari S, Lee CW, Abdalvand A. Effects of tel estroke on thrombolysis times and
outcomes. a meta-analysis. Prehosp Emerg Care. 2018;22(4):472-484. [doi: 10.1080/10903127.2017.1408728] [Medline:
29345529]

Brunetti ND, Scalvini S, Acquistapace F, Parati G, Volterrani M, Fedele F, et al. Telemedicine for cardiovascular disease
continuum: a position paper from the Italian Society of Cardiology Working Group on Telecardiology and Informatics. Int
JCardiol. 2015;184:452-458. [doi: 10.1016/j.ijcard.2015.02.023] [Medline: 25755064]

Ward MM, Jaana M, Natafgi N. Systematic review of telemedicine applications in emergency rooms. Int JMed Inform.
2015;84(9):601-616. [doi: 10.1016/).ijmedinf.2015.05.009] [Medline: 26072326]

ZachrisonKS, BoggsKM, M Hayden E, EspinolaJA, Camargo CA. A nationa survey of telemedicine use by US emergency
departments. J Telemed Telecare. 2020;26(5):278-284. [doi: 10.1177/1357633X18816112] [Medline: 30558518]

Dorsey ER, Topol EJ. Telemedicine 2020 and the next decade. Lancet. 2020;395(10227):859. [doi:
10.1016/S0140-6736(20)30424-4] [Medline: 32171399]

Wiedermann CJ, Mahlknecht A, Piccoliori G, Engl A. Redesigning primary care: the emergence of
artificial-intelligence-driven symptom diagnostic tools. J Pers Med. 2023;13(9):1379. [FREE Full text] [doi:
10.3390/jpm13091379] [Medline: 37763147)

Schwamm LH, Rosenthal ES, Hirshberg A, Schaefer PW, Little EA, Kvedar JC, et al. Virtual telestroke support for the
emergency department evaluation of acute stroke. Acad Emerg Med. 2004;11(11):1193-1197. [FREE Full text] [doi:
10.1197/j.2em.2004.08.014] [Medline: 15528584]

Bashiri M, Greenfield LJ, Oliveto A. Telemedicineinterest for routine follow-up care among neurology patientsin Arkansas.
Telemed J E Health. 2016;22(6):514-518. [doi: 10.1089/tmj.2015.0112] [Medline: 26684500]

Ashwood JS, Mehrotra A, Cowling D, Uscher-Pines L. Direct-to-consumer tel ehealth may increase access to care but does
not decrease spending. Health Aff (Millwood). 2017;36(3):485-491. [doi: 10.1377/hlthaff.2016.1130] [Medline: 28264950]
Zachrison KS, BoggsKM, Hayden EM, EspinolaJA, Camargo CA. Understanding barriersto telemedicineimplementation
in rural emergency departments. Ann Emerg Med. 2020;75(3):392-399. [doi: 10.1016/j.annemergmed.2019.06.026]
[Medline: 31474481]

Shigekawa E, Fix M, Corbett G, Roby DH, Coffman J. The current state of telehealth evidence: arapid review. Health Aff
(Millwood). 2018;37(12):1975-1982. [doi: 10.1377/hlthaff.2018.05132] [Medline: 30633674]

Langabeer JR, Gonzalez M, Alqusairi D, Champagne-Langabeer T, Jackson A, Mikhail J, et al. Telehealth-enabled emergency
medical services program reduces ambulance transport to urban emergency departments. West J Emerg Med.
2016;17(6):713-720. [FREE Full text] [doi: 10.5811/westjem.2016.8.30660] [Medline: 27833678]

Ahmed AA, Majiri M, Daghriri AA, Hakami OA, Alruwaili RF, Khan RA, et a. The role of telemedicine in emergency
department triage and patient care: a systematic review. Cureus. 2024;16(12):e75505. [doi: 10.7759/cureus.75505] [Medline:
39803013]

Sharifi KiaA, Rafizadeh M, Shahmoradi L. Telemedicinein the emergency department: an overview of systematic reviews.
Z Gesundh Wiss. 2022:1-15. [FREE Full text] [doi: 10.1007/s10389-021-01684-x] [Medline: 35103232]

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71. [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

Nelson RE, Okon N, Lesko AC, Mgjersik JJ, Bhatt A, Baraban E. The cost-effectiveness of tel estrokein the Pecific Northwest
region of the USA. J Telemed Telecare. 2016;22(7):413-421. [doi: 10.1177/1357633X 15613920] [Medline: 26541170]
Nelson RE, Saltzman GM, Skalabrin EJ, Demaerschalk BM, Majersik JJ. The cost-effectiveness of telestrokein the treatment
of acute ischemic stroke. Neurology. 2011;77(17):1590-1598. [FREE Full text] [doi: 10.1212/WNL .0b013e318234332d]
[Medline: 21917781]

Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the Economic Evaluation of Health
Care Programmes. United Kingdom. Oxford University Press; 2015.

https://mhealth.jmir.org/2026/1/e82143 JMIR Mhealth Uhealth 2026 | vol. 14 | e82143 | p. 20

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pone.0203316
http://dx.doi.org/10.1371/journal.pone.0203316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30161242&dopt=Abstract
https://www.acpjournals.org/doi/10.7326/M20-3026?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M20-3026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32776780&dopt=Abstract
https://europepmc.org/abstract/MED/28583966
http://dx.doi.org/10.1377/hlthaff.2016.0925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28583966&dopt=Abstract
https://europepmc.org/abstract/MED/23218508
http://dx.doi.org/10.1016/j.annemergmed.2012.10.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23218508&dopt=Abstract
http://dx.doi.org/10.1177/1357633X17696585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29278984&dopt=Abstract
http://dx.doi.org/10.1080/10903127.2017.1408728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29345529&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2015.02.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25755064&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2015.05.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26072326&dopt=Abstract
http://dx.doi.org/10.1177/1357633X18816112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30558518&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(20)30424-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32171399&dopt=Abstract
https://www.mdpi.com/resolver?pii=jpm13091379
http://dx.doi.org/10.3390/jpm13091379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37763147&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1069-6563&date=2004&volume=11&issue=11&spage=1193
http://dx.doi.org/10.1197/j.aem.2004.08.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15528584&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2015.0112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26684500&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2016.1130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28264950&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2019.06.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31474481&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2018.05132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30633674&dopt=Abstract
https://europepmc.org/abstract/MED/27833678
http://dx.doi.org/10.5811/westjem.2016.8.30660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27833678&dopt=Abstract
http://dx.doi.org/10.7759/cureus.75505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39803013&dopt=Abstract
https://europepmc.org/abstract/MED/35103232
http://dx.doi.org/10.1007/s10389-021-01684-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35103232&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
http://dx.doi.org/10.1177/1357633X15613920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26541170&dopt=Abstract
https://europepmc.org/abstract/MED/21917781
http://dx.doi.org/10.1212/WNL.0b013e318234332d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21917781&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Shankar et a

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

EversS, Goossens M, de Vet H, van Tulder M, Ament A. Criterialist for assessment of methodological quality of economic
evaluations: consensus on health economic criteria. Int J Technol Assess Health Care. 2005;21(2):240-245. [FREE Full
text] [Medline: 15921065]

Shemilt I, Mugford M, Byford S, Drummond M, Eisenstein E, Knapp M. Incorporating economics evidence. In: Cochrane
Handbook for Systematic Reviews of Interventions: Cochrane Book Series. London. Cochrane; 2008:449-479.
Drummond MF, Jefferson TO. Guidelines for authors and peer reviewers of economic submissions to the BMJ. The BMJ
Economic Evaluation Working Party. BMJ. 1996;313(7052):275-283. [FREE Full text] [doi: 10.1136/bmj.313.7052.275]
[Medline: 8704542]

Watts RD, Li IW. Use of checklistsin reviews of health economic evaluations, 2010 to 2018. Value Health.
2019;22(3):377-382. [FREE Full text] [doi: 10.1016/].jval.2018.10.006] [Medline: 30832977]

Frederix GWJ. Check your checklist: the danger of over- and underestimating the quality of economic evaluations.
Pharmacoecon Open. 2019;3(4):433-435. [FREE Full text] [doi: 10.1007/s41669-019-0118-3] [Medline: 30680675]
Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE Working Group. GRADE: an
emerging consensus on rating quality of evidence and strength of recommendations. BM J. 2008;336(7650):924-926. [FREE
Full text] [doi: 10.1136/bmj.39489.470347.AD] [Medline: 18436948]

Brunetti M, Shemilt I, Pregno S, Vale L, Oxman AD, Lord J, et al. GRADE guidelines: 10. Considering resource use and
rating the quality of economic evidence. J Clin Epidemiol. 2013;66(2):140-150. [doi: 10.1016/j.jclinepi.2012.04.012]
[Medline: 22863410]

Brozek JL, Canelo-Aybar C, Akl EA, Bowen JM, Bucher J, Chiu WA, et al. GRADE Working Group. GRADE guidelines
30: the GRADE approach to ng the certainty of modeled evidence-an overview in the context of health decision-making.
JClin Epidemiol. 2021;129:138-150. [FREE Full text] [doi: 10.1016/j.jclinepi.2020.09.018] [Medline: 32980429]
Brunetti ND, De Gennaro L, Correale M, Santoro F, Caldarola P, Gaglione A, et al. Pre-hospital electrocardiogram triage
with telemedicine near halvestimeto treatment in STEMI: ameta-analysis and meta-regression analysis of non-randomized
studies. Int J Cardiol. 2017;232:5-11. [doi: 10.1016/j.ijcard.2017.01.055] [Medline: 28089154]

Demaerschalk BM, Switzer JA, Xie J, Fan L, VillaKF, Wu EQ. Cost utility of hub-and-spoke telestroke networks from
societal perspective. Am JManag Care. 2013;19(12):976-985. [FREE Full text] [Medline: 24512034]

Espinoza AV, Devos S, van Hooff R, Fobelets M, Dupont A, Moens M, et a. Time gain needed for in-ambulance
telemedicine: cost-utility model. IMIR Mhealth Uhealth. 2017;5(11):e175. [FREE Full text] [doi: 10.2196/mhealth.8288]
[Medline: 29175808]

Flaherty KE, Klarman MB, Cajusma Y, Schon J, Exantus L, Beau de Rochars VM, et al. A nighttime telemedicine and
medication delivery service to avert pediatric emergenciesin Haiti: an exploratory cost-effectiveness analysis. Am J Trop
Med Hyg. 2022;106(4):1063-1071. [FREE Full text] [doi: 10.4269/ajtmh.21-1068] [Medline: 35189597]

Kadel R, Evans-Lacko S, Tramarin A, Stopazzolo G. Cost-effectiveness of tele-video-consultation for the neuro-surgical
emergency management at the general hospitalsin Italy. Front Neurosci. 2018;12:908. [FREE Full text] [doi:
10.3389/fnins.2018.00908] [Medline: 30564091]

KimJ, TanE, Gao L, MoodieM, Dewey H, Bagot K, et al. Cost-effectiveness of the Victorian Stroke Tel emedicine Program.
Aust Health Rev. 2022;46(3):294-301. [doi: 10.1071/AH21377] [Medline: 35589669]

Pace A, Faught BE, Law M, Mateus L, Roy M, Sulowski C, et al. Economic evaluation of tel e-resuscitation intervention
on emergency department pediatric visitsin the Niagara Region, Canada a pilot study. Front Health Serv. 2023;3:1105635.
[FREE Full text] [doi: 10.3389/frhs.2023.1105635] [Medline: 37342797]

Thomas JF, Novins DK, Hosokawa PW, Olson CA, Hunter D, Brent AS, et a. The use of telepsychiatry to provide
cost-efficient care during pediatric mental health emergencies. Psychiatr Serv. 2018;69(2):161-168. [doi:
10.1176/appi.ps.201700140] [Medline: 29032703]

Von Huben A, Thompson AE, Wilson A, Luscombe GM, Haigh A, Howard K, et al. An economic evaluation of the virtual
rural generalist service versususual care in Western NSW Local Health District. Med J Aust. 2024;221 Suppl 11:S28-S36.
[doi: 10.5694/mja2.52530] [Medline: 39647925]

Whetten J, van der Goes DN, Tran H, Moffett M, Semper C, Yonas H. Cost-effectiveness of Accessto Critical Cerebral
Emergency Support Services (ACCESS): a neuro-emergent telemedicine consultation program. JMed Econ.
2018;21(4):398-405. [FREE Full text] [doi: 10.1080/13696998.2018.1426591] [Medline: 29316820]

Yang NH, Dharmar M, Yoo B, Leigh JP, Kuppermann N, Romano PS, et al. Economic evaluation of pediatric telemedicine
consultations to rural emergency departments. Med Decis Making. 2015;35(6):773-783. [FREE Full text] [doi:
10.1177/0272989X 15584916] [Medline: 25952744]

Neumann PJ, Cohen JT, Weinstein MC. Updating cost-effectiveness--the curious resilience of the $50,000-per-QALY
threshold. N Engl J Med. 2014;371(9):796-797. [doi: 10.1056/NEJM p1405158] [Medline: 25162885]

Whitten PS, Mair FS, Haycox A, May CR, Williams TL, Hellmich S. Systematic review of cost effectiveness studies of
telemedicineinterventions. BMJ. 2002;324(7351):1434-1437. [FREE Full text] [doi: 10.1136/bmj.324.7351.1434] [Medline:
12065269]

https://mhealth.jmir.org/2026/1/e82143 JMIR Mhealth Uhealth 2026 | vol. 14 | e82143 | p. 21

(page number not for citation purposes)


https://core.ac.uk/reader/15461749?utm_source=linkout
https://core.ac.uk/reader/15461749?utm_source=linkout
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15921065&dopt=Abstract
https://europepmc.org/abstract/MED/8704542
http://dx.doi.org/10.1136/bmj.313.7052.275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8704542&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(18)36201-6
http://dx.doi.org/10.1016/j.jval.2018.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30832977&dopt=Abstract
https://dx.doi.org/10.1007/s41669-019-0118-3
http://dx.doi.org/10.1007/s41669-019-0118-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30680675&dopt=Abstract
https://europepmc.org/abstract/MED/18436948
https://europepmc.org/abstract/MED/18436948
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436948&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2012.04.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22863410&dopt=Abstract
https://europepmc.org/abstract/MED/32980429
http://dx.doi.org/10.1016/j.jclinepi.2020.09.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32980429&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2017.01.055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28089154&dopt=Abstract
https://www.ajmc.com/pubMed.php?pii=85325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24512034&dopt=Abstract
https://mhealth.jmir.org/2017/11/e175/
http://dx.doi.org/10.2196/mhealth.8288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29175808&dopt=Abstract
https://europepmc.org/abstract/MED/35189597
http://dx.doi.org/10.4269/ajtmh.21-1068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35189597&dopt=Abstract
https://europepmc.org/abstract/MED/30564091
http://dx.doi.org/10.3389/fnins.2018.00908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30564091&dopt=Abstract
http://dx.doi.org/10.1071/AH21377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35589669&dopt=Abstract
https://europepmc.org/abstract/MED/37342797
http://dx.doi.org/10.3389/frhs.2023.1105635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37342797&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.201700140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29032703&dopt=Abstract
http://dx.doi.org/10.5694/mja2.52530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39647925&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/13696998.2018.1426591?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/13696998.2018.1426591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29316820&dopt=Abstract
https://europepmc.org/abstract/MED/25952744
http://dx.doi.org/10.1177/0272989X15584916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25952744&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp1405158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25162885&dopt=Abstract
https://europepmc.org/abstract/MED/12065269
http://dx.doi.org/10.1136/bmj.324.7351.1434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12065269&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Shankar et a

Abbreviations

ACCESS: Accessto Critical Cerebral Emergency Support Services

CHEC: Consensus Health Economic Criteria

DALY: disability-adjusted life year

ED: emergency department

GRADE: Grading of Recommendations Assessment, Development, and Evaluation
ICER: incremental cost-effectivenessratio

LMIC: low- and middle-income countries

NIHSS: National Institutes of Health Stroke Scale

POTN: Providence Oregon Telestroke Network

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews

QALY: quality-adjusted life year

ROI: return on investment

tPA: tissue plasminogen activator
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