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Key Messages

Purpose of Review
To assess the effectiveness of telehealth consultations and explore supplemental decision
analysis.

Key Messages
e Results vary by setting and condition, with telehealth consultations producing generally
either better outcomes or no difference from comparators in settings and clinical
indications studied.
0 Remote intensive care unit consultations likely reduce mortality.
0 Specialty telehealth consultations likely reduce patient time in the emergency
department.
0 Telehealth consultations in emergency services likely reduce heart attack
mortality.
0 Remote consultations for outpatient care likely improve access and clinical
outcomes.
e More detailed telehealth consultation costs and outcomes data would improve modeling
assumptions.
e Future research should employ rigorous methods and standardized outcomes for
consistent measurement of telehealth consultation effectiveness.
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medical conditions, and new healthcare technologies and strategies.
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based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrqg.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the healthcare system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the website
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email list to learn about new program products and opportunities for input.
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Telehealth for Acute and Chronic Care Consultations

Structured Abstract

Objectives. To conduct a systematic review to identify and summarize the available evidence
about the effectiveness of telehealth consultations and to explore using decision modeling
techniques to supplement the review. Telehealth consultations are defined as the use of telehealth
to facilitate collaboration between two or more providers, often involving a specialist, or among
clinical team members, across time and/or distance. Consultations may focus on the prevention,
assessment, diagnosis, and/or clinical management of acute or chronic conditions.

Data sources. We searched Ovid MEDLINE®, the Cochrane Central Register of Controlled
Trials (CCRCT), and the Cumulative Index to Nursing and Allied Health Literature (CINAHL®)
to identify studies published from 1996 to May 2018. We also reviewed reference lists of
identified studies and systematic reviews, and we solicited published or unpublished studies
through an announcement in the Federal Register. Data for the model came both from studies
identified via the systematic review and from other sources.

Methods. We included comparative studies that provided data on clinical, cost, or intermediate
outcomes associated with the use of any technology to facilitate consultations for inpatient,
emergency, or outpatient care. We rated studies for risk of bias and extracted information about
the study design, the telehealth interventions, and results. We assessed the strength of evidence
and applicability, and then synthesized the findings using quantitative and qualitative methods.
An exploratory decision model was developed to assess the potential economic impact of
telehealth consultations for traumatic brain injuries in adults.

Results. The search yielded 9,366 potentially relevant citations. Upon review, 8,356 were
excluded and the full text of 1,010 articles was pulled for review. Of these, 233 articles met our
criteria and were included—54 articles evaluated inpatient consultations; 73, emergency care;
and 106, outpatient care.

The overall results varied by setting and clinical topic, but generally the findings are that
telehealth improved outcomes or that there was no difference between telehealth and the
comparators across the settings and for the clinical indications studied.

Remote intensive care unit (ICU) consultations likely reduce ICU and total hospital mortality
with no significant difference in ICU or hospital length of stay; specialty telehealth consultations
likely reduce the time patients spend in the emergency department; telehealth for emergency
medical services likely reduces mortality for patients with heart attacks; and remote consultations
for outpatient care likely improve access and a range of clinical outcomes (moderate strength of
evidence in favor of telehealth). Findings with lower confidence are that inpatient telehealth
consultations may reduce length of stay and costs; telehealth consultations in emergency care
may improve outcomes and reduce costs due to fewer transfers, and also may reduce outpatient
visits and costs due to less travel (low strength of evidence in favor of telehealth). Current
evidence shows no difference in clinical outcomes with inpatient telehealth specialty
consultations, no difference in mortality but also no difference in harms with telestroke
consultations, and no difference in satisfaction with outpatient telehealth consultations (low
strength of evidence of no difference). Too few studies reported information on potential harms
from outpatient telehealth consultations for conclusions to be drawn (insufficient evidence).
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An exploratory cost model underscores the importance of perspective and assumptions in
using modeling to extend evidence, and the need for more detailed data on costs and outcomes
when telehealth is used for consultations. For example, a model comparing telehealth to transfers
and in-person neurosurgical consultations for acute traumatic brain injury identified that the
impact of telehealth on costs may depend on multiple factors, including how alternatives are
organized (e.g., if the telehealth and in-person options are part of the same healthcare system)
and whether the cost of a telehealth versus an in-person consultation differ.

Conclusions. In general, the evidence indicates that telehealth consultations are effective in
improving outcomes or providing services, with no difference in outcomes; however, the
evidence is stronger for some applications, and less strong or insufficient for others. However, as
specific details about the implementation of telehealth consultations and the environment were
rarely reported, it is difficult to assess generalizability. Exploring the use of a cost model
underscored that the economic impact of telehealth consultations depends on the perspective
used in the analysis. The increase in both interest and investment in telehealth suggests the need
to develop a research agenda that emphasizes rigor and focuses on standardized outcome
comparisons that can inform policy and practice decisions.
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Evidence Summary

Background

Telehealth is the use of information and telecommunications technology to provide or
support healthcare across time and/or distance. Telehealth’s potential benefits are frequently
cited,!2 and there is a sizable body of research on telehealth, including systematic reviews and
reviews of reviews.>® Despite this potential, implementation and spread has been slower than
expected,®° though recent trends suggest that use of telehealth may be increasing.

With improvement in technologies,'! changes in payment policies,*>** and evolving models
for healthcare in general and telehealth in particular, the possibility exists for a rapid acceleration
in implementation and wider use of telehealth. However, targeting, supporting, and sustaining
increased use of telehealth requires organized and accessible information on the impact of
different uses of telehealth. Specifically, synthesis of existing research evidence can help inform
decisions about where, in terms of settings and clinical indications, telehealth is likely to improve
access, quality, and efficiency. One approach is to assess the evidence about the different roles
telehealth can play in healthcare.

Telehealth for consultations allows medical expertise to be available where and when it is
needed, minimizing potential time or geographic barriers to care and maximizing the efficient
use of scarce resources. Telehealth for consultations has been studied across a range of clinical
situations but not previously assessed in a systematic review.

Objective

The objective of this report is to identify and summarize the available evidence about
telehealth consultations. The overarching goal is to maximize the utility of available information
by presenting the results in formats that support decision makers at various levels (e.g.,
regulators, providers, and payers) as they consider policy and practice changes related to
telehealth for consultation. To accomplish this we combined a broad systematic review, covering
a range of clinical indications, with an exploratory decision model for one selected clinical
application. Both systematic reviews and decision analyses have accepted methodologies, but
they are not frequently used in tandem. In this sense, this project is experimental as it strives to
provide the results of a traditional systematic review of the available research and explore how
the addition of decision analysis might be used to increase the utility of evidence for decision
makers.

This review focuses on the effectiveness of telehealth for provider-to-provider consultations.
Telehealth consultations are defined as the use of telehealth to facilitate collaboration between
providers, often involving a specialist consultant, or among clinical team members, across time
and/or distance, on the assessment, diagnosis, and/or clinical management of a specific patient or
group of patients. While the patient may or may not be involved in the consultation, the
consultation is required to be related to a specific patient or group of patients in order to
differentiate this activity from training or education (which would not meet our definition of
telehealth). Limited information provided by one clinician to another that does not contribute to
collaboration (e.g., interpretation of an electroencephalogram, report on an x-ray or scan, or
reporting the results of a diagnostic test) is not considered a consultation for this review.
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Systematic Review Key Questions
The Key Questions for the review were:

1.

Are telehealth consultations effective in improving clinical and

economic outcomes?

Clinical and economic outcomes may include, but are not limited to, mortality and
morbidity, patient-reported outcomes, quality of life, utilization of health services, and
cost of services.

Are telehealth consultations effective in improving intermediate

outcomes?

Intermediate outcomes include both outcomes that precede the ultimate outcomes of
interest (e.g., mediators) and secondary outcomes. Intermediate outcomes may include,
but are not limited to, access to care, patient and provider satisfaction, behavior, and
decisions (e.g., patient completion of treatment, provider antibiotic stewardship); volume
of services; and healthcare processes (e.g., time to diagnosis or treatment).

Do telehealth consultations result in harms, adverse events, or
negative unintended consequences?

What are the characteristics of telehealth consultations that have

been the subject of comparative studies?

These characteristics may include clinical conditions, characteristics of the providers and
patients and their relationships, telehealth modalities, and characteristics of settings,
including the type of care and healthcare organization, payment models, as well as
geographic and economic characteristics.

Do clinical, economic, intermediate, or negative outcomes (i.e., the
outcomes in Key Questions 1, 2, and 3) vary across telehealth
consultation characteristics (Key Question 4)?

Systematic Review Methods

The conduct of this systematic review followed the Methods Guide for Effectiveness and
Comparative Effectiveness Reviews,** and it is reported according to the PRISMA checklist. The
scope, Key Questions, and inclusion criteria of this review were developed in consultation with a
group of technical experts. Detailed methods are available in the full report and the posted
protocol (https://effectivehealthcare.ahrg.gov/topics/telehealth-acute-chronic/research-protocol/).
The protocol was registered with PROSPERO (CRD42017058304).

A research librarian created the search strategy and another research librarian reviewed it
before searching Ovid MEDLINE®, the Cochrane Central Register of Controlled Trials
(CCRCT), and the Cumulative Index to Nursing and Allied Health Literature (CINAHL®) to
identify studies published from 1996 through May 2018. We also reviewed reference lists of
identified studies and systematic reviews, and solicited suggestions through an announcement in
the Federal Register.

We limited our study inclusion to the use of telehealth for consultations and outcomes that
measure clinical and cost effectiveness. Otherwise our criteria were broad, and we included any
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technology and any comparative study, including before-after and retrospective as well as
prospective designs, with quantitative outcomes data. Studies could compare telehealth
consultations to consultations done in a different mode (e.qg., in-person or telephone), no access
to specialty care, or usual care which could be an unspecified mix of these options. We excluded
descriptive studies, studies assessing only diagnostic concordance, studies where there was no
nontelehealth comparison, and modeling studies that used hypothetical data.

Two team members independently reviewed all abstracts and two reviewers independently
assessed each full-text article. Disagreements were resolved by discussion among investigators.
For included articles, investigators abstracted key characteristics and data about the studies for
quantitative and qualitative synthesis. We were able to conduct meta-analyses for some but not
all topics and outcomes due to the heterogeneity of outcome measures, study designs, and
telehealth interventions. Two investigators independently rated the risk of bias of each study
using predefined criteria consistent with the chapter, “Assessing the Risk of Bias of Individual
Studies When Comparing Medical Interventions” in the Methods Guide for Effectiveness and
Comparative Effectiveness Reviews.* Risk of bias for economic evaluations were assessed using
a modified version of the Consensus Health Economic Criteria.!>'® Disagreements were resolved
by consensus.

Strength of evidence was assessed for each outcome and Key Question as described in the
Methods Guide for Effectiveness and Comparative Effectiveness Reviews.'* We assigned a
strength of evidence grade of high, moderate, low, or insufficient for the body of evidence for
each Key Question, based on evaluation of four domains: study limitations, consistency,
directness, and precision. High, moderate, and low ratings reflect our confidence in the accuracy
and validity of the findings and whether future studies might alter these findings (magnitude or
direction). We gave a rating of insufficient when we were unable to draw conclusions due to
serious inconsistencies, serious methodological limitations, or lack of evidence. We considered
applicability and the strength of evidence when making general assessments across the studies
and use qualifiers in key messages and conclusions such as ‘likely’ for moderate strength of
evidence and/or some applicability concerns or ‘may’ for low strength of evidence and/or
significant applicability concerns.

Systematic Review Results

The literature searches yielded 9,366 potentially relevant citations. Upon review of the article
titles and abstracts, 8,356 were excluded and the full text of 1,010 articles were pulled for
review. Of these, 233 articles met our inclusion criteria. The most frequent reasons for excluding
an article were that the intervention was not a telehealth consultation (ineligible intervention) or
that the study did not compare telehealth consultations to usual care or another intervention
(ineligible comparison). A list of the included studies is provided in Appendix C of the full
report, and the citations for excluded studies are in Appendix D of the full report.

The included studies are diverse in terms of location, technology, and design. The most
frequent geographic location for the included studies of telehealth consultations was the United
States (110 articles or 47%); however, more than half of the studies were conducted in other
countries. The most common mode or technology used for telehealth consultations was video,
which was used in more than half of the studies (55%). The majority of the studies (66%) were
observational, including prospective cohorts, retrospective cohorts, and before/after studies in
which a group of patients from before the implementation of telehealth consultations are
compared to a different group of patients after telehealth implementation. In these studies, the
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comparator was often usual care, that is, care without telehealth, and the studies rarely provided
more detail (e.g., if consultations were in-person, if care was delivered without consultation, or a
mix of both). About one-fifth (19%) were randomized controlled trials, 12 percent were
economic evaluations, and approximately 3 percent were pre-post studies in which outcomes for
the same patients were compared pre (without telehealth) and post telehealth consultations. Table
1 in the full report provides more information on the characteristics of the included studies, and
detailed information abstracted from each study is provided in Appendix F of the full report.

We categorized the systematic review results into three patient settings: inpatient, emergency
department (ED) or emergency medical services (EMS), and outpatient. We chose to organize
the systematic review results by patient setting as the settings are likely to have different
telehealth technology and requirements as well as differences in payment structures, staffing, and
organization of care delivery. The results are summarized by setting in Tables A, B, and C and in
the accompanying text.

Inpatient Telehealth Consultations

Remote Intensive Care Units

e Clinical outcomes: Intensive care unit (ICU) and hospital mortality are lower with remote
ICU (moderate strength of evidence).

e Economic outcomes: Not all studies analyzed costs of remote ICUs or their impact on
revenue; those that did used differing methods, and conclusions were inconsistent
(insufficient evidence).

e Intermediate outcomes: ICU and hospital length of stay (LOS) are not statistically
different with remote ICU (moderate strength of evidence).

e Adverse effects: None of the included studies specifically addressed potential harms or
unintended consequences (insufficient evidence).

We identified 21 studies reported in 22 articles evaluating the use of telehealth to provide
remote ICU services. Remote ICU services involve off site staff (intensivists, critical care nurses,
and sometimes administrative assistants) who monitor ICU patients and provide consultation and
management assistance with the care of these patients. Thirteen of these studies used before-after
designs comparing outcomes from a period before implementation of remote ICUs to the period
after this model of care was in operation in the same hospital or hospitals. The remaining studies
include four retrospective and two prospective cohort studies, one cross sectional survey, and
one pre-post survey. These studies did not provide details on the nontelehealth care, though it
likely included a mix of care by clinicians who are not specialists, less frequent care by
specialists, and transfers to other hospitals. We reviewed selected key factors that could help
explain the differences in outcomes across studies, including information on the hospitals that
were the sites for the studies, the coverage and staffing of the remote ICU interventions, and the
time periods in which outcomes were measured. For example, the majority of included studies
were conducted in larger teaching hospitals or hospitals affiliated with an academic center; and
all of the studies included a physician intensivist, most included nursing, and about half included
administrative support. However, none of these factors clearly differentiate between studies
reporting a clear benefit from remote ICUs and those reporting no benefit or possible benefits.
Furthermore, this limitation means we cannot compare the ICUs included in these studies to all
ICUs that might consider employing telehealth based on our data.
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Inpatient Specialist Consultations

e Clinical outcomes: Mortality or serious morbidity (e.g., cardiac arrest, low birthweight,
falls, and disability) improve with telehealth consultations across specialties, but
differences are not statistically significant in most studies (low strength of evidence).

e Economic outcomes: Cost savings were realized due to avoided transfers or travel, but
telehealth did not save money in all studies (low strength of evidence).

e Intermediate outcomes: The impact of telehealth consultations on intermediate outcomes
such as hospital LOS, transfer rate or satisfaction of patients, relatives, or healthcare
providers is also positive, but not convincing with differences that are close to significant
and estimates that are less precise (low strength of evidence).

e Adverse effects: Only studies of surgery explicitly examined harms, but the study
limitations were high based on small sample sizes and high risk of bias (insufficient
evidence).

We identified 31 studies (32 articles) that reported the use of telehealth to provide specialty
consultations for inpatients. Specialty consultations are provided when the input of a specialist is
needed for diagnosis, care planning, or treatment, and a physician with the specialized
knowledge is not available at the hospital where the patient is located or at the time when the
consultation is needed. The studies of inpatient specialist consultations cover a wide range of
clinical indications, ranging from neonatal to geriatric care and from care planning to remote
proctoring of surgery. Studies of inpatient consultations were predominately cohort studies,
including ten retrospective and 15 prospective cohort designs that compare hospitals with and
without telehealth. There were also three before-after studies and three randomized trials that
studied inpatient consultations. Most of the cohort studies included multiple sites with the largest
prospective study including 3,060 patients in 5 intervention and 5 matched comparison hospitals.
Overall, inpatient telehealth consultations are not well-described, making it problematic to relate
characteristics of the intervention or environment to effectiveness and to assess the
generalizability of the study results to either hospitals that may differ in important ways from
those included in the studies or to the use for other specialties not studied.

ES-5



Table A. Inpatient telehealth consultations: strength of evidence

Strength of

compared with standard procedures in small
studies with high risk of bias

Evidence
Number (Insulfficient,
of Low,
Studies Moderate,
Topic QOutcome (KQ) (N) Main Findings High)
Inpatient ICU Mortality 11 Lower ICU mortality Moderate
remote ICU (KQ1)2 RR 0.69 (95% CI 0.51, 0.89)
Hospital Mortality 12 Lower hospital mortality Moderate
(KQ1)2 RR 0.76 (95% CI, 0.60, 0.95)
Cost (KQ1) 6 Unable to summarize across studies: different Insufficient
methods and inconsistent results.
ICU LOS 12 No significant difference in ICU LOS Moderate
(KQ2)2 Mean difference (days) -0.39 (95% CI -0.99, 0.15)
Hospital LOS 12 No significant difference in hospital LOS Moderate
(KQ2)2 Mean difference (days) -0.14 (95% CI -0.96, 0.63)
Harms 0 None reported in identified articles Insufficient
(KQ3)
Inpatient Mortality (KQ1) 12 No significant difference in mortality Low
specialty Other clinical 6 Clinical outcomes better with telehealth but small Low
consultations | outcomes (KQ1) differences and most not significantly different
Cost (KQ1) 7 Cost savings due to avoiding transfers or travel Low
when telehealth is used but not in all studies
Intermediate 27 Reductions in LOS and waiting time but all not Low
outcome (KQ2) significantly different; satisfaction measures good
but not excellent
Harms (KQ3) 3 Complications from telehealth in surgery was Insufficient

CI = confidence interval; ICU = intensive care unit; KQ = Key Question; LOS = length of stay; RR = risk ratio
aBased on studies included in the meta-analysis

Emergency Care Telehealth Consultations
We split emergency care into three subtopics, as follows.

Telestroke

e Clinical outcomes: The evidence suggests that telestroke does not result in differences in

either in-hospital or 3-month mortality (moderate strength of evidence)

e Intermediate outcomes: Changes in thrombolytic therapy (tPA) use and time to treatment

with telestroke were not significantly different (low strength of evidence).

e Adverse events: No increased harms, specifically hemorrhage (moderate strength of

evidence).

Specialty consultations in emergency departments
e Clinical outcomes: The impact on clinical outcomes including mortality and functional

status is generally positive, though the results are not always statistically significant (low

strength of evidence).

e Economic outcomes: Analysis of costs were available only in a few studies, and the
results favored savings (low strength of evidence).

e Intermediate outcomes: Teleconsultations have a positive effect on intermediate
outcomes such as appropriate triage and transfers and shorter time in the emergency
department (moderate strength of evidence).

e Adverse events: No information was available about harms (insufficient evidence).
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EMS and urgent care
e Clinical outcomes: Telehealth reduces mortality for heart attack patients (moderate

strength of evidence).

e Economic outcomes: Reductions in air transfers and referrals contributed to estimates of
lower costs (low strength of evidence).
e Intermediate outcomes: Telehealth led to more timely provision of care and a reduction in
air transfers and referrals to higher-level care following urgent care (moderate strength of

evidence), and these

e Adverse effects: Information on harms was very limited (insufficient evidence).

Telestroke refers to the use of telemedicine to convey information about a patient to a
vascular neurologist/stroke specialist for assessment and diagnosis with a focus on time
sensitive treatment and transport decisions. The 29 studies that investigated telestroke all
compared outcomes from a prior time period or another hospital without telestroke with
those with telestroke. All patients were treated, but in the cases without telestroke, patients
received care for their stroke but after a delay, which may have limited their treatment
options. Ten studies of EMS evaluated an approach similar to telestroke for patients
potentially experiencing heart attacks. Fifteen of the 19 studies of specialist consultations in
EDs were before-after or cohort studies that did not provide detailed information on the care
without telehealth. In the 21 studies of telehealth consultations for EMS or urgent care, in the
groups without telehealth, emergency personnel or clinicians made decisions about transfer

or treatment without consultant input.

Table B. Emergency care telehealth consultations: strength of evidence
Number
of Strength of Evidence
Qutcome Studies (Insulfficient, Low,
Topic (KQ) (N) Main Findings Moderate, High)
Emergency Mortality In- 9 RR 0.89 Moderate
Care: hospital (KQ1) (95% CI1 0.63, 1.43) No difference
Telestroke Mortality 3- 7 RR 0.94 Moderate
month (KQ1) (95% CI10.82, 1.16) No difference
tPA 13 Reported tPA use increases; four Low
administration significant; majority not statistically
(KQ2) significant or not tested
Time to 23 Time to treatment is shorter but not Low
Treatment significant in the majority of studies; a
(KQ2) minority report longer times
Harms (all 11 No difference in hemorrhage, the only Moderate
Hemorrhage) potential harm reported
(KQ3)
Emergency Clinical 13 Lower mortality reported in most Low
Care: outcomes studies but not statistically significant;
Specialty (KQ1) Four studies reporting other clinical
Consultations outcomes that were better with
telehealth; one reported significant
differences
Cost (KQ1) 5 Lower costs with better or no change Low
in clinical outcome in most (4) studies;
one study reported higher costs
Intermediate 19 Increase in appropriate transfers, Moderate

outcomes

(KQ2)

decrease in time to decision and time
in ED with telehealth compared with
standard care
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Number
of Strength of Evidence
Qutcome Studies (Insufficient, Low,
Topic (KQ) (N) Main Findings Moderate, High)
Harms (KQ3) 0 No studies reported data on harms Insufficient
from telehealth
Emergency Clinical 10 Telehealth reduced mortality for Moderate
Care: EMS or | Outcomes STEMI patients
Urgent Care (KQ1)
Cost (KQ1) 5 Lower costs due to avoided transfers Low
or lower staff costs when telehealth is
used
Intermediate 20 Treatment is more timely and fewer air Moderate
Outcomes transfers or referrals to higher level of
(KQ2) care
Harms (KQ3) 1 One study reported data that could be Insufficient
interpreted as harms, but not defined
as such by the authors

ClI = confidence interval; ED = emergency department; EMS = emergency medical services; KQ = Key Question; RR = risk
ratio; STEMI = ST-elevation myocardial infarction; tPA = tissue plasminogen activator;

Outpatient Telehealth Consultations

e Clinical outcomes: Clinical outcomes were reported in just over one-quarter of the
studies of telehealth consultations and in 7 of 11 clinical topics. In three topics, there is
moderate strength of evidence of the benefits of telehealth (better healing in wound care,
higher response to treatment in psychiatry, and improvement in chronic condition
outcomes), and in dermatology the findings show no difference in clinical outcomes (low
strength of evidence). In three topics (cancer, infectious disease, and multiple specialties)
studies were identified, but the results were inconsistent (insufficient evidence).

e Intermediate outcomes

0 Access: Telehealth consultations improved access by reducing wait times and
time to treatment and by increasing the number of patients receiving indicated
diagnostic tests or treatment (moderate strength of evidence).

0 Management and utilization: Telehealth consultations reduced utilization (the
number of in-person specialist and hospital visits; number of hospitalizations, and
shorter lengths of stay) in most studies. Findings were inconsistent about
agreement on diagnosis and management (low strength of evidence).

o Satisfaction: Patients were generally more satisfied with telehealth consultations,
particularly when telehealth saved time or expense compared with the alternative.
Clinicians tended to be less satisfied with telehealth than in-person consultations,
though differences were rarely statistically significant (low strength of evidence).

e Costs: Studies report lower costs and in most cases savings are attributable to reductions
in transfers or less transportation. However, the rigor of the measurement, imprecision of
estimates and inconsistency in the magnitude of the effects limits confidence in these
findings (low strength of evidence).

e Harms: Only two of studies explicitly examined harms, reporting lower rates of
complications with telehealth (insufficient evidence).

The 106 included articles evaluating telehealth consultations in the outpatient setting are
summarized in Table C. Detailed results split into 11 clinical topics are provided in the full
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report. All of these studies addressed at least one intermediate outcome, and we organized these
into three categories: access, management and utilization, and satisfaction.

For the 11 clinical topics, seven reported clinical outcomes (dermatology, wound care,
orthopedics, cancer, psychiatry, infectious disease and single specialties). In four of these seven
the body of evidence supports better outcomes with telehealth. For 10 topics there were
improvements in at least one intermediate outcome. Cost outcomes were identified for nine out
of 11 topics, but the conclusions are mixed with lower costs reported across studies for four
topics (wound care, orthopedics, cancer, single specialties with diagnostic technology), while for
the other five topics the results were inconsistent or cost savings were either minimal or not
realized.

Table C. Outpatient care telehealth consultations: strength of evidence

Number Strength of
of Evidence
Studies (Insufficient, Low,
Outcome (KQ) (N) Main Findings Moderate, High)
Clinical Outcomes 3 No significant different in clinical course Low
(KQ1): Dermatology
Clinical Outcomes 5 Better healing and fewer amputations Moderate
(KQ1): Wound Care
Clinical Outcomes 0 No studies reported data on clinical outcomes Insufficient
(KQ1): Ophthalmology
Clinical Outcomes 0 No studies reported data on clinical outcomes Insufficient
(KQ1): Orthopedics
Clinical Outcomes 0 No studies reported data on clinical outcomes Insufficient
(KQ1): Dental
Clinical Outcomes 1 Rate of serious side effects from chemotherapy Insufficient
(KQ1): Cancer reported in 1 study.
Clinical Outcomes 3 (in five | Decrease in symptoms and high remission rates Moderate
(KQ1): Psychiatry articles)
Clinical Outcomes 3 Inconsistent results for virologic suppression across Insufficient
(KQ1): Infectious studies
Disease
Clinical Outcomes 0 No studies reported data on clinical outcomes Insufficient
(KQ1): ): Single
Conditions with
Diagnostic Technology
Clinical Outcomes 6 Positive effects on clinical outcomes such as Moderate
(KQ1): Single response to treatment.
Specialties
Clinical Outcomes 4 Inconsistent results across studies for unanticipated Insufficient
(KQ1):Multiple or avoidable health services utilization
Specialties
Cost (KQ1) 32 Most studies report cost saving with telehealth but Low
calculations vary and most are dependent on patient
avoided travel and loss of time
Intermediate Outcomes: 35 Access in terms of time to, or comprehensiveness Moderate
Access (KQ2) of, service is improved with telehealth
Intermediate Outcomes: 31 Mixed results with majority finding some benefit in Low
Management and terms of avoiding visits and similar diagnosis or
Utilization (KQ2) management but a subset of studies report
differences in diagnosis and management with
telehealth compared with standard care
Intermediate Outcomes: 22 Satisfaction generally the same; patients higher with Low
Satisfaction (KQZ2) telehealth if time/travel is avoided. Providers the
same or slightly worse for telehealth.
Harms (KQ3) 0 No studies reported data on harms Insufficient

KQ = Key Question
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Exploratory Cost Model for Telehealth Neurosurgical
Consultations

The purpose of exploring decision analysis was to address questions the systematic review
alone could not answer. We attempted to construct a model to address the following questions
for one selected use:

1. What is the predicted impact on clinical, economic, and intermediate outcomes of
telehealth consultations?

2. What is the predicted effect of various proposed payment reforms on clinical,
economic, and intermediate outcomes of telehealth consultations?

We selected the use of telehealth for neurosurgical consultations by rural or community
hospitals for patients with moderate to severe traumatic brain injury (TBI) for this exploratory
model. This topic was selected for two reasons: (1) the systematic review did not identify a body
of existing evidence that could adequately inform decisions about this use; and (2) neurosurgery
is a specialty that is not widely available in all locations (such as rural areas) where people
sustain TBIs, making it the type of use often suggested as appropriate for telehealth. We
considered the comparison of (1) immediate transfer after stabilization from the community
hospital with no access to neurosurgical consultations to a level | or 11 trauma center (standard
care model) and (2) telehealth consultation to determine if the patient can be managed at the
local hospital or should be transferred to a level | or Il trauma center (telemedicine model).

The model was built as a decision tree. When data were available in the studies included in
the systematic review these were used, but the decision modeling team also undertook targeted
searches for published data for specific parameters. Data from the literature were used as input
parameters to calculate incremental costs for the two different possibilities from the perspective
of the healthcare system. The decision analytic model assumed equivalent patient outcomes
(details provided in Appendix I). However, the framework was constructed to allow for future
inclusion of differences in patient outcomes based on the Glasgow Outcome Scale (GOS) at 6
months: (1) death, (2) persistent vegetative state, (3) severe disability (lost independence)

(4) moderate disability, and (5) good outcome (healthy post-TBI) if and when this evidence
becomes available.

The model specification and results of this analysis are included in Appendix | of the full
report. Insights from our efforts to model cost outcomes are included in the Discussion summary
below with more detail in the Discussion section of the full report.

Discussion

This review summarizes a large volume of literature and explores the potential for
supplementing systematic reviews with decision models. The 233 included articles cover a
diversity of clinical uses and settings for telehealth even when the function is focused only on
telehealth consultations. The size, diversity, and other characteristics of these studies of
telehealth consultations are important to consider when assessing the utility of the evidence base,
potential next steps in research, and what overall conclusion can be drawn from this literature.

Applicability

Our results and synthesis of this large number of studies was organized based on our
assessment of the applicability of different subgroups of results. For telehealth consultations we
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found that the setting is often of primary importance, and we analyzed and presented the studies
by setting—inpatient, emergency, and outpatient care. We also made some distinctions within
settings. For example, for inpatient care we considered the remote ICU studies separately as
remote ICU consultation is a very specialized, specific use, but we combined other specialty
consultations for inpatient care as they are similar in terms of the function (e.g., to diagnose a
condition or to provide direction during a surgery) of the consultation and the types of outcomes.
For emergency care we separated telestroke, specialty consults for ED patients, and EMS/urgent
care for similar reasons. The issues of applicability for outpatient consultations and our approach
were slightly different. We reported the details separately by specialty to allow readers to see the
results in these groupings, as people are often interested in a particular specialty. Then we
combined the results across specialties in the strength of evidence assessment by outcomes in
grouping that we felt were appropriate in terms of findings that are likely applicable across
specialties.

Limitations

There are important limitations to the evidence base on the effectiveness of the use of
telehealth for consultations. The most significant is the variation in study designs and the level of
rigor of the research methodology. The literature on telehealth consultations consists primarily of
studies that are considered weaker designs such as before and after studies without a comparison
group and retrospective cohort studies. Very few studies were rated as low risk of bias; most
were moderate or high. Importantly, the comparison treatment was poorly described in these
studies; such that it was often impossible to know whether usual care referred to in-person care
by a consultant, no consultant involvement, or a combination of both. Other limitations are that
the outcomes used to evaluate telehealth are inconsistent and the best or most appropriate
outcome is not always used when data are limited to what is routinely collected. Also, the studies
provide very little information on the context or the environment in which telehealth for
consultations was implemented.

There are also limitations to the review process and decision modeling. Searching for
telehealth use for a specific function is difficult as the indexing terms in MEDLINE and other
citation databases do not exactly match our scope. Also, given the variation in study designs,
environments, and outcomes, we completed quantitative synthesis using meta-analysis for some
topics, but used qualitative approaches for the majority; we acknowledge that qualitative
synthesis is more open to interpretation and judgment.

In exploring the utility of decision models, we modeled the costs of neurological consultation
for acute traumatic brain injury, using an analysis that assumes equivalence in patient outcomes.
Other assumptions are possible (i.e., that outcomes are better or worse with telehealth), and this
model does not help the decision maker consider these possible variations. However, the model
was built to allow inclusion of patient outcomes following treatment for cost benefit analyses in
the future. When data become available, the impact on mortality or quality adjusted life years
could be incorporated into the model and used to inform judgements about the value of
additional costs given patient benefits.

Future Research Needs

While we identified 233 articles that evaluated the effectiveness of telehealth consultations,
several questions remain to be addressed in future research. A key priority is the need for
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rigorous, multi-site studies of telehealth consultations in clinical areas and in the types of
organizations where the lack of evidence may be a barrier to wider spread implementation.

Future studies are also needed that both expand and standardize outcomes and clarify their
objectives. Agreeing on some common metrics across uses of telehealth for consultation would
facilitate comparisons across clinical areas and help identify priorities for future expansion of
telehealth consultations. Given the wide range of clinical topics, these common metrics may
need to be intermediate outcomes, such as measures of access or satisfaction or cost
effectiveness. While costs are not the only important outcome, collecting more cost economic
data would allow more direct comparisons across clinical topics and both facilitate and inform
additional decision analyses, whether these are done for publication of for organizations’ internal
consideration. At the same time this needs to be balanced with attention to the most important
outcomes for a given condition. There are examples, such as telestroke, where the most
frequently reported outcome (mortality) may not be the most important, either to patients or in
terms of the expected impact of changing care. The assessment of telehealth consultations would
also be strengthened by more studies that include contemporary comparison groups, either
groups of patients or other organizations, so that the effect of the telehealth consultations could
be more successfully isolated from historical changes or the idiosyncrasies of a specific
organization. This could involve adding comparison or control sites to pre and post telehealth
studies.

The research on telehealth could have more impact if its objectives were clearer. Evaluations
of telehealth consultations can consider different perspectives and different levels of
implementation and evaluation, but failing to be clear leads to studies with confusing results and
lessens the impact of positive results. For example, the work on the decision analyses
highlighted the importance of clearly specifying the options being compared, or what is “usual
care. In the studies we evaluated for this systematic review, the nontelehealth or “usual care”
option consisted of was often not specified and was not always clear what care these patients
received.

The decision analysis also highlighted the importance of perspective and the need for better
information. Most studies did not clearly state their perspective, though it was often implied that
is was a single organization (e.g., a hospital or practice group). This seems unnecessarily
limiting, and more studies at higher levels seem warranted. In many ways telehealth
consultations could be viewed as a systems-level intervention, more similar to health information
exchange and electronic health records, than to a condition-specific treatment.

A major evolution of the research in this area would be to focus on hybrid studies, that is,
studies that combine effectiveness and implementation assessments. While the results may be
uneven across specific clinical areas, telehealth consultations do generally improve access and
clinical outcomes and are likely to improve other outcomes. What is missing is much of the
specific information asked for in Key Questions 4 and 5 of this review; that is, what are the
characteristics of the context and how do they impact outcomes? A hybrid approach to future
research could focus on the information needed to promote successful implementation while still
continuing to collect better data demonstrating effectiveness and economic impact.

Reviewing background material for this report and discussing telehealth with the Technical
Expert Panel and other experts has convinced us that telehealth consultation are being used,
particularly in smaller and rural health systems, and that data are often being collected. However,
these organizations and data are not represented in the published literature due to lack of research
and analysis capacity. Given the importance to policy and practice issues related to telehealth
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consultations (e.g., payment, scope of work, cross organization, and state licensing), identifying
and facilitating the analysis of these data should be a priority and may help strengthen what
conclusions can be made about telehealth consultations.

Also during the time period covered in the review and during our work, policies that facilitate
telehealth consultation and the number of publications about telehealth increased. However,
many of these are descriptive or less rigorous approaches to research. Continuing in this vein will
not contribute to the next level of telehealth expansion. Given that more and more resources are
being invested in telehealth, it is reasonable to suggest that research evaluating its effectiveness
should both increase and improve. The current situation seems to require an organized effort by
telehealth advocates, researchers, and policy makers to identify where there are still gaps in the
research base and prioritize these in terms of their potential to move the field forward, toward
increasing use of telehealth in those settings and instances where it is likely to be beneficial for
patients, healthcare providers, health systems or society.

Conclusions

Although the literature evaluating telehealth consultations is large, it is not possible to make
a global, general statement about the clinical and economic effectiveness of telehealth
consultations for several reasons. These include the diversity of settings, clinical topics, and
outcomes; the limited number of high-quality studies; different approaches to measurement,
particularly of costs; and how the perspective may impact the estimation of outcomes. It is
possible to conclude it is likely that telehealth is more effective than usual care in several specific
situations: Remote ICUs reduce ICU and in-hospital mortality; emergency medical services
access to telehealth reduces mortality in patients having heart attacks; remote consultations in
emergency care decrease time from presentation to decision, reducing ED time and increasing
appropriate transfers and admissions; remote consultations as part of outpatient care improve
clinical outcomes in some clinical disciplines and increase access to care in those that have been
studied.

For other uses and outcomes the strength of evidence is less definitive. Telehealth
consultations may improve inpatient care, emergency stroke care and the management of and
satisfaction with outpatient consultations across several specialties. Potential harms or
unintended consequences were rarely addressed and future research should address this, if only
to confirm they are not significant. Studies of economic outcomes including costs produced
mixed results due to major differences in definitions and methods as well as the fact that costs
and savings may not accrue to the same organization in an interdependent healthcare system.

Decision models have the potential to build on systematic review results and use evidence in
ways that would make it more applicable by tailoring the question, base case, and perspective to
the decision maker’s situation. But our experience demonstrates that the literature may not be
available to provide all the data needed to fully execute a functioning model for all topics of
interest. However, decision modeling can provide some insight by quantifying differences in
costs across settings and estimating where savings are likely to accrue in the system. While our
exploratory assessment was limited to costs, expansion of this approach could allow more
targeted identification of scenarios in which telehealth could improve the range of outcomes
including clinical outcomes, access, and cost.

Future research about telehealth consultations needs to be more rigorous if it is to inform
policy and practice decisions. Specifically, more studies should include multiple sites, collect
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information on the context and environment, and consistently measure a more comprehensive
range of economic impacts and costs using standard practices.
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Introduction

Background

Telehealth is the use of information and telecommunications technology to provide or
support healthcare across time and/or distance. It is a tool with the potential to increase access,
improve the quality of care, increase patient satisfaction, positively impact patient outcomes, and
reduce the cost of care. Telehealth’s potential benefits are frequently cited,™? and there has been
a sizable and rapidly growing body of research on telehealth, including systematic reviews and
reviews of reviews.>® Despite this potential, implementation and spread has been slower than
many expected®° though recent trends suggest the speed and scope of spread may be increasing.

With improvement in technologies and changes in payment policies that are accompanying
evolving models for healthcare delivery and payment in general and telehealth in particular, the
possibility exists for an acceleration in implementation and wider use of telehealth. Faster
internet connections, better hardware, and increasing use of technology by the public as well as
by professionals are making telehealth use more and more feasible.** Payment policies and
delivery models are catching up as demonstrated by recommendations to allow payment for
more telehealth services in Medicare!? and Medicaid®® and plans for large scale expansions such
as the Veterans Administration’s “Anywhere to Anywhere” program.*

However, these changes are necessary but not sufficient to assure the widespread use of
telehealth. This is reflected in several recent initiatives that include proposing a framework for
telehealth research and policy® and a conceptual framework for developing measures of
telehealth use and quality of care.'® The research and policy framework developed by a
committee of experts sought to identify the broad components of the policy context, how
telehealth can be used in practice, and potential outcomes in order to support systematic
consideration of telehealth expansion and barriers to implementation.'® The conceptual
framework for measurement developed by the National Quality Forum (NQF) identified four
domains (Access to Care, Financial Impact/Cost, Experience, and Effectiveness) and several
subdomains that could be used to define and categorize the potential impact of telehealth. The
NQF’s report suggests these domains can be used to develop specific measures of the impact of
telehealth that can be used across different modes of delivery (e.g., live video, store-and-forward,
remote patient monitoring and mobile health) and clinical indications.®

As these efforts illustrate, targeting, supporting, and sustaining increased use of telehealth
requires organized and accessible information about the impact of telehealth. While a synthesis
of existing research evidence can help inform decisions about telehealth implementation and
expansion, it is difficult to produce a meaningful and useful synthesis given the broad scope of
telehealth and its use in a wide range of clinical setting for several different indications.

One specific way to address this complexity is to assess the evidence about the different roles
telehealth can play in healthcare. This project takes this approach and focuses on one specific
role: telehealth for consultations. Telehealth for consultations uses technology to allow
healthcare providers to involve other providers, often specialists, in the prevention, treatment,
and management of acute and chronic conditions. The technology allows medical expertise to be
available where and when it is needed, minimizing potential time or geographic barriers to care
and maximizing the efficient use of scarce resources. Telehealth for consultations has been
studied across a range of clinical situations, including injuries,*” burn care,'® and infectious
disease.’®?! Identifying and summarizing the available evidence about the use of telehealth for
consultations will help support the best use of this technology across clinical topics in the future.
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The overarching goal of this systematic review is to maximize the utility of available
research by presenting the results in formats that support decision makers at various levels (e.g.,
regulators, providers, and payers) as they consider policy and practice changes related to
telehealth for consultation. To accomplish this goal, this project explored combining two
evidence synthesis methods: a systematic review of the literature and an extension of the
evidence using decision modeling. Both methods have accepted methodologies, but they are not
frequently used in tandem. Thus, in this sense, this project is experimental as it strives to both
provide the results of a traditional systematic review to identify, organize, and analyze the
available research about the use of telehealth for consultations and explore how the addition of
decision analysis may be used to increase the utility of evidence for decision makers.

Definitions of Telehealth and Telehealth Consultation for This
Project

Telehealth is defined as the use of information and telecommunications technology in
healthcare delivery for a specific patient or group of patients, involving a provider across
distance or time to address a diagnosis, health condition, or overarching needs of a patient. The
information can be transmitted live, be stored and then forwarded, or be a hybrid of these two
possibilities. This definition is similar to that used in the previously published Evidence Map,®
although the inclusion and exclusion criteria have been changed to match the scope of this
review.

Telehealth consultation is defined as the use of telehealth designed to facilitate collaboration
among providers, often involving a specialist consultant, or between clinical team members,
across time and/or distance, on the assessment, diagnosis, and/or clinical management of a
specific patient or group of patients. While the patient may or may not be involved in the
consultation, the consultation is required to be related to a specific patient or group of patients in
order to differentiate this activity from training or education (which would not meet our
definition of telehealth). Limited information provided by one clinician to another that does not
contribute to collaboration (e.g., interpretation of an electroencephalogram [EEG], report on an
X-ray or scan, or reporting the results of a diagnostic test) is not considered a consultation for this
review.

Scope and Questions

The Key Questions for the systematic review (SR) are presented below, and the Guiding
Questions for the exploratory decision model (DM) are provided later in the report. The Key
Questions for the SR were based on questions provided in the scope of work for the Request for
Task Order issued by the Effective Health Care program of the Agency of Healthcare Research
and Quality. The questions were reviewed, reorganized, and refined by the project team and
revised after input from the Technical Expert Panel. There was no formal topic refinement for
this project. While the protocol for this review was developed prior to the NQF framework for
measurement development, the domains they identified (Access to Care, Financial Impact/Cost,
Experience, and Effectiveness)!® correspond to the outcomes for Key Question 1 (clinical
outcomes-effectiveness; economic outcomes- Financial Impact/Cost) or are included in the
outcomes for Key Question 2 (intermediate outcomes include Access to Care and Experience).



The Guiding Questions for the DM were also included in the scope of work. The topics,

specific questions, and scope for the DM were based on the literature triage and initial findings
of the SR.

Key Questions for the Systematic Review

6.

Are telehealth consultations effective in improving clinical and economic

outcomes?
Clinical and economic outcomes may include, but are not limited to, mortality and
morbidity, patient-reported outcomes, quality of life, utilization of health services, and
cost of services.

Are telehealth consultations effective in improving intermediate

outcomes?
Intermediate outcomes include both outcomes that precede the ultimate outcomes of
interest (e.g., mediators) and secondary outcomes. Intermediate outcomes may include,
but are not limited to, access to care, patient and provider satisfaction, behavior, and
decisions (e.g., patient completion of treatment, provider antibiotic stewardship); volume
of services; and healthcare processes (e.g., time to diagnosis or treatment).

Do telehealth consultations result in harms, adverse events, or negative
unintended consequences?

What are the characteristics of telehealth consultations that have been

the subject of comparative studies?
These characteristics may include:

a. Clinical conditions addressed. These can include broad categories such as
diagnosis and treatment of infectious disease or behavior health as well as specific
conditions (e.g., upper respiratory infection, hepatitis C, depression, or addiction)
or decisions (e.g., stewardship of antibiotics or antimicrobials, selection of
treatments).

b. Characteristics of the providers and patients involved.

c. Relationships among the providers and patients involved, including whether these
are new or ongoing relationships.

d. Telehealth modalities and/or methods for sharing patient data and communicating
among providers.

e. Whether specifics in (d) meet Medicare’s coverage and Health Insurance
Portability and Accountability Act (HIPAA) requirements,

f. Settings, including:

e Type of healthcare organization, including the organizational structure (e.g.,
integrated delivery system, critical access) and the type of care (e.g., long-
term care, inpatient, ambulatory care).

e Country.

e Geographic and economic characteristics, such as urban or rural areas, or
areas with high versus low socioeconomic resources.

h. Other circumstances (e.g., appropriate transportation, climate).

g. Payment models, requirements, or limits for payment, including:
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e The payer/insurance for the patient (e.g., Medicare, Medicaid, commercial).

e Any parameters for payment (e.g., relative value units) or limits on visits.

e Any eligibility requirements for payment based on patient, provider, setting,
or context characteristics.

10. Do clinical, economic, intermediate, or negative outcomes (i.e., the
outcomes in Key Questions 1, 2, and 3) vary across telehealth
consultation characteristics (Key Question 4)?

PICOTS

The PICOTS framework is used to define the scope of the review. The population,
intervention, comparator, outcomes, timing, and setting (PICOTS) for this review are outlined
below.

Populations:
e Patients of any age, with medical care needs for prevention, treatment, or management of
chronic or acute conditions.
e Providers (clinicians or healthcare organizations).
e Payers for healthcare services (public, private, insurers, patients).

Interventions:

e Telehealth consultations are defined as the use of telehealth designed to facilitate
collaboration among providers, often involving a specialist, or between clinical team
members, across time and/or distance, on the prevention, assessment, treatment and/or
clinical management of a specific patient or group of patients.

e Telehealth consultations can be for any acute or chronic conditions. The literature search
focused on both general conditions and specific ones identified as areas of growth and
policy interest such as infectious disease, dermatology, and critical care.

e Telehealth consultations can use any technology (e.g., real-time video, store and forward,
data transfer).

Comparator:

e Other locations, patients, or time periods that used any alternative to telehealth for
healthcare delivery. The alternatives to telehealth could include consultations conducted
in another way (e.g., in-person or telephone), care with no access to specialty services, or
usual care, which may or may not be defined and could include: 1) consultations
conducted in-person, or 2) care delivered without consultation, or 3) a mix of both.

Outcomes for Each Key Question:
e Key Question 1: Clinical and economic outcomes
o Clinical outcomes such as patient-reported outcomes, mortality, morbidity, such
as function, illness recovery, infection.
o0 Economic outcomes such as return on investment, cost, volume of visits, and
resource use.



e Key Question 2: Intermediate outcomes
0 Access to services
o Patient satisfaction, behavior, and decisions such as completion of treatment, or
satisfaction with less travel to access healthcare.
o Provider satisfaction, behavior, and decisions such as choice of treatment or
antibiotic stewardship.
o Time to diagnosis, time to treatment, and length of stay.
o Key Question 3: Adverse effects or unintended consequences
o0 Loss of privacy or breech of data security.
0 Misdiagnosis or delayed diagnosis.
o Inappropriate treatment.
0 Increase in resource costs, negative return on investment.
o Key Question 4: Not applicable (this is a descriptive question).
e Key Question 5: Same outcomes as Key Questions 1-3.

Timing:
e Telehealth consultations can be used at any point in the diagnosis, treatment, or
management of a patient.
e Outcome measurement needs to occur after the telehealth consultation.

Setting:
e The consultation can involve providers and patients in any location. Settings could
include inpatient, outpatient, or long-term care, and could be in civilian, Veterans
Administration, or military facilities.

Study Designs:
e Comparative studies, including trials and observational studies.
e Descriptive studies may be used to inform the decision model (DM) as needed but will
not be included in the SR.

Analytic Framework

Figure 1 is the analytic framework, which represents the relationships among the elements of
the Key Questions for the systematic review.



Figure 1. Analytic framework for telehealth consultations
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Methods

The methods for this systematic review follow the Agency for Healthcare Research and Quality
(AHRQ) Methods Guide for Effectiveness and Comparative Effectiveness Reviews (available at
http://www.effectivehealthcare.ahrg.gov/methodsguide.cfm) and the PRISMA checklist.?22 The
full protocol for the review contains a detailed description of the methods and is available at the
Effective Health Care website (http://effectivehealthcare.ahrg.gov/index.cfm). The protocol was
registered with PROSPERO (CRD42017058304).

As this project includes a systematic review (SR) and a supplemental decision model (DM),
the key elements of the methods are outlined separately.

Systematic Review Methods

Literature Search Strategy

The complete search strategies are included in Appendix A.

Publication Date Range: We searched for studies published in a 20-year period, from 1996
through May 2018. This date range captures studies of systems that rely on more current
technology. In our evidence tables, we included information on the dates the studies were
conducted and the technologies used, as well as the dates of publication.

Literature Databases: Ovid MEDLINE®, the Cochrane Central Register of Controlled Trials
(CCRCT), and the Cumulative Index to Nursing and Allied Health Literature (CINAHL®) were
searched to capture published literature. The search strategies were developed by a specialist
librarian and peer reviewed by a second librarian.

Hand Searching: Reference lists of included articles and selected excluded articles (e.g.,
systematic and narrative reviews) were reviewed for includable literature.

Supplemental Evidence and Data for Systematic Reviews: The AHRQ Evidence-based Practice
Center Scientific Resource Center was asked to notify stakeholders about the opportunity to
submit Scientific Information Packets via an announcement in the Federal Register.

Grey Literature: Sources for grey (unpublished) literature included reports produced by
government agencies, healthcare provider organizations, or others. With the help of AHRQ we
contacted the federal government community of practice on telehealth (FedTel), the American
Telemedicine Association, and AcademyHealth to make initial inquiries, and we also followed
up on any suggestions made by Technical Expert Panel members.

Process for Selecting Studies: Pre-established criteria were used to determine eligibility for
inclusion and exclusion of abstracts in accordance with the Methods Guide for Effectiveness and
Comparative Effectiveness Reviews.?? To ensure accuracy, all abstracts were independently
reviewed by two team members. All citations deemed appropriate for inclusion by at least one of
the reviewers were retrieved. Each full-text article was independently reviewed for eligibility by
at least two reviewers. We reviewed the full text of any articles suggested by peer reviewers or
that arose from the public posting or Supplemental Evidence and Data for Systematic reviews
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processes. Any disagreements about inclusion or exclusion were resolved by discussion and
consensus across the investigators.

Criteria for Inclusion/Exclusion of Studies in the Review

The criteria are based on the Key Questions and are described in detail in Appendix B. Key
criteria are described below.

Study Designs: We included comparative studies of any design including trials and cohort
studies, as well as pre-post designs (i.e., the comparison can be across time points as well as
across different groups). We included economic evaluations that compared two groups and used
data derived alongside a primary research study. We reviewed reference lists of existing SRs to
identify studies for inclusion. We excluded descriptive studies with no outcomes data or studies
that included only outcomes data from one point in time (post only). We also excluded modeling
studies that used simulated data, and excluded commentaries, letters, and articles that described
telehealth systems or implementations but did not assess impact. We considered whether an
excluded article contained information that could be used in the DM even if the study was not
included in the SR.

Non-English-Language Studies: We restricted inclusion to English-language articles, but
reviewed English-language abstracts of non-English-language articles to identify studies that
would otherwise meet inclusion criteria, in order to assess for the likelihood of language bias.

Data Abstraction and Data Management

The following data were abstracted from studies deemed eligible based on inclusion criteria
(Included Studies are listed in Appendix C): study design, year, setting, country, sample size,
eligibility criteria, population, and clinical characteristics (e.g., age, sex, race, reason for
presentation, diagnosis), intervention characteristics (e.g., duration, training/background of
personnel engaged in the consultations), and results relevant to each Key Question as outlined in
the PICOTS section in the Introduction. Information relevant for assessing applicability of
individual studies included the number of patients randomized/eligible for inclusion in an
observational study relative to the number of patients enrolled, and characteristics of the
population, telehealth intervention, and administrating personnel. Sources of funding for studies
were also recorded when reported. All study data were verified for accuracy and completeness
by a second team member. A record of studies excluded at the full-text level with reasons for
exclusion is provided in Appendix D.

Assessment of Methodological Risk of Bias of Individual Studies

We assessed risk of bias for individual controlled trials and observational studies using
predefined criteria consistent with the approach recommended in the chapter, Assessing the Risk
of Bias of Individual Studies When Comparing Medical Interventions in the Methods Guide for
Effectiveness and Comparative Effectiveness Reviews.?? Economic evaluations were assessed
using a modified version of the Consensus Health Economic Criteria.?*? Our team selected the
criteria related specifically to concerns of internal validity and the potential introduction of bias.
All studies regardless of design were rated as “low risk of bias,” “medium risk of bias,” or “high
risk of bias.” The detailed instructions and criteria used for this evaluation are in Appendix E.
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Studies rated “low risk of bias” are considered to have the least risk of bias, and their results
are generally considered valid. “Low risk of bias” studies include clear descriptions of the
population, setting, interventions, and comparison groups; a valid method for allocation of
patients to treatment; low dropout rates and clear reporting of dropouts; appropriate means for
preventing bias; and appropriate measurement of outcomes.

Studies rated “medium risk of bias” are susceptible to some bias, though not enough to
invalidate the results. These studies may not meet all the criteria for a rating of low risk of bias,
but no flaw is likely to cause major bias. The study may be missing information, making it
difficult to assess limitations and potential problems. The “medium risk of bias” category is
broad, and studies with this rating will vary in their strengths and weaknesses. The results of
some medium risk of bias studies are likely to be valid, while others may be only possibly valid.

Studies rated “high risk of bias” have significant flaws that imply biases of various types that
may invalidate the results. They have a serious or “fatal” flaw in design, analysis, or reporting;
large amounts of missing information; discrepancies in reporting; or serious problems in the
delivery of the intervention. In general, observational studies that do not perform adjustment for
potential confounders will be assessed as “high risk of bias.” The results of these studies are at
least as likely to reflect flaws in the study design as the true difference between the compared
interventions. We did not exclude studies rated high risk of bias a priori, but high risk of bias
studies are considered to be less reliable than low or medium risk of bias studies when
synthesizing the evidence, particularly if there are discrepancies among study results.

Each eligible study was independently reviewed for risk of bias by two team members. Any
disagreements were resolved by consensus. If the two reviewers could not arrive at a consensus,
the principal investigator or the lead for the decision analysis made a final determination. Team
members who were involved in the conduct of a study were not involved in data abstraction or
risk of bias assessment for that study.

Data Synthesis

Based on the data abstraction we constructed comprehensive evidence tables (Appendix F)
identifying the study characteristics, results of interest, risk of bias ratings for all included
studies, and summary tables included in the text to highlight the main findings. We reviewed and
highlighted studies by using a hierarchy-of-evidence approach, where the best evidence is the
focus of our synthesis for each Key Question.

Data are presented in summary tables; ranges, descriptive analysis, and interpretation of the
results are provided.

We conducted quantitative synthesis (i.e., meta-analysis) for combinations of similar
telehealth interventions and outcomes when there were adequate data from included studies. In
cases with few studies, lack of data, or when the use of telehealth or outcomes were different, we
used qualitative approaches.

Random effects meta-analysis based on the profile likelihood method was conducted to
combine the studies, and this method incorporates the uncertainty related to estimating between-
study heterogeneity. Statistical heterogeneity was assessed using the standard y? test and 12
statistic. For binary outcomes (mortality outcomes), we combined risk ratios. If a study reported
adjusted risk ratios, we used the adjusted risk ratio instead of the risk ratio calculated based on
the raw data. If a study reported adjusted odds ratio, we converted the adjusted odds ratio to an
adjusted risk ratio. For continuous outcomes (length of stay), we combined mean differences.
For studies where both the intervention and control groups had a pre- and post-period, we used
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the mean difference of differences. We conducted sensitivity analyses by comparing results
when outlying studies were included or excluded.
All analyses were conducted using Stata/IC 13.1 (StataCorp LP, College Station, TX).

Grading the Strength of Evidence for Major Comparisons and
Outcomes

The strength of evidence (SOE) for each Key Question was initially assessed by one
researcher for each clinical outcome (see PICOTS section in Introduction) by using the approach
described in the Methods Guide for Effectiveness and Comparative Effectiveness Reviews.?? To
ensure consistency and validity of the evaluation, the grades were reviewed by the entire team of
investigators for:

e Study limitations (low, medium, or high level of study limitations)

Consistency (consistent, inconsistent, or unknown/not applicable)
Directness (direct or indirect)

Precision (precise or imprecise)

Reporting bias (suspected or undetected)

The risk of bias for individual studies is provided in Appendix G, while the SOE for each
Key Question is in Appendix H. The strength of evidence was assigned an overall grade of high,
moderate, low, or insufficient according to a four-level scale by evaluating and weighing the
combined results of the above domains:

e High—Very confident that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has few or no deficiencies. The findings are stable (i.e.,
another study would not change the conclusions).

e Moderate—Confident that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has some deficiencies. The findings are likely to be
stable, but some doubt remains.

e Low—Limited confidence that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has major or numerous deficiencies (or both). Additional
evidence is needed before concluding either that the findings are stable or that the
estimate of effect is close to the true effect.

e Insufficient—No evidence. Investigators are unable to estimate an effect, or have no
confidence in the estimate of effect for this outcome. No evidence is available or the body
of evidence has unacceptable deficiencies, precluding reaching a conclusion.

Assessing Applicability

Applicability was considered according to the approach described in the Methods Guide for
Effectiveness and Comparative Effectiveness Reviews.?? We used the PICOTS framework to
consider the applicability of the evidence base for each Key Question, for example, examining
the characteristics of the patient populations (e.g., clinical condition), attrition of participants,
telehealth intervention (including personnel delivering the intervention) and study setting (e.qg.,
inpatient or outpatient).
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Variability in the studies may limit the ability to generalize the results to other populations
and settings. We considered applicability and the strength of evidence when making general
assessments across the studies, and we use qualifiers in key messages and conclusions such as
‘likely’ for moderate strength of evidence and/or some applicability concerns or ‘may’ for low
strength of evidence and/or significant applicability concerns.

Exploratory Cost Model for Telehealth Neurosurgical
Consultations

The purpose of exploring decision analysis was to address questions the SR alone could not
answer. We attempted to construct a model to address the following Guiding Questions for one
selected use:

3. What is the predicted impact on clinical, economic, and intermediate outcomes of
telehealth consultations?

4. What is the predicted effect of various proposed payment reforms on clinical,
economic, and intermediate outcomes of telehealth consultations?

We selected the use of telehealth for neurosurgical consultations by rural or community
hospitals for patients with moderate to severe traumatic brain injury for this exploratory model.
This topic was selected for two reasons: 1) the systematic review did not identify a body of
existing evidence that could adequately inform decisions about this use; and 2) neurosurgery is a
specialty that is not widely available in all locations (such as rural areas) where people sustain
traumatic brain injuries, making it the type of use often suggested as appropriate for telehealth.

The model was built as a decision tree. When data were available in the studies included in
the systematic review these were used, but the decision modeling team also conducted targeted
searches for published data for specific parameters. This approach is common in decision
modeling and allows for the inclusion of data from sources that would not meet the inclusion
criteria of the systematic review.

The results of the model are reported as costs, and the incremental difference in costs
between the two potential treatment scenarios that produce similar outcomes for similar patients.
As current evidence on how or whether patient outcomes differ when the consultation is in
person or via telehealth is limited for this particular application, the model was constructed as a
“what if analysis” assuming equivalent clinical outcomes, facilitating focus on understanding the
drivers of cost differences.

The model specification and results of this analysis are included in Appendix I. Insights from
our efforts to model cost outcomes are included in the Discussion.
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Results
Overview

Literature Search Yield

The results of the literature search, triage of abstracts, and the review of full-text articles is
summarized in the study flow diagram (Figure 2). Our searches yielded 9,366 potentially
relevant citations after reviewing titles and abstracts, 8,356 were excluded and the full text of
1,010 articles were pulled for review. Of these, 233 articles met our inclusion criteria. A list of
the included studies is provided in Appendix C.

The most frequent reasons for excluding an article were that the intervention was not a
telehealth consultation (ineligible intervention) or that the study did not compare telehealth
consultations to usual care or some other intervention (ineligible comparison). The majority of
the excluded studies about telehealth consultations were excluded because they provided only
descriptive information. The citations for the studies excluded after full-text review and the
primary reasons for exclusion are included in Appendix D.

Figure 2. Literature flow diagram
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through MEDLINE, CINAHL, Cochrane? (n=9,366)
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Not in English: 2
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A 4

y Modeling study, no original data: 1
A A Y
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ED = emergency department; EMS = emergency medical services
a Cochrane databases include the Cochrane Central Register of Controlled Trials and the Cochrane Database of Systematic
Reviews

12



Description of Included Studies

Table 1 provides information on selected characteristics of the 233 included articles.

The most frequent geographic location for the included studies of telehealth consultations
was the United States (110 articles or 47%); however more than half of the studies were
conducted in other countries. Seventy-eight articles (approximately 33%) were conducted in
Europe, 15 in Asia, 19 in Australia or New Zealand, three in South America, four in Canada, and
one in Africa (Mali).

While the scope of this review is limited to the use of telehealth for consultations, there was
substantial variation in the mode and type/timing of telehealth. The most common mode or
technology used for telehealth consultations was video, which was used in just over half of the
studies (55%). Store and forward of images and information was used in almost 16 percent of the
studies; 5 percent studied systems that facilitated review of electronic records, 4 percent involved
streaming data, and 10 percent used a variety of modalities simultaneously. Ten percent of
studies did not provide enough information to categorize the mode or technology. The mode is
closely, but not perfectly, related to whether the consultation was synchronous (real time) or
asynchronous. In most of the studies the consultations were in real time (72%), or both real time
and asynchronous communications were used (6%). Twenty percent of studies evaluated
consultations that involved asynchronous exchanges.

The study designs and sample sizes also varied. Most of the studies (67%) were
observational, including prospective cohorts, retrospective cohorts, and before/after studies in
which a group of patients from before the implementation of telehealth consultations are
compared with a different group of patients after telehealth implementation. In these studies, the
comparator was often usual care, that is care without telehealth and the studies rarely provided
more detail (e.g., if consultations were in-person, if care was delivered without consultation or a
mix of both). Nearly one-fifth (19%) were randomized controlled trials, 12 percent were
economic evaluations, and approximately 3 percent were pre-post studies in which outcomes for
the same patients were compared prior to and post telehealth consultations. The size of the
studies ranged from small (23% with under 100 subjects) to very large (over 10,000 subjects)
with most studies of moderate size (41% of studies with 101 to 500 patients and 11% with 501 to
1000 patients). The studies were evaluated for risk of bias (see Methods and Appendix E for
details), and 11 percent were rated as low risk of bias, 46 percent as moderate, and 43 percent as
high.

The studies also varied in terms of the type of outcomes used in evaluating telehealth. Many
studies included more than one outcome. The primary outcomes for this review (Key Question 1)
included clinical outcomes (e.g., mortality and morbidity), resource utilization (e.g., length of
hospital stay, number of hospitalizations, number of outpatient visits, number of tests), and
economic outcomes (e.g., costs of care, costs avoided, and expenditures for telehealth or
alternative services). Approximately 40 percent of studies included clinical outcomes, while
about a third analyzed economic outcomes. More than 80 percent of the studies included
intermediate outcomes, which we defined as patient or provider satisfaction or behavior (e.g.,
adherence to treatment or frequency in ordering tests). Very few studies (<5%) explicitly
considered or reported potential harms.

The identified studies assessed consultations across numerous settings and specialties. Use of
telehealth consultations to inform the treatment of patients in hospitals (inpatient setting)
included studies of remote intensive care units (ICUs) as well as programs that facilitated
consultations for several specific specialties (e.g., neonatal cardiology, pediatrics, geriatrics,
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psychiatry, and surgeries). Included evaluations in emergency care addressed the effectiveness of
stroke assessment and specialist consultations with emergency department physicians or with
emergency medical personnel. We also included studies of teleconsultations for several types of
outpatient care (e.g., dermatology, wound care, ophthalmology, orthopedics, dentistry, cancer,
and infectious disease). While the detailed results in the following sections cover a wide range of
topics, the topics are limited to those for which comparative studies were identified; not all
possible uses of telehealth for consultations are represented. Based on prior work on a telehealth
evidence map,® and input from our Technical Expert Panel and other stakeholders there may be
topics for which telehealth consultations are used that are not covered in this review. Examples
include antibiotic management, pain management, and opioid misuse.

Table 1. Characteristics of included studies

Number
of Percentage
Characteristic | Categories Articles | of Articles References
United States 110 47.2% 26-135
Non-UK Europe 56 24% 136-191
United Kingdom 22 9.4% 192-213
Australia or New o
Geographic Zealand 19 8.2% 214-232
Location Asia 15 6.4% 233-247
Canada 4 1.7% 248-251
South America 3 1.3% 252-254
NR 3 1.3% 255-257
Africa 1 0.4% 258
26-33,36-42,44,47,49-51,53,55,60,61,64-68,
Observational 70-73,75,76,78-80,82-84,86-94,96,97,101,102,
(Prospective cohort, 104-113,115-117,119-125,131-139,141-145,150,
retrospective 155 66.5% 154-156,158,159,161,162,164,165,167,169,
cohort, before-after) 171-174,176-179,182,183,185,188-190,193,
’ 196-199,203,209,214-216,218,219,222,225-
227,229,232,234,236-244,246,248-254,256-258
Study Design® . 34,35,46,48,56,58,59,63,69,74,98,100,126,
Randomized a4 18.9% 128-130,140,146,149,153,157,163,
controlled trial ’ 175,180,186,187,192,194,195,200-202,207,208,
210,217,220,224,228,233,235,245,247,255
Economic 45,52,57,62,77,81,85,95,99,103,118,127,147,151,
Evaluation 29 12.4% 152,160,166,170,181,184,204-206,211,212,221,
223,230,231
Pre-post (same 6 2.6% 43,54,148,168,191,213
patients)
29,30,47,51,71,80,89,90,94,102,107,137,138,166,
Risk of Bias? Low 27 11.4% 172,173,175,178,180,204,207,208,216,218,236,
246,255
27,28,36,45,48,56-62,64-68,70,73,76,78,81-88,
91,93,95,96,98-100,108,111-113,117,118,
120,123,125-127,129-135,139-143,145-148,150,
Moderate 109 46.2% 151,155,159,161,162,167-169,171,176,
177,179,181,183-185,189,190,192,195,196,
203,205,206,210-212,214,217,221,223,224,
230-234, 238,240,243,247,248,251,253,254
26,29,31-35,37-44,46,49,50,52-55,63,69,72,74,75,
77,79,83,92,97,101,103-106,109,110,114-116,119,
121,122,124,128,136,144,149,152-154,156-158,
High 100 42.4% 160,163-165,170,174,177,182,186-188,191,193,
194,197-202,209,213,215,219,220,222,225-229,
235,237,239,241,242,244,245,249,250,252,
256-258
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Characteristic

Categories

Number
of
Articles

Percentage
of Articles

References

Sample SizeP

Under 100

49

22.8%

26,32,39,42,43,48,54,69,74,80,81,92,97,100,
103-105,108,111,115-117,120,139,140, 142,
149,157,163,164,184,185,188,190,191,193,203,
205,206,217,220,226,228,235,239,241,244,250,257

100-500

88

40.9%

30,34,35,40,45,46,49 ,51,56-59,64,65,67,
68,70,75,76,83-86,88,101,102,112-114,119,121,
122,124,126-130,133,135,136,141,
143,144,148,150-153,156,159-161,168-171,
174,175,178-182,187,189,192,194-196,198-202,
204,210,213,216,222-225,229,231-234,237,
238,240,243,249 ,251,253,255,256,258

501-1000

24

11.2%

28,38,41,53,60,66,72,96,98,99,107,125,146,147,
158,167,172,209,211,215,218,227,236,242,245-
247

1001-10,000

36

16.7%

27,33,36,44,47,50,62,73,79,87,89-91,94,106,109,
110,123,132,134,137,138,145,154,155,162,165,
166,173,176,177,183,186,207,208,212,214,219,
248,254

10,001+

4.2%

29,55,61,71,77,78,93,95,131,197

NR/unclear

4.2%

31,37,52,63,82,118,221,230,252

Mode of
Telehealth

Video

128

54.9%

26,27,30,32,34,35,39,41-44,46-57,59-63,66,68-70,
73,74,76-78,80,81,84-86,88-90,92-96,100,101,
104,105,108,111,116-118,120,121,124,133-135,
139,141,142,149,151,153,155,156,159-161,163,
164,167,169,170,174,178,181,183-185,187,188,
194,196-202,205-208,211,212,214,215,217,
219-221,223,225-227,229-232,234,235,
240,242,245,249,250,252,253,255,256

Data store and
forward

37

15.9%

98,99,113,122,126,128-130,132,146-148,
154,157,158, 166,175,177,180,190,191,
209,213,216,222,228,233,236-239,241,243,
244,251,254,258

Electronic
chart/record review

11

4.7%

28,40,45,65,75,79,127,144,171,186,248

Mixed modalities

24

10.3%

36,58,71,87,103,106,107,110,112,123,131,137,138,
140,150,152,168,176,182,193,224,246,247,257

Unspecified/
unclear

24

10.3%

29,31,33,37,38,64,67,82,83,91,97,102,109,115,119,
125,143,145,165,192,195,203,204,210

Data streaming

3.9%

72,114,136,162,172,173,179,189,218

Timing

Real-time

168

72.1%

26,27,29,30,32,34,35,37-39,41-44,46-64,67-74,
76-78,80-97,100,101,103-112,114,116,
117,120,121,123,124,131,133-137,139,141-143,
149-151,1583,155,156,159,160,162-164,167-170,
172-174,176,178,179,181-185,187,189,
193,194,196-201,203,205-208,210,212,214-218,
220,221,223,225-227,229-232,234-240,242,
246-250,252-257

Asynchronous

47

20.2%

31,33,40,45,65,75,79,98,99,118,119,122,125-130,
132,144-148,152,154,157,158,166,171,
175,177,180,186,190-192,195,209,213,222,
224,228,233,244,251,258

Both

13

5.6%

28,36,66,113,138,140,161,165,188,202,211,243,
245

NR/unclear

5

2.1%

102,115,204,219,241

NR = not reported; UK = United Kingdom
@ Total is more than 233 as some articles analyzed economic and clinical/intermediate outcomes and the risk of bias was different
for different outcomes

b Total is number of studies (215)
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As the volume of the literature is large, we divided it according to the patient setting for both
additional description and for presenting the results. We used the three categories: inpatient,
emergency department or emergency medical services (ED/EMS), and outpatient. Each study
included in this systematic review was assigned to one of these three settings. Figure 3 shows the
distribution of the included studies across these three categories. Outpatient is largest, including
nearly half the studies, with ED/EMS studies constituting nearly a third and inpatient about a
quarter of included studies. Within these categories we have also grouped the studies by clinical
indication, condition, or specialty. Summary of evidence tables are included at the beginning of
each section that provide the number of studies and citation by setting. Figure 4 presents the year
of publication for each article by these categories as well.

Figure 3. Distribution of included articles (n=233)

M Inpatient
® EMS/ED

W Outpatient

ED = emergency department; EMS = emergency medical services
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Figure 4. Telehealth consultation articles (n=233)
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The tables in Appendixes F (Evidence Tables) and G (Risk of Bias) include the detailed
information extracted from each article. Also, the tables later in this Results section provide a
summary of study characteristics and outcomes.

Organization of Results

The results for this review are organized into three sections that correspond to the patient
settings (inpatient, ED/EMS, and outpatient). We chose to organize the results by the patient
setting as the settings are likely to have different telehealth technology requirements as well as
differences in payment structures, staffing, and organization of care delivery. Specifically, what
is needed to implement telehealth consultations and the nature of the consultation will likely
differ if a patient is in a hospital versus treated out of hospital by EMS, in an ED, or in an
outpatient clinic. For example, the logistics and technology needed to facilitate a consultation
with a specialist differ for EMS in a moving ambulance where the need is emergent and speed is
important, compared with outpatient assessments in physician offices which may require larger
networks connecting multiple, stable locations (offices or clinics), or consultations for inpatient
treatment that may be more urgent than outpatient and involve linking a smaller number of
specialists to allow consultations over distance or at times when a specialist is not on site at the
hospital. Each of the three sections describe the literature available to address the five Key
Questions. Within each of these sections, the studies are grouped by clinical indications, though
we attempted to summarize and draw conclusions across indications where we believe it is
appropriate.

Systematic Review Results by Patient Setting

Inpatient Results

We divided the research evaluating telehealth for consultations involving inpatient care into
two categories: remote intensive care unit (ICU) and specialty consultations. Specialty
consultations are further grouped and reported by specific clinical topics. Inpatient care data are
shown in Tables 2 through 6 and Figures 5 through 8. Tables 2 and 5 include the number of
articles addressing each topic, a summary assessment of key outcomes across studies, and study
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citations. Figures 5 through 8 and Tables 3, 4, and 6 provide more detail, focusing on key results
for each study, and the accompanying text discusses how the studies address the Key Questions
for this review. Detailed information we abstracted from each article is provided in Appendix F.
The overall rating for risk of bias and the criteria used to assess each article are in Appendix G,
and Appendix H contains the strength of evidence assessment for each topic.

Remote Intensive Care Units

We identified 21 studies reported in 22 articles evaluating the use of telehealth to provide
remote ICU services. Remote ICU (sometimes referred to as tele-ICU) services involve offsite
staff (e.g., intensivists, critical care nurses, and sometimes administrative assistants) who monitor
ICU patients and provide consultation and management assistance by alerting onsite staff to
issues, recommending treatment, and mentoring onsite staff in care delivery. The purpose is to
allow hospitals without 24-hour critical care staff to provide high-quality care to critically ill
patients and to avoid transferring them to another facility. Remote ICU systems vary but
generally include cameras allowing one-way observation of the patient and care provided,
mirroring of bedside monitors, and real-time voice communication. Some studies included
access to patient record systems while others required special transmission of records from the
hospital to the remote ICU staff location.

Remote Intensive Care Units: Key Points

e Clinical outcomes: ICU and hospital mortality are lower with remote ICU (moderate
strength of evidence).

e Economic outcomes: Not all studies analyzed costs of remote ICUs or their impact on
revenue; those that did used differing methods, and conclusions were inconsistent
(insufficient evidence).

e Intermediate outcomes: ICU and hospital length of stay (LOS) are not statistically
different with remote ICU (moderate strength of evidence).

e Adverse effects: None of the included studies specifically addressed potential harms or
unintended consequences (insufficient evidence).

Table 2 summarizes the results across the included studies.

Table 2. Remote intensive care units: summary of evidence

Number
of Clinical Intermediate
Articles | Outcomes | Outcomes Cost Citations
" * 1cu * |cu LOS ? Cost or 36,43,44,55,62,71,73,80,81,87,91,94,104,106,107,109,110,123,131,227,
mortality shorter revenue | 240,257
lower impact
* ~ Hospital
Hospital | LOS
mortality
lower
Harms: No
evidence

ICU = intensive care unit; LOS = length of stay
Key: *superior (telehealth benefit), ~ no difference or inferior (telehealth no benefit), ? inconclusive (inconsistent results)

18



Remote Intensive Care Units: Detailed Results

Figures 5 through 8 and Table 3 includes the results for mortality, LOS, and costs from the
included studies of remote ICUs.

All but two studies of remote ICUs were conducted in the United States. The exceptions are a
study conducted in India of cardiac intensive care?*? and a study of remote ICU in Australia and
New Zealand.??’ Thirteen are before-after designs comparing outcomes from a period before
implementation of remote ICUs to the period after this model of care was in operation in the
same hospital or hospitals,36:5562:81.87,91,94,107,109,110,123,131.227.257 The remaining studies include four
retrospective cohorts,* 173240 two prospective cohorts,2%1% one cross sectional survey,*® and
one pre-post survey.%* The studies did not provide detail on the nontelehealth care, though it
likely included a mix of care by nonspecialists, less care by specialists based on availability in
person, and transfers to other hospitals if specialists were not available to care for the patients.

Remote Intensive Care Units: Effectiveness in Improving Clinical and Economic
Outcomes

Most of the remote ICU studies included both ICU and in-hospital mortality as primary
outcomes. We generated pooled estimates of 12 of these studies that used similar remote ICU
interventions across sites and reported adequate data. Figures 5 and 6 contain forest plots for
these analyses. If the study did not contain data that could be included in the pooled analysis the
results are included in Table 3.

Examining the studies individually reveals that most reported lower mortality in the remote
ICUs with a minority reporting no significant difference. The pooled risk ratios and 95%
confidence intervals confirm lower mortality with telehealth. For ICU mortality the risk ratio is
0.69 (95% confidence interval [CI] 0.51 to 0.89), estimating mortality to be 31 percent lower for
patients cared for in the remote ICU arms of the 11 included studies in the meta-analysis. In-
hospital mortality is also lower: a pooled risk ratio of 0.76 (95% C1 0.60 to 0.95) though the
effect is smaller with an estimate of 24 percent lower mortality rates. Hospital mortality rates
include patients who die in the ICU and other wards, and the smaller difference may represent
patients who survived their ICU stay but died before leaving the hospital.

We conducted sensitivity analyses to assess the stability of the above conclusions.
Specifically, we repeated the analyses with and without one study”® reporting substantially better
odds ratios (that is, lower deaths with remote ICU) after adjustments than the other studies .
Omitting this study changes risk ratios (e.g., from 0.69 to 0.72 for ICU mortality), but does not
change overall conclusions. Similarly, we repeated analyses stratifying by study design, specially
combining only the before-after studies and not including the two studies that used concurrent
controls. This changed the risk ratio slightly, but did not alter conclusion.

Six studies evaluated and reported the impact of remote ICU on costs. The studies used very
different approaches to assess the economic impact of remote ICUs and the findings were not
consistent. Three studies reported benefits: one reported that case volume increased and
contributed to higher margins;® another reported that ICU patients contributed to increased
revenue because shorter ICU stays allowed more patients to be treated by increasing capacity;
and the third study reported lower ICU total costs (ratio of after to before 0.69, p=0.031) and
attributed this to a decrease in complications after remote ICU implementation.'®” Other studies
reported higher costs®2%! or reported very basic estimates.® Given that the evidence is
inconsistent and imprecise, we were unable to categorize how remote ICUs affect costs.
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Remote Intensive Care Unit: Effectiveness in Improving Intermediate Outcomes
Length of stay in the ICU and in the hospital are intermediate outcomes assessed in many
studies of remote ICUs. We also pooled results for these outcomes. These analyses combined the
mean difference in length of stay (LOS) in days across studies. The data and pooled results based
on the 13 studies with usable data are presented in Figures 7 and 8. The results of studies

reporting data that could not be pooled are included in Table 3.

The finding from studies that included ICU LOS were not consistent: some reported shorter
LOS and some longer for remote ICU versus usual care. The pooled estimate of the mean
difference is -0.39 with a 95% confidence interval of -0.99 to 0.15, indicating that the difference
is not statistically significantly different from zero. For total in-hospital LOS the results are
similar. The pooled difference is -0.14 (95% CI -0.96 to 0.63), which is lower for remote ICU
than usual care, but not significantly different. We tested the stability of the results by repeating
the analyses including both raw numbers and adjusted estimates when they were provided, by
including only the before-after studies, and by excluding studies with the most extreme results.
While the magnitude of the difference changed, none of these variations resulted in a difference
that was statistically significant. Authors of these studies suggest that patients are surviving
longer as reflected in the decline in mortality, but remain in the hospital longer.

Some of these studies assessed other outcomes including nursing staff satisfaction, staff
perceptions of teamwork and safety, readmission to the ICU, adherence to guidelines, and
transfers to other hospitals. These results are included in Table 3.

Harms, Adverse Events, or Negative Unintended Consequences of Remote ICUs
None of the studies expressly reported on harms or adverse events. One reported 90-day
mortality increased by 6.1 percent in hospitals that adopted remote ICU, but the researchers did
not provide comparable data for the control hospitals, making it difficult to assess if this was a
harm.”™ Another study reported that the rate of complications experienced by ICU patients

declined with remote ICU.1%’
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Figure 5. Meta-analysis of intensive care unit mortality

Events, Events,
Author, Year Study Design Risk Ratio (95% Cl) Telehealth Control

T
Thomas, 2009 Before-After (Adjusted RR) E 0.89 (0.73, 1.08) 165/2108  188/2034
Morrison, 2010 Before-After (Adjusted RR) E 1.23 (0.90, 1.68) 208/2717  91/1371
Lilly, 2011 Before-After (Adjusted RR) - i 0.40 (0.30, 0.52) 410/4761 164/1529
Rosenfeld, 2000 Before-After —-—E—— 0.43 (0.11, 1.64) 3/201 71202
Breslow, 2004 Before-After -IF 0.73(0.53, 1.02) 47/744 120/1396
McCambridge, 2010 Before-After ':h' 0.72 (0.58, 0.91) 110/959 151/954
Sadaka, 2013 Before-After --i 0.48 (0.34, 0.68)  84/2193  50/630
Fortis, 2014 Before-After IF 0.75 (0.65, 0.87) 299/6097  394/6063
Panlaqui, 2017 Before-After —i‘-— 0.72 (0.14, 3.66) 2/188 51337
Kohl, 2012 Comparative Before-After (Adjusted OR) f——=—— E 0.15(0.04, 0.53) NR/1499  NR/246
Nassar, 2014 Comparative Before-After (Adjusted RR) t-— 1.20(0.57,2.53)  46/1647 49/1708

Profile Likelihood Estimate Overall (I-squared = 79.6%, p<0.001) 0.69 (0.51, 0.89)

-

I | I
063 .25

-
E-

Favors Telehealth Favors Control

ClI = confidence interval; NR = not reported; OR = odds ratio; RR = risk ratio
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Figure 6. Meta-analysis of hospital mortality in intensive care unit studies

Events, Events,
Author, Year Study Design Risk Ratio (95% ClI) Telehealth Control
d
Thomas, 2009 Before-After (Adjusted RR) \ 0.87 (0.73,1.02)  209/2108 245/2034
McCambridge, 2010 Before-After (Adjusted RR) .4. 0.66 (0.51, 0.86)  141/959 204/954
1
Morrison, 2010 Before-After (Adjusted RR) - 1.12(0.86, 1.48) 288/2717 136/1371
1
Lilly, 2011 Before-After (Adjusted RR) - i 0.44 (0.34, 0.56) 562/4761 208/1529
1
Wilimitch, 2012 Before-After (Adjusted RR) | 0.87 (0.82,0.92) 2212/18152 798/6504
1
Rosenfeld, 2000  Before-After — 0.65 (0.29, 1.46)  9/201 14/202
1
Breslow, 2004 Before-After - 0.73(0.56,0.95)  70/744 180/1396
1
Panlaqui, 2017 Before-After —_— 0.60(0.24, 1.48) 6/188 18/337
]
Kohl, 2012 Comparative Before-After (Adjusted OR) —*— 0.30(0.11, 0.85) NR/1499 NR/246
1
Nassar, 2014 Comparative Before-After (Adjusted RR) T 1.58 (0.92, 2.72) 70/1647 62/1708
Profile Likelihood Estimate Overall (I-squared = 79.4%, p<0.001) @ 0.76 (0.60, 0.95)
1
1
I
T T T
.063 .25 1 4
Favors Telehealth Favors Control

CI = confidence interval; NR = not reported; OR = odds ratio, RR = risk ratio
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Author, Year

Rosenfeld, 2000
Breslow, 2004
Morrison, 2010
McCambridge, 2010
Lilly, 2011
Sadaka, 2013
Panlaqui, 2017
Thomas, 2009
Willmitch, 2012
Kohl, 2012
Nassar, 2014

Kahn, 2016

Study Design

Before-After

Before-After

Before-After

Before-After

Figure 7. Meta-analysis of intensive care unit length of stay

Before-After

Before-After
Before-After
Before-After

Before-After (Adjusted MD)

Comparative Before-After (Adjusted MD) ——l—

Comparative Before-After (DiD)

Comparative Before-After (DiD)

Profile Likelihood Estimate Overall (I-squared = 91.0%, p<0.001)

Mean
Difference (95% Cl)
-1.06 (-2.08, -0.04)
-0.67 (-1.26, -0.08)
0.46 (0.23, 0.69)
-0.29 (-4.05, 3.47)
-1.90 (-2.48, -1.32)
-0.50 (-0.85, -0.15)
-0.10 (-0.41, 0.21)
0.30 (-0.10, 0.70)
0.32(0.21,0.43)
-2.76 (-3.96, -1.57)
0.20 (-0.17, 0.57)
0.30 (0.24, 0.36)

-0.39(-0.99, 0.15)

Telehealth,

N, Mean (SD)
201, 2.00 (2.35)
744, 3.63 (5.78)
2717, 3.06 (4.24)
959, 3.77 (NR)
4761, 4.50 (6.70)
2193, 2.20 (3.40)
188, 2.10 (1.60)
1942, 460 (6.30)
18152, 4.09 (5.17)
1499, 3.86 (6.58)
1647, 0.20 (0.14)

145119, 0.30 (0.02)

Control,

N, Mean (SD)
202, 3.06 (7.03)
1396, 4.30 (8.10)
1371, 2.60 (3.16)
954, 4.06 (NR)
1529, 6.40 (11.00)
630, 2.70 (4.10)
337, 2.20 (1.90)
1847, 4.30 (5.40)
6504, 4.20 (6.35)
246, 6.25 (7.84)
1708, 0.00 (0.12)

411461, 0.00 (0.01)

T
-5

Favors Telehealth
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Cl = Confidence Interval; DiD = difference in difference; MD = mean difference; NR = not reported; SD = standard deviation



Author, Year

Rosenfeld, 2000
Breslow, 2004

McCambridge, 2010
Morrison, 2010

Lilly, 2011
Sadaka, 2013
Lilly, 2017
Panlaqui, 2017
Thomas, 2009
Willmitch, 2012
Kohl, 2012
Nassar, 2014

Kahn, 2016

Profile Likelihood Estimate Overall (I-squared = 92.8%, p<0.001)

Study, Design

Before-After
Before-After
Before-After
Before-After
Before-After
Before-After
Before-After
Before-After
Before-After

Before-After (Adjusted MD)

Comparative Before-After (Adjusted MD)

Comparative Before-After (DiD)

Comparative Before-After (DiD)

AL

]
e e e b e el e e e

o]

Mean
Difference (95% Cl)

-0.83 (-3.16, 1.50)
-1.63 (-2.88, -0.38)
0.06 (-0.49, 0.61)
0.21(-0.31, 0.74)
-3.50 (-4.40, -2.60)
1.00 (0.43, 1.57)
-0.70 (-0.97, -0.43)
1.50 (0.65, 2.35)
0.90 (0.25, 1.55)
0.90 (061, 1.18)
-2.01 (-4.19, 0.18)
0.70 (-0.05, 1.45)
0.10 (0.02, 0.18)

-0.14 (-0.96, 0.63)

Figure 8. Meta-analysis of hospital length of stay in intensive care unit studies

Telehealth,
N, Mean (SD)

201, 9.28 (10.67)
744, 11.14 (12.32)
959, 9.21 (NR)
2717,7.93 (8.29)
4761, 9.80 (10.00)
2193, 6.20 (7.40)
14552, 9.70 (9.30)
188, 5.50 (5.20)
1898, 10.70 (10.20)
18152, 11.15 (13.04)
1499, 16.70 (30.97)
1647, 0.40 (0.27)

145119, -0.20 (0.03)

Control,
N, Mean (SD)

202, 10.11 (13.12)
1396, 12.77 (16.78)
954, 9.15 (NR)
1371,7.72 (7.98)
1529, 13.3 0 (17.10)
630, 5.20 (6.10)
14257, 10.40 (13.40)
337, 4.00 (3.90)
1790, 9.80 (9.30)
6504, 11.38 (15.37)
246, 19.00 (15.68)
1708, -0.30 (0.27)

411461, -0.40 (0.02)

-5 0

Favors Telehealth
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ClI = confidence interval; DiD = difference in difference; MD = mean difference; NR = not reported; SD = standard deviation



Table 3. Remote intensive care units: selected outcomes not included in meta-analysis

Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality

Intermediate Outcomes

Costs/Revenue or
Other Resource Use

Breslow, 200436
VA, United States

Before-after
Moderate

Hospital and ICU mortality in
meta-analysis

Hospital and ICU LOS in meta-
analysis

Revenue, contribution
per month in USD

2 community hospitals
1 teaching hospital

A: Pre-Telehealth, n=84
B: Post-Telehealth, n=71

B: 78.8 £17.2,0=0.009

Mean Safety Climate score

A: 66.4 £ 24.6

B: 73.4 £ 18.5, p=0.045

Overall hospital Safety Climate score
A: 69.0

All patients:
1 hospital A: Before telehealth, A: $795,245
n=1,396 B: $1,319,236 (no
B: After telehealth, n=744 statistical test reported)
Chu-Weininger, 20104 Pre-post NR Mean Teamwork Climate score out of | NR
TX, United States High 100 + SD
A: 69.7 £25.3

5 1CUs, including 1
teaching hospital

A: No tele-ICU, n=6,063
B: Tele-ICU, n=6,097

A: 54 (0.89%)
B: 29 (0.49%), p=0.0064

B: 65.4

Collins, 20174 Retrospective cohort ICU mortality, n (%) NR NR
PA, United States High A: 364 (5.5%)

B: 3 (0.3%)
1 surgical ICU A: Surgical ICU, n=6,652
1 virtual ICU B: Virtual ICU, n=1,037
Fortis, 2014% Retrospective ICU mortality in meta-analysis | Patients readmitted to ICU within 48 NR
MN, United States High hours n (%)
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality

Intermediate Outcomes

Costs/Revenue or
Other Resource Use

Franzini, 201162
Thomas, 2009123
Gulf Coast, United States

5 hospitals

Economic evaluation,
Before-after
Moderate

A: No telehealth, n=2,034
B: Telehealth, n=2,108

Hospital and ICU mortality in
meta-analysis

Overall: no difference
SAPS Il = 50 (less serious):
no difference

SAPS Il > 50 (17% of
patients)

ICU: 40% reduction
Hospital: 37% reduction

Hospital and ICU LOS in meta-
analysis

ICU complication rate (95% CI)
A: 17.9% (16.3% to 19.6%)
B: 19.2% (17.5% to 20.9%)

Overall ICU cost per
case, in USD

A: $13,029

B: $19,324

(48% increase)

SAPSII £50: significant
increase in cost
($6415) with no
significant change in
mortality

SAPS Il >50: no
significant increase in
cost ($2985) with 11.4%
significant decrease in
mortality.

Gupta, 2014?40
Dehradun, India

1I1CU

Before-after
Moderate

A: Before telehealth, n=134
B: After telehealth, n=145

30-Day mortality
A:16.4%

B: 4.8%

70% reduction, p=0.001

Mean door to needle time, in minutes
A: 178.63

B: 26.23, p<0.001

Mean hospital stay + SD, in days
A:4.96+1.18

B: 4.69 + 1.19, p=0.056
Cardiogenic shock, %

A: 14.92

B: 10.35, p=0.248

Ventricular fibrillation/ventricular
tachycardia, %

A:11.94

B: 8.28, p=0.309

Atrial fibrillation/supra ventricular
tachycardia %

A: 14.92

B: 15.17, p=0.954

NR
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality

Intermediate Outcomes

Costs/Revenue or
Other Resource Use

Kahn, 2016
United States

389 hospitals without tele-
ICU

132 hospitals with tele-ICU
hospitals

Retrospective cohort
Low

A: No telehealth
Before-telehealth,
n=419,466

After telehealth, n=411,461

B: Telehealth

Before telehealth,
n=147,517

After telehealth, n=145,119

90-Day mortality

[ratio of odds ratios (95% CI),

Group A=Reference]
All hospitals: 0.96 (0.94 to
0.98), p<0.01

Unadjusted
Before vs. after telehealth

A: 23.5% vs. 23.07%, p<0.01

B: 24.0% vs. 24.3%, p=0.07

Hospitals with telemedicine
12.2% significant decrease
81.1% no significant change
6.1% significant increase

Hospital and ICU LOS in meta-
analysis

NR

Kalb, 201427 Before-after ICU mortality ratio® Mean % adherence to low tidal NR
NR, authors US-based High A:0.34 volume-based lung protective
Bi1: 0.67, p<0.04 vs. A ventilation
11 hospitals A: Before Tele-ICU B2: 0.65, p<0.03 vs. A A: 29.5%
implementation, n=NR B1: 44.9%, p<0.002 vs. A
Bi: After Tele-ICU (2011, B2: 51.8%, p<0.003 vs. A
Quarter 3), n=NR
B2: After Tele-ICU (2012, Mean ventilator duration ratio®, in
Quarter 1), n=NR days
A:1.08
B1:0.92, NSvs. A
B2: 0.96, NS vs. A
Kohl, 20127 Retrospective cohort ICU mortality® (SEM) Mean ICU LOS® (SEM), in days NR

PA, United States

2 ICUs in the same
hospital: one with
telehealth, one without

Moderate

Ai: No telehealth, prior to
implementation, n=220
Az: No telehealth, post
telehealth implementation,
n=285

Bi1: Telehealth, prior to
implementation, n=246
B2: Telehealth, post
telehealth implementation,
n=1,499

Ai1: 0.54 (0.06)

Az: 0.42 (0.04)

B1: 0.09 (0.02)

B2: 0.01 (0.003), p=0.003
Mean hospital mortality®
(SEM)

Ai1: 0.74 (0.05)

Az: 0.56 (0.04)

B1: 0.13 (0.03)

B2: 0.04 (0.01), p=0.023

Ai1: 5.27 (0.52)

A2: 6.09 (0.43)

B1: 6.25 (0.50)

B2: 3.86 (0.17), p<0.001

Mean hospital LOS® (SEM), in days
A1:19.0 (1.0)

Az 12.5 (1.1)

B1: 10.9(0.8)

B2: 16.7 (0.8), NS
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality

Intermediate Outcomes

Costs/Revenue or
Other Resource Use

Lilly, 20118°
MA, United States

Prospective cohort
Low

ICU mortality, n (%)
A: 164 (10.7%)
B: 410 (8.6%), p=0.003

Mean + SD, median (IQR),
ICU LOS, in days
A:6.4+11,25(0.2t0 6.5)

NR

7 1CUs A: No telehealth, n=1,529 Hospital mortality B:45+6.7,2.4 (0.1to0 4.6), p<0.001
B: Telehealth, n=4,761 A: 208 (13.6) Hospital LOS, in days
B: 562 (11.8), p=0.005 A:13.3+17.1,7.9 (0.2 to 15.0)
B: 9.8+ 10, 6.8 (0.2 to 12.0),
p<0.001
Lilly, 20178 Economic evaluation NR Mean hospital LOS + SD, in days Total annual costs, in

MA, United States

1 academic medical center
ICU

Moderate

A: Before telehealth,
n=4,752

B1: After Telehealth,
n=5,735

B2: After Telehealth with
added logistics center,
n=6,581

A vs. Brincluded in Meta-Analysis
A:10.4+134

B1:9.7+9.3

B2: 8.8+8.3

A vs. B2 p<0.0001
Bi1vs. B2 p<0.001

USD

A: $142,766,712
B1i: $182,719,738
B2: $200,934,975
Total annual direct
contribution margin
A: $7,921,584

Bi1: $37,668,512
B.: $60,586,397

McCambridge, 2010%
PA, United States

1 hospital

Before-after
Moderate

A: Before telehealth, n=954
B: After telehealth, n=959

Hospital and ICU mortality in
meta-analysis

Overall
AORY: 0.605, p=0.002

Hospital and ICU LOS in meta-
analysis

Ventilator use
A: 36.1%
B: 31.5%, p=0.04

NR

Morrison, 20109
IL, United States

2 hospitals

Before-after
Moderate

A: Before telehealth, n=1371
Bi: After telehealth, 1 year
after baseline, n=1287

B2: After telehealth, 1 year
after electronic ICU fully
operational, n=1430

Hospital and ICU mortality in
meta-analysis

Total mortality
A:9.9%

B 11.1%

B2 10.0%
Avs.B: NS

B vs. B% NS

Hospital and ICU LOS in meta-
analysis

Mean Cost® in USD
A: $22.43

Bi: $21.41

B2: $23.21

Avs. B NS

B!vs. B2 p=0.03
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality

Intermediate Outcomes

Costs/Revenue or
Other Resource Use

Nassar, 2014%
Midwest, United States

7 VA Hospitals

Before-after
Low

Az1: Usual care before
telehealth period, n=1664
A2: Usual care after
telehealth period, n=1920
B1: Telehealth, before
telehealth period, n=1708
B2: Telehealth, after
telehealth period n=1647

Hospital and ICU mortality in
meta-analysis

Hospital and ICU LOS in meta-
analysis

NR

Panlaqui, 2017%% Before- after Hospital ICU Mortality: in Hospital and ICU LOS: in meta- NR
Australia and New Zealand | High meta-analysis analysis
1 rural facility A: Before telehealth, n=337 Total mortality, relative risk Hospital transfer relative risk (95%
1 regional center B: After telehealth, n=188 (95% CI) Cl)
A: 6.5% A: 31.8%.
B: 4.3% B: 22.9%
RR 0.98 (0.94 to 1.02), RR 0.88 (0.80 to 0.98), p=0.03
p=0.28
Rincon, 2012104 Before-after NR Nurse satisfaction NR

PA, United States

1I1CU

High

A: Before telehealth, n=34
nurses

B: After telehealth, n=40
nurses

ICU physicians available

A: 38%

B: 55% NS

Adequate physician involvement
A: 44%

B: 65%, p=0.007

Opportunity to ask questions
A:41%

B: 53% NS
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality

Intermediate Outcomes

Costs/Revenue or
Other Resource Use

Romig, 2012106
MD, United States

2 1CU in 1 hospital

Prospective cohort and
before-after
High

A: No telehealth, n=612
B: Telehealth, n=793; 403
received telehealth

Nurse survey:
Pre-telehealth, n=11
Post-telehealth, n= 27

ICU mortality before vs. after
telehealth, % (n)

A: 4.9% (15/305) vs. 4.6%
(14/307)

B: 1.5% (6/390) vs. 3.5%
(14/403)

ICU LOS before vs. after telehealth,
% (n), in days
A:39vs. 3.8
B:5.1vs. 4.5

Nurse satisfaction and perceptions of
quality after telehealth, mean + SD
survey score out of 5

Remote ICU unit

Communications

Pre-telehealth: 2.99 + 1.13
Post-telehealth: 3.27 + 1.27, p<0.01
Working conditions

Pre-telehealth: 3.10 £ 1.10
Post-telehealth: 3.23 +1.11, p=0.02
Education

Pre-telehealth: 3.52 + 0.84
Post-telehealth: 3.76 + 0.78, p<0.03

Control ICU

Significant decline in 2 scales
Patient care and perceived
effectiveness and education

NR
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality

Intermediate Outcomes

Costs/Revenue or
Other Resource Use

Rosenfeld, 2000107
MD, United States

1 hospital

Before-after
Low

Az1: Before telehealth,
baseline 1, n=225

A2: Before telehealth,
baseline 2, n=202

B: After tele-ICU, n=201

Hospital and ICU mortality in
meta-analysis

Complications
A1 15.1%

Az: 18.8%

B: 9.5% p<0.05

Hospital and ICU LOS in meta-
analysis

ICU total cost change,
in USD

B vs A1 75%
reduction, p=0.002
B vs. A2: 69%
reduction, p=0.031

Hospital total cost
change, in USD

B vs A1: 88% reduction,
NS

B vs. A2: 81% reduction,
NS

64% of difference in
cost between baselines
and intervention were
associated with higher
incidence of
complications during
baseline periods.

Ruesch, 20121
AK, United States

1 hospital

Before-after
High

A: Before telehealth, NR
B: After telehealth, NR

ICU mortality®
A: 17
B: 24

Hospital mortality©
A: 22
B: 36

LOSS, in days
ICU

A 4.1

B: 3.66, p <0.05
Hospital

A: 11.25

B: 9.48, NS

Actual costs not
reported. Estimated
cost saving based on
changes in LOS were: >
$2.5 million USD,
comparing a calendar
quarter before
implementation with the
last quarter of the
evaluation.

Sadaka, 2013110
MO, United States

1 hospital

Before-after
High

A: Before telehealth, n=630
B: After telehealth, n=2193

Hospital and ICU mortality: in
meta-analysis

Hospital and ICU LOS in meta-
analysis

NR
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality

Intermediate Outcomes

Costs/Revenue or
Other Resource Use

Willmitch, 2012131
FL, United States

5 hospitals

Before-after
Moderate

Comparison:

A: Before telehealth,
n=6,504

Bi: After telehealth, 1 year,
n=6,353

B2: After telehealth, 2 years,
n=6,018

Bs: After telehealth, 3 years,
n=5,781

Hospital mortality in meta-
analysis

Hospital and ICU LOS in meta-
analysis

NR

AOR = adjusted odds ratio; APACHE IV = Acute Physiology and Chronic Health Evaluation IV; Cl = confidence interval; ICU = intensive care unit; IQR = interquartile range;

LOS = length of stay; NR = not reported; NS = not significant; SAPS Il = Simplified Acute Physiology Score II; SD = standard deviation; SEM = standard error of the mean; USD

= United States Dollars;VA = Veterans Affairs;

2 Adjusted for APACHE 1V status

b Number of days of mechanical ventilation/APACHE IV predicted days of mechanical ventilation

¢ Severity-adjusted

d Adjusted for APACHE 1V status and DNR status
€ Adjusted total hospital costs divided by 1000
Bold=statistically significant; telehealth superior. Bold and italicized=statistically significant; telehealth inferior. Regular type: not statistically significant.
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Key Characteristics of Remote ICU Studies and Association With Outcomes
In addition to pooling results, we reviewed selected key factors that could help explain
differences in outcomes across studies. Table 4 summarizes information on the hospitals in the
studies, the coverage and staffing of the remote ICU interventions, and the time periods when

outcomes were measured. However, no studies report significant differences between remote
ICUs and in-person critical care in terms of these characteristics.
The majority of studies were conducted in larger teaching hospitals or hospitals affiliated
with an academic center. The goal of all studies was to provide critical care for 24 hours, but the
amount of remote coverage needed to achieve this goal varied. All of the studies included a
physician intensivist, though one added this after 9 months of nursing support alone.*® All but
one included nursing'®” and about half included administrative support. Most of the studies
collected outcomes data after an implementation period or collected data for multiple periods.
The study with the longest followup (3 years) and measurement at multiple periods reported
stronger effects in each subsequent year.'** One study reporting no overall benefit compared
outcomes between sicker and less sick patients and found the remote ICU was associated with a
decrease in mortality and a nonsignificant increase in costs for sicker patients and no
improvement in mortality and higher costs for less sick patients.®212® This suggests that the
benefit may not be uniform across all critical care patients. The largest study examined several
characteristics of the subgroup of hospitals that experienced a reduction in 90-day mortality after
implementing remote ICUs and found these were more likely to be high volume and located in

urban areas.”

Table 4. Remote intensive care units: selected characteristics

Impact of Remote

tertiary teaching

e Intensivist, nurse,
administrative assistant

e Attending controlled
level of involvement

months after a 3-
month run in)

Hospital Remote ICU “After” Period ICU

Number Coverage for Outcomes Subgroup
Study Characteristics Staffing Measurement Assessments
Breslow, 20043¢ 1 large (650 bed) e 19 hours (noon -7AM) Months 4-10 (6 Benefit

No subgroups

Fortis, 2014%

5 hospitals in one
health system

e 24 hours but different
staff and duties day vs.
night

e Intensivist; nurse

e Full authority

1 year
immediately
following
implementation

Benefit

No subgroups

Franzini, 201152
Thomas, 200912

5; 1 large teaching
hospital; 2 large
urban hospitals; 2
small community
hospitals

e 19 hours (noon -7AM)
weekdays; 24 hours
weekends

e 2 Teams of intensivists,
2 nurses, 1
administrative
technician

e Physicians determined
level

60 to 120 days
(95 average)
post
implementation
until estimated
sample size
recruited

No benefit
(Overall)

Sicker patients:
decrease in
mortality; increase
in costs
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Impact of Remote

Hospital Remote ICU “After” Period ICU

Number Coverage for Outcomes Subgroup
Study Characteristics Staffing Measurement Assessments
Kalb, 2014%7 11 moderate-size | ¢ Daily rounds 1.5 years for first | Benefit

community e Intensivist and critical group; 3 months | No subgroup

hospitals, wide care nurse for last comparisons

geographic (staggered start)

distribution (details
not reported); all
established
telelCU, phase-in
for ventilator
rounds

Kahn, 2016

521 hospitals

132 hospitals
adopted telehealth
389 matched
hospitals that did
not

Varied, not reported

2 years

Some benefit for
90-day mortality?
(overall)

Large volume and
urban hospitals
more likely to have

significant
reduction in
mortality
Kohl, 20127 2,250 e 24 hours/days all days 8 to 20 months Benefit
1 hospital e Day time: 2 critical care | post
2 ICUs one with nurses. Evening 1 implementation No subgroups,
and one without intensivist and 1 nurse used Apache score
telehealth e Rounds every 1 to 4 to adjust
hours as needed
Lilly, 2011% 6,290 e 24 hours/day all days 2 months after Benefit
2 campuses of an e Intensivist first site
academic medical | « Monitoring alarms, implementation Compared day and
center adherence to to 1 year4 night admissions,
7 ICUs guidelines, rounds months later with more impact
(staggered start on night
for sites) admissions
Lilly, 20178 1 academic e Off-hours care plan 8 years of Benefit
medical center on reviews by intensivist followup data
two campus with 7 | « Electronic early post Also compared
adult ICUs detection system; implementation telehealth with
audio-visual link to telehealth
patients and nurses augmented by a
logistic center
McCambridge, 1 large (727 bed) e 12 hours (7 PM -7 AM) 10 months after Benefit
20108 academic e Intensivist and critical 9-month No subgroups
community care nurse implementation
hospital « Did admissions and completed
monitored all patients
Morrison, 2010% 2 suburban e Not specified 2 4-month No benefit
community e Determined by hospital periods: 1 year Longer followup
hospitals; 650 bed | after baseline and level of

teaching 185 bed
not teaching

Primary provider
controlled level of
involvement

and 1 year after
implementation

primary provider
involvement did
not change results
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Study

Hospital
Number
Characteristics

Remote ICU
Coverage
Staffing

“After” Period
for Outcomes
Measurement

Impact of Remote
ICU

Subgroup
Assessments

Nassar, 2014%

6,654

7 VA hospitals
8 ICUs

3 academic
medical centers
1 small urban

3 rural hospitals

21 hours a day, all days
Intensivist and 2 critical
care nurses

Alerts, audio and video
monitoring and
communication

6 months after
implementation

Some benefit
Small differences,
not significant in
adjusted analyses

Stratified by risk
and ICU size; no

hospital; academic
affiliated

Intensivists only
(monitoring from home)
All monitored

the study
intervention

difference in
results
Panlaqui, 201777 525 o Remote facility initiates | 1 year after No benefit
1 regional center link daily implementation
1 rural facility e Intensivist Adjusted for risk
and age
Rosenfeld, 20001 1 community e 24 hours 16 weeks during | Benefit

Benefit attributable
to reduction in
complications.

Ruesch, 2012109

1 hospital
(Anchorage AK)

24 hour critical care
nurse

10 hours (9 pm to 7am)
intensivist added after 9
months

Quarterly for 1.5
years (6
quarters) after
implementation

Some benefit
No patient
subgroups

hospitals, mostly
suburban, in one
system

Intensivist, critical care
nurses, unit secretary
Local provider
determined level of
involvement

after
implementation

e All monitored
Sadaka, 20130 1 community o 24/7 15 months Some benefit
hospital ¢ Intensivists, critical care | starting AM admission
nurses, unit secretaries | immediately with | compared with PM
e Local MD determined implementation admission (remote
level of involvement only): Same as
overall results
Willmitch, 2012131 5 community o 24]7 1, 2, and 3, years | Benefit

More benefit seen
in years 2 and 3.
Excluding patients
with long stays did
not change
conclusions.

ICU = Intensive Care Unit; VA = Veterans Affairs
a0ther studies studied in-hospital and in-ICU mortality rather than 90-day mortality

Inpatient Specialist Consultations
We identified 32 articles reporting on 31 studies using telehealth to provide specialty
consultations for inpatients. Specialty consultations are provided when the input of a specialist is
needed for diagnosis, care planning, or treatment and a physician with the specialized knowledge
is not available when or where the consultation is needed. Technology for these consultations
varies, with some focusing on video interactions that may or may not include the patient, and
others consisting of store and forward images, or technology that allows real time collaboration
on diagnostic tests or surgery. Generally, specialist consultations are needed to inform decisions,
which can be about additional services, such as whether to transfer a patient to a different
hospital or whether an in-person followup visit is needed. Consultations may also serve to make
or confirm a diagnosis, advise on treatment, or actually provide treatment.
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Inpatient Specialist Consultations: Key Points
e Clinical outcomes: Mortality or serious morbidity (e.g., cardiac arrest, low birthweight,

falls, and disability) improve with telehealth consultations across specialties, but

differences are not statistically significant in most studies (low strength of evidence).

e Economic outcomes: Cost savings were realized due to avoided transfers or travel, but
telehealth did not save money in all studies (low strength of evidence).

e Intermediate outcomes: The impact of telehealth consultations on intermediate outcomes
such as hospital LOS, transfer rate or satisfaction of patients, relatives, or health care
providers is also positive, but not convincing with differences that are close to significant
and estimates that are less precise (low strength of evidence).

e Adverse effects: Only studies of surgery explicitly examined harms, but study limitations
were high based on small sample sizes and high risk of bias (insufficient evidence).

The studies of inpatient specialist consultations cover a wide variety of clinical indications
ranging from neonate to geriatric care and from care planning to remote proctoring of surgery.
Our ability to draw conclusions is limited to the specialties that have been studied and may or
may not be generalizable to other specialties. Table 5 summarizes results across the included
studies by clinical specialty and provides an overview of the results. Table 6 provides selected
outcomes from each study, and Appendix H includes the strength of evidence assessment by
outcome across these specialties.

Table 5. Inpatient specialty consultations: summary of evidence

Number
Clinical of
Topics Studies | Clinical Outcomes | Intermediate Outcomes Cost Citations
Neonates 5 _ . * : * . 66,102,
Cardiology Deat:l or cardiac I&OS, tra}nsfers and time to Net savings 103,125,
N arres iagnosis 242
Fewer very low
birthweight
deliveries
Pediatric 4(5 ~ : : ? Mixed LOS and satisfaction * ; 51,76,
Inpatient articles) Hospital mortality * . Cost_ saving 84.86
Decrease in and increased
transfers/transport revenue
Pediatric 1 No evidence * - No evidence 88
Sexual Abuse Improved qtjallty of
Assessment assessmen
Geriatrics 4 * Fewer falls * Decrease time to consult; * Cost saving 63,221,
. . ) 224,249
increased capacity due to avoided
* High patient satisfaction travel
~ Hospitalizations
Neurology 3 ? Mortality ? Health service utilization and No evidence 165,196,
transfers 243
Post stroke 1 * | ower odds of No evidence No evidence 138
care
poor outcome
Psychiatry 2 No evidence * Cower transfers * | ower cost if 164,214
* positive rating and willing to Zggrcases per
use for next visit y
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Number
Clinical of
Topics Studies | Clinical Outcomes | Intermediate Outcomes Cost Citations
Image/Test 5 ~ Success rate for * More patients sent to day ? Savings 26,115,
Review free flap surgery 209,237,
surgery 244
* Shorter time to assessment or
response
~ Transfers, in--person visits
and admissions
g/lfrntg:ed 3 * No complications ? Surgery time No evidence :;%9116,
gery or harms * Hospital LOS
Critical Care | 2 * Mortality * beU LOS shorter < Higher cost 29,105
< Hospital LOS longer
* Response time
Multlple_ 1 ~ No difference in No evidence No evidence 252
Specialties .
mortality

LOS = length of stay; PCU = progressive care unit
Key: * superior (telehealth benefit), ~ no difference (no significant difference), < inferior (comparison better than telehealth), ?
inconclusive (inconsistent results or insufficient)

Inpatient Specialist Consultations: Detailed Results

Table 6 includes key results for clinical outcomes (including harms), intermediate outcomes,
and costs from the 31 studies about inpatient specialty consultations. Seventeen were conducted
in the United States, and the others were conducted in 12 different countries (2 in Australia, 2 in
the United Kingdom, and 1 each in Brazil, Finland, Germany, Hong Kong, Israel, Italy, Northern
Ireland, Taiwan, Japan, and Spain). Studies of inpatient consultations were predominately cohort
studies, including 10 retrospective and 15 prospective cohort designs. There were also three
before-after studies and three randomized trials that studied inpatient consultations. Most of the
cohort studies included multiple sites with the largest prospective study including 3,060 patients
in five intervention and five matched comparison hospitals.'*® The largest study, a retrospective
analysis using data from a large healthcare system included over 16,000 patients.?®

Inpatient Specialist Consultations: Effectiveness in Improving Clinical and
Economic Outcomes

Mortality

Twelve studies reported in 13 articles
consultations evaluated mortality outcomes.

Ten studies reported mortality to be the same or not statistically significantly lower. For
example, declines in mortality were not significant in one study of telehealth cardiology for
neonates implemented in nine hospitals,*? in studies of pediatric inpatient consults,’®#*8 or in a
study of a hospital wide multispecialty consult program.?2 In one pilot study mortality did not
differ in a group managed with telehealth compared with a group in which all patients with
suspected intracranial bleeds were transferred to a neuro trauma center for in-person neurological
care.?® Two studies about neurology inpatient teleconsultations reported lower mortality with
telehealth and one study of specialized post stroke care reported some benefit from telehealth
when the outcome was a composite including death, institutional care or disability:

29,76,84-86,102,125,138,165,196,242,243,252 about inpatient
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e In a comparison of two hospitals, one that used real-time video to secure early tele-
neurological consults and one that did not, the decline in inpatient mortality was
statistically significant (from 10.2% to 4.9%, p=0.013), but the 3-month mortality rate
was not significantly different (11.7% to 8.6%, p=0.558)*%

e Inastudy of over 2,000 patients hospitalized with minor head injuries in hospitals
without neurosurgery, the adjusted odds of mortality for patients treated in the centers
without telehealth compared with those where telehealth was available was not
significant (adjusted odds ratio [AOR] 1.25; 95% CI1 0.83 to 1.91), but the odds of death
were greater without telehealth when the analysis was limited to patients over 70 years
old (AOR 1.14; 95% CI 1.04 to 1.82)'65

e The odds of death or institutional care were not significantly different when comparing
five hospitals participating in the Telemedical Project for Integrative Stroke Care with
five matched control hospitals. When the outcome was redefined as death, institutional
care or severe disability, the odds of poor outcome at both 12 months and 3 months were
significantly lower in hospitals with telestroke.!3

Inpatient Specialist Consultations: Other Clinical and Economic Outcomes

Six studies®®:116:149.237.242249 analyzed clinical outcomes other than mortality and reported a
significant decline in the rate of very low birthweight deliveries in hospitals without neonatal
ICUs after the establishment of telehealth consultations and rounds,?*? no significant difference
in the average number of falls per month in one study of geriatric teleconsultations,?* no
difference in surgical flap success rates when comparing telehealth and in-person post-operative
monitoring,?3” and no difference in complications in three studies of telehealth mentored
surgeries,3%:116.149

Seven studies reported some assessment of economic outcomes. Studies that found or
estimated an economic benefit included an evaluation of remote cardiology assessments for
neonates that calculated a net savings of $13,900 per infant;®® a study of a referral network to a
children’s hospital that estimated telehealth almost doubled hospital revenue and billing;>° and a
study of pediatric intensive care consultations provided to a rural hospital that estimated annual
savings of $300,000 per year for patients and $279,000 in additional revenue for the rural
hospital for patients who were treated with telehealth consultations and not transferred to another
location.®®> An evaluation of a telegeriatrics program calculated lower annual costs with
telehealth consultations (73,078 vs. 98,909 Australian dollars), but that savings were only
realized when roundtrip travel for an in-person consultation would have exceeded 125
kilometers.??* Similarly costs for telehealth consults for inpatient psychiatric care were lower
than in-person consultations if a certain number of cases (30 in this study) could be addressed
with telehealth per year.*®* Two studies reported no benefit from telehealth, including one that
found no evidence of cost saving for the hospital to offset the capital investment required for a
teleconsult service for plastic surgery and burns,?%® and a study that reported higher mean direct
costs ($12,301without telehealth vs. $13, 180 with telehealth).?®

Inpatient Specialist Consultations: Effectiveness in Improving Intermediate
Outcomes

Most of the outcomes reported in the evaluation of inpatient specialty consultations were
intermediate outcomes. Twenty-seven studies reported intermediate outcomes such as LOS, rates
of transfers to other hospitals, satisfaction, receipt of specific tests or services, and
quality/process indicators.
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Two of the four studies analyzing cardiology consultations and echocardiogram via
telehealth reported reductions in LOS,'%212 while one study was not large enough to
determine if the difference was statistically significant.1%® One study reported lower, but
not significantly different inappropriate transfer rates®® while in another study transfers to
tertiary care were significantly lower.1?°

The studies of pediatric inpatient consultations reported no significant difference in LOS,
although one study of a single hospital reduced its transfers from 100 to 86 percent
(p=0.04) after establishing a pediatric telehealth consult system with a tertiary children’s
hospital.”® Satisfaction with pediatric telehealth consults was generally good, though the
mean rating by parents were lower than those of staff.848 A study evaluating a program
designed to increase use of a regional children’s hospital increased transfers and LOS.5!
A study comparing five hospitals with remote access to experts for pediatric sexual abuse
evaluations with three hospitals that did not have telehealth found the quality of the
assessments was higher with telehealth.8®

Geriatric telehealth consultation improved patient performance of self-management,
reduced wait time, and increased patient satisfaction.?*® A video geriatric rounds program
provided consultations that were similar in length to in-person visits??* while another
geriatrics telehealth program decreased the initial consultation time but made no different
in overall time spent on the case and did not significantly change triage decisions.??*

A hospital with inpatient telehealth neurology consultations had shorter LOS than a
comparison hospital but no difference in the number of readmissions or primary care
followup visits.'®® A telehealth consult service allowed some patients with suspected
intracranial bleeds to be treated at hospitals without neurosurgical services, reducing the
number of transfers but LOS was not different.?*

When telehealth was used for consultations, transfers to other hospitals were lower?** and
the majority of patients, families, and providers who used video telehealth for psychiatric
inpatient care planning preferred to have their next conference via video.'%*

Consults involving image or test data transmission resulted in faster assessment?® and
response,?” though one study reported faster handling by the consultant but no difference
in the time it took for the requesting physician to receive a response.'*®

One randomized trial reported remotely mentored surgeries were shorter than unmentored
surgeries (mean of 139 minutes compared to 200 minutes) and that patients had shorter
LOS.*°® Another study that randomized endoscopic surgery to be proctored in-person or
remotely found teleproctored surgeries took approximately 4 minutes longer on average;
though statistically significant, this difference is unlikely to be clinically meaningful .>® A
third nonrandomized, prospective study reported no difference in the duration of
procedures.

Inpatient Specialist Consultations: Harms, Adverse Events, or Negative
Unintended Consequences

The only studies that reported harms were the three of remoted monitored surgery. These
studies reported low or no complications, which were not greater when telehealth was compared
with in-person supervision. In the study of teleproctored endoscopic sinus surgery, researchers
looked for postoperative negative outcomes including cerebral spinal fluid leaks, orbital
hematoma, visual disturbance, and need for blood transfusion. These did not occur in any cases
in either the teleproctored group or the control group. They also compared the blood loss per
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case and found no significant difference between the groups.®® Similarly a study of telementoring
for laparoscopic bariatric surgery reported no complications in the telementored group,**® and a
study of telementoring for robotic surgery reported no intraoperative complications in the
telementoring group and one case with complications in the in-person group.®

Key Characteristics of Inpatient Specialist Consultation Studies and Correlation
With Outcomes

The studies of inpatient consultations included several specialties; however, the function of
the telehealth consultation is essentially the same — to expand access to needed expertise. This
expertise is used to assist in the diagnosis, treatment and management of patients. The details of
the diagnosis and management decision ranged from deciding whether to transfer a critically ill
child to another hospital to treatment plans for stroke patients, homecare clients, or hospitalized
psychiatric patients to remote proctored surgery. While some studies mention whether the patient
is involved or present in the consultation, others do not. Studies also do not report details of the
consulting interaction well. The roles and qualifications of the providers involved are often
mentioned, but none of the studies provided extensive details. For example, they do not describe
how many different specialists are involved, the nature of the relationships among the different
organizations, or the payment model for the specialist consultations.

Overall, inpatient telehealth consultations are not well described, making it problematic to
determine how characteristics of the intervention or environment relate to effectiveness. The
evidence does not provide insight into how clinical and financial relationships among the
organizations and/or the providers should be organized or what may or may not make these not
just effective, but also sustainable and replicable.
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Table 6. Inpatient specialty consultations:

selected outcomes

Author, Year
Location

Study Design
Risk of Bias

Clinical Outcomes

Intermediate

1 university hospital
1 regional medical
center

A: Usual care, n= 38
B: Telehealth, n=48

variance t-test p=0.23

Electrocardiographic
interpretation reporting
time

A: 24 hours

B: 20 minutes

Clinical Topic Number of Sites Comparison, n Harms Qutcomes Economic Outcomes
Neonate Huang, 2008°%¢ Before-after NR Echocardiogram upon NR
Cardiology CA, United States Moderate admission:
A: 27%
1 community hospital, 1 | A: Before telehealth, n=280 B: 40%, p<0.001
university children’s B: After telehealth, n=385
hospital Inappropriate transfers
A7
B: 2, p=0.06
Neonate Kim, 2013242 Prospective cohort Very low birthweight NR NR
Cardiology AR, United States High A: 13%
B: 7%, p<0.001
6 hospitals A: No telehealth, site
3 with, 3 without without NICU, n=77 Mortality
telehealth B: Telehealth, site without A: 13%
NICU, n=181 B: 7%
Comparison hospitals: no
change;
Statewide mortality
decreased during study
period
Neonate Rendina, 199812 Retrospective cohort NR Mean LOS in NICU, in NR
Cardiology NC, United States Low days (%)
Avs.B:-125
2 hospitals A: Site without telehealth, (-17%), p<0.05
n=137
B: Site with telehealth,
n=177
Neonate Rendina, 199710 Economic evaluation Mortality Hospital LOS, in days Net savings, in USD
Cardiology NC, United States High Al A:41.2 $13,900 per infant
B:1 B: 35.2, pooled
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Author, Year
Location

Study Design
Risk of Bias

Clinical Outcomes

Intermediate

Clinical Topic Number of Sites Comparison, n Harms Qutcomes Economic Outcomes
Neonate Webb, 2013'% Prospective cohort Mortality Mean LOS, in days NR
Cardiology Multiple locations, Moderate AOR: 0.922, NS Total

United States A: 16
A: Site without telehealth, Cardiac arrest B: 0.72, p=0.027
9 sites n=337 AOR: 0.527, NS ICU
B: Site with telehealth, A: 1.6
n=337 B: 0.65, p=0.027
Mean time to diagnosis,
in minutes
A: 147
B: 100, p<0.001
Transport to tertiary
care
A: 10%
B: 4%, p<0.01
Pediatric Inpatient | Dharmar, 2013%° Retrospective cohort NR Mean number of Mean yearly hospital

CA, USA

1 tertiary children’s
hospital
16 remote hospitals

High

A: No telehealth, n=515
B: Telehealth, n=1514

patients transferred per
year

A: 143

B: 285

Mean LOS of
transferred children +
SD, in days
A:7.7+142

B: 9.2 + 15.4, p<0.05

revenue, in USD
A: $2.4 million

B: $4.0 million
Mean yearly
professional billing
revenue, in USD
A: $313,977

B: $688,443
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Author, Year
Location

Study Design
Risk of Bias

Clinical Outcomes

Intermediate

Clinical Topic Number of Sites Comparison, n Harms Qutcomes Economic Outcomes
Pediatric Inpatient | Labarbera, 20137 Before-after Mortality Mean LOS, in days NR
OR, United States Moderate A: 3% A: 9.8
B1: 1.8% B1: 7.6
1 community hospital; A: Before telehealth, n=41 B2: 3.6%, NS B2: 8.5, NS
consult from tertiary B1: After telehealth, n=56
children’s hospital B2: After telehealth and Transport rate
hospitalist program at A: 100%
community hospital, n=56 Bi1: 85.7%
B2: 87.5% p=0.04
Transfers to tertiary
care
A:19.5%
B1: 14.5%
B2: 6.1% p=0.0003
Pediatric Inpatient | Marcin, 2004a;% Retrospective cohort, Mortality Mean satisfaction with Estimated savings, in
Marcin, 200485 economic evaluation A1 2.6% telehealth (5-point usD
CA, United States Moderate Az 3.5% scale) Annual cost: $172,000
Bi1:2.1% Referring nurse: Transport:
1 hospital A1: No telehealth, n=116 B2: 1.6% 4.53 $300,000
Az: Patients transferred Referring MD:
from other hospitals, no 4.56 For rural hospital
telehealth, n=86 Parent or guardian: Estimated revenue
Bi: Patients receiving 4.05 available: $186,000
telehealth, n=47 Estimated revenue
B2: All ICU patients during available due to no
telehealth period, n=180 transport:
$279,000
Pediatric Inpatient | Marcin, 2004¢®% Retrospective cohort Observed/expected ICU LOS, in days NR

CA, United States?

1 hospital
224

Moderate

Az1: No telehealth, historical
control n=127

A2: No telehealth, n=80

B: Telehealth, n=17

C: Combination of A2 and
B, n=97

mortality, OR (95% CI)
Az: 0.95 (0.26 to 3.48)
A2: 0.44 (0.07 to 1.96)
B: Reference

C: 0.73 (0.06 to 1.44),
NS

A1: 35
A2 3.4
B:5.9
C:3.8,NS

Mean parent
satisfaction with
telehealth: 3.8 of 5
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Clinical Topic

Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Clinical Outcomes

Harms

Intermediate
Outcomes

Economic Outcomes

Pediatric Sexual

Miyamoto, 201488

Retrospective cohort

NR

Office of emergency

NR

Assault CA, United States Moderate services child abuse
Assessment examination quality
5 rural telemedicine A: Site without (score range: 0 to 5;
hospitals telemedicine, n=82 5=good)
3 comparison hospitals | B: Site with telemedicine,
n=101 Overall assessment
A:3.24
B: 3.88, NS
Total quality score (sum
of 7 domains)
A:29.21
B: 31.20, p<0.05
Geriatrics Chan, et al., 200124 Before-after Mean monthly falls: Failed inhaler technique | 11% of patients needed
Hong Kong High A: 9.8 A: 93% onsite visit at a cost to
B: 6.8 B: 50% nursing home
1 Nursing home A: Before telehealth, n=NR
B: After telehealth, n=NR Waiting time for consult,
Total n=198 in weeks
A: 41013
B: within 2
Patient satisfaction:
96% favorable
Geriatrics Grabowski, 2014% RCT NR Hospitalization per NR
MA, United States High 1,000 nursing home

11 nursing homes

Nontelehealth nursing
homes, n=5

Az1: Pre-intervention
Az: Post-intervention

Telehealth nursing homes,
n=6

B1: Pre-intervention

B2: Post-intervention, n=6

resident days

A1 vs. A2: 3.8 vs 3.6,
5.3% reduction
B1vs. B2: 3.5vs. 3.2,
9.7% reduction

More engaged
telehealth facilities:
11.3% reduction
Less engaged
telehealth facilities:
5.2% reduction
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Author, Year
Location

Study Design
Risk of Bias

Clinical Outcomes

Intermediate

Clinical Topic Number of Sites Comparison, n Harms Qutcomes Economic Outcomes
Geriatrics Gray, 2009%% Economic evaluation NR Mean consultation time, | Costs per year, in AUD
Australia Moderate in minutes (95% ClI) A: $90,909
A: 13.7 (11.5t0 15.9) B: $73,078
1 hospital A: Without telehealth, n=NR B: 15.3 (13.6 to 16.09)
NR B: With telehealth, n=12 In the base-case, cost
Mean consultation time | savings became
for new patients (95% effective when roundtrip
Cl), in minutes travel is 2125 km
A:19.0 (15.2 t0 22.8) between locations.
B: 19.7 (17.0 to 22.4)
Geriatrics Martin-Khan, 201622 RCT NR Mean consultation time | NR
Australia Moderate (range) + SD, in
minutes
3 hospitals A: Usual care, n=81 A:25.91 (4 to 77) £9.38
Geriatrician location NR | B: Telehealth, n=85 B: 9.89 (4 to 35) £ 5.83,
p<0.005
Overall time: no
difference
Triage decisions not
significantly different.
Neurology Craig, 20041% Prospective cohort Inpatient mortality Mean LOS, in days NR

North Ireland, UK

2 hospitals

Moderate

A: Without telehealth,
n=128

B: With telehealth, n=164
(not used for all patients)

A: 10.2%
B: 4.9% p=0.013

3-month mortality
A:11.7%
B: 8.6%, NS

A: 116
B: 8.1, p=0.016
HR: 1.13, p=0.045

Hospital readmissions
A: 16.8%
B: 15.0%, NS

Mean number of
primary care visits at 3-
months

A: 2.49

B: 2.14, NS
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Clinical Topic

Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Clinical Outcomes

Harms

Intermediate
Outcomes

Economic Outcomes

Neurology Klein, 20107+ Retrospective cohort Mortality, n (%) Transferred, n (%) NR
Israel Moderate Ai1: 0 (0.0%) A1: 152 (100.0%)
Az: 1 (1.4%) Az: 54 (74.0%)
3 hospitals Au: No telehealth, B: 1 (1.0%), NS B: 40 (40.9%)
mandatory transfer, n=152
Az: No telehealth, Need neurosurgery, n Delayed transfer, n (%)
algorithm-based guideline, (%) A1 NA
n=73 A1: 17 (11.2%) Az 1 (1.3%)
B: Telehealth consult, n=98 | A2: 9 (12.3%) B: 2 (2.0%), NS
B: 9 (9.2%), NS
Length of stay
A1: 4.19
Az: 3.92
B: 4.48, NS
Need neurological
rehabilitation, n (%)
A1 4 (2.6%)
Az: 15 (20.8%)
B: 8 (8.2%), p<0.001
Neurology Migliaretti, 201316 Prospective cohort Mortality risk without NR NR

Italy

Number of hospitals NR

High

A: No telehealth, n=1895
B: Telehealth, n=462

telehealth, AORP (95%
Cl)

All patients: 1.25 (0.83 to
1.91)

People over 70: 1.14
(1.04 to 1.82)
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Author, Year
Location

Study Design
Risk of Bias

Clinical Outcomes

Intermediate

Clinical Topic Number of Sites Comparison, n Harms Qutcomes Economic Outcomes
Post Stroke Care Audebert, 2009138 Prospective cohort Death or institutional NR NR
Germany Low care
12 months
5 intervention hospitals A: Without telehealth, AOR: 0.89, NS
5 matched comparison n=1938 30 months
hospitals B: With telehealth, n=1122 | AOR: 0.93, NS

Poor outcome (death,
institutional care, or
severe disability)

12 months

OR: 0.65, p<0.001
30 months

OR: 0.82, p=0.031

Psychiatry Buckley, 2012214 Before-after NR Patients transferred, % | NR
New South Wales, Moderate (95% CI)
Australia A: 67% (64.0 to 69.5)
A: Before telehealth, B: 60% (56.1 to 63.1),
19 district hospitals n=1153 p=0.001
1 regional hospital B: After telehealth, n=790 AOR®: 0.69 (0.49 to
0.97)
Psychiatry Mielonen, 200064 Prospective cohort NR Staff satisfaction Cost per patient
Finland High Video as good (almost Videoconference: FIM
as good) as 2510
2 remote centers A: Without telehealth, n=20 conventional meeting: Conventional
34 patients B: With telehealth, n=14; 47% (48%) conference: FIM 4750
Satisfaction survey, n=124
Prefer video for next Video is cheaper if 230
meeting cases per year.
Healthcare staff: 86% With 50 cases the
Patients: 84% savings would be FIM
Patient relatives: 92% 117,000
Test/Image Based | Alemi, 2017% Prospective cohort NR Mean time for NR

Assessment

CA, United States

2 hospitals

High

A. No telehealth, n=31
B. Telehealth, n=29

assessment (range) +
SD, in minutes

A: 34 (10 to 60) + 16
B: 13 (5to 35), 8,
p<0.001
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Clinical Topic

Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Clinical Outcomes

Harms

Intermediate
Outcomes

Economic Outcomes

Test/Image Based
Assessment

Engel, 2011%7
Taoyuan, Taiwan

1 hospital

Prospective cohort
High

A: No telehealth, n=57
B: Telehealth, n=46

Surgery success rate
A: 95.1%
B: 97.8%, p=0.4

Return to operating
room, n (%)
A: 5 (8.8%)
B: 4 (8.7%)

Mean response time +
SD, in minutes

NR

A:180 + 104
B: 8+ 3, p=0.01
Test/Image Based | Nagayoshi, 20162 Before-after NR Transfers, n (%) NR
Assessment Kumamoto, Japan High A: 10 (55%)
B: 10 (21%), p<0.05
12 rural hospitals A: Before telehealth, n=18 Waiting period
2 centers B: After telehealth, n=48 A: 17.2 days
B: 9.2 days, p=0.23
Test/Image Based | Sharma, 20165 Before-after NR Mean handling time, in | NR

Assessment

PA, United States

2 academic hospitals

High

A: Before telehealth, n=38
B: After telehealth, n=25

minutes (95% ClI)

A: 43.5 (37.9to 49.0)
B: 26.9 (15.4 to 38.4),
p=0.004

Mean time to response,
in minutes (95% CI)

A: 405.7 (301.0 to
510.3)

B: 344.7 (291.3 to
398.0), p=0.602

Teledermatology alone
sufficient: 10 of 25
consultations
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Clinical Topic

Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Clinical Outcomes

Harms

Intermediate
Outcomes

Economic Outcomes

Test/Image Based
Assessment

Wallace, 2008209
United Kingdom

1 hospital providing
consults to >60 sites

Prospective cohort
High

A: No telehealth, n=607
B: Telehealth, n=389;
telehealth used in 243
referrals

NR

Difference in overall
management of
patients: p=0.004
Admission (95% CI)

A: 28.3% (24.9 to 32)
B: 29.6% (25.2 to 34.3)
In-person review

A: 22.1% (19.0 to 25.5)
B: 15.4% (12.2 t0 19.3)
Day surgery

A: 17% (14.2 to 20.2)
B: 27.5% (23.3 to 32.1)

No evidence of cost
saving for hospital
(details not reported)

Substantial investment:
£70,000

Mentored Surgery | Burgess, 2002% Prospective cohort No complications or Mean surgery time, in NR
HI, United States High harms minutes:
A: 24.67
1 hospital A: No telehealth, n=42 B: 28.54, p<0.027
B: Telehealth, n=45 16% increase
Mentored Surgery | Fuertes-Guirg, 2016*° | RCT A: 3 (13%) experienced Mean surgery time + NR
Barcelona, Spain High minor complications (n=2 | SD, in minutes
bleeding of surgical A: 200 + 46
2 community hospitals A: No telehealth, n=16 wounds; n=1 urological B: 139 + 33, p<0.01
1 university hospital B: Telementoring, n=20 infection) Mean hospital stay +
SD, in days
A: Mean 6.7 +0.5
B: Mean 4.6 + 0.5,
p<0.01
Mentor Surgery Shin, 20156 Prospective cohort A: 1 intraoperative Median estimated NR

CA, United States

1 academic hospital

High

A: No telehealth, n=29
B: Telementoring, n=26

complication reported
resulting in no
postoperative sequelae
B: 0 intraoperative
complications

Estimated blood loss
m/L, median (range)
A:25(0to7)
B:25(0to7)

duration (range), in
minutes

A: 15 (5 to 25)

B: 15 (5 to 35)

Robotic skills
assessment
p>0.05

Mentors preferred
remote to in-room
p=0.05
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Author, Year
Location

Study Design
Risk of Bias

Clinical Outcomes

Intermediate

Clinical Topic Number of Sites Comparison, n Harms Qutcomes Economic Outcomes
Critical Care Armaignac, 2018%° Retrospective cohort PCU mortality Mean LOS (95% ClI), in | Overall mean direct cost,
FL, United States Clinical outcomes: low A: 83 (1.0%) days in USD
Cost outcomes: high B: 60 (0.7%), p=0.048 PCU A: $12,301
Large healthcare Hospital mortality A:3.2(3.1t0 3.3) B:$13,180 p<0.0001
system A: Usual care, n=8,000 A: 410 (5.2%) B: 2.6 (2.5t0 2.7)
Number of sites NR B: Telehealth, n=8,091 B: 342 (4.4%), p=0.013 p <0.0001
Unadjusted HR: 0.79 Hospital
(0.68 to 0.91) A: 6.8 (6.6t0 6.9)
Adjusted HR®: 0.56 (0.41 | B: 7.3 (7.2 to 7.5)
to 0.76) p <0.0001
Critical Care Robison, 2016% Prospective cohort NR Time to establish NR

DE, United States

1 children’s hospital
3 units with telehealth; 3
without telehealth

High

A: Usual care, n=43
B: Telehealth, n=48

contact, in minutes
A: 3.7

B: 2.6

p=0.012
Admitted to PICU
A: 73%

B: 58%, p=0.13
Mean number of
Interventions
A:1.9

B: 1.4 NS
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Author, Year Study Design

Location Risk of Bias Clinical Outcomes
Intermediate
Clinical Topic Number of Sites Comparison, n Harms Qutcomes Economic Outcomes
Multiple Specialists | Steinman, 2015%? Before-after and AMI mortality NR NR
Sao Paulo, Brazil prospective cohort Avs. B: 17% vs. 14%
High C vs. D: 14% vs. 8%
1 spoke hospital Septic shock mortality
1 hospital providing A: 1 year before telehealth Avs. B: 66% vs. 68%
teleconsultations B: 1 year after telehealth Cvs. D: 71% vs 40%
n=unclear Ischemic stroke mortality

Avs. B: 50% vs. 44%
Once telehealth established | C vs. D: 76% vs. 32%

C: Nontelehealth Hemorrhagic stroke
consultations mortality

D: Telehealth consultations | Avs. B: 23% vs. 28%
n=unclear Cvs. D: 37% vs. 16%

A vs. B comparisons: all
NS

C vs. D comparisons:
p=NR, trending
significant

AMI = acute myocardial infarction; AOR = adjusted odds ratio; AUD= Australian Dollars; Cl = confidence interval; FIM = Finnish markka; HR = hazard ratio; ICU = intensive
care unit; LOS = length of stay; MD = medical doctor; NA = not applicable; NICU = neonatal intensive care unit; NR = not reported; NS = not significant; OR = odds ratio; PCU =
progressive care unit; PICU = pediatric intensive care unit; RCT = randomized control trial; SD = standard deviation; UK = United Kingdom; USD = United States Dollars

aTime periods overlap with other Marcin articles

b Adjusted for sex, age, seriousness of the patient’s injury at diagnosis, referral center

¢ Adjusted for age, sex, clustering in hospitals and repeat visits

d Different values reported in the abstract and text of article

€ Scores matched on age, sex, and race, severity of illness, and risk of mortality

Bold=statistically significant; telehealth superior. Bold and italicized=statistically significant; telehealth inferior. Regular type: not statistically significant
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Emergency Care Results

We identified 73 articles reporting results from 70 studies on the use of telehealth for
consultations in emergency care. These are divided below into three functional categories, and
are presented and cited in three subsections. The first section summarizes the literature on the use
of telehealth for urgent stroke diagnosis and treatment decision. Referred to as telestroke, this has
been the most frequently studied application of telehealth for provider-to-provider consultation
in emergency care. The second section reports on consultations by various specialists provided as
part of care in an emergency room or department. The third section reviews studies of telehealth
consultations used by EMS providing out of hospital care or by clinicians providing urgent care
for all other topics except stroke.

Table 7 includes the number of articles that addressed each of these subtopics, a summary
assessment of key outcomes across the studies, and the citations. Figure 9 and Tables 8, 9, and
10 each provide more detail, focusing on the key results for each study, and the accompanying
text discusses selected characteristics of the subset of studies, highlighting any trends or
anomalies. Detailed information abstracted from each article is provided in Appendix F. The
criteria and overall rating for risk of bias assessment of each study are in Appendix G. The
strength of evidence assessment is in Appendix H and summarizes the evidence by outcome in
each of the three categories.

Emergency Care Key Points

Telestroke:

e Clinical outcomes: The evidence suggests that telestroke does not result in differences in
either in-hospital or 3-month mortality (moderate strength of evidence)

e Intermediate outcomes: Changes in thrombolytic therapy (tissue plasminogen activator
[tPA]) use and time to treatment with telestroke were not significantly different (low
strength of evidence).

Adverse events: No increased harms, specifically hemorrhage (moderate strength of

evidence).

Specialty consultations in emergency departments:

e Clinical outcomes: The impact on clinical outcomes including mortality and functional
status is generally positive, though the results are not always statistically significant (low
strength of evidence).

e Economic outcomes: Analyses of costs were available only in a few studies, and the
results favored savings (low strength of evidence).

¢ Intermediate outcomes: Teleconsultations have a positive effect on intermediate
outcomes such as appropriate triage and transfers and shorter time in the emergency
department (moderate strength of evidence).

e Adverse events: No information was available about harms (insufficient evidence).

EMS and urgent care:

e Clinical outcomes: Telehealth reduces morality for heart attack patients (moderate
strength of evidence).

e Economic outcomes: Reductions in air transfers and referrals contributed to estimates of
lower costs (low strength of evidence).
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e Intermediate outcomes: Telehealth led to more timely provision of care and a reduction in
air transfers and referrals to higher-level care following urgent care (moderate strength of
evidence), and these

e Adverse effects: Information on harms was very limited (insufficient evidence).

Table 7 provides an overview of the evidence available about the use of telehealth
consultations in emergency care.

Table 7. Emergency care: summary of evidence
Number
of Clinical Intermediate
Topic Studies Outcomes Outcomes Cost Citations
Telestroke 29 _ . * - No information | 27,41,48,64,67,68,96,101,120,121,
Mortality Increase in tPA 135,137,139,150,155,156,159,161,
~ Harms use 163,174,176,178,183,193,216,226,
. 236,238,255
~ Function | ? No clear effect
on time to
treatment
EMS and 22 * * . * 34,35,77,78,100,113,124,141-143,
Urgent Care (reported Redgced Timeliness of Lower costs 162,171-173,179,189,197,204,
in 23 mortality care anql related to 218.225.242 246.254
articles) appropriatenes fewer e
Harms: s of transfers transfers and
Insufficient lower staff
evidence costs
ED Specialty 19 * * ~ . 47,49,51,53,83,89,90,93,95,97,111,
Consultations | (reported Lower. Bgtter transport 4 studies 117,133,136,191,235,239,241,245,
in 21 mortality, trlagg, shorter repgrt 247 253
: better ED time, better savings, but ’
articles) .
outcomes quality of care not always
significant; 1
Harms: increased
insufficient costs
information

ED = emergency department; EMS = emergency medical services; ICU = intensive care unit; LOS = length of stay; tPA = tissue
plasminogen activator
Key: * superior (telehealth benefit), ~ no difference, < inferior (comparison better than telehealth), ? inconclusive (inconsistent

results)

Detailed Results

Acute Stroke or Telestroke
Twenty-nine of the included studies investigated telestroke programs or initiatives. These
involve the use of telemedicine to convey information about a patient to a vascular
neurologist/stroke specialist for assessment and diagnosis with a focus on determining whether
tPA is appropriate. tPA is an effective treatment that can reduce death and disability from acute
ischemic stroke when administered within 4.5 hours of the patient developing symptoms.
Appropriate use of tPA requires confirming the diagnosis and beginning treatment as soon as
possible. Although tPA has been approved for almost two decades and is the standard for initial
care, some patients who may benefit from this treatment are not receiving it due to limited access
to stroke expertise. Telestroke attempts to solve this access issue by using technology to provide
timely consultations for patients at remote locations or at times when vascular neurologists are
not physically available. Telestroke programs may involve video and/or audio communications,

53




and the transfer of data from an ambulance or ED to the specialist who can then advise on
transport or treatment. Usual care is to provide tPA after the in-person assessment if appropriate.

Table 8 and Figure 9 provide selected information and the results from the identified studies
of telestroke. Given that there were numerous studies with a similar intervention reporting
mortality as the outcome for similar populations, we pooled these results in a meta-analysis
represented in Figure 9. Other outcomes from these studies and from studies not providing data
on mortality that could be combined in the meta-analysis are provided in Table 8.

Telestroke Effectiveness in Improving Clinical and Economic Outcomes

Mortality was the most frequently reported clinical outcome in telestroke studies. Given that
several studies had small samples sizes and most found no significant difference in mortality,
pooled estimates were generated and included 16 studies (Figure 9) to assess whether combining
samples would change the overall conclusion. The resulting pooled risk ratios also found no
statistically significant benefit and produced the following risk ratios and 95% confidence
intervals: 0.92 (0.62 to 1.34) for in-hospital mortality based on nine studies; 0.94 (0.82 to 1.08)
for 3-month mortality based on seven studies; and 0.64 (0.35 to 1.16) for the two studies that
reported overall mortality.

In Figure 9 the pooled estimates are grouped by in-hospital, 3-month and overall (not
defined) mortality to make comparisons across equivalent outcomes. The figure contains the
study design, specifies whether the population was all evaluated patients or only those who
received tPA, the number of deaths in each arm (with and without telestroke), and the risk ratio
for mortality for each study. Two studies calculated adjusted risk ratios and provided raw
data.®*®” We repeated the meta-analysis with the adjusted values for these studies and confirmed
that it would not change the overall conclusion. Another consideration is that within this analysis
there are two pairs of studies that may have overlapping populations. Two studies analyzed data
from the Telemedical Pilot Project for Integrative Stroke Care (TEMPIS) and report 3-month
mortality from different but overlapping timeperiods.*®:1’® Two other studies were both
conducted at the University of Pittsburgh Medical Center during overlapping periods and
reported inpatient mortality, but they had different authors, funding, and comparisons.?”% Again,
we examined the impact of including both or excluding one study in each pair and found that it
did not change the conclusion.

Fifteen studies included discharge disposition or a functional measure as a clinical outcome.
As several different measures were used, these could not be pooled. Of the 15, only two reported
statistically significantly better outcomes with telestroke.*®"?1® The majority (13 studies) reported

small differences that did not rise to the level of statistical
significance 27,67,101,135,150,159,161,176,178,193,238,255

The identified studies of telestroke did not evaluate the costs of telestroke consultations.

Telestroke Effectiveness in Improving Intermediate Outcomes

The primary intermediate outcomes in these studies are indicators or improved access (rate of
providing tPA) and quality of care (timeliness of treatment). These are process measures, not
patient results, but increasing both the number of people treated and the timely delivery of
treatment is one of the primary goals of most telestroke programs

Thirteen studies reported rates of tPA use with and without telestroke. Of these, four studies
reported statistically significant increases. In three studies, the initial rate of tPA use ranged from
0 to 2.8 percent; all three studies increased tPA use with telestroke with rates ranging from 4.3 to
6.8 percent.?”*113" The fourth study reported an initial mean of 34.4 monthly tPA administrations
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across 21 hospitals and increased to a mean of 61.8 administrations with telestroke.®® In the rest
of the studies the differences were either not significant or statistical tests were not reported.

Timeliness of treatment was included in 23 of 29 studies. Measures included time to
treatment (referred to as time to “needle”) from either symptom onset or arrival at the hospital
(sometimes referred to as “door time”). The results in terms of this outcome are inconsistent. Six
studies found telehealth improved timeliness of care by at least one measure,®896:121.156.161,174
three studies found time to treatment was significantly longer with telehealth, 135193238 gnd the
majority of studies reported there was not a statistically significant difference in time to
treatment with and without telehealth.

Harms, Adverse Events, or Negative Unintended Consequences

The primary concern related to harms of telehealth for stroke is that a patient will receive a
contraindicated treatment that will lead to negative outcomes or complications. Specifically, tPA
given incorrectly can result in intracranial hemorrhage. Eleven studies reported on hemorrhage
and all reported either no events or no statistically significant difference in rates comparing
telestroke to usual care.27'41'48'67'96'135'159'161*176'193'226

Key Characteristics of Telestroke and Association With Outcomes

The number of sites/hospitals included in each study is listed in Table 8. In all but one study
the services are provided by one organization to another; that is, one or two hospitals with stroke
expertise (often, referred to as the hub) provide consultations to hospitals that do not have that
expertise (the spokes). The one study not following this model®® established a telehealth system
to allow off site neurologists to provide after-hours coverage within a single organization.

The number of hospitals in these arrangements varies, with some involving only two
hospitals (1 hub and 1 spoke) and others involving one or two consulting or hub hospitals and 2
to 25 spoke hospitals. It is possible that in addition to the number of participating hospitals, other
aspects of the structure of these relationships, such as how services are paid for or if there are
incentives to treat patients in particular locations, could impact the effectiveness of telestroke
programs. Unfortunately, there is not enough information available in the published studies to
evaluate this.

Information on the number of hospitals involved is one of the only characteristics of the
programs other than basic descriptions of the technology (e.g., whether video was one or two
way, what test results or images could be transmitted) provided in some but not all of these
articles. The studies do not report characteristics of the providers or the environments and
information that would allow assessment of whether the patients changed before and after
telehealth or were different at the intervention and comparison hospital was not provided. Given
that research on emergency care often faces time constraints and challenging environments, less
data may be collected, producing less information about the context, and restricting synthesis to
the major outcomes and limiting subgroup analysis.
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Figure 9. Impact of telestroke on mortality

Events, Events,
Author, Year Study Design  Population® Risk Ratio (95% Cl) Treatment Control
In-hospital mortality -l-
Theiss, 2013 Before-After All patients 0.91 (0.51, 1.64) 271311 16/168
Audebert, 2006 Prospective All patients | 0.58 (0.46, 0.75) 114/1971 114/1151
Handschu, 2008 Prospective All patients - 0.19(0.02, 1.61) 1177 5/74
Amorim, 2013 Before-After Receive tPA —— 1.43 (0.34, 6.03) 12/113 2127
Bladin, 2015 Before-After Receive tPA ——— 1.40(0.42, 4.72) 6/62 4/58
Martinez-Sanchez, 2014 Before-After Receive tPA —_— 0.67 (0.05, 9.66) 118 112
lonita, 2009 Retrospective Receive tPA 1.02 (0.31, 3.29) 3127 14/128
Johansson, 2011 Retrospective Receive tPA 3.23(1.01, 10.32) 4/47 8/304
Heffner, 2015 Retrospective Receive tPA 0.96 (0.57, 1.62) 221207 30/272
Profile Likelihood Estimate (I-squared = 46.1%, p = 0.062) <> 0.89 (0.63, 1.43) 190/2833 194/2194
3 Month mortality
Audebert, 2006 Prospective All patients 0.91(0.77, 1.07) 311/1971 200/1151
Schwab , 2007 Prospective Receive tPA % 0.98 (0.52, 1.86) 19/170 15/132
Zaidi, 2011 Prospective Receive tPA 1.03 (0.62, 1.69) 26/83 18/59
Sairanen, 2011 Prospective Receive tPA — 1.13(0.55, 2.33) 7161 100/985
Fong, 2015 Prospective Receive tPA —_— 0.68 (0.23, 2.00) 4/50 121102
Johansson, 2011 Retrospective Receive tPA T 1.53 (0.79, 2.96) 9/47 38/304
Chowdhury, 2012 Retrospective Receive tPA — 0.72 (0.25, 2.05) 5/45 8/52
Profile Likelihood Estimate Overall (I-squared = 0.0%, p = 0.774) ( 0.94 (0.82, 1.16) 381/2427 391/2785
Overall mortality
Meyer, 2008 RCT All patients . 0.67 (0.36, 1.25) 14/110 21/111
Demaerschalk, 2010 RCT All patients — 0.33(0.04, 3.01) 127 3/27
Profile Likelihood Estimate (l-squared = 0.0%, p = 0.546) C' 0.64 (0.22, 1.41) 15/137 24/138

I I I
125 1 8 64

Favors Telehealth

Favors Control

ClI = confidence interval; RCT = randomized controlled trial; tPA = tissue plasminogen activator

2 Indicates whether original study analyzed all patients or only those who received tPA.
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Table 8. Telestroke: outcomes in addition to mortality

Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality
Short-Term Outcomes

Long-Term Outcomes

tPA Administration
Time to Treatment

Other Intermediate Outcomes

Amorim, 2013%7
PA, United States

12 community
hospitals

1 academic
hospital

Before-after
Moderate

A: Before telestroke, n=919
B: After telestroke, n=1669

Mortality: in meta-analysis

Discharge outcomes
Home:

A: 33.3%

B: 26.5%, NS
Rehabilitation:

A: 33.3%

B: 32%, NS

Symptomatic Intracerebral
hemorrhage

A:3.7%

B: 0.9%, NS

Overall IV tPA use

A: 2.8%

B: 6.8%, p<0.001

Protocol violations

A: 0.2%

B: 0.3%, NS
Onset-to-treatment, in minutes
A: 129.8

B: 124.4, NS
Door-to-treatment, in minutes
A:74.2

B: 74.0, NS

Audebert, 2006137
Germany
Bavaria

2 academic
hospitals

5 community
intervention
hospitals

5 comparison
hospitals

Prospective cohort
Low

A: Not telestroke, n=1151
B: Telestroke, n=1971

Mortality: in meta-analysis

Hospital discharge
destination:
Home:

A: 38%

B: 39%

Dead:

A:10%

B: 8%

Rehab unit:

A: 34%

B: 38%
Nursing home:
A: 5%

B: 3%

Other hospital:
A:13%

B: 13%
p=0.001

Total % poor outcomes at 3
months:

A: 54

B: 44, p<0.001

Thrombolytic treatment
A: 0%
B: 5%, p<0.0001

Mean LOS, in days
A:11.9
B: 10.7, p<0.0001

Bergrath, 2012'%°
Germany, Aachen

4 ambulances- one
with telehealth
Hospital numbers
NR

Prospective cohort
Moderate

A: Usual care, n=46
B: Telehealth, n=18

NR

Median EMS alarm to physician arrival time
(IQR), in minutes

A: 7 (4)

B: 5 (2), p=0.0182

Median door to brain imaging time (IQR), in
minutes

A: n=42; 57.5 (80)

B: n=16; 59.5 (67.5), p=0.6447
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality
Short-Term Outcomes

Long-Term Outcomes

tPA Administration
Time to Treatment

Other Intermediate Outcomes

Bladin, 2015216
Australia

1 regional
hospital,1
metropolitan
hospital

Before-after
Low

A: Before telestroke, n=144
B: After telestroke, n=138

Mortality: in meta-analysis

Discharged home or to
rehabilitation

A: 33%

B: 80%, p=0.02

tPA use, n (%)

All strokes <4.5 hours

A: 10 (17%)

B: 16 (26%), NS

Ischemic stroke <4.5 hours
A: 10 (19%)

B: 16 (28%), NS

Median minutes (IQR)
Door to needle time

A: 101 (75 to 153)

B: 85 (72t0 117), NS
Stroke onset to needle time
A: 218 (180 to 258)

B: 173: (148 to 234), NS

Median LOS, in days (IQR)
A:3(11t06)
B: 4 (2to 6), NS

Choi, 2006
TX, United States

2 community
hospitals one
university hospital

Before-after
High

A: Before telestroke, n=327
B: After telestroke, n=328

Median pretreatment
NIHSS score?

A:NR

B: 10

Improved by 4 points on
NIHSS scale

A:NR

B: 7

Worsened on NIHSS scale
A:NR

B:3

Intracerebral hemorrhages
A: NR
B:0

tPA use, n (%)
A: 2 (0.8%)
B: 14 (4.3%), p<0.001

Median door to needle time (range), in
minutes

A:NR

B: 85 (27 to 165)

Chowdhury, Retrospective cohort Mortality: in meta-analysis | Onset to treatment, median minutes (IQR)
20121% High A: 100 (78 to 120)
London, United Favorable outcome B: 125 (55 to 105) p=0.001
Kingdom A: Usual care, n=52 A: 36.5%
B: Telehealth, n=45 B: 42%, p=0.9 Admission to treatment, median minutes
1 hospital (IQR)
Symptomatic intracranial A: 33 (23 to 47)
hemorrhage B: 61 (43 to 106), p<0.001
A:7.7%
B:4.4%, p=0.7
Demaerschalk, RCT Mortality: in meta-analysis | Onset to decision time + SD, mean minutes
20108 Moderate A: 164 +28.6

United States

2 spoke hospitals
1 central hub
hospital

A: Telephone only, n=27
B: Telehealth, n=27

Intracerebral hemorrhage
A: 0%
B: 4%, p>0.99

B:188.2 + 138.2, p=0.07
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality
Short-Term Outcomes

Long-Term Outcomes

tPA Administration
Time to Treatment

Other Intermediate Outcomes

Dharmasaroja,
2010%%
Thailand,
Thammasat

1 hub hospital
25 spoke hospitals

Before-after
High

A: Before telehealth, n=170
B: After telehealth, n=406

NR

tPA use
A: 8%
B: 27%

Fong, et al., 201523
Hong Kong

1 hospital with
offsite neurologists

Prospective cohort
Moderate

A: No telestroke, n=102
B: Telestroke, n=50

Mortality: in meta-analysis

Excellent outcome® at 3
months

A: 43%

B: 52%, NS

In multivariate analyses,
the absence of onsite
neurologists was not
associated with negative
outcomes.

All received tPA

Median minutes (IQR)

Door to needle time

A: 71 (60to 89)

B: 97 (85to 119), p<0.001
Onset to needle time

A: 133 (109 to 154)

B: 148 (134 to 170), p=0.012

Handschu, 2008150
Bavaria, Germany

2 stroke centers
2 local hospitals

Prospective cohort
Moderate

A: Telephone consultation,
n=74

B: Telestroke with video,
n=77

Mortality: in meta-analysis

Institutional care 10 days
post-stroke

A: 5.4%

B: 2.6%, NS

Admission to stroke ward
A: 45.9%

B: 59.7%, NS

Transfer to stroke center
A: 14.9%

B: 9.1%, p<0.05
Diagnosis corrected at
discharge

A: 17.6%

B: 7.1%, p<0.05

Total time for consultation, in minutes
A:27.1
B: 49.8, p<0.01

LOS, in days
A:12.3
B:11.4,NS

Heffner, 201564
PA, United States

1 hub hospital
5 spoke hospitals

Retrospective cohort
Moderate

Comparison

A1: Not telestroke, treated
at hub hospital, n=272

Az: Not telestroke, treated
at spoke then transferred to
hub hospital, n=73

B: Telestroke, treated at
spoke hospital, n=134

Mortality: in meta-analysis

All received tPA

Door to needle time, in minutes
A1:71.98

A2: 74.89

B: 76.57

A1vs. B, NS; Bvs. A2, NS
Onset to needle time, in minutes
A1: 155.6

A2: 133.8

B: 147.57

A1 vs. B, NS; B vs. A2, NS

LOS, in days >6 days, OR (95% CI)
B vs. A1: 4.696 (2.428 to 9.083)

B vs. A1+ A2: 4.280 (2.356 to 7.774)
Longer stay in telehealth group
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality
Short-Term Outcomes

Long-Term Outcomes

tPA Administration
Time to Treatment

Other Intermediate Outcomes

Hubert, 2016%°
Helsinki, Finland

1 central hospital
with telehealth

15 spoke hospitals
2 hub hospitals with
telehealth

Retrospective cohort
Moderate

A: Usual care, n=912
B: Telehealth, n=1779

NR

Median (IQR); mean + SD, in minutes
Onset-to-door time

A: 88 (60 to 135); 105.3 +55.9

B: 65 (48 to 101); 80.1 + 45.3, p<0.001
Door-to-needle time

A: 18 (13 to 30); 25.1 + 20.0

B: 39 (26 to 56); 44.7 £ 26.7, p<0.001
Onset-to-treatment time

A: 117 (81 to 168); 130.4 + 59.1

B: 115 (87 to 155); 124.8 + 49.4
p=0.452

Ickenstein, 20051%
Germany

12 community
hospitals

2 specialized stroke
centers

Before-after
High

A: Before telehealth, n=155
B: After telehealth, n=164

NR

Patients presenting with 3 hours and
receiving tPA

A: 10 (6%)

B: 45 (27%)

lonita, 200987
NY, United States

1 hub hospital
10 community
hospitals

Retrospective cohort
Moderate

A: Not telestroke, n=128
B: Telestroke, n=27

Mortality: in meta-analysis

Poor mRS score® at
discharge

A: 61 (48%)

B: 13 (48%), NS

Post thrombolytic
intracranial hemorrhage
A: 26 (20%)

B: 9 (33%), NS

Mean time from onset to needle in minutes
A: 143.9
B: 130.7, NS

Itrat, 201668
United States

1 Mobile stroke
units w/ telehealth
9 hospitals with
telehealth

Prospective cohort
Moderate

A: Usual care, n=56
B:Telehealth, n=100

NR

Median minutes (IQR)

Door to computed tomography read
A: 25 (19 to 35)

B: 25 (20 to 29), p=0.59

Door to IV-tPA

A: 58 (53 to 68)

B: 32 (24 to 47), p<0.001

Johansson, 20111%°
Austria, Salzburg

5 regional hospitals
1 specialized stroke
center

Retrospective cohort
Moderate

A: Usual care, n=304
B: Telehealth, n=47

Mortality: in meta-analysis

Good functional outcomed
at 3 months

A: 43%

B: 47%, p=0.694

In-hospital complications
A: 22%

B: 23%, p=0.85
Hemorrhagic bleeding
A: 7.6%

B: 6.4%

Onset to needle time, mean minutes
A: 122 (n=277)
B: 113 (n=42), p=0.263
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality
Short-Term Outcomes

Long-Term Outcomes

tPA Administration
Time to Treatment

Other Intermediate Outcomes

Martinez-Sanchez,
2014161
Madrid, Spain

1 community
hospital
1 stroke center

Before-after
Moderate

A: Before telestroke, n=259
B: After telestroke, n=225

Mortality: in meta-analysis

Patients treated with tPA,
Favorable outcome, n (%)
A: 4 (33.3%)

B: 10 (55.6%), p=0.145

Stroke recurrence, n (%)
A:0

Received IV rt-PA
A: 4.7%
B: 8%, p=0.125

Door to needle time, median minutes (IQR)
A: 143.5 (48)
B: 66 (54), p<0.0001

B: 1 (5.6%)

Intracranial hemorrhage, n

(%)

A: 2 (16.7)

B: 0, p=0.152
Mazighi, 2017163 RCT NR Received IV rt-PA
Paris, France High A4

B: 21

10 community
hospital EDs
1 stroke center

A: Usual care, n=22
B: Telethrombolysis, n=25

Delay time from symptom onset to
administration of IV rt-PA, median minutes
(range)

A: 184 (178 to 258)

B: 145 (110 to 200)

Meyer, 200825
CA, United States

1 hub hospital

4 spoke hospitals
222 (Included in
Demaershalk,
2012)

RCT
Low

A: Telephone only, n=111
B: Telestroke, n=111

Mortality: in meta-analysis

Barthel Index score of 95 to
100 at 90 days, n (%)

A: 56 (54)

B: 45 (43)

OR: 0.6, NS

mRS score of 0-1 at 90
days, n (%)

A: 48 (47)

B: 36 (34)

OR: 0.6, NS

tPA use
A: 23%
B: 28%, NS

Correct decision

A: 82%

B: 98%

OR 10.9, p=0.0009

Onset to needle time, in minutes
A:143
B:157.2, NS

Nagao, 2012%%
Melbourne,
Victoria, Australia

1 spoke hospital
1 hub hospital

Before-after
High

A: Before telestroke, n=30
B: After telestroke, n=24
(for treatment in place)

Discharge n (%)
Dead:

A: 3 (13)
B:3(10)
Home:

A: 14 (47)

B: 12 (50)
Other Hospital:
A: 13 (43)

B: 8 (33) p=0.6

Complications, n (%)
Further stroke:

A:0

B: 2(8.3)

Intracerebral hemorrhage:
A: 0

B:0

Received thrombolysis, n (%)
A:0
B: 8 (33%)
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality
Short-Term Outcomes

Long-Term Outcomes

tPA Administration

Time to Treatment

Other Intermediate Outcomes

Nguyen-Huynh,
2018%

Northern California,
United States

21 hospitals
1 stroke center

Before-after
Moderate

A: Before telehealth, n=310
B: After telehealth, n=557

Symptomatic intracranial
hemorrhage rates
A:2.2%

B: 3.8%, p=0.29

Alteplase administration per month, mean +

SD
A:344+124
B: 61.8 £ 12.4, p<0.001

Door to needle time, mean minutes + SD

A:63.2+31.2
B: 41.8 + 30.6, p<0.001

Pedragosa, 20094
Spain

1 hub hospital
1 community
hospital

Before-after
High

A: Before telestroke, n=201
B: After telestroke, n=198

Urgent ambulance transfer:
A: 17%

B: 10%, p=0.04
Unnecessary transfers to
the stroke center:

A: 51%

B: 20%, p=0.02

Stroke unit admissions:
A:11%

B: 8%, NS

tPA use
A: 4.5% B: 9.6%, NS

Onset to needle time, in minutes

A: 210

B: 162, p=0.05

tPA in 0 to 3 hour window
A: 30%

B: 68%, p=0.04

Specialized neurologist evaluation

A: 17%
B: 38%, p<0.001

Pervez, 2010101
Boston, MA, United
States

33 hospitals

12 with telehealth
21 without

1 regional stroke
center

Retrospective cohort
High

A: Telephone, n=181
B: Telehealth (for treatment
in place), n=115

In-hospital mortality
A: 17.4%
B: 14.9%, p=0.57

Discharge outcomes
Home:

A: 30.5%

B: 28.6%, p=0.74
Inpatient rehabilitation
A: 55.3%

B: 53.3%, p=0.67
Ambulatory at discharge
A 77.7%

B: 73.8%, p=0.5

Median onset to tPA time (IQR), in minutes

A: 130 (102.5 t0162.8)

B: 140 (117.3 t0165.3), p=0.06

Mean LOS + SD, in days
A:7.6+6.5
B: 5.9 + 3.7, p<0.001

Sairanen, 2011176
Helsinki, Finland

5 community
hospitals
1 university hospital

Prospective cohort
Moderate

A: Usual care, n=985
B: Telehealth, n=106
61 received thrombolysis

Mortality: in Meta-analysis

Intracerebral bleeding
A: 9.4%
B: 6.7%, p=0.427

3 month mRS 0-2
A: 58.1%

B: 49.1%, p=0.214
3 month mRS 0-1
A: 36.8%

B: 29.4%, p=0.289

NR

Schwab, 2007178
Germany,
Regensburg and
Munich

12 community
hospitals
2 specialized stroke

Prospective cohort
Low

A: Usual care, n=132
B: Telehealth, n=170

Mortality: in meta-analysis

Good functional outcome at
6 months

A: 30.9%

B: 39.5%, p=0.10

Onset to treatment time, mean minutes

A:143.6
B: 140.6, p=0.45
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Mortality
Short-Term Outcomes

Long-Term Outcomes

tPA Administration
Time to Treatment

Other Intermediate Outcomes

Switzer, 2009120
GA, United States,

6 rural hospitals
1 hub

Prospective cohort
Moderate

A: ED, n=26
B: Telehealth, n=49

NR

Onset to treatment time, mean minutes + SD
(95% CI)

A: 145.88 + 46.99 (126.9 to 164.87)

B: 127.57 + 36.33 (117.14 to 138.01), NS

Taqui, 2017*%
Cleveland, OH,
United States

1 mobile stroke unit
3 comprehensive
stroke centers

11 primary stroke
centers

Prospective cohort
High

A: Traditional ambulance,
n=53

B: Mobile stroke unit,
n=100

NR

Median minutes (IQR)
Alarm-to-thrombolysis time

A: 94 (78 to 105)

B: 55.5 (46 to 65), p<0.0001
Door-to-thrombolysis time

A: 58 (52 to 66)

B: 31.5 (24 to 47), p=0.0012
Symptom-onset-to-thrombolysis time
A: 122.5(110to 176)

B: 97 (61 to 144), p=0.0485

Theiss, 2013183
Erfurt, Germany

5 comprehensive
stroke centers

Before-after
Moderate

A: Control hospitals without
telehealth, n=168

5 Neuro Net B: Comprehensive stroke
hospitals centers, n=845

5 matched control | C: Neuro Net hospitals with
hospitals stroke telemedicine, n=311

Mortality: in meta-analysis

Likelihood of receiving tPA

C vs. A, before: OR 5.7, p=0.07
Cvs. A, after: OR 4.5, p<0 .0001
B vs C, before: OR 3.7, p<0.0001
B vs. C, after: OR 1.3, p=0.06

Zaidi, 201113
Pittsburgh, PA,
United States,

12 spoke hospitals
1 stroke center

Prospective cohort
Moderate

A: Stroke center, n=59
B: Telestroke (for treatment
in place), n=83

90-day mortality
A: 30.4%
B: 31.6%, p=0.6

Favorable outcome
A: 37.5%
B: 42.1%, p=0.7

Asymptomatic intracranial
hemorrhage

A: 18.6%

B: 16.2%, p=0.7
Symptomatic intracranial
hemorrhage

A:5.1%

B: 1.2%, p=0.1

mRS < 1 at 90 days
A: 22.0%

B: 34.9%

mRS < 2 at 90 days
A: 37.5%

B: 42.1%, p=0.7

Mean minutes (SD)
Onset-to-treatment time
A:156.7 (31.6)

B: 145.5 (42.8), p=0.09
Arrival-to-treatment time
A: 67.8 (26.1)

B: 89.9 (36.3), p=0.01

ClI = confidence interval; ED = emergency department; EMS = emergency medical services; IQR = interquartile range; IV tPA =
intravenous tissue plasminogen activator; IV rtPA =intravenous recombinant tissue plasminogen activator; LOS = length of stay;
mRS = modified Rankin Sale; NIHSS = National Institutes of Health Stroke Scale; NR = not reported; NS = not significant; OR
= odds ratio; RCT = randomized controlled trial; SD = standard deviation; tPA = tissue plasminogen activator

2 A moderate or severe ischemic stroke; range 5-23
b An excellent mRS outcome is 0-1

¢ A poor mRS score is 4-6

Bold=statistically significant; telehealth superior. Bold and italicized=statistically significant; telehealth inferior. Regular
type: not statistically significant
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Emergency Care Telehealth Specialist Consultations

Twenty-one articles reported on 19 studies of specialist consultations with ED providers.
Given the variety of injuries, illnesses and conditions treated in EDs, it is not practical for many
EDs to have all potential specialty needs addressed in person, creating the opportunity for
telehealth consultants to increase access overall and timeliness. The studies we identified
reflected this and included a range of specialties such as trauma, pediatrics, neurology,
psychiatry, cardiology, burns, orthopedics and plastic surgery. In ED consultations, like specialty
consultations for inpatient care, interactions between providers about specific patients are limited
to a single consultation in a short time period. In the case of emergency care, consultations are
often executed under time pressure or chaotic conditions.

Table 9 provides general information and the results from these studies. The majority of
these studies (13) were conducted in the United States*/49:51:53:83.89,9093,95,97.111,117.133 \yhjle two (in
three articles) were conducted in Hong Kong?3°24247 and one each in Japan,?* Italy,'®* South
Korea,?® Brazil,?®® and Turkey.'*® Several of the studies are small, including less than 100
patients®7111:117.191.235,239.241 \yhjle at the other extreme, two studies evaluated several thousand
patients from multistate® and single state®® hospital networks. All of the studies used either
video so the specialist could see the patients or transmitted images such as scans or x-rays.

Emergency Care Telehealth Specialist Consultations: Effectiveness in Improving
Clinical and Economic Outcomes

The 13 studies reporting clinical outcomes all reported improvements. Most of these reported
lower mortality that was not statistically significantly different. For example, the mortality rate
for trauma patients at seven rural EDs declined from 7.8 to 4.8 percent when telehealth
consultations provided via video were available but this was not statistically significant.>® The
exception is a study comparing telephone, teleradiology and video consults for head injuries,
which reported that mortality was significantly lower for video consults compared with
telephone-only consultations.?*” While four studies included other clinical outcomes, including
function,?°24” complications,*:?% or diagnosis,**® the only significant finding was a lower rate
of adverse events during transfer in a small (n=63) study of consultations for brain injury.?%

Five studies evaluated economic outcomes. Four reported some savings with telehealth,
though not always significantly different, while one study reported higher costs. One studies
reported a dollar estimate for potential savings per case when transfers were avoided, but did not
test this difference.® An evaluation of a statewide network providing psychiatric consultations
reported savings in both inpatient charges (significant) and total healthcare charges (not
significant) in the 30 days after the ED visit. Having both inpatient and total charges suggests
that costs are not just being shifted from one site of care to another, though details about what
specific costs were included was not provided.® One study of trauma consultations for seven
rural EDs reported a large reduction in hospital costs (from $7.6 million to $1.1 million) but did
not provide information or details that explain these savings.>® A study of consultations for sepsis
in an ED reported that total hospital costs were lower, but the difference was not significant.®
The study reporting higher costs evaluated neurological consults in Hong Kong and found the
average cost per patient increased with video consults by approximately 2000 Hong Kong
dollars; researchers attributed this to the increased time before a decision was made and the 30
percent failure rate of the video technology used.?*’
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Emergency Care Telehealth Specialist Consultations: Effectiveness in Improving
Intermediate Outcomes

All of the studies reported at least one intermediate outcome. The most frequently included
were rate of transfer and time to treatment or decision. The impact of telehealth consultations
appears greater on these intermediate outcomes, and the effect is generally positive. For example,
pediatric video consultations compared with phone only or no consultation increased quality of
care in one study*® and reduced medication error in pediatric emergency care in another;>! burn
consultations reduced emergency air transports from 100 to 44.3 percent;'!! psychiatric consults
reduced hospital time in the ED,'!’ as well as admissions and increased odds of 30 and 90 day
outpatient followup;®® and cardiology consultations resulted in faster'*® and more aggressive?3
treatment. The study using video for neurology consultations reported time from referral to
decision was longer with both telephone and video consultation when compared with no
consultation, but it is unclear if this is a problem or a reflection of more complete
assessments, 245247

Emergency Care Telehealth Specialist Consultations: Harms, Adverse Events, or
Negative Unintended Consequences

None of the included studies reported on harms or negative unintended consequences of
telehealth specialty consultations as part of emergency care.

Key Characteristics of Emergency Care Telehealth Specialist Consultations with
Emergency Departments and Overview of Outcomes

All of the ED telehealth consultations involved visual data. Most were centered on video that
allows visual assessment of patients, observation of ED procedures, and audio communication.
Only one study included only the transmission of images.'®* The studies in the United States
focused on providing expertise to rural EDs as a means to get specialty assessments to patients in
a shorter time than it would take to transfer them to a trauma center where the patient could be
assessed by the specialist in person. The non-United States studies appear to have similar goals
though increasing access to care in rural areas was not explicitly stated as one of the goals of
these studies.

The combination of the similarity in objectives and technology, the wide range of types of
specialties and patients, and the lack of detailed information on the environment or specifics of
telehealth implementation make identifying subgroups of patients or programs with different
outcomes problematic.
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Table 9. Emer

ency care telehealth specialty consultations: selected outcomes

Author, Year

Study Design

20178
ND, USA

36 Critical access
hospitals

Low

A: Usual care, n=2,371
B: Telehealth, n=291

Adjusted OR (95% ClI)
Telemedicine Use
0.9(0.5t01.4) NS
Telehealth availability
1.2(0.9t0 1.7) NS

Adjusted OR (95% ClI)
Telemedicine Use

1.28 (0.94 to 1.75), NS
Telemedicine Availability
1.2 (1.1to 1.4), p<0.0.05

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
ED: General Natafgi, 2017% Economic evaluation Mortality, n (%) Transferred, n (%) Estimated savings
7 states, US Moderate A: 791 (0.5%) A: 1059 (0.7%) per avoided transfer,
B: 358 (4.0%) B: 4224 (47.6%) in USD: $3,823
85 rural hospitals A: Tele-ED not
1 central hub activated, n=164,291
B: Tele-ED activated,
n=9,048
ED: Trauma Duchesne, 2008% Before-after Mortality, n (%) Discharge outcomes Trauma center
MS, United States High A: 17 (4.8%) Home: costs, in USD for
B: 4 (7.8%), NS A: 0% transfers
7 rural EDs A: Before telehealth, B: 61.3% A: $7,632,624
n=351 Admitted to community hospital: B: $1,126,683,
B: After telehealth, A: 0% p<0.001
n=463 (51 sent to B: 13.6%
trauma center) Transfer to trauma center:
A: 100%
B: 11%
LOS at community hospital, in hours,
transfers only
A: 47
B: 1.5, p<0.001
Mode of transfer
A: 74.9% ground
B: 70.5% ground
ED: Trauma Mohr 2018% and Retrospective cohort Mortality Interhospital transfers NR
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
ED: Dayal, 20164 Retrospective cohort Mortality n (%) Mean PICU LOS, days + SD NR
Pediatrics CA, USA Low A: 23 (4.4) A:38+94
B: 14 (2.4), p=0.07 B:3.1+5.5, p=0.11
1 Children’s A: No telehealth,
Hospital PICU n=524 Pediatric Risk Mortality 11l
75 EDs B: Telehealth, n=582 score
A: 4.0
B: 3.2, p<0.05
ED: Dharmar, 20134 Retrospective cohort NR Mean overall quality of care score? NR
Pediatrics CA, United States Low A1:5.26
Az: 5.38
5 EDs Comparison B:5.76
Ai: No telehealth, no B vs. A1: p<0.01
consult, n=199 Az vs. A1. NS
Az: No telehealth,
phone consult, n=63 Changes in diagnosis
B: Telehealth, n=58 B: 47.8%
A2: 13.3%, p<0.01
Changes in treatment
B: 55.2%.
A2: 7.1%, p<0.01
ED: Dharmar, 2013% Retrospective cohort Mortality, n (%) Physician-related ED medication errors NR
Pediatrics CA, United States Low A1: 2 (2.6) (%)
A2 1(1.2) A1 16 (12.5)
8 EDs Aa: No telehealth, no B:3(4.1) A2: 18 (10.8)
1 academic consult, n=85 B: 5 (3.4)

children’s hospital

Az: No telehealth,
phone consult, n=76
B: Telehealth, n=73

B vs. A2: p<0.05
B vs. A1: p<0.05
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
ED: Yang, 2015 Retrospective cohort NR Hospital admissions NR
Pediatrics CA, United States Moderate A: 87.5%
B: 59.5%, p<0.05
8 rural EDs A: Telephone, n=64
1 university hospital | B: Telehealth, n=74 Observed to expected admission ratio
(95% ClI)
Pediatric Risk of Admission II, Overall
A: 2.58 (2.00 to 3.32)
B: 2.36 (1.80 to 3.10)
Revised Pediatric Emergency
Assessment Tool, Overall
A: 2.57 (1.99 to 3.31)
B: 2.34 (1.78 to 3.07)
ED: Goh, et al., 1997%®° | Prospective cohort GOS at 6 months Therapeutic interventions before transfer | NR
Neurology Hong Kong High Death A: 10.7%
A: 14.3% B: 32.1%, NS
2 referring hospitals | A: No telehealth, n=28 | B: 14.3%
1 consulting B: Telehealth, n=35 Vegetative Mean transfer time, in minutes
medical center A:7.1% A: 80
B: 8.6% B: 72, NS
Severe disability
A: 10.7%
B: 2.9%

Moderate disability
A: 14.3%

B: 14.3%

Good

A: 53.6%

B: 60%, NS

Adverse events during
transfer

A:32.1%

B: 6.4%, p=0.017
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
ED: Wong, 200624 RCT Mortality 6 months after Time from referral to decision, in hours Average cost per
Neurology Poon, 2001%*° (pilot | Wong: Moderate admission, n (%) A:0.70 patient in Hong
for Wong) Poon: High A: 81 (35%) Bi: 1.01 Kong dollars (USD)
Hong Kong Bi1: 59 (25%) B2: 1.30 A: 14,075 (17,237)
A: No telehealth, B2: 79 (34%) Bivs. A/ NS B: 14,455 (22,906)
249 spoke n=235 Bivs. A: p=0.025 B2vs. A: p=0.003 C: 16,370 (22,587)
hospitals Bi: Telehealth, tele- B2vs. A: p=0.923 B2 vs. B1, NS
1 hub hospital radiology, n=239 B2 vs. B: p=0.043
B2: Telehealth, video Video failure: 30%
consult, n=236 Favorable outcome after 6
months, n (%)
A: 130 (56%)
B1: 146 (47%)
B2: 124 (74%)
Bivs. A, NS
B2 vs. A, NS
ED: Psych Narasimhan, Prospective cohort NR Inpatient admission Change in charges
2015% Moderate OR®: 0.41 p=0.022 30 days after ED

SC, United States

18 hospitals

A: Site without
telehealth, n=7,261

B: Site with telehealth,
n=7,261

LOS in days

OR": -0.43, p=0.002
30-day outpatient followup
ORP: 5.44, p<0.001

90-day outpatient followup
OR: 5.65, p<0.001

visit, in USD
Inpatient charges:
-2,338, p=0.041
Total charges:
-649, NS
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
ED: Psych Southard, 20147 Before-after NR Mean LOS in ED, in hours NR
IN, United States Moderate A: 317
B: 17.0, p<0.001
1 rural ED A: Before telehealth, Mean order to consult time, in hours
n=24 A:16.2
B: After telehealth, B: 5.4,p<0.001
n=38 Door-to-consult time, in hours
A:22.7
B: 10.5, p<0.001
Disposition
Inpatient observation
A: 100%
B: 39%
Home with followup
A: 0%
B: 29%
Tertiary care center
A: 0%
B: 8%
Behavioral facility
A: 0
B: 24%
Emergency Cho, 20115 RCT Complication rate: p=0.36 Mean intubation time + SD, in seconds NR
physician- Seoul, Korea High Success rate: p>0.05 A:56 2
Airway B:62 + 12
management | 2 EDs A: Usual care, n=13 p=0.30
B: Telehealth, n=12
ED: Astarcioglu, 2015%%¢ | Prospective cohort False STEMI: Mean time in minutes NR
Cardiology Turkey High A: 8.3%. Door to balloon time,
B: 0%, NS A: 130

1 rural hospital

A: Not telehealth, n=55
B: Telehealth, n=53

B: 109, p<0.001

Door to door time

A: 109

B: 91, p<0.001
Catheterization lab to balloon
A: 18

B: 16, NS
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
ED: Macedo, 2016253 Before-after In-hospital mortality Use of pharmacoinvasive strategy NR
Cardiology Sao Paulo, Brazil Moderate A: 8% A: 38%
B: 3% B: 55.8%
22 EDs A: Before telehealth, p=0.06 p=0.002
1 reference hospital | n=113
B: After telehealth,
n=263
ED: Burns Saffle, 200911 Before-after Mortality, n (%) Air emergency transport NR
United States Moderate A:1(3.6) A: 100%
B: 0 B: 44.3%, p<0.05
3 hospitals and 1 A: Before telehealth,
burn center n=28 Median LOS (IQR), in days
B: After telehealth, A: 8 (24)
n=70 B: 13 (23), NS
Satisfied with telemedicine visit
Burn center physicians: 76.9%
Referring physicians: 86.4%
Patients transferred: 75.9%
Patients not transferred: 69.2%
All respondents: 78.2%
ED: Cancer Hashimoto, 2001?** | Before-after 1-year survival Treatment within 24 hours NR

Japan

One district hospital

High

A: Before telehealth,
n=17

B: After telehealth,
n=12

A:NR

B: 72%

2 year survival

A:NR

B: 42%

Mean hospitalization time
A:NR

B: 2.3 months
Successful ambulation for
patients who were
nonambulant

A: 25%

B: 83%, p<0.05

A:17.6%
B: 92%

Mean onset to radiotherapy time, in days

A: 7.1
B: 0.8, p<0.05
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Author, Year

Study Design

Columbus, OH,
USA

1ED

Clinical: Moderate
Cost: High

A: Usual care, n=219
B: Telehealth, n=95

A: 49 (22.4%)
B: 25 (26.3%), p = 0.471

To antibiotics + SD

A: 163.4 £ 204.4

B: 122.3 + 83.3, p=0.043
Antibiotics administered within 3 hours
A: 71.2%

B: 82.1%, p=0.097

Mean ED LOS + SD, in days
A:0.16 £0.37

B: 0.08 £ 0.28, p=0.036

Mean hospital LOS + SD, in days
A:10+£85

B: 8.6 + 5.7, p=0.088
Readmission in 30 days, n (%)
A: 25 (11.4%)

B: 16 (16.8%), p=0.204

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
ED: Pediatric | Zennaro, 2014% Pre-post NR In-hospital consultation required NR
Fractures Italy High A: 76.1%
B: 38%, p<0.001
One hospital A: Pre-telehealth, n=42
B: Post-telehealth, Immediate activation of other services
n=42 A: 0
B: 33.3%, p<0.001
Mean time for decision making, in
minutes
A: 56.2
B: 23.4, p<0.001
ED: Plastic Paik, 2017 Retrospective cohort NR Response time, in minutes NR
Surgery NJ, United States High A: 48.3
B: 8.9, p<0.001
1 university hospital | A: Usual care, n=42
B: Telehealth, n=42 Overall agreement rate
90.5%, n=38
ED: Sepsis Machado, 2018% Retrospective cohort Mortality, n (%) Mean time in minutes Total hospital costs,

in USD

A: $24,364 + 25,068
B: $19,713 + 16,550,
p=0.274

CI = confidence interval; ED = emergency department; GOS = Glasgow Outcome Scale; IQR = interquartile range; LOS = length of stay; NA = not applicable; NR = not reported;
NS = not significant; OR = odds ratio; PICU = pediatric intensive care unit; RCT = randomized control trial; SD = standard deviation; STEMI = ST-elevation myocardial
infarction; USD = United States Dollars
a Adjusted for age, PRISA 11 score, and year of consultation

b Adjusted for weekend versus weekday visit, sex, age, and race
Bold=statistically significant; telehealth superior. Bold and italicized=statistically significant; telehealth inferior. Regular type: not statistically significant.
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Emergency Medical Services/Urgent Care

Table 10 contains details and results from 21 studies reported in 23 articles in which
telehealth was used to advise EMS personnel or urgent care providers caring for patients outside
of the hospital. In these studies, telehealth was used to allow an emergency medicine physician
or specialist to contribute to patient assessments and decisions about prehospital treatment and
transport. Transport decisions include where the patient should be taken (e.g., the closest
hospital, a trauma center, a cardiac center) and what mode of transport should be used (e.g., air,
ambulance, personal vehicle).

More than half of these studies (11 of 21) involved transmitting information, frequently
including electrocardiograms, about patients experiencing heart attack symptoms. EMS then
received assistance with determining if the patient had ST-elevation myocardial infarction
(STEMI), directions for preliminary treatment, and advise on whether to transport the patient
directly to a location equipped to provide primary percutaneous coronary intervention (PCI).
This is important because outcomes are better if patients are treated quickly after symptom onset
and diagnosis. For this reason, similar to telestroke, a frequently reported outcome is time to
treatment, in this case often referred to as time to balloon, referring to the use of a balloon to
open blockages in cases of myocardial infarction (Ml).

Among the other nine studies, six studies (reported in 7 articles) addressed the use of
telehealth to inform triage and ultimately transport and treatment decisions for a broad range of
patients served by EMS, and three (reported in 4 articles) assessed the utility of telehealth in
urgent care.

Most studies (7 of 11) of prehospital decisions for STEMI patients were conducted in
Europe: five in Italy,143162171172189 gne in Germany,*! and two in Denmark.1317® Additionally,
one each were conducted in Canada,?!® Brazil,>* and the United States.™® Similarly, the studies
of triage and urgent care are international with most set in the United States,3*3°77:78100.124 gnq
others in South Korea,?*? Austria,??® Taiwan,?*® Ireland,*®” and Germany.!#?

Emergency Medical Service/Urgent Care Telehealth: Effectiveness in Improving
Clinical and Economic Outcomes

Ten studies reported clinical outcomes. Nine of these were studies of prehospital cardiac care
and compared mortality (some in hospital, some 30-day, one 1-year) for Ml patients assessed and
treated with and without prehospital telehealth, and in seven of these,162171-173.189.218254 the
mortality rates were significantly lower with telehealth. The studies of more general triage and
urgent care did not report clinical outcomes with the exception of one study of pain medications
administered by EMS, which reported that complications and nausea and vomiting did not
differ.142

Five studies included comparisons of costs of staff and equipment or estimates of savings.
One study of prehospital cardiac care in Brazil reported the mean cost of admissions was higher
for patients treated with telehealth.?®* Two studies (reported in three articles) of triage and urgent
care reported savings due to lower transportation costs.”” 824 One study reported that the
telehealth costs were lower than the staff costs of providing the service without telehealth!®’
while another study that examined costs for patients and families as well as the health system
reported no significant difference in patient costs and healthy system costs were slightly higher
or no different depending on the model used to adjust the costs.2% In general, economic
outcomes were not reported and the analyses were simple.
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Emergency Medical Service/Urgent Care Telehealth: Effectiveness in Improving
Intermediate Outcomes

All of the included studies reported at least one intermediate outcome. In the studies of
prehospital cardiac assessment, ningtt3143.162171-173,179,189.218 jnclyded a measure of time to
treatment (e.g., time to treatment, percent treated within recommended time, total ischemic time),
and all of these reported time to treatment was statistically significantly shorter with telehealth.
Other outcomes included no difference in guideline adherence'*! and a statistically significant
increase in admissions to tertiary hospitals in a study conducted in Brazil 2>

The available studies of general triage and treatment conclude that telehealth reduced the
number of referrals or transfers. Two of the EMS studies evaluated teleconsultations on decisions
about whether to air transport a patient from island locations (Penghu Islands, Taiwan or Palm
Island Australia) to a distant hospital and found reductions in air transfers with patients either
being treated in place or transferred another way.??>24¢ A study in the United States used
telehealth to recommend whether a patient needed to be transported by ambulance or could take
personal transportation to a primary care office or ED and found transport by ambulance and
time for ambulances to return to service decreased while patient satisfaction did not change.””8

Two urgent care studies included evaluations of minor injury centers where nurse
practitioners or nurses provided treatments with telehealth input from physicians in Ireland and
the United States.>**>1%7 These found no significant differences in care needs or patient or
clinician assessments.

Emergency Medical Service/Urgent Care Telehealth: Harms, Adverse Events, or
Negative Unintended Consequences

Only one study of pain medications administered by EMS reported clinical outcomes that
could also be considered harms or adverse events. A study of pain medication administration by
EMS found that complications and nausea and vomiting did not differ.'4?

Key Characteristics of EMS/Urgent Care Telemedicine and Impact of These on
Outcomes

Very little detail was provided in the studies of telehealth for support beyond the type of
patients served and brief descriptions of what information was shared. Additionally, different
uses of telehealth in this category are evaluated using very different outcomes (e.g., mortality
and type of transport). This makes it difficult to identify any subgroups or characteristics that
could be used to differentiate successful telehealth interventions within the categories provided
(i.e., cardiac care, general triage, and urgent care). Additionally, the categories are fundamentally
different, making comparisons across categories inappropriate.
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Table 10. Emergency medical services and urgent care telehealth: selected outcomes

Author, Year

Study Design

6 advanced support
units

n=1242
B: After telehealth,
n=1358

Proportion of AMI admitted to
tertiary hospitals

A: 47.0%

B: 69.6%, p<0.001

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
EMS - Brokmann, 20164 Before-after NR Guideline adherence number of | NR
Cardiac Aachen, Germany Moderate No harms detected patients
12-lead ECG
5 ambulances A. Before telehealth, A: 39
1 telehealth center n=39 B: 38, p>0.99
B. After telehealth, Acetylsalicylic acid
n=39 A: 33.
B: 31, p=0.73
Heparin
A: 33
B: 34, p>0.99
Morphine
A: 27
B: 29, p=0.50
Oxygen
A: 18.
B: 29, p=0.007
EMS - Brunetti, 2014143 Prospective cohort NR Mean time to balloon + SD, in NR
Cardiac Apulia, Italy Moderate minutes
A:94+61
Meta-analysis: number A: Usual care, n=174 B: 41+ 17, p<0.001
of sites NR B: Telehealth, n=123
EMS - Chan, 201228 Retrospective cohort 30-day mortality 90-minute door to balloon time | NR
Cardiac Canada Low A:13.3% A: 8.7%.
B: 5.4%, p=0.006 B: 80.4%, p<0.001
Unclear A: Usual care, n=427
B: Telehealth, n=167 1-year mortality Post-procedural TIMI flow
A: 17.5% grade 3
B: 6.6%, p=0.019 A: 91.4%.
B: 97.6%, p = 0.02
EMS — Marcolino, 2013%% Before-after AMI in-hospital mortality AMI hospitalizations, including Mean cost of
Cardiac Belo Horizonte, Brazil Moderate A:12.3% ICU stay admission + SD, in
B:7.1% A: 32.4% Brazilian reals
18 basic support units A: Before telehealth, p<0.001 B: 66.1%, p<0.001 A: 2,480.00 = 4054

B: 3,501.00 + 3202
p<0.001
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
EMS — Martinoni, 2011162 Retrospective cohort 30-day mortality of patients First medical contact to balloon, | NR
Cardiac Italy Moderate admitted by EMS median minutes (IQR)
A:7.9% A: 75 (49 to 112)
Unclear A: Usual care, no B: 5.3%, p=0.06 B: 50 (30 t078.5), p<0.001
ECG, n=2298
B: Telehealth, n=1603
EMS — Ortolani, 200717 Retrospective cohort In-hospital cardiac mortality: Median total ischemic time NR
Cardiac Italy Low A: 44% (IQR), in minutes
B: 21% A: 212 (150 to 366)
1 intervention lab A: Usual care, n=79 OR: 0.34, p=0.02 B: 142 (106 to 187)
B: Telehealth, n=42 In-hospital all-cause mortality: Total Ischemic time <120 mm
A: 46%. A: 40(51%).
B: 21% B: 32(76%), p=.01
OR 0.32, p=0.01
1-year survival rate:
A: 52%.
B: 74%
OR: NR, p=0.019
EMS — Ortolani, 200672 Retrospective cohort Overall Mortality, n (%) Median treatment delay (IQR), NR
Cardiac Bologna, Italy Low Al: 23 (7.3) in minutes
A2:13 (7.4) Az1: 191 (135 to 318.7)
Unclear Ai: Usual care, ED, A3: 8 (4.8) NS Az: 236 (163.7 to 363.2)
n=316 In-hospital mortality among B: 146 (108.2 to 214.5),
Az: Usual care, local cardiogenic shock subgroup p=0.001
hospital, n=176 (n=80)
B: Telehealth, 166 A: 48.1% (13/27).
B: 37.5% (9/24)
C: 13.8% (4/29)
p=0.019
EMS — Pedersen, 20097 Prospective cohort All-cause mortality or nonfatal Ml | Median door to balloon time NR
Cardiac Denmark Low hazard ratio (95% CI) (IQR), in minutes

Ambulance number NR
1 high volume center

A: Usual care, n=821
B: Telehealth, n=616

0.67; (0.46 to 0.97), p=0.035

A: 103 (80 to 135)
B: 83 (67 to 100)
p <0.001
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
EMS - Sanchez-Ross, 2011113 Prospective cohort Mortality Median door to balloon time NR
Cardiac NJ, United States Moderate A: 6% (IQR), in minutes
B: 1.1%, NS A: 119 (96 to 178)
1 university hospital A: Not telehealth, B: 63 (42 to 87), p<0.0004
n=50
B: Telehealth, n=92 Median LOS (IQR), in days
A: 5.5 (3.5t0 10.5)
B: 3 (2to 4), p<0.001
EMS - Sejersten, 200817 Prospective cohort Mortality 911 call PCI, median minutes NR
Cardiac Denmark Moderate A: 6.9% (IQR)
B: 6.0% A: 127 (103 to 151)
4 local hospitals A: Usual care, n=89 p=0.67 B: 74 (64 to 94), p<0.001
2 coronary centers B: Telehealth, n=168 Door to PCI, median minutes
Arrhythmia (IQR)
A: 7% A: 97 (80 to 124)
B: 10%, p=0.37 B: 34 (19 to 46), p<0.001
EMS — Zanini, 2008 Retrospective cohort In-hospital Mortality Onset to balloon time + SD, in NR
Cardiac Mantova, Italy Moderate Total minutes
A: 8.7%. A: 262 +112

6 local hospitals
1 acute care

A: Usual care, n=263
B: Telehealth, n=136

B: 3%, p =0.039

PCI
A:7.2%
B: 3.3%, p=0.14

B: 148 + 81, p<0.001
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
EMS - Kim, 201172 Retrospective cohort NR Mean time in minutes NR
Triage and Wonju, South Korea High Arrival to scene
Transport A: 6.6
6 ambulances; 1 hospital | A: Not telehealth, B: 6.6, NS
n=750 Treatment time at the scene
B: Telehealth, n=188 A: 6.3
B: 4.4, p<0.001
Mean transport time
A:15.8
B: 19.4, p<0.001
% receiving medical direction
for treatment
A:0.3%
B: 8.0%, p<0.001
% receiving medical direction
for ambulance diversion
A:0.1%
B: 14.4%, p<0.001
EMS — Langabeer, 2016;7® Retrospective cohort Mortality Disposition to ED by Average unit cost
Triage and Langabeer, 201777 Moderate A: 0% ambulance per patient + SD, in
Transport TX, United States Economic evaluation B: 0% A: 74% usD

1 Fire department

High

A: Usual care, n=5570
B: Teleconsult,
n=5570

B: 18% , p<0.001

Patient satisfaction
A: 87%.
B: 88%, p=0.250

Total back in service time,
median minutes (IQR)

A: 83 (20 to 140)

B: 39 (27 to 90), p<0.001

A: 270 +77.7
B: 167 +42.7
p<0.0001
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
EMS — Mathews, 2008225 Before-after NR Aeromedical retrievals NR
Triage and Australia High A: 92%.
Transport B: 78%, p=0.009
1 community A: Before telehealth, Not transferred
n=78 A: 5%
B: After telehealth, B: 16%, p=0.022
n=113 Helicopter flights
A: 73%.
B: 52%, p=0.004
Median LOS (IQR), in days
A: 3.0 (0.1 t0 98.8)
B: 2.0 (0.1t0 144.8), NS
EMS - Traub, 2013 Retrospective cohort NR Mean + SD NR
Triage and United States High Admitted
Transport A: 64 +32.7
1ED A: Usual care, n=196 B: 12 + 33.3, p=0.936
B: Telehealth, n=106 LOS + SD (95% CI), minutes
(36 used telehealth) A: 258 £ 172 (234 to 282)
B: 274 + 125 (231 to 316),
p=0.525
Time to physician evaluation +
SD (95% CI), minutes
Full Sample: NS
Subgroup: n=36
A: 42 + 31 (38 to 46)
B: 16 + 15 (11 to 21), p<0.001
EMS — Tsai, 2007246 Prospective cohort NR Average flights per month Annual savings on
Triage and Pengu Island, Taiwan Low A:19.6 emergency air
Transport B:12.5 medical transports,

4 rural EDs
1 rescue command
center

A: No telehealth,
n=685
B: Telehealth, n=137

usD: $
448,986
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Author, Year

Study Design

Location Risk of Bias
Clinical Clinical Outcomes
Topic Number of Sites Comparison, n Harms Intermediate Outcomes Economic
EMS — Patel, 20151 RCT NR Average call duration, seconds | NR
Triage and DE, United States Moderate A: 186
Transport B: 139, p=0.055
1 pediatric transport A: Cell phone, n=25 Medical Command Officer
team B: Telehealth, n=25 Survey, n=12:
1 command hospital 100% found video intuitive
92% disposition based on
phone report was difficult
80% video provided better
understanding of patient
condition
70% video assisted disposition
80% believed video should be
used for transport
EMS - Brokmann, 201642 Before-after Complications Reached adequate prehospital | NR
Analgesia Aachen, Germany Moderate A: 0 pain reduction?,
B:0 A: 31/32 patients

5 ambulances
1 telehealth center

A: Before telehealth,
n=80

B: After telehealth,
n=80

Nausea and vomiting
A: 11%
B: 11%

B: 61/65 patients, NS

Mean pain reduction during
mission in NRS points + SD
A: 4.38 + 2.2 points

B: 3.78 £ 2.0 points

p = 0.0159
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Clinical
Topic

Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Clinical Outcomes
Harms

Intermediate Outcomes

Economic

Urgent Care

Brennan, 1998;3°
Brennan, 199934
NJ, United States

2 hospitals
1 central site

RCT
High

A: Usual care, n=50
B: Telehealth, n=50

NR

Mean throughput time, minutes
A: 117

B: 106

72 hour return visit

A: 0%.

B: 0% NS

Need for additional care
A: 2.4%.

B: 2.3% NS

Positive patient-physician
interaction

A: 100%

B: 98%

Positive patient-nurse
interaction

A: 98%

B: 98%

Overall patient satisfaction
A: 95%.

B: 98% NS

NR

Urgent Care

Darkins, 19967
Ireland

1 minor treatment center

Before-after
High

A: Before telehealth,
n=6729

B: After telehealth,
n=9972

NR

Referred to ED:
A: 2.3%
B: 1.5%

Referred to primary care:
A: 11.9%
B: 3.8%

Direct costs per
year

A: £50,000 for
onsite staff

B: £7,250 for
equipment
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Clinical
Topic

Author, Year
Location

Number of Sites

Study Design
Risk of Bias

Comparison, n

Clinical Outcomes
Harms

Intermediate Outcomes

Economic

Urgent Care

Noble, 2005204
United Kingdom

Single hospital ED

Economic evaluation
Low

A: Not telehealth,
n=191
B: Telehealth, n=62

NR

Returned to normal activity in 7
days (95% ClI)

A: 47.6% (34.9% to 60.6%)

B: 47.0% (41.0% to 53.2%)

Mean 7-day cost
difference per
patient (95% ClI)
[95% bias corrected
Cl]

NHS Cost:

£39.5 (-1.3t0 80.2)
[28.3 to 73.7]
Patient/family cost:
£14.3 (-26.6 to
55.2) [-11.2 to 25.9]
Total cost:

£53.75 (-6.97 to
114.46) [24.10 to
101.81]

AMI = acute myocardial infarction; Cl = confidence interval; ECG = electrocardiogram; ED = emergency department; EMS = emergency medical services; GBP = British Pound;
ICU = intensive care unit; IQR = interquartile range; LOS = length of stay; NHS = National Health Services; NR = not reported; NS = not significant; NRS = Numerical Rating
Scale; OR = odds ratio; PCI = percutaneous coronary intervention; RCT = randomized controlled trial; SD = standard deviation; TIMI = thrombolysis in myocardial infarction;
USD = United States dollars
Bold=statistically significant; telehealth superior. Bold and italicized=statistically significant; telehealth inferior. Regular type: not statistically significant.
2 A reduction of the Numerical Rating Scale of >2 points or NRS <5 at end of mission
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Outpatient Consultation Results

Collaboration with a specialist as part of outpatient care is what is mostly commonly thought
of as a healthcare consultation. We identified 106 articles that evaluated telehealth consultations
used to inform diagnosis, treatment, or management of patients receiving care in the outpatient
setting. These studies span several specialties and use several different technologies to facilitate
consultations. They also vary in the outcomes used to assess effectiveness. To capture and
organize this diverse group of studies, we presented the results in three ways. First, we provided
an overview of the results summarized by clinical topic in Table 11. Second, the key results are
described in text accompanying selected results for each study provided in tables by clinical
topic. Third, we looked across clinical topics and summarize how the results for outpatient
consultations address the Key Questions for this review.

Organization of Evidence

The 106 included articles evaluating telehealth consultations in the outpatient setting are
summarized in Table 11 below. They are grouped in 11 clinical topics, eight of which are
separate specialties wherein we identified three or more articles (i.e., dermatology, wound care,
ophthalmology, orthopedics, dentistry, cancer, psychiatry, and infectious diseases). The
remaining articles are organized in three additional categories. The last category in the overview
table and this section consists of studies of programs designed to facilitate consultations with
multiple specialists. These programs connect primary care providers to a hospital or group of
specialists rather than one specific specialty. We split the remaining specialties containing one or
two included articles into two categories. The first consists of consultations using diagnostic
technology as part of the consultation, including echocardiograms, ultrasounds, endoscopies, and
Dopplers. In these studies consultations were conducted using real time transmission of images
and data, and in some, specialists guided the technician on their use. The other group includes
articles about specific specialty consultations that do not use diagnostic technology. Most of
these studies evaluate telehealth consultations in the management of chronic conditions including
hypertension, diabetes, arthritis and chronic pain.

Given the volume of evidence and range of topics, the key points are followed by the
findings across the clinical topics. Then for each of the 11 clinical topics there is a short narrative
description of the evidence followed by a table with details from each study.

Outpatient Key Points
e Clinical outcomes: Clinical outcomes were reported in just over one-quarter of the studies
of telehealth consultations and in 7 of 11 clinical topics. In three topics, there is moderate
strength of evidence of the benefits of telehealth (better healing in wound care, higher
response to treatment in psychiatry, and improvement in chronic condition outcomes),
and in dermatology the findings show no difference in clinical outcomes (low strength of
evidence). In three topics (cancer, infectious disease, and multiple specialties) studies
were identified, but the results were inconsistent (insufficient evidence).
e Intermediate outcomes
0 Access: Telehealth consultations improved access by reducing wait times and time to
treatment and by increasing the number of patients receiving indicated diagnostic
tests or treatment (moderate strength of evidence).
0 Management and utilization: Telehealth consultations reduced utilization (the number
of in-person specialist and hospital visits; number of hospitalizations, and shorter
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lengths of stay) in most studies. Findings were inconsistent about agreement on
diagnosis and management (low strength of evidence).
o Satisfaction: Patients were generally more satisfied with telehealth consultations,
particularly when telehealth saved time or expense compared with the alternative.
Clinicians tended to be less satisfied with telehealth than in-person consultations,
though differences were rarely statistically significant (low strength of evidence).

e Costs: Studies report lower costs and in most cases savings are attributable to reductions
in transfers or less transportation. However, the rigor of the measurement, imprecision of
estimates and inconsistency in the magnitude of the effects limits confidence in these
findings (low strength of evidence).

e Harms: Only two of studies explicitly examined harms, reporting lower rates of
complications with telehealth (insufficient evidence).

Table 11. Outpatient care consultations: summary of evidence

Clinical Number of | Clinical Outcomes and
Topics Studies Harms Intermediate Outcomes Costs Citations
Dermatology 22 ~ i * ? Mixed: lower | 33,40,45,65,75,98,

(reported in Clinical course Improved access costs in some | 99.126-130,

28 articles) but not all; 146-148,160,166,
savings due to | 169,175,192,195,
avoided travel | 199,201,202,213,
and lost 222,223,233
productivity

Wound Care 6 * Better healing; fewer * Fewer hospitalizations * | ower costs 118,180,190,228,
: 251,256
amputations
Ophthalmology | 6 No evidence * |ncreased screening and | ~ Difference 122,132,185,188,
. 215,219
treatment; fewer only due to
surgeon visits; high patient travel
satisfaction and avoided
transport

Orthopedics

4 (reported
in six

* Fewer missed
fractures (1 study)

* Improved quality, similar
management

*
Lower costs

79,151,153,158,
170,187

hepatitis C studies

* Significant
improvement in HIV
study

completed consult

* .
Increase in care and
completion of therapy

articles)
Dentistry 4 No evidence * Reduced time to < Outreach 154,167,177,205
treatment clinics less
expensive
than telehealth
Cancer 9in 10 * . * A * . 32,52,70,112,181,
articles Fewer side effects Some decrease in time Lower costs if 182,198 200,230,
to treatment; increased number of 234
adherence to guidelines consults is
* satisfaction better or no sufficient
different
Psychiatry ? studies * Higher response to * Higher satisfaction No evidence 46,56-59
in5 )
articles) treatment; decreased
symptoms
Infectious 4 ~ No difference in * Reduced time to No evidence 30,108,119,134
Disease

84




Clinical Number of | Clinical Outcomes and
Topics Studies Harms Intermediate Outcomes Costs Citations
Single 10 No evidence * : * 37,54,82,114,140,
Specialties T'me'y'_'gcrtfa%d EOW? Coi.ts . | 203,206,211,231,
with Diagnostic access, be ?r f uet 0 patien 258
Technology management of care costs
Single 17 * Improvements in ? Effects on satisfaction ~ Some limited | 31:42,61,69,74,92,
Specialties . o and management are ; 144,145,168,186,
chronic condition impact on
t unclear ¢ 194,210,217,220,
outcomes costs 232.248 250
Multiple 8 No evidence * .| ? Mixed: lower 28,38,60,152,157,
Specialties? (reported in l:; pk:Z\r/zgt?s]; r(l:?i%iment, costs in two 184,207,208,212,
10 articles) 9 studies; higher | 229
? Unclear impact on It?ia?lne large
emergency department
and hospitalizations

Key: * superior (telehealth benefit), ~ no difference, < inferior (comparison better than telehealth), ? inconclusive (inconsistent

results)

2 These studies evaluated programs that made consultations available covering different numbers of specialties (i.e., ranging from
4 to 28) or any specialty available (disciplines not specified)

Detailed Results

Results Across Clinical Topics

Outpatient Telehealth Consultations: Effectiveness in Improving Clinical and
Economic Outcomes
Approximately one-quarter of studies (28) reported clinical outcomes. These were
concentrated — though not exclusively limited — to studies in which the consulting relationship
was ongoing and involved treating and managing a condition over time as opposed to a single
consultation. Most of these (22 of 28) reported a benefit from telehealth. For example, three
studies about psychiatric consultations, four about wound care, and three about infectious disease
all reported positive outcomes such as reduced symptoms, faster healing, or reduced viral load.
Most, but not all of these studies, involved real time, video consultations, and patients were often
present. In other studies, specialists reviewed updated records, including images or test results
and contacted the treating physician with recommended changes in treatment or requested more

information. The four studies of wound care used store and forward approaches to provide

images and information, which the specialist reviewed when available and used them to develop
a treatment plan that was communicated to the patient and referring clinician at separate time.
Three dermatology studies in which the consultation was limited to a single interaction for
diagnosis and initial management recommendations reported improvement in patients’
conditions or that the clinical course did not differ between telehealth and in-person

consultations.

Just under one-third of the studies (32) about outpatient consultations included some
assessment of cost or economic impact. These varied from basic estimates of travel costs to
detailed assessments of the different sources of fixed and variable costs. However, most are
comparatively simple, and while about half (14) of the studies reported some cost savings for
teleconsultations, these were mostly limited to avoided travel costs and loss of productivity for
patients. In a small number of studies (4), telehealth consultations were not less expensive: for
example a study of dental consultations to underserved communities concluded that telehealth

consultations were more expensive than outreach visits by dentists,
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linking primary care to multiple specialists via video found telehealth consultations to be more
expensive due to treatment costs and the extra time required to have both the specialist and
primary care physician available for real time video consultations.?”’

Outpatient Telehealth Effectiveness in Improving Intermediate Outcomes

Most studies of outpatient telehealth consultations used intermediate outcomes to assess
efficacy. These outcomes included impacts on access to services, health services utilization and
the management of patients’ conditions, and patient and provider satisfaction. Overall, the results
support the use of telehealth consultations, though the amount of evidence varies across the
different intermediate outcomes.

Thirty-five studies evaluated whether telehealth consultations improved access to services.
We interpreted increased access to include both timelier access to services as well as increased
rates of use. These were concentrated in dermatology (6 studies), studies of multiple specialties
(6 studies), specialty consultations that included diagnostic technology (3 studies), and
ophthalmology (3 studies). The impact on access is related to the type of care. For example, in
the dermatology studies, telehealth consultations reduced wait time and time to treatment, and
studies of consults with diagnostic technology reported increased numbers of patients receiving
indicated tests and in less time with telehealth.

Thirty-one studies reported outcomes related to utilization and management. In some clinical
categories, only one study addressed these outcomes, while in other clinical categories, as many
as 10 articles studied utilization and management. Not unexpectedly, telehealth consultations
reduced the number of in-person specialist and hospital visits; they also were associated with
fewer hospitalizations, shorter lengths of stay, and care that is more likely to follow establish
guidelines. The one aspect of management for which the findings were less consistent was
agreement on diagnosis and management, with some studies reporting a significant difference
between telehealth and in-person conclusions or that telehealth was unable to facilitate a
diagnosis, though the reasons were not clear (i.e., whether the cause was due to issues with or
limitations of the technology or the comfort of the provider in making a diagnosis without a
hands-on physical exam).

Twenty-two studies assessed satisfaction with telehealth consultations and generally reported
that patients and providers were as satisfied with telehealth consultation as in-person visits. In
some cases, patients and families were more satisfied, particularly when the telehealth
consultation saved travel and associated time and expense, while providers tended to be slightly
less satisfied with telehealth consultations though this difference was not statistically significant.

Outpatient Telehealth Consultations: Harms, Adverse Events, or Negative
Unintended Consequences

Two outpatient studies explicitly addressed harms or unintended consequences in reporting
lower rates of complications.®>23* One studied complications in cancer treatments,*® and the
other reported serious adverse events related to hepatitis C treatment.?3* In part, the overall lack
of reporting on harms reflects the relatively short-term followup in most outpatient studies and
the focus on intermediate outcomes. Although there are some other findings that are not positive
(e.g., a portion, but not the majority of patients reporting they are uncomfortable being
videotaped or less than ideal agreement on management), these do not rise to the level of harms.
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Outpatient Telehealth Consultations: Key Characteristics of Studies and

Association With Outcomes

As is evident from the detailed results, the outpatient studies of telehealth consultation
include multiple disciplines. For most clinical topics, the studies were conducted in a variety of
geographic locations and countries with about 40 percent being conducted in the United States.

There are some exceptions, for example, all included studies of telehealth psychiatric

consultations were conducted in the United State while all the included dental studies were
conducted in European countries. The body of literature also includes studies with different
designs and with sample sizes ranging from as small as 11 to several thousand. This variety is
interesting; however, there are no patterns evident that associate these general descriptive
characteristics with whether telehealth consultations produce a benefit. Additionally, similar to
the inpatient and emergency care studies, outpatient studies did not report many details about the
environment or context. Notably, they provided very little information on the organizations
themselves, any staffing and/or training needed to facilitate telehealth consultations, or payment

models for consultations or other care related to the consultation.

There were two characteristics of telehealth consultations that we included in the in-text
tables in this section that were not included in the inpatient and emergency care results sections.
These are whether consultations occurred in real time or were asynchronous (e.g., store and
forward) and when the consultation was a single event or if there were ongoing, continuous
interactions between the consultant and referring physician. Table 12 presents percentages of
studies with each of these characteristics. More studies were of real time consultations (about
two-thirds) rather than asynchronous (about one-third). The distribution between consultations
that were one-time and continuing was closer to an even split (56% and 43%, respectively). We
also looked at the percentage of studies with each of these characteristics to determine if they
were more or less likely to report that telehealth produced a benefit relative to the comparison
group. Fewer studies with real time consultations reported a benefit (44%) than studies with
asynchronous consultations (76%). This may be because the asynchronous studies more often
measured access and time to treatment, and these are consistently better with telehealth. The
difference is similar when comparing the percentage of one-time (43%) and continuing (70%)
consultations that reported results favoring telehealth. The studies of ongoing consultations
tended to report clinical outcomes or intermediate outcomes involving the management of
chronic conditions (e.g., wound healing, reductions in blood pressures); results that likely
required time and repeated input from specialists.

These characteristics are confounded with the clinical topic thereby making it difficult to
draw conclusions from this information or generalize further. For example, most of the
dermatology studies are asynchronous while all of the studies involving diagnostic technology
are real time by definition. It is also likely that other factors that have not been measured may be
more strongly associated with benefits. Nevertheless, looking at characteristics across studies
and outcomes is an important initial step to increase our understanding of when and how
telehealth consultations are most likely to be effective.

Table 12. Characteristics of outpatient consultations and outcomes, percent (counts

Characteristic

Real Time

Asynchronous

One Time

Continuing

Percent of all outpatient studies?®

63% (59+ of 94)

36% (34 of 94)

56% (53 of 94)

43% (40 of 94)

Percent of studies with the
characteristic reporting a benefit°

44% (26 of 59)

76% (26 of 34)

43% (23 of 53)

70% (28 of 40)

a Timing and frequency were both unclear in one study each, + includes studies that used both real time and asynchronous
b In any outcome where telehealth was better than the comparator: clinical, intermediate, or cost
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Results for Each Clinical Topic
In this section, results for each study are presented in tables according to the 11 specialty
groups. The accompanying text provides a brief description or highlights key findings.

Dermatology

Dermatology as a field was an early adopter and has continued to adapt and study telehealth
applications. While many studies in the field focus on diagnostic concordance or accuracy, this
was not one of our Key Questions for this review, and we included studies researching patient
clinical outcomes and intermediate outcomes such as measures of access or health services use.
We identified 22 dermatology studies reported in 28 articles, resulting in more studies of
telehealth consultations than any other outpatient specialty. In the majority of studies, the
consultations were asynchronous: specifically, images and medical history were made available
to a dermatologist who reviewed them at a different time, made a diagnosis, and sometimes
provided treatment recommendations (16 studies). This process is often referred to as store and
forward. A smaller number of studies (5 studies) used video to facilitate real time evaluations
and discussion among the dermatologist, referring physician, and patient, while one study
employed both store and forward and real time consultations.?® In 16 of the 22 studies, the
consultation was a one-time interaction about the patient, though physicians may have
collaborated on many patients over time. In six studies, the dermatologist was involved in some
ongoing care and followup. Store and forward was usually used for consultations involving a
single interaction for a given patient, but there were some cases where store and forward
consultations were used to initiate a longer relationship. Real time consultations were used for
both ongoing and one-time consultations.

Only three dermatology studies evaluated clinical outcomes. In one, more patients recovered
(20%) in the telehealth group than in the group without telehealth (4.1%) in the month between
their initial visit and the in-person dermatology assessment.!%® In the telehealth group a consult
was used to provide management advice faster, and treatment was started during the time
patients waited for an in-person appointment. The other two studies evaluating clinical outcomes
compared the clinical course of patients who were evaluated using store and forward
dermatology and in face-to-face visits and found no difference in the numbers of patients who
improved, had no change, or were worse, %130

Most of the studies evaluated teledermatology in terms of one or more intermediate outcomes
(e.g., assessment, satisfaction, and care management) or in terms of costs compared to usual care.
Overall, teledermatology improved access by dramatically reducing wait times for visits and
time to treatment (e.g., mean wait times for new patients were 9.75 days for teledermatology and
32.9 days for in-person visits,® and time from consultation to operation was 60.6 days for in-
person and 26.1 days with telehealth consultations).'*® The findings for satisfaction and cost
were mixed with most studies reporting a benefit (similar satisfaction and lower costs) while the
findings related to the impact on management also varied (e.g., reductions in referrals and
unnecessary visits: an advantage; but issues with disagreement on diagnosis or inability to make
a diagnosis: a disadvantage). The results from each study are presented below in Table 13.
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Table 13. Dermatology telehealth consultations: selected outcomes

Author, Year
Location

Number of Sites

Study Design
Risk of Bias
Timing
Consultation
Frequency

Comparison, n

Clinical and Intermediate
Outcomes

(Clinical outcomes are
UNDERLINED AND
CAPITALIZED)

Cost/Revenue Outcomes

Bezalel, 2015%
FL, United States

1 VA Hospital

Before-after
High

Asynchronous
Continuing

A: Before telehealth,
n=1557 new patients
B: After telehealth,

n=1508 new patients

n for established

New patient wait time, in days:
A: 329
B: 9.75, p<0.001

Established patient wait time, in
days:

A:4.14

B: 1.49, NS

NR

n=229
B: Telehealth, n=221

patients NR
Byamba, 201523 RCT Hospital referrals, n (%) Patients travel expense, in
Mongolia Moderate A: 28 (12.2%) USD:

B: 7 (3.1%), p<0.01 A: $3,174

20 rural health Asynchronous B: $320
clinics One time Time to receive care, in hours
1 National A: 322 Total reduction in costs: $76.36
Dermatology Center | A: Not telehealth, B: 53 per patient

1 hospital

A: Not telehealth,
n=97
B: Telehealth, n=111

of skin problem:
A: 87%
B: 84%, NS

Carter, 20174 Retrospective cohort Median time to evaluation, in NR
TX, United States High days
A:70.0
1 outpatient clinic Asynchronous B: 0.5
1 hospital One time Median time to treatment, in
days
A. In-person, n=173 A: 73.5
B. Telehealth, n=79 B: 3.0
Collins,20041%; RCT NR
Bowns, 200612 Moderate Satisfaction with care received
UK A: 90%
Asynchronous B: 81%, NS
8 General Practices | Continuing Satisfaction with management
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias
Timing
Consultation
Frequency

Comparison, n

Clinical and Intermediate
Outcomes

(Clinical outcomes are
UNDERLINED AND
CAPITALIZED)

Cost/Revenue Outcomes

Datta, 2015%
NC, United States

3 primary care sites
2 VA Medical
Centers

Economic evaluation
Moderate

Asynchronous
Continuing

A: Usual care, n=196
B: Telehealth, n=195

Dermatology clinic visits
A: 303
B: 214

Total mean cost, USD
Societal Perspective
A: $106,194

B: $89,523

VA Perspective

A: $66,145

B: $59,917

Mean per participant cost + SD
Societal Perspective

A: 541 £ 403

B: 460 + 428

Difference (95% ClI): -82 (-152
to -12)

VA Perspective

A: 338 £291

B: 308 + 298

Difference (95% ClI): -30 (-79
to 20),NS

Eminovic, 2009146;
2010147
Netherlands

35 general practices
2 hospitals

RCT; Economic
evaluation
Moderate

Asynchronous
One time

A: Not telehealth,
n=304
B: Telehealth, n=301

RECOVERED AT 1 MONTH
A:4.1%
B: 20%

Preventable consultation
A: 18.3%.

B: 39.0%

Difference: 20.7% (95% CI
8.5% to 32.9%)

General satisfaction
A: 3.8
B: 3.8

Mean total costs (95% CI)

A: €354.0 (228.0 to 484.0)

B: €387 (281.0 to 502.5)
Mean out-of-pocket cost, (95%
Cl)

A: €16.3 (8.1t0 24.5)

B: €12.4 (5.4 to 19.6)

Mean travel costs

A: €15.2

B: €11.5

Mean employer costs, (95%
Cl)

A: €47.3 (18 t0 83.1)

B: €46.2 (18.4 t0 86.1)
Savings when distance is >75
km or when consultation
volume can be increased
>37%

Ferrandiz, 2007148
Seville, Spain

6 primary care
1 University hospital

Prospective cohort
and pre-post
Moderate

Asynchronous
One time

A: Not telehealth,
n=NR
B: Telehealth, n=NR

Mean consultation to operation
wait time (95% CI), in days

A: 60.6 (56.2 to 64.9)

B: 26.1 (24.5 to 27.7), p<0.001

Accuracy of telediagnoses
k=0.86 (95% CI 0.83 to 0.89)

Agreement rate between the
surgical technique planned
through teleconsultation and
technique performed: k=0.75
(95% C1 0.04 to 0.79)

NR
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias
Timing
Consultation
Frequency

Comparison, n

Clinical and Intermediate
Outcomes

(Clinical outcomes are
UNDERLINED AND
CAPITALIZED)

Cost/Revenue Outcomes

Gilmour,1998%
UK

3 health centers
3 hospitals

Prospective cohort
High

Real time
One time

A: Not telehealth,
n=NR
B: Telehealth, n=NR

Investigations requested after
consultations: no difference

Followup arrangements: no
difference

Definitive diagnosis made:
A: 97%
B: 60%, p=0.002

81% management plan correct

NR

Hsiao, 2008°%° Retrospective cohort | Mean days to initial evaluation NR
CA, United States Moderate A: 48
B: 4, p<0.0001
1 VA Medical Center | Asynchronous
3 remote primary One time Mean days to biopsy
care clinics A: 57
A: Not telehealth, B: 38, p=0.034
n=77
B: Telehealth, n=92 Mean days to surgery
A: 125
B: 104, p=0.006
Krupinski, 20047 Retrospective cohort | Recorded notes of action NR

AZ, United States

High

A: 12%
B: 43% z=3.14, p<0.01

1 medical center Asynchronous
1 hospital One time Patients seen again by referring
clinician after referral for same
A: Not telehealth, problem
n=50 A:10%
B: Telehealth, n=50 B: 8%, z=0.40, NS
Lamminen, 200116 Economic evaluation | NR Consultation cost per patient:

Finland

1 health center
1 University hospital

High

Real time
One time

Ai: Ophthalmology,
n=85

Az: Dermatology,
n=64

Bi: Tele-
Ophthalmology, n=24
B2: Tele-
Dermatology, n=18

A1 €126

A2: €143

B1 and Bz: €9,760 + 37.6 per
patient

Number of teleconsultations to
break even: 110 in
ophthalmology and 92 in
dermatology

Lim, 2012222
Waikato, New
Zealand

1 community clinic
1 hospital clinic

Prospective cohort
High

Asynchronous
One time

A: Face to face,
n=100
B: Telehealth, n=200

Mean waiting time, in days
A: 114 days
B: 39 days

Patient satisfaction survey: 1 to
5 (5=excellent)

Overall experience

A: 3.8

B: 4.5

Financial cost/patient NZ$
A: $306
B: $264
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias
Timing
Consultation
Frequency

Comparison, n

Clinical and Intermediate
Outcomes

(Clinical outcomes are
UNDERLINED AND
CAPITALIZED)

Cost/Revenue Outcomes

Loane, 200022
Northern Ireland,
UKa

4 health centers
2 hospitals

RCT
High

Real-time and
asynchronous
One time

A: Usual care, n=102
Bi: Telehealth video,
n=102

B2: Telehealth store
and forward, n=96
(from original 102
telehealth video

group)

Required at least one
subsequent hospital
appointment

A: 45%

B1: 46%

B2: 69%

NR

Loane, 200123
New Zealand?

2 rural health
centers
1 hospital

Economic evaluation
Moderate

Real time
Continuing

A: Not telehealth,
n=94
B: Telehealth, n=109

Average consultation time, in
minutes
A: 21.6
B: 20.0

Total cost of dermatologist's
time spent in performing
consultations, in NZ $

A: $5,724

B: $6,163

Cost of patient time to attend
consultations, in NZ $

A: $7,838

B: $1,846

Total travel costs for patients to
attend consultations, in NZ $
A: $16,519

B: $877

Total societal costs of
consultations, in NZ $

A: $30,081

B: $34,346

Loane, 19992
Northern Ireland, UK

4 health centers
2 hospitals

RCT
High

Real time
One time

A: Not telehealth,
n=103
B: Telehealth, n=61

Mean time, in minutes
Total time, including waiting and
travel

A:84.4

B: 59.3

Wait time

A: 20

B:5.4

Consultation time

A:16.8

B: 22.0

Total travel time

A: 48.0

B: 31.6

Mean travel distance, in km
A:25.4

B: 10.4

NR
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Author, Year
Location

Study Design
Risk of Bias

Timing
Consultation
Frequency

Clinical and Intermediate
Outcomes

(Clinical outcomes are
UNDERLINED AND

Number of Sites Comparison, n CAPITALIZED) Cost/Revenue Outcomes
Mahendran, 2005%% | Pre/post Agreement on management NR
England, UK High plan
55%
Asynchronous Managed appropriately
One time 13% required reassurance

A: Pre-telehealth,
n=163

B: Post-Telehealth,
n=163; same as
group A

only
9% recommended further
review
33% minor operation
Not adequately managed by
telehealth
15% poor image quality
20% complex and required in-
person exam and consent
10% recommended
unnecessary or wrong surgery

Moreno-Ramirez,
2009166
Spain

12 Primary Care
Centers
1 hospital

Economic evaluation
Low

Asynchronous
One time

A: Not telehealth,
n=2,009

B: Telehealth,
n=2,009

NR

Unit cost per patient
A: €129.37
B: €79.78, p=0.005

Cost ratios Ato B
Overall: 1.62
For benign lesions: 3.29

Nordal, 200116°
Norway

1 municipality
1 hospital

Retrospective cohort
Moderate

Real time
One time

A: Not telehealth,
n=NR
B: Telehealth, n=NR

Dermatologist satisfaction
22% favored face-to-face
14% favored telehealth

Patient reports

61% no disadvantage to video
18% reduced contact with
specialist

7% discomfort being recorded
86% favored having GP present
for teledermatology

NR

Pak, 2007%; Pak,
2009%
TX, United States

RCT and economic
evaluation
Moderate

Asynchronous
One time

A: Not telehealth,
n=236
B: Telehealth, n=272

CHANGES IN CLINICAL
COURSE
Improved
A: 65%

B: 64%

No change
A: 32%

B: 33%
Worse

A: 3%

B: 4%, NS

Total costs, in USD

A: $129,133

B: $119,402

Direct costs, in USD

A: $98,365

B: $103,043

Lost productivity, in USD

A: $30,768

B: $16,359

Telehealth is less expensive
when including lost productivity
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias
Timing
Consultation
Frequency

Comparison, n

Clinical and Intermediate
Outcomes

(Clinical outcomes are
UNDERLINED AND
CAPITALIZED)

Cost/Revenue Outcomes

Piette, 2017175
Paris, France

39 GPs

RCT
Low

Asynchronous
Continuing

A: Usual care, n=50
B: Telehealth, n=53

Median delay for specialist
response/treatment initiation
A: 40 days

B: 4 days

Adjusted HR: 2.55, p<0.011

Patient global satisfaction, n (%)
Very satisfied or satisfied

A: 47 (94%)

B: 45 (84.9%)

Unsatisfied or very unsatisfied
A: 3 (6%)

B: 8 (15.1%)

p=0.99

Patient satisfaction, time to
treatment

Very satisfied or satisfied

A: 13 (26%)

B: 38 (71.7%)

Unsatisfied or very unsatisfied
A: 37 (74%)

B: 15 (28.3%)

p=0.20

NR

Whited, 2002, 2003,
2004126-128
NC, United States

2 VA hospitals
3 outpatient clinics

RCT; Economic
evaluation

Moderate (2003 and
2002) /High (2004)
Asynchronous

One time

A: Not telehealth,
n=140
B: Telehealth, n=135

Mean days + SD (Median)
Time to initial definitive
intervention intention to treat
analysis:

A: 114.3 +72.3 (127)

B: 73.8 £ 71.6 (41), p=0.0001
Actual clinic visit analysis®,
mean days + SD

A: 135.6 +94.3

B: 93.4 £ 96.1, p=0.0027

Referring clinician overall
satisfaction with consult
Agree:

A: 23%

B: 92%

Neutral:

A: 42%

B: 5%

Disagree:

A: 35%

B: 3%

Patient overall satisfaction with
TH consultation outcome: 82%
Preferred TH: 42%

Preferred usual care: 37%
Neutral, no preference: 22%

Total annual cost¢, in USD

A: $116,416

B: $198,016

Per patient®

A: $21.40

B: $36.40

Incremental cost per patient of
teledermatology®

+$15.00
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Author, Year
Location

Number of Sites

Study Design
Risk of Bias
Timing
Consultation
Frequency

Comparison, n

Clinical and Intermediate
Outcomes

(Clinical outcomes are
UNDERLINED AND
CAPITALIZED)

Cost/Revenue Outcomes

Whited, 20131%;
Whited, 2013130
United States

2 community based
outpatient clinics

1 hospital

2 medical centers

RCT
Moderate

Asynchronous
One time

A: Not telehealth,
n=136
B: Telehealth, n=125

BASELINE TO 9 MONTHS
Resolved or improved

A: 72%

B: 72%

Unchanged - not clinically
relevant:

A:11%

B: 10%

Unchanged - clinically relevant:

A: 13%
B: 10%
Worse
A: 4%

B: 8%

NS

NR

Whited, 20131%;
Whited, 2013130
(continued)
United States

2 community based
outpatient clinics

1 hospital

2 medical centers

RCT
Moderate

Asynchronous
One time

A: Not telehealth,
n=136
B: Telehealth, n=125

Mean change in quality of life
Skindex-16 score® + SD:
Composite

Baseline to 3 months
A:-5.8+19.1

B:-7.8 +21.9, p=0.39
Baseline to 9 months
A:-13.2+21.6

B: -12.0 + 24.5, p=0.66

NR

ClI = confidence interval; EU = euro; GP = general practitioner; HR = hazard ratio; k = kappa; NR = not reported; NS = not
significant; NZ = New Zealand dollar; RCT = randomized controlled trial; SD = standard deviation; TH = telehealth; USD =
United States dollars; VA = Veterans Affairs

aPotentially overlapping populations

b Date to clinic visit is used if telehealth patient went to clinic despite no recommended visit

¢ Extrapolated cost data from 275 patients to the total population of patients serviced by dermatology clinic in 2001, n=5,440
d Negative indicates improvement

Bold=statistically significant; telehealth superior. Bold and italicized=statistically significant; telehealth inferior. Regular
type: not statistically significant.

Wound Care

Six studies reported on different approaches to telehealth for wound care (Table 14). The
studies consisted of small numbers (all <200) of home care, wound clinic, long-term care, and
primary care patients. The five studies reporting clinical outcomes used different approaches 