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BACKGROUND: Extension for Community Health care
Outcomes (ECHO) and related models of medical tele-
education are rapidly expanding; however, their effective-
ness remains unclear. This systematic review examines
the effectiveness of ECHO and ECHO-like medical tele-
education models of healthcare delivery in terms of im-
proved provider- and patient-related outcomes.
METHODS: We searched English-language studies in
PubMed, Embase, and PsycINFO databases from 1 Jan-
uary 2007 to 1 December 2018 as well as bibliography
review. Two reviewers independently screened citations
for peer-reviewed publications reporting provider- and/
or patient-related outcomes of technology-enabled collab-
orative learning models that satisfied six criteria of the
ECHO framework. Reviewers then independently ab-
stracted data, assessed study quality, and rated strength
of evidence (SOE) based on Cochrane GRADE criteria.
RESULTS: Data from 52 peer-reviewed articles were in-
cluded. Forty-three reported provider-related outcomes;
15 reported patient-related outcomes. Studies on
provider-related outcomes suggested favorable results
across three domains: satisfaction, increased knowledge,
and increased clinical confidence. However, SOE was low,
relying primarily on self-reports and surveys with low
response rates. One randomized trial has been conduct-
ed. For patient-related outcomes, 11 of 15 studies incor-
porated a comparison group; none involved randomiza-
tion. Four studies reported care outcomes, while 11 re-
ported changes in care processes. Evidence suggested
effectiveness at improving outcomes for patients with hep-
atitis C, chronic pain, dementia, and type 2 diabetes.
Evidence is generally low-quality, retrospective, non-ex-
perimental, and subject to social desirability bias and low
survey response rates.

DISCUSSION: The number of studies examining ECHO
and ECHO-like models of medical tele-education has
been modest compared with the scope and scale of imple-
mentation throughout the USA and internationally. Given
the potential of ECHO to broaden access to healthcare in
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rural, remote, and underserved communities, more stud-
ies are needed to evaluate effectiveness. This need for
evidence follows similar patterns to other service delivery
models in the literature.

J Gen Intern Med 34(12):2842-57
DOI: 10.1007/s11606-019-05291-1
© Society of General Internal Medicine 2019

INTRODUCTION

Technological innovations over the past decade have steadily
reduced barriers to accessing healthcare' both in the USA? and
internationally.® Telemedicine holds the potential for patients
to seek medical expertise more efficiently, reducing wait times
and allowing specialists to direct their attention to individuals
with the greatest health needs, regardless of geographic loca-
tion.* This is particularly true for the expertise of specialists,
which may be unevenly distributed.’

Several mechanisms have arisen to enable increased access
to specialist care, including e-consultations that allow special-
ists to consult remotely.® However, with a growing physician
and nursing shortage in settings ranging from the USA’ to
large parts of sub-Saharan Aftrica,” there is a fundamental need
to equip front-line providers in rural areas with the specialized
skills necessary to address community needs themselves. Such
capacity-building is particularly relevant in the context of
escalating health epidemics, such as the US opioid crisis or
recent Ebola epidemic in West Africa, and for tackling in-
creasingly common conditions like hepatitis C.

In 2016, the US Congress passed the ECHO (Expanding
Capacity for Health Outcomes) Act, which aims to support
and promote “technology-enabled collaborative learning and
capacity building models.”” Several such models have been
developed, the most ubiquitous being Project ECHO (Exten-
sion for Community Health care Outcomes).'° Project ECHO
involves pairing front-line clinicians, typically located in un-
derserved areas, with specialist mentors at academic medical
centers, or “hubs”, using videoconference and a case-based
mode of pedagogy. Launched in 2003 out of the University of
New Mexico to increase access to hepatitis C treatment in
parts of the rural southwest, the program now operates at more
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than over 100 academic and medical hubs across 48 states as
well as multiple continents, and covers dozens of disease states
and health conditions."!

While Project ECHO has been successful at expanding
its scope and scale, there remains a paucity of evidence
regarding the impact of ECHO and ECHO-like models
(EELM) on provider- and patient-related outcomes. An
investigation of the evidence is particularly warranted,
given the extent of human and financial capital invested
in this model: thousands of trainers and trainees, and
millions of dollars in financial support. While an earlier
review examined the impact of ECHO through the middle
of 2015,'% this was prior to the ECHO Act and any
experimental evidence, and did not extend beyond
ECHO-affiliated programs. We present a systematic re-
view of EELM that comprises peer-reviewed evidence of
patient and provider outcomes between 2007 and 2018.
We follow Cochrane Collaboration’s GRADE frame-
work!® to examine the strength of evidence (SOE) and
use this review as a basis for highlighting potential next
steps and future directions.

METHODS
Data Sources and Searches

We reviewed academic literature in accordance with
PRISMA guidelines,'* targeting publications that evaluat-
ed EELM (2007-2018). In consultation with public health
experts in the field of telehealth, we established an oper-
ational definition for EELM as “a technology-enabled
educational model, in which a mentor with specialized
knowledge provides interactive and case-based guidance
to a group of mentees for the purpose of strengthening
their skills and knowledge to provide high-quality
healthcare.” We delimited our search according to six
inclusion criteria: (1) using a technology-enabling plat-
form, (2) having a health-focused objective, (3) leveraging
specialists to train generalists, (4) using interactive men-
torship, (5) using case-based learning, and (6)
implementing a hub-spoke framework rather than 1:1
learning.

We implemented a Boolean search procedure based on key
words defined under three domains: (i) a technology-enabling
component, (ii) involvement of health providers, and/or (iii)
terms denoting resource or geographic barriers, which EELM
often address. As a complementary strategy, we searched for
ECHO-specific terminology linked by “or” statements. A
detailed list of search terms can be found in Appendix Table 1
(online). A total of six databases were searched: PubMed,
Embase, PsycINFO, Google Scholar, the Cochrane Central
Register (CENTRAL), and Scopus. Google Scholar was lim-
ited to the first 100 returns. Using seminal articles, including a
2016 review by Zhou and colleagues,'” we also examined
bibliographies.

Study Selection

We limited results to peer-reviewed articles reporting
provider- or patient-related outcomes published in English
between January 1, 2007 and December 1, 2018, including
articles originating outside the USA. Returns were screened
independently by two research team members for agreement
with the six inclusion criteria. For situations in which agree-
ment with criteria was unclear from the title and abstract, the
full text was reviewed. Records that met inclusion criteria
were flagged for full data abstraction (see Fig. 1). In the event
a discrepancy arose, additional members of the research team
were consulted.

Data Extraction and Quality Assessment

Articles meeting inclusion criteria were independently entered
by an investigator into a data abstraction form. A second
investigator was then tasked with reviewing abstracted data
to ensure accuracy and completeness. Summaries of abstract-
ed data can be found in Tables 1 and 2.

Data Synthesis and Analysis

We selected key features from each study to review and
summarize, based on a hierarchy of evidence, with
highest quality evidence the focus of synthesis.
Provider-related outcomes included participation, satis-
faction, knowledge, self-efficacy, and behavior change,
following a core competencies model for implementation
science® articulated by the National Implementation
Research Network.®’

Patient-related outcomes were grouped according to health
condition and involved careful examination of health
condition-specific outcomes as stated in the literature. These
were classified as either process or outcome measures, accord-
ing to US Agency for Healthcare Research and Quality®®
definitions. Whenever possible, we report summary
statistics—including means, standard deviations, odds ratios
(ORs), and hazards ratios (HRs). We also report p values and
95% confidence intervals.

We rated SOE according to Cochrane GRADE
criteria,'? following a two-step process. First, two research
team members independently assigned a score to each
article for the outcomes presented within, based on six
GRADE characteristics: study design, risk of bias, incon-
sistency, indirectness, imprecision, and publication bias.
The full research team collectively reviewed each score.
Second, the research team deliberated weight of evidence
across individual studies for each patient- and provider-
related outcome. This systematic classification process is
outlined in detail on the Cochrane website and involves,
for example, evaluating the quantity of experimental ver-
sus observational evidence, and studying effect sizes and
dose responses. SOE is assigned an ordinal score: very
low (+), low (++), medium (+++), high (++++) (Table 3).
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Records excluded (n =2,622)

*No telementoring component (n=1,154)
*Not peer reviewed (n=457)

eNot an evaluation of EELM (n=328)

*Not topically relevant (n=223)
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*Not training health providers (n=154)

*Not a specialist training a generalist (n=55)
*No case-based pedagogy (n=51)
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eNot written in English (n=1)
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:

*Not a specialist training a generalist (n=13)
*Not a hub-spoke model (n=8)

(n=52)

Studies included

*Not enough training sessions (n=5)
*Not topically relevant (n=4)
eNot written in English article (n=1)

Figure 1 Study flow diagram.

Role of the Funder

This investigation was supported by the Office of the Assistant
Secretary for Planning and Evaluation (ASPE), within the US
Department of Health and Human Services (HHS).69 In ac-
cordance with the ECHO Act of 2016, this investigation was
commissioned as part of a Report to US Congress, released in
2019. Two staff members from ASPE are co-authors; the staff
contributed to the selection of terms for the literature search
and the criteria for study eligibility and provided edits of the
final manuscript.

RESULTS

After implementation of search procedures, we reviewed 2970
records: 2965 from database searches, and an additional five
from bibliographic reviews. There was an acceptable degree of
inter-rater reliability: raters agreed 97.3% of the time,
reflecting kappa coefficient of x = 0.46. Following screening,

211 articles were identified for full-text review for eligibility.
Of these, 52 met eligibility (see Fig. 1). Forty-three contained
provider outcomes, 15 contained patient outcomes, and six
contained both provider and patient outcomes.

The most common health topics addressed by EELM were
hepatitis C, chronic pain management, and dementia and
elderly care. Thirty-nine of 52 articles focused on EELM
implemented in the USA, with Canada and Australia as the
next most common countries. Year by year, there has been an
overall increase in the number of published articles evaluating
EELM (see Fig. 2).

The format of sessions ranged from weekly to monthly,
lasting 60 to 180 min per session, with wide variation in
number of sessions conducted—in part because of the contin-
uous nature of intervention protocols. Similarly, there was
variability in the number of trainees and number of patients
served by trainees. In some instances, these numbers were not
reported. Below, we present a topical synthesis of the articles,
organized by provider-related outcomes and patient-related
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Table 1 Included Studies Reporting Provider-Related Outcomes

Citation Health content Number of Evaluation design  Main provider outcome Main provider outcomes
area trainees measures reported

evaluated

Anderson Pain management 12 in the Pre-post study Pain-related knowledge and Increased pain knowledge in the

et al,, 2017" intervention design with self-reported self-efficacy; intervention group (p <0.001),
group; 11 in comparison group frequency of formal assess- not observed in the control group
the control ment tool utilization; fre- (p=0.11); non-significant group
group quency of opioid agreements  difference in frequency of opioid

Arora et al.,
2011'¢

Ball et al.,
2018"7

Beste et al.,
2017'%

Beste et al.,
2016"

Carlin et al.,
2018%

Catic et al.,
20147

Chaple et al.,
2018%

Cofta—WoeIPel
et al., 2018%

developed; patient concern
about addiction to opioids

Hepatitis C Varied by year:  Pre-post study Self-reported satisfaction with
17-52 pro- design without ECHO training; self-reported
viders comparison group self-efficacy before versus af-

ter ECHO training; self-
reported perceived benefits of
ECHO training

Pain management 25 (surveys); Pre-post study Self-reported confidence and
14 (focus design without knowledge treating patients
group discus- comparison group;  with chronic pain before
sions) focus group versus after ECHO training;

discussions barriers and facilitators to

participation in ECHO

Hepatitis C 376 Retrospective Rate of PCPs who initiate
cohort study with hepatitis C treatment with
comparison group antiviral treatment

Infectious diseases; 78 Participant survey Self-reported benefits of
hepatitis C; ECHO participation, such as
pulmonology; perceived impact on providers
nephrology and perceived impact on care

delivery; association between
duration of participation and
perceived benefits

Chronic pain 37 Focus group Qualitative feedback on

management discussions (6) barriers and facilitators to
ECHO, as well as perceived
benefits and drawbacks

Dementia Unknown Prospective cohort  Self-reported adherence to
study without recommendations of the
comparison group ECHO-AGE expert team

Substance use 20 Participant survey Participant satisfaction in

disorder quality of training; self-

reported enhancement in clin-
ical skills

Tobacco cessation 23 Participant survey Self-reported confidence
treating tobacco use;
satisfaction with participation;
tobacco-related knowledge
survey

agreement usage (p =0.05);
lower concern about patient ad-
diction to opioids in the inter-
vention group (p =0.0006).
Satisfaction with ECHO training
ranged from 4.3 to 4.9 on 1-5
ordinal scale (2006); self-
efficacy increased significantly
across all categories (p <0.001)
(2006-2007); moderate-major
benefits self-reported across
eight categories 82-98% of time
(2008).

Increased provider confidence
(p<0.01) and increased provider
knowledge (p <0.05) on chronic
pain; focus group discussions
indicated increased provider self-
efficacy and knowledge, as well
as increased workload associated
with participation.

Providers who received at least
one SCAN-ECHO training were
more likely to initiate antiviral
treatment (p <0.01), compared
with those with no SCAN-
ECHO training. This was attrib-
utable to more frequent initiation
among those presented as cases
during trainings.

Strong agreement with trainings’
impact on providers ranged from
34.2 to 46.8% across questions;
strong agreement with trainings’
impact on care delivery ranged
from 28.6 to 38.4% across
questions; participation for more
than 1 year was associated with
greater perceived impact,
particularly perceived patient
access to specialty care (p =
0.005).

Respondents reported insights
defined under such themes as
challenges of managing chronic
pain; ECHO participation and
improvement in patient-provider
interaction and participant
knowledge; ECHO participation
generating a sense of communi-
ty; and disadvantages associated
with participating in ECHO.
Self-reported adherence to expert
recommendations in 39 of 44
cases (89%) presented.

General participation satisfaction
was 4.69 of 5; self-reported
enhancement of clinical skills as
a result of training was 4.45 of 5.
All respondents (22) reported
moderate-to-high confidence to
address tobacco use; a majority
of knowledge questions yielded
69—-85% correct answers; 77%
agreed the program was satis-
factory.

(continued on next page)
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Table 1. (continued)
Citation Health content Number of Evaluation design  Main provider outcome Main provider outcomes
area trainees measures reported

evaluated

Cordasco et al.,  Women’s health Varied by type  Participant Self-reported impact of 47 of 53 survey respondents

2015% of survey, surveys; training on care; self-reported  (89%) reported that SCAN-ECHO
18-53 participant semi- satisfaction with participation  information would influence their

Covell et al.,
2015%

Eaton et al.,
2018

Farris et al.,
201777

Fisher et al.,
2017%®

Glass et al.,
2017%

Haozous et al.,
2012%°

Jansen et al.,
2018

Johnson et al.,
2017%

Co-occurring
mental and
substance use
disorder

Chronic pain
management

Dementia

Dementia

Chronic liver
disease

Cancer-related pain
management

Pain management
in end-stage de-
mentia

Multiple sclerosis

8 (provider-
level); 11
(program-
level)

41

12

154 (cohort);
26 (qualitative
interviews)

106

24 (education
sessions); 32
(case
conference
sessions)

18

15 trainees
participated in
evaluation; 24
trainees total

structured inter-
Views

Participant survey
(provider level);
prospective cohort
study without
comparison
(program level)

Cluster
randomized
controlled trial
(clinic
participation in
Tele-Pain sessions)
Participant survey

Semi-structured
interviews;
retrospective
cohort study with
comparison group
Retrospective
cohort study with
control comparison

Retrospective
cohort study with
and without
control comparison

Mixed-methods
prospective cohort
study

Participant surveys

Provider-level: self-reported
satisfaction. Program-level:
increased knowledge about
integrated treatment; percent
of charts with stage of treat-
ment recorded.

Pain management knowledge
measured by KnowPain-12;
self-reported knowledge and
attitudes regarding pain; self-
reported perceived compe-
tence

Self-reported benefits of
ECHO participation,
including on patient treatment
plans

Semi-structured interviews
explored participant
perceptions and experiences
in the program

Association between
complexity of trainee cases
presented and number of
cases presented

Self-reported satisfaction
survey on pain management
educational sessions; self-
reported perceived compe-
tence proceeding case confer-
ence calls

Participant self-efficacy and
knowledge, based on
KnowPain-50 and KnowPain-
12 questionnaires; two focus
group discussion interviews

Self-reported confidence
treating multiple sclerosis;
self-reported satisfaction with
program; self-reported feed-
back on program format

patient care; 18 of 18 interviewees
(100%) reported SCAN-ECHO
was useful for building and main-
taining knowledge.

All providers reported that the
online learning collaborative was
helpful, the implementation
model was helpful, and strategies
supporting implementation were
helpful. At program-level, sites
showed significant increase in
dual disorder treatment
knowledge survey (p <0.05);
sites showed increase in chart
documentation (p <0.05).

No significant change in
knowledge scores or self-
perceived competence when
compared between intervention
and control group PCPs
(p>0.05).

Satisfaction on features of
ECHO ranged from 3.25 to 3.58
on scale of 1 (strongly disagree)
to 5 (strongly agree); providers
demonstrated an average score of
3.64 on agreement that they
incorporated training advice into
treatment plans.

Interviewees reported the
program led to improvements in
clinician geriatric mental
healthcare knowledge and
treatment practices.

Providers who presented more
than ten SCAN-ECHO cases
were more likely to present
complex cases about a specific
treatment or a procedure, com-
pared with those presenting ten
or fewer cases (p <0.001).
Providers who attended pain
management sessions reported
mean item-level satisfaction
scores ranging from 2.75 to 3.47
on a 0—4 ordinal scale; providers
who attended case conference
calls reported significantly
higher competence on pain
management than a control
comparison group (p <0.01).
Overall knowledge and self-
efficacy scores were significantly
higher post-ECHO than pre-
ECHO for physicians (p =0.01)
and nurses (p =0.04). Key
themes that emerged were
knowledge and skills develop-
ment and dissemination,
protected time, areas for im-
provement, and the future of
ECHO.

Mean self-reported confidence
treating multiple sclerosis after
training was 4.53 out of 5; 9 of
15 participants indicated the
program met their expectations;
15 of 15 participants indicated
that sessions expressed good
value.

(continued on next page)
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Table 1. (continued)

Citation

Health content
area

Number of
trainees
evaluated

Evaluation design

Main provider outcome
measures

Main provider outcomes
reported

Katzman et al.,
2014%

Kauth et al.,
2015*

Komaromy,
Bartlett, et al.,
2017%°

Komaromy,
Ceballos, et al.,
2018%

Lewiecki et al.,
20177

Marciano et al.,
2017%%

Masi et al.,
2012%

Mazurek et al.,
2017%

Mehrotra et al.,
2018"

Chronic pain

Transgender health

Integrated
addictions and

psychiatry

Community health
worker training:
obesity prevention
and addiction
recovery

Osteoporosis

Hepatitis C

Hypertension

Autism spectrum
disorders

Mental health

763 (surveys);
9 (focus group
discussants)

41

16 (obesity
prevention); 46
(addiction
recovery)

16

14

9 in the
intervention
group; 3 in the
control group

58

Participant survey;
focus group
discussions

Participant survey;
pre-post study de-
sign with compari-
son group

Participant survey

Pre-post study
design without
comparison group;
trainer-rated pre-
post survey

Pre-post study
design without
comparison group

Pre-post study
design without
comparison group

Pre-post study
design with
comparison group

Pre-post study
design without
comparison group

Pre-post study
design without
comparison group;
participant survey

Percentage of providers who
reported that trainings were
“excellent” on five
dimensions; exploratory
feedback on utility of
presentations and impact of
participation

Post-intervention self-reported
satisfaction on training; pre-
and post-intervention self-re-
ported confidence providing
care

Percentage of participants
who reported changing their
patient care plan as a result of
presenting a case; percentage
who rated the value of expert
input received as 5 on a scale
of 1-5; percentage who re-
ported training as useful in
caring for their own patients
Self-reported change in
obesity prevention knowledge
and abilities; trainer-reported
change in motivational
interviewing skills for addic-
tion recovery

Pre-post intervention change
in self-reported self-efficacy,
based on self-efficacy ques-
tionnaire

Self-assessed provider
knowledge on HCV

Knowledge surveys
administered at baseline and
endline; self-reported knowl-
edge reported at baseline and
endline

Self-reported self-efficacy;
self-reported use of M-CHAT
or another screening tool;
self-reported adherence to
American Academy of Pedi-
atrics autism spectrum disor-
der screening guidelines; self-
reported use of 15 possible
resources for autism; satisfac-
tion with program
Self-reported responses to
satisfaction survey; pre- and
post-intervention knowledge
test and pre- and post-
intervention self-reported self-
efficacy

From 2010 to 2012, the
percentage of providers reporting
“excellent” increased
significantly across categories

(p <0.01); provider feedback on
utility of ECHO trainings and
impact of participation were
generally positive.

92.3% of providers described the
didactics as somewhat or very
helpful. The majority (76.9%)
reported that receiving
consultation was somewhat or
very helpful, and nearly
everyone (92.3%) felt that they
benefited from listening to other
cases being discussed; 39.7% of
providers increased in self-
reported confidence to treat
transgender veterans after
SCAN-ECHO (p =0.007).

77% of case presenters reported
that the case discussion changed
their patient care plan; 86%
reported the value of the input
they received as a 5 out of 5;
93% reported training as useful
in caring for their own patients.

Self-reported obesity prevention
knowledge and abilities
increased on 12 of 13
dimensions (p <0.05); trainer-
reported provider performance
on motivational interviewing
improved (p <0.001).

Overall increase in reported self-
efficacy among participants who
completed the survey (p =
0.005). It uses a pre-post frame-
work.

Increase in self-assessed knowl-
edge on all ten aspects of HCV
care from pre- to post-
intervention (p <0.05).

Tested knowledge of how to treat
hypertension increased among
intervention providers (p <0.01)
but not among controls. Self-
assessed knowledge increased
among intervention providers
(p<0.01) but not among con-
trols.

Self-efficacy improved
significantly (p =0.002); use of
resources increased from 0.29
out of 15 to 4.07 out of 15, on
average (p =0.003); high
satisfaction with ECHO trainings
was reported.

Mean participant satisfaction was
4.5 or higher on a scale of 1-5
for five survey questions. Topi-
cal knowledge increased signifi-
cantly (p <0.01), as did self-
reported self-efficacy (p <0.05).

(continued on next page)
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Table 1. (continued)
Citation Health content Number of Evaluation design  Main provider outcome Main provider outcomes
area trainees measures reported
evaluated
Meins et al., Chronic pain Participant survey;  Self-reported belief that On scale of 1-4, mean score for
2015% management participant participation enhanced statement that participation
observation knowledge of pain enhanced knowledge was 3.94;
management; self-report that mean score for statement that
participant intends to use new  participant intended to use new
knowledge gained knowledge gained was 3.77.
Ni Cheallai%h Hepatitis C 6 Participant semi- Self-reported care Respondents generally reported
et al., 2017 structured inter- management skills following  that ECHO participation
views ECHO training increased their ability to manage
HCV infection.
Oliveira, Varied: e.g. 848 Participant survey Overall participant Overall satisfaction was reported
Branquinho, dermatology, satisfaction as medium, high, or very high
and Goncalves, neurology, and (range: very low, low, medium,
2012* gastroenterology high, very high) by 90% of
respondents in 2009 and 94% in
2010.
Parsons et al., Sleep medicine 39 Participant surveys  Self-reported comfort treating  Increased provider comfort
2017% sleep disorders; self-reported reported by 77% of respondents;
clinical practice change a majority (85%) of respondents
reported “some” or significant”
practice change across practice
domains.
Qaddoumi Pediatric neuro- Unknown Prospective cohort ~ Percentage of patients for In 23 patients (36%), major
et al., 2007* oncology study without whom expert changes from original plan were
comparison group recommendations differed recommended on different
from original care plan; aspects of the care; in 21 patients
percentage of patients for (91%), those recommendations
whom there was a significant ~ were followed.
change in the original care
plan, conditional on
recommendations
Rahman et al., Geriatric nutrition Unknown Participant survey;  Post-intervention participant 89% of participants reported that
2012% prospective cohort  satisfaction; pre-post inter- they would participate in a
study without vention change in knowledge  similar project and recommend
comparison group the course; knowledge scores on
trainer-administered quiz im-
proved significantly (p <0.05).
Ray, Fried, and  Palliative care 101 Pre-post study Increased confidence to Provider confidence increased
Lindsay, design without provide palliative care pre- significantly (p <0.05); average
2014% comparison group versus post-intervention; post-  rating of content usefulness was
intervention rating of content ~ 3.50 on scale of 1-4.
usefulness
Salgia et al., Hepatitis C 24 Participant survey Self-reported change of care Most participants (n=20; 83%)
2014% provision following the reported having encountered a
intervention case similar to the one presented
in SCAN-ECHO; of these par-
ticipants, 18 (90%) reported im-
provements in their perceived
diagnostic approach, 16 (80%)
reported having developed a
better treatment plan, and 16
(80%) reported perceived im-
provements in follow-up plan
development.
Shipherd et al.,  Transgender care 111 Participant surveys  Post-session knowledge test Session participation ranged
2016 score; post-session self-re- from 11 to 57, with 93%
ported satisfaction survey receiving a post-session knowl-
scores; post-intervention edge survey score greater than
feedback survey; self- 80%; average session satisfaction
perceived confidence treating ~ was 4.28 on 0-5 scale; partici-
transgender veterans before pants rated all aspects of the
versus after participation intervention to be useful; 92% of
participants increased in treat-
ment confidence (p value unre-
ported); 63% of participants
expected to care for more trans-
gender patients in the future.
Sockalingam Mental health Varied by type  Pre-post study Self-reported knowledge and Increased mental health and
et al,, 2018° of survey, 22— design without self-efficacy addictions knowledge

27

comparison group

(p<0.001); increased provider
self-efficacy approaching statisti-
cal significance (p =0.06).

(continued on next page)
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Table 1. (continued)

Citation Health content Number of Evaluation design  Main provider outcome Main provider outcomes
area trainees measures reported
evaluated
Swigert et al., Diabetes Unknown Pre-post study Self-reported knowledge and Self-reported increase in diabetes
2014 design without confidence levels (including knowledge (p <0.001) and
comparison group retrospective report of increased confidence (p <0.001)
baseline knowledge and after individual ECHO sessions;
confidence); self-reported in-  a majority of participants (95%)
tention to change current reported an intention to change
clinical care practices clinical practice after ECHO
sessions.
Van Ast and Disability care 8 Semi-structured Perceived acceptability of Participants generally reported
Larson, 2007 interviews technology; perceived favorable feedback about the
benefits of participation technology platform; participants
reported positive behavioral
changes in caregiving.
Volpe, Boydell,  Psychiatric services ~ Unknown Focus group Overall participant Focus group discussants and
and Piignatiello, discussion; key satisfaction; acceptability of interviewees reported overall
2014° informant tele-video technology satisfaction; tele-video technolo-
interviews gy was regarded as an effective
tool for learning.
White et al., Palliative care 28 Mixed-methods Provider knowledge score; Mean knowledge score
2015 prospective cohort  self-reported self-efficacy improved significantly (71.3% to
study scores, provider self-reported ~ 82.7%, p <0.001); self-efficacy
satisfaction with program significantly improved (p =
0.063); 96% reported gains in
learning; 90% felt ECHO had
improved the care they provide;
83% would recommend ECHO
to other healthcare providers;
70% said ECHO’s technology
gave them access to education
they would have had difficulty
accessing.
Wood et al., HIV/AIDS (PrEP) 45 Participant survey Self-reported knowledge of 93.3% of survey respondents
2018 PrEP, comfort level reported that the intervention
discussing PrEP, and helped them stay up to date on
prescribing practices PrEP guidelines “extremely” or
“moderately” well; 91.1%
reported an “extremely” or
“moderately” increased
likelihood to prescribe PrEP;
40.0% reported that, without the
intervention, they would have
referred patients seeking PrEP to
another provider.
Wood et al., HIV/AIDS 45 Prospective cohort  Self-assessed confidence to Self-assessed confidence
20167 study without perform essential components  improved over time in several

comparison group

of HIV care; self-reported
feeling part of a community
of practice; self-reported
overall HIV care knowledge

clinical skill areas on 14 of 18
dimensions of care provision

(p <0.05); feelings of
professional isolation decreased
while degree to which
participants felt part of an HIV
community of practice increased
(p <0.05); self-reported HIV
care knowledge increased (p =
0.004).

outcomes; a full description of outcomes reported is found in
the Online Appendix.

Provider-Related Outcomes

Between 2007 and 2018, 43 of 52 articles presented quantita-
tive or qualitative evidence outlining provider-related out-
comes of EELM. Studies most frequently measured outcomes
in one of four areas: (i) provider satisfaction with quality and
content of trainings (n=17; 40%); (ii) provider knowledge
acquired (n = 18; 42%); (iii) enhanced provider confidence or

self-efficacy associated with care delivery (n = 18; 42%); and
(iv) changes in self-reported provider behaviors associated
with patient care (n=7; 16%). In terms of study design, 23
of 43 (53%) involved a counterfactual—either within- (pre vs.
post) or between-subjects. While only one of the studies
included an element of randomization, three studies involved
both within- and between-subject comparisons.

Provider Satisfaction. Assessment of provider satisfaction
largely entailed administration of post-intervention structured
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Table 2 Included Studies Reporting Patient-Related Outcomes
Citation Health Patients in Evaluation design Main patient outcome Main patient outcomes
content area evaluation measures reported
Anderson Pain Exposure group: Pre-post study Percentage of patients with Greater reduction in the
etal, 2017  management 1586 at baseline; design with chronic pain treated with an intervention group for
1485 at follow-up comparison group opioid medication; average percentage of patients with
Control group: number of opioid prescriptions chronic pain treated with an
2020 at baseline; written per patient with pain; opioid medication (p =0.002);
1695 at follow-up frequency of referrals for smaller increase in the
behavioral health and physical intervention group for number
therapy of opioid prescriptions written
per patient with pain (p =0.001);
frequency of referrals to
behavioral health and physical
therapy (» <0.001)
Arora, HCV 261 patients in Prospective cohort Percentage of patients with No difference in percentage of
Thornton, exposure group study with sustained viral response; patients with sustained viral
et al., 2011'° 146 patients in comparison group percentage of patients among response (p =0.89); greater
control group whom a serious adverse event prevalence of serious adverse
occurred events reported in the control
group (p =0.02)
Beste et al., HCV 6431 patients in Retrospective cohort ~ Rate of patients with sustained No significant difference in rates
2017'% exposure group study with virologic response of sustained virologic response
32,322 patients in comparison group between providers with versus
control group without SCAN-ECHO training
(p=0.32)
Carey et al., Pain 371,646 Spatial reach Association between distance to  Patient distance from home to
2016 management analysis specialty pain care and being specialty pain care associated
seen in person at a specialty with 22% lower odds of being
clinic; association between seen in person at a specialty care
distance to specialty pain care clinic (»p <0.001); distance from
and access to a Pain home to specialty pain care
SCAN-ECHO participating PCP  associated with 2% lower odds
of access to a Pain
SCAN-ECHO participating PCP
(p=0.01)
Catic et al., Dementia 47 Prospective cohort Association between provider Clinical improvement among
2014* study without self-reported adherence to expert  patients was self-reported as
comparison group recommendations and provider greater among those who
self-reported (1) clinical adhered to expert recommenda-
improvement and (2) tions (p <0.05); hospitalization
hospitalization of their patients among patients was self-
reported as lower among those
who adhered to expert recom-
mendations (p value unreported)
Fisher et al., Dementia More than 70,000 Semi-structured Patient healthcare utilization and ~ Reduction in emergency

2017

Frank et al.,
2015

Glass et al.,
2017%

Chronic pain

Chronic liver
disease

22,454 patients in
exposure group
299,981 in
non-exposure

group

582 in exposure
group

1395 in
comparison group

interviews;
retrospective cohort
study with
comparison group

Prospective cohort
study with
comparison group

Retrospective cohort

study with control
comparison

costs at participant practices,
before and after enrollment in
study

Association between case
presentations and (1) delivery of
outpatient care (physical
medicine, mental health, SUD,
and pain medicine) and (2)
medication initiation
(antidepressants,
anticonvulsants, and opioid
analgesics)

Patient time to liver
consultation; patient distance
traveled to care

department costs ($406 to $311;
»<0.05) among those with
mental disorder; increase in
outpatient care utilization and
costs among those without a
mental disorder (p <0.05)
Patients whose case was
presented during training
sessions had greater likelihood
of utilizing physical therapy

(p <0.05), but not care for
mental health, SUD, or specialty
pain medicine (p > 0.05),
compared with patients whose
cases were not discussed.
Patients with presented cases
also had greater likelihood of
initiation on antidepressants and
anticonvulsants (p < 0.05), but
not an opioid analgesic
(p>0.05)

SCAN-ECHO liver consults
were completed an average of
9.6 days sooner than in the liver
clinic (p value unreported);
average patient distance traveled
to the liver clinic was 250 miles
round-trip (p value unreported)

(continued on next page)
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Table 2. (continued)

Citation Health Patients in Evaluation design Main patient outcome Main patient outcomes
content area  evaluation measures reported
Gordon Dementia Unknown 2:1 matched cohort Percentage of patients receiving  Patients at participant facilities
et al., 2016%° study antipsychotic medications; were marginally less likely to be
percentage of patients physically — physically restrained than
restrained; nine other secondary  patients at nonparticipant
outcomes facilities (p =0.05), and less
likely to be prescribed
antipsychotic medication (p =
0.07). Patients at participant
facilities were less likely to
experience a urinary tract
infection
Katzman Chronic pain Unknown Prospective cohort Prescription rates of opioid Clinics participating in the
etal, 2018°"  management study with analgesics and co-prescribing of  intervention (ECHO Pain)
comparison group opioids and benzodiazepines showed greater declines in
opioid prescriptions than did
comparison facilities (—23%
versus —9%, p <0.001); days of
co-prescribed opioids and ben-
zodiazepines also declined more
(p<0.001)
Mohsen Hepatitis C 100 in exposure Retrospective cohort  Percentage of patients with Treatment was initiated among

et al., 2018%

group
100 in comparison

group

study with a
comparison group

Moore et al.,  Geriatric care ~ Exposure group: Prospective cohort
20179 213 at baseline, study with
148 at endline comparison group
Comparison group:
220 at baseline,
214 at endline
Ni Hepatitis C Unknown Participant semi-
Cheallaigh structured interviews
et al,, 2017%
Su et al., Chronic liver 513 in VA SCAN-  Retrospective cohort
2018% disease ECHO group; study with
62,237 in compari-  comparison group
son group
Watts et al., Diabetes 39 Pre-post study
2016% design without

comparison group

direct-acting antiviral therapy
initiated; percentage of patients
who complete their regimen;
percentage of patients with
sustained virologic response

30-day readmission rates; 30-
day total cost of care; average
length of stay at the skilled
nursing facility; 30-day mortali-
ty rate

Provider-reported benefits to
patients

All-cause mortality among
patients who received a SCAN-
ECHO visit, propensity score
matched to patients who re-
ceived no visits

Mean glycated HbAlc value
(glycemic control) at
intervention sites before and
after intervention; comparative
levels of HbAlc>9.0% at
intervention and comparison
sites at baseline and endline

78% of intervention patients
versus 81% of those in a TLC;
89% of intervention participants
completed treatment—of those,
87% had sustained virologic
response compared with 86%
and 96%, respectively, in the
TLC group. Statistical signifi-
cance not reported

Readmission was lower in the
intervention group (p = 0.04);
adjusted 30-day cost was lower
in intervention group
(p<0.001); average length of
stay at skilled nursing facility
was shorter in intervention
group (p <0.001); 30-day mor-
tality rate was not significantly
different between groups (p =
0.11)

Respondents reported that
patients attending their practice
benefited from ECHO training
Propensity-adjusted mortality
rates showed that a SCAN-
ECHO visit was associated with
a hazard ratio of 0.54 (p=
0.003) compared with no visit
Mean HbAlc improved from
10.2+1.4% to 84+1.8%
(p<0.001) over the average
follow-up period of five months,
not explained by system-wide
changes or improvements; com-
parative increase in HbAlc
scores at comparison sites
(p<0.05)

surveys, % 23725 27: 33. 34.41.44.50. 70 The median response rate
was low (under 50%); however, self-reports consistently
indexed positive ratings, at both the item-level and survey-
level. In several instances, satisfaction was framed in terms of
participation benefits, such as “Because of [EELM], I have
expanded my practice to include new skills.'®” In addition to
structured surveys, several authors conducted focus group
discussions'”* 2% 33 3* and semi-structured interviews>* **
4333 1o solicit feedback on aspects of EELM that worked well

or less well, often with a focus on acceptability of the technol-
ogy platform utilized. Here, responses were also generally
positive.

Provider Knowledge. In one study,*’ authors evaluated
provider knowledge by merely asking participants after
training to self-report whether they perceived their knowledge
to improve. More often, studies implemented a pre-post de-
sign, in which providers were asked to self-assess their
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Table 3 Summary of SOE Scores for Patient- and Provider-Related

Outcomes
Category GRADE Quality of
score evidence
Provider measures
Provider satisfaction (n=15) ++ Low
Provider knowledge (n = 18) ++ Low
Provider confidence (n=18) ++ Low
Provider behavior change (n=7) + Very low
Patient measures
Hepatitis C (n=4) ++ Low
Chronic liver disease (n=2) ++ Low
Chronic pain management/opioid ++ Low
use (n=4)
Gerontology, including mental + Very low
health and dementia (n=4)
Diabetes management (n=1) + Very low

knowledge at baseline and again at endline, with significant
changes observed.'” 3¢ 38 39 513256 71 1y 5 qybset of
assessments, knowledge surveys were constructed by the au-
thors and administered.'> 2*- 26 3% 4! 47 The authors found
significant improvements in objectively measured content
knowledge. By contrast, a cluster randomized controlled trial
on chronic pain education did not show knowledge gains
among ECHO participant clinics compared with non-
participant clinics.?

Provider Confidence. Change in confidence and self-efficacy
focused on whether providers reported greater confidence in
ability to diagnose and/or treat patients following EELM
participation. | 23+ 26 30: 32, 34, 41,48, 51 52, 56. 71 \fatrics along
these lines were reported in most studies, ranging from self-
reported changes following participation, to within-subjects
change from baseline to endline,*® to between-subjects com-
parisons in perceived competence,® including in one random-
ized controlled trial (RCT).?® In most instances, results were

Studies including provider-related outcomes

20 Pain
management
B Hepatitis C
15 @ Dementia
B Mental health
Palliative
10 care
B Transgender
health
B Other
5 I
s
0

positive and significant; a notable exception came from the
RCT on chronic pain management.*®

Provider Behavior Change. Several studies administered
surveys in which providers were asked to self-report
behavior change as a result of participating in case
presentations. For example, Komaromy and colleagues®”
found 77% of participants reported that case discussion
changed their patient care plan. Likewise, Catic and
colleagues®' observed that recommendations for treat-
ment were incorporated by case presenters 89% of the
time. Qaddoumi and colleagues*® reported that 91% of
case presenters followed recommendations. In other
studies, providers were merely asked via survey whether
EELM participation had or would alter care provision'®"

43, on such occasions, providers responded positively.

Patient-Related Outcomes

Fifteen of 52 identified studies (29%) discussed patient-related
outcomes, including changes in care processes and outcomes
of care. Few studies examined cost of care.

Hepatitis C. Four studies reviewed hepatitis C outcomes.
Arora and colleagues'® compared sustained virologic
response (SVR) between patients at training versus trainee
sites and found no difference (p >0.05), indicating trainees
(generalists) performed at a level comparable to trainers (spe-
cialists). Similarly, Mohsen and colleagues®® compared 100
patients of providers who participated in an EELM to 100
patients who received care in a tertiary liver clinic (TLC).
Initiation of direct-acting antiviral therapy was similar be-
tween groups (EELM, 78%; TLC, 81%), as was completion
of treatment (EELM, 89%; TLC, 86%) and—to a lesser

Studies including patient-related outcomes

20 Pain
management

Hepatitis C

Geriatric care

O
15 B Dementia
O

Diabetes
10 B Other

5
|
0 I 1
A DO QO NN M»» oA »
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Figure 2 Publications by topic, year, and outcome classification.
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extent—SVR (EELM, 87%; TLC, 96%). Statistical signifi-
cance was not reported.

Beste and colleagues'® identified providers trained via
EELM, and compared likelihood of patient treatment initiation
among EELM participants and non-participants. The authors
found treatment initiation was higher among trainees (hazard
ratio [HR], 1.20; p<0.01), but this effect was a result of
increased initiations among only those patients presented in
case discussions (HR, 3.30; p<0.01). Ni Cheallaigh and
colleagues™ conducted a series of semi-structured interviews
with EELM trainees. Interviewees reported that patients at-
tending their practice were beneficiaries of ECHO. For exam-
ple, one trainee remarked, “Now, access to specialist clinics
has improved. [The local specialist] has actually taken back
some people he discharged. He’s also seen a couple of new
people.*”

Chronic Liver Disease. We identified two studies on chronic
liver disease. The first, by Glass and colleagues,29 found that
EELM training allowed patients to access care an average of
9.6 days sooner and saved 250 miles of travel compared with
those seeking in-clinic specialty care. A second study, by Su
and colleagues,64 examined the effect of receiving a virtual
consultation through the VA’s SCAN-ECHO program. Be-
tween 2011 and 2015, 513 veterans with chronic liver disease
received a virtual consultation from a SCAN-ECHO provider,
while 62,237 did not. After propensity score matching on
characteristics predictive of receiving a visit, researchers found
hazard ratio of all-cause mortality among those receiving a
virtual consultation to be 0.54 (»p =0.003), compared with no
visit.

Chronic Pain Management and Opioid Addiction. Four
studies examined chronic pain management. Anderson and
colleagues'® compared providers at community health
centers who participated in EELM trainings with those who
did not. They found, among those who participated, the
percent of patients with an opioid prescription declined from
56.2 to 50.5% (p=0.02), with no decline observed in the
comparison group. Conversely, referrals for behavioral
health and physical therapy increased (p < 0.001). Two other
studies, by Katzman and colleagues®' and Frank and
colleagues,® examined prescription and referral rates,
respectively. Katzman and colleagues®' inspected opioid
prescription rates across 1382 clinics associated with the
Army and Navy, 99 of which participated in an EELM.
Compared with patients of providers who did not participate
in EELM (n=1,187,945), those with providers who did
participate (n=52,941) observed a much greater decline in
prescriptions: from 23 to 9% (p <0.001). Meanwhile, Frank
and colleagues inspected likelihood of referral among patients
presented as EELM cases versus those not presented as cases;
cases were more likely to be referred to physical therapy (HR,
1.10; p<0.05).>° A final study, by Carey and colleagues,’®

performed a spatial reach analysis, concluding that patient
travel distance to specialty pain care was associated with
only slightly lower odds of access to an EELM-trained pro-
vider (OR, 0.98; p=0.01), versus sizably lower odds of care
receipt at a specialty care clinic (OR, 0.78; p <0.001).

Geriatric Care. Three studies examined elderly care for those
with mental health conditions, including dementia; one
additional study examined transitional care. Catic and
colleagues®' studied the effect of adhering to expert
recommendations for residents with dementia, and found
that providers who followed EELM recommendations were
more likely to report “clinical improvement” among patients
(74% vs. 20%; p =0.03). Fisher and colleagues28 examined
the relative change in care utilization and costs among elderly
patients with mental health conditions, compared with elderly
patients without such conditions, before versus after providers
participated in EELM training. Among patients with mental
health conditions, there was a reduction in emergency
department costs: from $406 to $311 (p <0.05); this
reduction was not observed in the comparison group.
Gordon and colleagues®® examined quality of care metrics
among elderly patients at facilities with providers who were
EELM-trained versus not. They observed non-significant dif-
ferences on primary outcomes (restraint and antipsychotic
medication use), but they did find lower rates of urinary tract
infections (UTI) among patients seen at facilities with pro-
viders trained through EELM (OR for UTI, 0.77; p < 0.05).

Moore and colleagues®® examined transitional care among
elderly adults. Among patients with providers at a skilled
nursing facility who had participated in EELM training, the
authors found shorter lengths of inpatient stay (p=0.01),
lower 30-day hospital re-admission rates (p = 0.03), and lower
30-day care costs (p <0.001) compared with providers who
had not participated. This difference was significant even after
adjusting for baseline differences in case mix.

Diabetes Management. Watts and colleagues® reported
training two primary care physicians on diabetes
management through EELM. Providers reported
that—among patients with poorly controlled diabetes (i.e.,
all patients with HbAlc>9%)—mean HbAlc levels de-
creased from 10.2% before training sessions to 8.4% after
training (» <0.001) 5 months later, a clinically significant
difference.

Strength of Evidence

Provider-related outcomes have relied heavily on self-reports
for providers who (i) self-select to participate in EELM, (ii)
maintain participation in trainings over time, and (iii) complete
feedback surveys. The one RCT examining provider-related
outcomes concluded null results. Among studies that collected
data before versus after EELM trainings, most offered no
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control group, raising the question of what would have hap-
pened in the absence of training, or if EELM trainings were
substituted with a different set of learning tools.

Quality of patient-related outcomes varied widely. While
mental health and substance use disorders have been the most
frequently implemented EELM in the USA, we found no
literature describing the impact of EELMs on patient outcomes
associated with these conditions apart from among elderly
adults. For conditions like osteoporosis, for which there were
provider-related outcomes, we identified no articles assessing
patient-related outcomes. For hepatitis C, chronic pain man-
agement, dementia care, and diabetes, there was at least one
article published in which a counterfactual was incorporated.
Two studies, one by Anderson and colleagues'” and one by
Katzman and colleagues,®' employed quasi-experimental ap-
proaches. In a majority of instances, authors identified statis-
tically significant results in favor of EELM. With the excep-
tions of virologic suppression in the context of hepatitis C and
A1C levels in the context of diabetes, reported outcomes were
process measures rather than outcome measures.

DISCUSSION

We identified 52 studies between 2007 and 2018 that reported
provider- and/or patient-related outcomes from EELM of
medical tele-education. Based on our analysis, the empirical
evidence for EELM’s impact on patient and provider out-
comes is low.

Regarding provider-related outcomes, 43 articles have been
published in the past 11 years. Over three-quarters provide no
between-subjects comparison group, raising a question as to
what would be observed in the absence of intervention or
under an alternative intervention. While measures like provid-
er satisfaction and self-efficacy are inherently subjective and
susceptible to social desirability bias, such biases could be
addressed by the inclusion of an active control condition or a
third-party evaluator. In 14 instances, no baseline data were
recorded, meaning that change in outcomes due to the inter-
vention was unobservable. For measures like provider knowl-
edge, which can be more objectively measured through formal
testing, over half of studies relied on subjective self-reports.
The response rate was also as low as 7% of participants,
suggesting self-selection bias.>” The one recorded cluster
RCT, by Eaton and colleagues,26 did not find a benefit of
EELM in terms of provider knowledge or perceived
competence.

Arguably, the most important provider-related outcomes are
behavior changes. To this end, three studies examined the
effect of provider presentations on provider behavior. The
authors found that providers who presented cases altered care
77-91% of the time.*" ** *° Beste and colleagues'® also found
that presenting cases resulted in increased initiation of patient
care for hepatitis C. However, increased treatment initiation
was only observed among those cases presented during

trainings, and not among other patients treated by the same
provider. This raises a question of whether EELM are truly
building capacity to handle cases without assistance and con-
stitutes an important area for further investigation.

With respect to patient-related outcomes, we identified 15
EELM studies published over the past 11 years. Eleven of
these included a comparison group; however, none involved
an element of randomization. For all but two measures, out-
comes examined were process measures—for example, fre-
quency of prescriptions or number of referrals. While process
measures are likely associated with direct patient outcomes,
the inferences drawn from these are indirect. However, for
three conditions—hepatitis C, dementia care, and chronic pain
management—studies showed improvements in different pro-
cesses and outcomes of care, which suggests that EELM may
be beneficial in those conditions.

In terms of direct patient outcome measures, three studies
examined the rate of sustained virologic response among
individuals treated for hepatitis C. While two articles found
that SVR was similar among patients who sought care from
EELM trainees and experts'® ®>—an indication of project
success—another found that SVR did not differ between those
seeing providers who received EELM training versus did not
receive EELM training.'® In a separate study looking at the
effect of EELM on diabetes care,65 the authors found positive
results that training led to reductions in patient mean HbAlc
values within practitioner panels, a result not found in a
comparison group. While results here show promise, the study
was limited by sample size, with only 2 EELM providers and 2
control providers.

While existing evidence suggests the potential impact of
EELM in improving patient outcomes, our SOE assessment
underscores the need for more rigorous evaluation to substan-
tiate the model. One of the main findings is that the quality of
evidence for the effectiveness of EELM is generally rated as
“low” or “very low” based on the GRADE system. However,
it is important to note that this finding is by no means limited
to EELM; in fact, many models of service delivery are sup-
ported by limited evidence, for example, the widescale initia-
tive of Housing First, which provides rapid housing to im-
prove client housing security and health. While it is a widely
used model, only limited evidence exists for its impact on
long-term health outcomes, despite four randomized con-
trolled trials.”> Nevertheless, it is appropriate to continue to
strive for higher quality evidence.

A few study limitations should be noted. First, while
search criteria were meant to be broad, it is possible
articles were overlooked, particularly if they did not
contain key words in the Appendix Table online. Sec-
ond, we were unable to include works in progress,
though we identified several. Similarly, due to a limited
subset of studies that were not ECHO affiliated, we
were not equipped to make ECHO versus non-ECHO
EELM comparisons, though this may be an interesting
avenue to pursue as non-ECHO EELM proliferate.
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In summary, we identified 52 articles over the past 10 years
which outline provider- and patient-related outcomes from
EELM implementations. One of these comprised a random-
ized controlled trial with non-significant findings, while a
plurality were cross-sectional surveys with high risk of bias.
Given the capacity-building orientation of EELM, it would be
important for studies to include longer periods of follow-up to
assess maintenance, as well as to compare the costs and
outcomes of EELM to alternative forms of continuing medical
education that rely on technology. As noted, models like
EELM that are novel within the healthcare delivery landscape
are liable to incrementally establish an evidence base. In this
respect, our findings are not surprising. Rather, the assessment
is meant to provide an inventory of the existing literature,
which may establish a benchmark for EELM moving forward.
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