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Summary

We conducted a systematic review of the literature to evaluate the efficacy of telemedicine for making
diagnostic and management decisions in three classes of application: office/hospital-based, store-and-forward,
and home-based telemedicine. We searched the MEDLINE, EMBASE, CINAHL and HealthSTAR databases and
printed resources, and interviewed investigators in the field. We excluded studies where the service did not
historically require face-to-face encounters (e.g. radiology or pathology diagnosis). A total of 58 articles met
the inclusion criteria. The articles were summarized and graded for the quality and direction of the evidence.
There were very few high-quality studies. The strongest evidence for the efficacy of telemedicine for diagnostic
and management decisions came from the specialties of psychiatry and dermatology. There was also reasonable
evidence that general medical history and physical examinations performed via telemedicine had relatively
good sensitivity and specificity. Other specialties in which some evidence for efficacy existed were cardiology
and certain areas of ophthalmology. Despite the widespread use of telemedicine in most major medical
specialties, there is strong evidence in only a few of them that the diagnostic and management decisions

provided by telemedicine are comparable to face-to-face care.

Introduction

Telemedicine can be defined as the use of telecommu-
nication for diagnostic, monitoring and therapeutic
purposes when distance separates the participants!. It
has been advocated for improving the provision of
health-care to individuals in rural areas, in the home
and in other places where medical personnel are not
readily available. There are over 450 telemedicine
programmes worldwide, and over 360 in the United
States2. There are programmes in almost every medical
specialty, and the populations commonly served
include people who live in rural areas, who are elderly,
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who reside in remote military settings, or who are
veterans.

Despite this telemedicine activity, however, research
to assess its efficacy has not been performed in all the
clinical specialties in which it has been implemented?.
Previous systematic reviews of telemedicine have exam-
ined clinical outcomes®* ¢, patient satisfaction” and cost®.
However, there appears to have been no systematic
review of the efficacy of telemedicine for diagnostic or
management decisions.

The present study had its origins in a report commis-
sioned by the US Health Care Financing Agency (HCFA)
and the Agency for Healthcare Research and Quality
(AHRQ) to assess the efficacy of telemedicine in the
adult, non-pregnant population?. A subsequent
supplementary report extended the analysis to the
paediatric and obstetric population®. This paper
focuses on one aspect of those reports, namely the
efficacy of telemedicine for diagnostic and management
decisions.
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Since the usual goal of telemedicine is to provide
equivalent health-care via telecommunication to
locations where such care is not readily available, the
key question is whether it can provide at least equally
good diagnostic and management decisions to face-to-
face care. This would then qualify the technology for
evaluation at the next levels, of clinical outcomes and
cost-effectiveness.

Methods

We divided the studies into three general areas. The
first two relate to office/hospital-based telemedicine,
in which both patient and clinician are in a health-
care setting, such as a practitioner’s office or a hospital.
The two categories of office/hospital-based telemedicine
are interactive, where the interaction between the
parties occurs in realtime, and store-and-forward, where
clinical data are collected and transmitted for review
later. In the third general area, home-based telemedicine,
the patient is at his or her residence and there is direct
communication between the clinician and the patient
or carer. (In principle, there are two categories of home-
based telemedicine, but in practice there have been no
reports to date of store-and-forward home telemedicine.)

The criteria for inclusion in this systematic review
were:

(1) that the study was relevant to at least one of the
above areas of telemedicine;

(2) that the report compared data on the diagnostic
capability or management decision performance
for telemedicine with those for a control condition
(i.e. in-person care).

We excluded services:

(1) that would not normally require face-to-face
encounters between the clinician and patient (e.g.
radiology and pathology diagnosis);

(2) that used only telephone care, traditional
photography or email;

(3) that provided medical advice directly to the public.

Table 1 Classification of evidence for diagnostic studies

We developed a search strategy designed to find any
publications about telemedicine and used it to search
the MEDLINE, EMBASE, CINAHL and HealthSTAR
databases through to February 2001 (see Appendix). In
addition, we searched telemedicine reports and compi-
lations such as those from the Conseil d’Evaluation des
Technologies de 1a Sante du Quebec!?, the Telemedicine
Strategic Healthcare Group!! and the Association of
Telemedicine Service Providers’ database'?, and the
Telemedicine Sourcebook 1998'%. We also assessed three
systematic reviews (different in scope from this study)
from the International Network of Agencies for Health
Technology (INHATA)*, the Cochrane Database of
Systematic Reviews®, and the Catalan Agency for
Health Technology Assessment and Research’. We
identified additional articles from the reference lists of
included reports and articles, and contacted known
telemedicine experts to find more still. Finally, we
hand-searched all issues of the two peer-reviewed
telemedicine journals, Journal of Telemedicine and
Telecare and Telemedicine Journal (recently renamed
Telemedicine Journal and e-Health), through to the end of
2000.

Each abstract retrieved was read by two reviewers. If
they disagreed over whether the full article deserved
examination, a third reviewer made the final decision.
We then retrieved the full-text articles. When an article
met the criteria for inclusion, the summary statistics
(e.g. agreement with a gold standard or agreement with
other clinicians) were extracted. To evaluate the quality
of the studies, we adapted a scale used to assess the
quality of diagnostic test evaluations, previously devel-
oped by our evidence-based practice centre (Table 1).
We used a second scale to indicate the direction of the
evidence (Table 2).

Results

The literature search of the computerized databases
yielded 4628 possibly relevant references. An additional
81 studies were identified by hand-searching, review of
references of other reviews and other means. After
application of the inclusion criteria, there were 33

Study class  Characteristic

| Case series of consecutive patients from a relevant population of individuals who would use telemedicine. Use of an objective gold standard

with blinded interpretation of results. Inter-observer analysis

Il Case series of patients from a relevant population of individuals who would use telemedicine. Use of an objective gold standard

1] Case series not from a relevant population or not using appropriate methodology for diagnostic test evaluation
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Table 2 Direction of evidence for effect

Study class  Characteristic

A Strong positive effect

B Weak positive effect

C Conflicting evidence for effect

D Negative effect (i.e. evidence that the technology is inferior

or ineffective)

articles in interactive office/hospital-based telemedicine
(Table 3), 22 in store-and-forward office/hospital-based
telemedicine (Table 4) and four in home-based tele-
medicine (Table 5).

The overall methodological quality of most studies
was low. Only four studies of interactive office/hospital-
based telemedicine, two studies of store-and-forward
office/hospital-based telemedicine and two studies of
home-based telemedicine met the criteria for class I
studies. Typical problems included small sample sizes,
the use of the same clinician for telemedicine and in-
person interaction with the patient, and lack of
measurement of inter-observer agreement within
modalities. For this reason, as well as the general
heterogeneous nature of the studies, we did not attempt
to aggregate them (i.e. in a meta-analysis). Because there
were so few high-quality studies, we did not exclude
any from the analysis on the grounds of methodology,
as long as the study had a control group comparing the
accuracy or agreement of telemedicine with face-to-
face care.

Office/hospital-based telemedicine —
interactive

The most common specialties in interactive office/
hospital-based telemedicine were psychiatry (seven
studies), dermatology (seven studies), cardiology (five
studies) and emergency medicine (three studies).

Psychiatry

Four of the psychiatry studies assessed various forms of
psychometric testing, whereas the other three assessed
diagnosis by psychiatrists. Two of the studies assessing
diagnosis by psychiatrists were of high quality and
showed high kappa values (>0.70) for inter-observer
agreement for various psychiatric diagnoses!'>6; the
other study found 96% agreement among telemedicine
and in-person psychiatrists in diagnosis and manage-
ment plans in child psychiatry!’. All but one of the
psychometric test studies had very small sample sizes
(4-11 patients)!®-2°. The largest of them found that
neuropsychiatry tests administered in-person and via
telemedicine yielded very similar results?!.
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Dermatology

Seven teledermatology studies that assessed diagnostic
and/or management decisions used interactive video-
conferencing. In the study of the best methodological
quality??, diagnostic agreement (with an in-person gold
standard) for interactive teledermatology was signifi-
cantly lower than that achieved in an in-person
consultation. This was in contrast to the store-and-
forward study with the best methodology (see below)?,
which showed comparable agreement for telederma-
tology and in-person assessment (again, both rates of
agreement being with an in-person gold standard). The
remaining studies had serious methodological limita-
tions, such as using the same dermatologist for the
teledermatology and in-person consultation, assessing
the agreement for detecting malignancies with insuf-
ficient sample size to estimate the false-negative rate of
the teledermatology examination, and not employing
a gold standard (e.g. biopsy) to determine whether
cancer was present*-%.

Cardiology

Three of the cardiology studies focused on children and
two on adults. Studies in paediatric cardiology demon-
strated reasonable agreement for auscultation®®3! and
examination via a telemedicine link32. In an adult
cardiology study, an attending physician overcame
errors in interpretation of electrocardiograms and
improved management decisions by senior house
officers®. Another adult study found a high rate of
agreement between in-person and remote assessment
of dobutamine stress echocardiography tests, although
there was a very high rate of normal tests, which would
make it difficult to detect a difference’.

Emergency medicine

One study of emergency medicine assessed the value of
teleradiology consultation in assisting emergency room
(ER) clinicians®, and it showed that the teleconsultation
changed the ER diagnosis in 30% of cases and the initial
treatment plan in 26%. Another compared physical
examination findings by both an in-person ER physician
(gold standard) and a paediatric critical care specialist
via telemedicine; the sensitivity and specificity of the
telemedicine examinations in detecting abnormal
findings were 87.5% and 93.0%, respectively®. A final
study showed improvement in the sensitivity and
specificity of diagnoses made by nurse practitioners in
a minor accident and trauma service when aided by
telemedicine®’.
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Other clinical specialties

Eleven other studies assessed diagnostic accuracy in a
variety of clinical specialties. All of these studies either
lacked a definitive gold standard or did not assess inter-
observer agreement in addition to telemedicine versus
in-person agreement. Most had relatively small numbers
of patients and, especially, clinicians®®-8.

Office/hospital-based telemedicine — store-
and-forward

The two most common specialties in store-and-forward
office/hospital-based telemedicine were dermatology
(11 studies) and ophthalmology (five studies).

Dermatology

Two high-quality store-and-forward studies compared
diagnostic agreement between teleconsultation and
in-person consultation with agreement among different
in-person consultants. The first was carried out in a
university general dermatology clinic?. The informa-
tion transmitted consisted of a brief statement of the
patient history and appropriate images. The concordance
between store-and-forward and in-person consultation
(83%) was comparable to inter-dermatologist (81%)
and intra-dermatologist (84% —two months later)
rates. A second study that assessed intramodality as
well as intermodality agreement was performed in a
Department of Veterans Affairs clinic*. This study
compared diagnostic and management agreement
among patients seen by five examiners, two in the
clinic and three using digital images along with a
standardized history form. Agreement on the exact
diagnosis was 54% for the clinic dermatologists, 41-55%
between the clinic and teledermatologists, and 49-55%
among the teledermatologists. Higher concordance was
obtained when partial agreement over a differential
diagnosis was assessed. Most of the differences in
agreement and accuracy were not significant. Neither
of these high-quality studies made direct comparisons
with interactive teledermatology. Nonetheless, they
demonstrate that store-and-forward teledermatology
can be nearly as accurate for diagnosis as in-person
consultation. The other studies examined only inter-
modality agreement and showed a range of diagnostic
agreementS%-S8,

Ophthalmology

Two studies assessed the ability of telemedicine to
screen for diabetic retinopathy. One showed relatively
high sensitivity and specificity, of 85% and 90%,
respectively®®, while the other® showed that digital
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images were more difficult to interpret than photo-
graphs, with a kappa of <0.3. Two studies evaluated
the ability of telemedicine to screen for glaucoma and
found moderate rates of agreement®-®2. Another study
showed high diagnostic but less management decision
agreement in paediatric ophthalmology®.

Other clinical specialties

An outpatient study looked at telemedicine encoun-
ters performed on 20 patients from four specialties —
cardiology, dermatology, endocrinology and ortho-
paedics®. Fifteen of these patients also had a face-to-
face encounter. For those having both store-and-forward
and in-person examinations, there was complete agree-
ment on diagnoses, although each modality led to some
change in management. Studies in other specialties
showed varying rates of agreement**65-68,

Home-based telemedicine

Since diagnosis is not usually the focus of home-based
telemedicine, few studies have assessed its diagnostic
capabilities. However, home spirometry is a diagnostic
area that has been evaluated in more than one study. In
studies of home-based lung transplant and asthma
patients, it was found that home pulmonary function
results were comparable to those in the laboratory®®7°.
Another small, uncontrolled study of patients with
moderate to severe asthma found that home spirometry
measurements led to appropriate triage decisions in
only half the cases’ . A study of home monitoring of
vital signs showed relatively close rates of agreement in
measuring heart rate, respiratory rate, temperature and
blood pressure between a telemedicine system, a local
reference system and a home nurse’2.

Discussion

Despite the widespread use of telemedicine in most
major specialties, there is strong evidence in only a few
of them that the diagnosis and management decisions
provided by telemedicine are comparable to those made
face to face. Well designed studies indicate that the best
evidence for the diagnostic efficacy of telemedicine is in
the areas of psychiatry and dermatology. One anomalous
finding was that store-and-forward teledermatology
appears to have better diagnostic capability than inter-
active teledermatology. The most likely explanation is
that the best store-and-forward study used good-quality
static digital images?}, whereas the best interactive study
used video images of lower spatial resolution®’. Another
possibility is that store-and-forward telemedicine is more
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effective than interactive telemedicine, a non-intuitive
hypothesis that would need further investigation.

There is also reasonable evidence that history and
physical examinations performed via telemedicine yield
reasonably good sensitivity and specificity, especially in
general medicine and cardiology, but perhaps less so in
areas where patient abnormalities are visually finer, such
as rheumatology. In ophthalmology, telemedicine is
more effective in some areas (e.g. retinitis) than others
(e.g. screening for glaucoma or diabetic retinopathy).
There are many more clinical specialties, however, where
telemedicine is used, yet either poor studies or no studies
have assessed its efficacy.

Demonstrating diagnostic efficacy is not, of course,
the same as showing overall efficacy for telemedicine.
Telemedicine interventions must be shown to achieve
at least equivalent patient outcomes, ideally at similar
or reduced costs. A number of systematic reviews have
concluded that there have been few well designed trials
assessing clinical outcomes, and not all of those which
have been well designed have shown telemedicine to
be comparable to in-person care?®°. Little can be said
about the costs of telemedicine from reviewing cost
assessments in the peer-reviewed literature®®.

Further studies must therefore be done to demonstrate
the efficacy of telemedicine for diagnostic and manage-
ment decisions. In addition, care must be taken to avoid
the common pitfalls of diagnostic test research’74. Based
on the problems with studies assessed in this systematic
review, future studies must include larger numbers
of patients and clinicians. They should also measure
either diagnostic capability and management decisions
relative to an appropriate gold standard or measure
inter-observer agreement between and within tele-
medicine and in-person methodologies. The fact that
telemedicine is a new technique is not a reason for
failing to perform appropriate evaluation studies. New
methodologies such as ‘tracker trials’ could be used to
assess it systematically”s.

The growth of high-speed telecommunications
networks and their ability to transmit high-quality
images and other clinical information suggests a bright
future for telemedicine, especially as the infrastructure
is extended to individuals who have historically been
denied access to health-care because of their remote
location. As the cost of these services is likely to be
significant, it is imperative that decisions to use them
be based on appropriate evidence that they lead to
similar diagnostic and management decisions, as well
as patient outcomes.
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Appendix. Search strategy

The strategy outlined below was used for MEDLINE.
Comparable strategies were used for EMBASE, CINAHL
and HealthSTAR.

Initial search strategy

(1) exp telemedicine/
(2) telemedicine.mp.
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W Hersh et al. Telemedicine for clinical decision making

(3) telehealth.tw.
(4) remote consultation$.mp.
(85)1or2or3or4
(6) exp home care services/
(7) home nursing/
(8) 6 or7
(9) exp therapy, computer-assisted/
(10) exp computers/
(11) exp computer communication networks/
(12) exp medical informatics/
(13) exp telecommunications/
(14) exp monitoring, physiologic/
(15) monitor$.tw.
(16) blood glucose self-monitoring/
(17) self-examination/
(18) self exam$.tw.
(19) self monitor$.tw.
(20) self test$.tw.
(21) 14 or 150r 16 or 17 or 18 or 19 or 20
(22) tele$.tw.
(23) (remote or offsite or distance).tw. tw=abstract,
title
(24) rural population/
(25) rural health services/
(26) hospitals, rural/
(27) rural.tw.
(28) 22 or 23 or 24 or 25 or 26 or 27
(29) 21 and 28
(30) 9or 10 or 11 or 12 or 13 or 29
(31) 8 and 30
(32) 31 not 5
(33) limit 32 to english language
(34) 32 not 33
(35) limit 34 to abstracts
(36) 33 or 35

Supplementary search strategy
(to identify more home-based
telemedicine articles)

(1) exp computer communication networks
(2) patient participation
(3) exp consumer satisfaction
(4) delivery of health care
(5) exp home care services
(6) exp home nursing
(7) house calls/ or housecalls.mp
(8 2or3or4orSor6o0r7
(9) 1 and 8
(10) limit 9 to english language

209


http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-3024^282000^296L.219[aid=156230]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/1057-0829^281999^298L.297[aid=156271]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-3024^281999^295L.283[aid=2872026]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0161-6420^282000^29107L.25[aid=2360542]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0025-6196^281999^2974L.764[aid=1155615]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0709-8936^281998^2964L.806[aid=2872027]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0743-8346^281996^2916L.292[aid=2872028]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-3024^281998^294L.329[aid=2360550]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0741-5214^281998^2927L.1089[aid=549169]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0147-9563^281993^2922L.523[aid=2725329]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0012-3692^282000^29117L.148[aid=2032021]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-3024^281997^293L.127[aid=2448147]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0098-7484^281995^29274L.645[aid=1311771]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0098-7484^281999^29282L.1061[aid=2872029]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-8138^282000^29320L.43[aid=2872030]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-3024^281999^295L.283[aid=2872026]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0025-6196^281999^2974L.764[aid=1155615]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0709-8936^281998^2964L.806[aid=2872027]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0012-3692^282000^29117L.148[aid=2032021]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/1078-3024^281997^293L.127[aid=2448147]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0098-7484^281995^29274L.645[aid=1311771]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0098-7484^281999^29282L.1061[aid=2872029]
http://giorgio.catchword.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-8138^282000^29320L.43[aid=2872030]

