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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 telecommunication for diagnostic, monitoring and therapeutic
purposes when distance separates the participants1. 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 implemented2.
Previous systematic reviews of telemedicine have examined clinical outcomes3 6, patient satisfaction7 and cost8.
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 commissioned 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 population2. A subsequent
supplementary report extended the analysis to the
paediatric and obstetric population9. This paper
focuses on one aspect of those reports, namely the
efficacy of telemedicine for diagnostic and management
decisions.
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Telemedicine for clinical decision making

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-toface 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 healthcare 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 homebased 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.

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 compilations such as those from the Conseil d Evaluation des
Technologies de la Sante· du Quebec10, the Telemedicine
Strategic Healthcare Group11 and the Association of
Telemedicine Service Providers database 12, and the
Telemedicine Sourcebook 199813. We also assessed three
systematic reviews (different in scope from this study)
from the International Network of Agencies for Health
Technology (INHATA)4, the Cochrane Database of
Systematic Reviews6, and the Catalan Agency for
Health Technology Assessment and Research5. 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 developed by our evidence-based practice centre (Table 1)14.
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

Table 1 Classification of evidence for diagnostic studies
Study class

Characteristic

I

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

II

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

III

Case series not from a relevant population or not using appropriate methodology for diagnostic test evaluation
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Dermatology

Table 2 Direction of evidence for effect
Study class

Characteristic

A
B
C
D

Strong positive effect
Weak positive effect
Conflicting evidence for effect
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 telemedicine (Table 5).
The overall methodological quality of most studies
was low. Only four studies of interactive office/hospitalbased 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 inperson 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-toface care.

Of ce/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).

Seven teledermatology studies that assessed diagnostic
and/or management decisions used interactive videoconferencing. In the study of the best methodological
quality22, diagnostic agreement (with an in-person gold
standard) for interactive teledermatology was significantly lower than that achieved in an in-person
consultation. This was in contrast to the store-andforward study with the best methodology (see below)23,
which showed comparable agreement for teledermatology and in-person assessment (again, both rates of
agreement being with an in-person gold standard). The
remaining studies had serious methodological limitations, such as using the same dermatologist for the
teledermatology and in-person consultation, assessing
the agreement for detecting malignancies with insufficient 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 present24 29.

Cardiology
Three of the cardiology studies focused on children and
two on adults. Studies in paediatric cardiology demonstrated reasonable agreement for auscultation30,31 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
officers33. 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 difference34.

Emergency medicine

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 (40.70) for inter-observer
agreement for various psychiatric diagnoses15,16 ; the
other study found 96% agreement among telemedicine
and in-person psychiatrists in diagnosis and management plans in child psychiatry17. All but one of the
psychometric test studies had very small sample sizes
(4 11 patients)18 20. The largest of them found that
neuropsychiatry tests administered in-person and via
telemedicine yielded very similar results21.
Journal of Telemedicine and Telecare
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One study of emergency medicine assessed the value of
teleradiology consultation in assisting emergency room
(ER) clinicians35, 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%, respectively36. 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 37 .

199

200
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III C

II C

Phillips28

Gilmour 26

III C

Oakley25

III B

Baur 38

II C

III C

Trippi34

Lesher 22

II B

Srikanthan 33

III C

II B

McConnell31

Loane24

I B

Belmont30

III C

II B

Casey32

Lowitt27

Quality
evidence
score

Study
(first author)

Dermatology

Dermatology

Dermatology

Dermatology

Dermatology

Dermatology

Dentistry

Cardiology

Cardiology

Cardiology

Cardiology

Cardiology

Clinical
specialty

126 patients

107 lesions in 51
patients

104 patients with 135
conditions

60 patients with 115
problems

351 patients with 427
diagnoses

139 patients with 318
diagnoses

13 patients

26 patients

112 patients

21 patients

116 patients

9 patients

Sample

Diagnostic agreement in interactive
video vs in-person examination for
skin tumours

Agreement on diagnostic and management plan in interactive video vs inperson examination for skin tumours

Diagnostic agreement in interactive
video vs in-person examination

Diagnostic agreement in interactive
video vs in-person examination

Diagnostic and management plan agreement in interactive video vs in-person
examination

Diagnostic agreement in interactive
video vs in-person examination

Agreement in interactive video and inperson orthognathic examination

Agreement in remote and in-person
diagnosis from dobutamine stress
echocardiograms in emergency room
for acute myocardial infarction

Fax of electrocardiogram to cardiologist
by resident to make diagnosis of myocardial infarction and to decide on use
of thrombolytics

Diagnostic agreement in in-person and
telemedicine evaluation of paediatric
heart murmurs

Diagnostic agreement between paediatric
cardiologists in acoustic, electronic
and tele-electronic stethoscopy

Agreement between examination
guided by paediatric cardiologist vs
in-person paediatric cardiologist

Intervention

diagnosis

57% agreement on diagnosis

59% agreement on diagnosis
(kappaˆ0.32)

75% of conditions correctly diagnosed

78% agreement between telemedicine
and local diagnosis vs 94% agreement
between local and local diagnosis

67% of diagnoses in agreement

For paired observations, agreement in
80%; for 11 patients with biopsies done,
interpretation confirmed biopsy in
seven, favoured video diagnosis in one
and revealed different diagnosis in three

Agreement on examination classifications
varied from 76.9% to 100%

Agreement in 96% of patients but 88%
of tests were normal

Electrocardiogram misinterpretation in
9% of cases

Agreement in 90% of cases

Kappa for agreement between acoustic
and electronic was 0.65, and between
acoustic and tele-electronic was 0.64

88% of diagnoses correct

Effects

Table 3 Studies of efficacy for diagnostic and management decisions in interactive office/hospital-based telemedicine

management

Not assessed

Continued

86% agreement on recommending
biopsy (kappaˆ0.47)

Not assessed

Not assessed

64% had same management plan

Not assessed

Not assessed

Not assessed

Consultant agreed with decision to use
thrombolytics in 87.5% of cases

Not assessed

Sensitivity and specificity of need for
follow-up consultation or echocardiology were 88% and 97%, respectively

Not assessed

Effects
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Lee35

Kofos36
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I B

II C

III B

III B

II B

II B

Marcus41

Nitzkin42

Pedersen 43

Sclafani44

Elford17

II B

Craig40

Hubble39

II B

III C

Phillips29

Tachakra37

Quality
evidence
score

Study
(first author)

Table 3 Continued

Psychiatry

Otolaryngology

Otolaryngology

Ophthalmology,
physical therapy

Ophthalmology

Neurology

Neurology

Emergency
medicine

Emergency
medicine

Emergency
medicine

Dermatology

Clinical
specialty

23 patients

45 patients

17 patients

58 patients with 1826
findings

34 eyes of 17 HIVpositive patients, 39
eyes of 20 patients
with diabetes mellitus

23 patients

9 patients

150 patients

15 patients

123 studies with 460
radiographs for 90
patients

79 diagnoses in 60
patients

Sample

Diagnostic and management plan
agreement as determined by an
independent psychiatrist

Agreement of otolaryngologists in remote
non-interactive video vs store-andforward examination

General practitioners were telementored
using otolaryngolical endoscopy
(phase 2)

Interactive video-ophthalmology and
physical therapy examination findings
by physicians and physical therapists

Interactive video diagnosis of eye disease
in HIV and diabetes mellitus

Agreement of junior physician
performing examination via
telemedicine with in-person
examination by consultant neurologist

Assessment of Parkinson s disease by
interactive videoconferencing vs inperson

Improvement in diagnosis via
telemedicine consultation

Agreement between in-person
emergency room physician (gold
standard) and paediatric critical care
specialist via telemedicine for physical
examination findings

Effect of realtime teleradiology on
diagnosis and treatment plans
in emergency room

Diagnostic agreement in interactive
video vs in-person examination

Intervention

diagnosis

Diagnostic agreement was 96%

Diagnostic agreement 85% for local vs
non-interactive examination and 64%
for local vs store-and-forward
examination

Agreement on diagnosis in all cases

Ophthalmology agreement was 85.9%
(kappaˆ0.65), physical therapy
agreement was 87.7% (kappaˆ0.61)

For HIV retinopathy, sensitivity was 83%
and specificity was 95%; for diabetes,
unable to classify 46% of glaucoma and
36% of retinopathy due to cataract, and
poor sensitivity (29 50%) for those
who could be assessed

Kappa varied across findings from 0.42
to 1.0

High correlation for subjective (0.97),
objective (0.91) and staging (0.88)
scores

Telemedicine improved sensitivity and
specificity of working diagnosis from
90% to 97% and 96% to 99%,
respectively

Sensitivity of abnormal findings was
87.5% and specificity was 93.0%

Changed initial diagnosis in 30% of
cases

77.2% agreement on diagnosis

Effects

management

Continued

Agreement with management plan was
96%

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Changed initial treatment plan in 26% of
cases

Not assessed

Effects
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II B

III C

Tachakra48

Hayes46

Urology

Trauma
management

Rheumatology

Pulmonary

Psychiatry

Psychiatry

Psychiatry

Psychiatry

Psychiatry

Psychiatry

Clinical
specialty

14 real and 18
simulated patients

200 patients

20 patients

40 patients

26 patients

30 patients

63 patients

4 patients

11 patients

9 patients

Sample

How often real and simulated
teleconsultations for urolithiasis
changed plan of care

Accuracy of telemedicine vs in-person
examination for minor injuries

Agreement between diagnosis by a
junior physician presenting over videophone and in-person diagnosis

History and physical examination via
interactive videoconferencing by
pulmonary specialists

Agreement in results of neuropsychiatry
tests administered in person and via
telemedicine

Agreement on psychiatric diagnoses;
half the patients had two in-person
interviews and half had one in-person
and one remote interview

Agreement of diagnosis with observer in
same room or over video-link

Agreement of BPRS diagnostic rating
scale given remotely and in person

Agreement of MMSE examination given
remotely and in person

Reliability of MMSE and CFT diagnostic
rating scales administered by interactive
video to elderly patients

Intervention

MMSE, Mini-Mental State Examination; CFT, Complex Figure Test; BPRS, Brief Psychiatric Rating Scale.

II D

I B

Ruskin 16

Graham47

I B

Baigent15

II B

II B

Ball19

Pacht45

II B

Ball18

II B

II B

Montani20

Kirkwood21

Quality
evidence
score

Study
(first author)

Table 3 Continued

diagnosis

Not assessed

Sensitivity for various findings was 94.1
97.5%; specificity was 81.3% to 98.5%

Only 40% of diagnoses made correctly
via video-phone little better than
35% rate using only the telephone

Kappa for agreement varied from 0.29
(history) to 0.66 (physical examination)

All test results within 95% confidence
interval of difference

Kappa was nearly identical for
in-person vs in-person and remote
interviews, varying from 0.70 to 1.0

Kappa was 0.85 when observer was in
the same room, 0.70 when over the
video-link

Pearson correlation coefficient was 0.82
between in-person and telemedicine
administration

Pearson correlation coefficient was 0.89
between in-person and telemedicine
examination

A small but significant decrease in scores
for remote patients

Effects

management

Telemedicine altered treatment
recommendations in 50% of real and
17% of simulated patients

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Effects
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I B

II B

III B

II B

II B

II B

Kvedar51

Harrison 54

Braun 55

High 56

Lewis57

I B

Krupinski23

Whited49

III C

Whited53

II C

Patterson 65

II B

II C

Houston 64

Zelickson50

Quality
evidence
score

Study (first
author)

Dermatology

Dermatology

Dermatology

Dermatology

Dermatology

Dermatology

Dermatology

Dermatology

Dermatology

Dentistry

Ambulatory care

Clinical
specialty

141 patients

106 lesions in 92
patients

55 lesions in 51 patients

210 patients

121 images from 116
patients

168 lesions in 129
patients

308 patients

13 lesions in 12 patients

30 conditions in 29
patients

27 patients

20 patients

Sample

Diagnostic agreement of dermatologists
assessing skin tumours in person and
via telemedicine

Diagnostic agreement of dermatologists
compared with in-person gold
standard

Diagnostic agreement of dermatologists
for pigmented skin lesions using
teledermoscopy based on histological
gold standard

Diagnostic agreement for dermatologists
vs general practitioners for skin tumours
based on histological gold standard

Diagnostic agreement in store-andforward vs in-person examination

Diagnostic and management plan agreement in store-and-forward vs in-person
examination

Diagnostic agreement in store-andforward vs in-person examination

Diagnostic agreement of store-andforward vs in-person examination for
skin tumours

Diagnostic and management plan agreement in store-and-forward vs in-person
examination

Diagnostic and management agreement
among dentists in oral screening

Comparison of diagnosis and treatment
plans in store-and-forward
telemedicine vs in person

Intervention

diagnosis

Sensitivity was 88% and specificity was
80%

Agreement of 82 98% for images of
adequate quality, 60 75% for images
of poor quality

Accuracy of diagnosis was 64% for
dermoscopy and 75% for
teledermoscopy

Diagnosis for all tumours and malignant
tumours was greater for teledermatology (71%, 94%) than for general
practitioners (49%, 70%)

61 64% agreement between remote
and in-person examiners

54% agreement among clinic examiners
vs 41 55% between clinic and teledermatology examiners and 49 55%
between teledermatology examiners

83% concordance between in-person
and teledermatology examination,
84% intra-dermatologist concordance,
81% inter-dermatologist concordance

74% correct diagnosis for in-person
examiner vs 58% for store-andforward examiner

67% correct diagnosis with history
alone, 85% with image alone and
88% with both

Kappa for agreement on decay was
0.50 0.58

Complete agreement on all diagnoses

Effects

Table 4 Studies of efficacy for diagnostic and management decisions in store-and-forward office/hospital-based telemedicine

management

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Continued

77% agreement among clinic examiners
vs 56 77% between clinic and teledermatology examiners and 64 83%
between teledermatology examiners

Not assessed

Not assessed

70% correct treatment plan with history
alone, 87% with image alone and
90% with both

Kappa for agreement on extraction and
filling was 0.93 1.0

93% of in-person consultations had
additional treatment recommendations; 79% of store-and-forward
consultations had additional treatment
recommendations

Effects
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Wirthlin 68

II B

III B

II B

Sclafani44

Furukawa67

III B

II B

Liesenfeld59

Schwartz63

II D

Yogesan60

II B

III B

Yamamoto66

Li62

II B

Taylor 52

II C

III B

Lyon58

Yogesan61

Quality
evidence
score

Study (first
author)

Table 4 Continued

Wound care

Otolaryngology

Otolaryngology

Ophthalmology

Ophthalmology

Ophthalmology

Ophthalmology

Ophthalmology

Neonatology

Dermatology

Dermatology

Clinical
specialty

38 wounds in 24
patients

29 patients

45 patients

19 eyes in 10 patients

26 eyes in 32 patients

51 eyes in 27 patients

129 patients

49 eyes in 25 patients

31 patients

190 patients

100 patients

Sample

Agreement in diagnosis and
management of photographed vs
directly observed wound healing

Agreement of remote and local
otolaryngologists in laryngoscopy

Agreement of otolaryngologists in remote
non-interactive video vs store-andforward examination

Diagnostic and management agreement
for patients who had retinopathy of
prematurity

Agreement of optometrists in diagnosing
glaucoma in digital vs 35 mm images

Diagnostic agreement among
ophthalmologists using portable
digital retinal camera for glaucoma

Agreement of digital photographs with
35 mm photograph gold standard for
patients screened for diabetic
retinopathy

Agreement of digital camera with
standard fundus camera gold standard
for patients screened for diabetic
retinopathy

Accuracy of chest radiograph interpretation between neonatologists using
telemedicine and general paediatrician,
and agreement of level of care
assignment between neonatologists
and general paediatrician

Agreement between in-person and
telemedicine dermatologists 13
months later

Agreement between in-person and
remote examination with trainee and
consultant viewing photographs

Intervention

diagnosis

For wound diagnosis items, sensitivity
was 0.86 and specificity was 0.72

Three otolaryngologists made all
identical diagnoses with still images
and text of history

Diagnostic agreement 85% for local vs
non-interactive examination and 64%
for local vs store-and-forward
examination

Agreement was 89 95% for diagnosis

Cup-to-disc ratio was in agreement for
80.8% of eyes

Sensitivity of portable camera was 0.68
0.79 and specificity was 0.67 0.87

Sensitivity was 85% and specificity was
90%

Kappa for agreement on images was
50.3

Neonatologists identified 91 98% of
findings vs 82% for general paediatrician; neonatologists assigned level
of care 73% of time with written chest
radiograph report and 67% of time
with image

Agreement was 77%

For 38 patients with rashes,
disagreement in 10%. For 62 patients
with tumours, 4% disagreement

Effects

management

For wound management, sensitivity was
0.87 and specificity was 0.78

Not assessed

Not assessed

Agreement on management plans in
42% of cases

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

31% of cases could have been managed
by consultation with general
practitioner

Not assessed

Effects
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Quality
evidence
score

II C

I A

II C

I A

Study (first
author)

de Lusignan72

Finkelstein69

Number 4

2002

Bruderman 71

Finkelstein70

Pulmonary

Pulmonary

Pulmonary

Home monitoring

Clinical
specialty

31 patients

39 patients

18 patients

20 patients

Sample

Comparison between supervised and
unsupervised home spirometry

Telespirometry to detect early signs of
asthma deterioration

Comparison between supervised and
unsupervised home spirometry

Accuracy of measurement of heart rate,
respiratory rate, temperature and blood
pressure vs standard portable unit

Intervention

Table 5 Studies of efficacy for diagnostic and management decisions in home-based telemedicine

diagnosis

No difference between supervised and
unsupervised testing

Not assessed

Differences averaged 53%

Within confidence interval for heart rate,
outside and lower for respiratory rate,
and outside and higher for temperature
and systolic and diastolic blood pressure

Effects

management

Not assessed

Spirometric data correlated with decision
for despatch of mobile intensive care
unit on 56% of occasions

Not assessed

Not assessed

Effects
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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 interobserver agreement in addition to telemedicine versus
in-person agreement. Most had relatively small numbers
of patients and, especially, clinicians38 48.

images were more difficult to interpret than photographs, with a kappa of 50.3. Two studies evaluated
the ability of telemedicine to screen for glaucoma and
found moderate rates of agreement61,62 . Another study
showed high diagnostic but less management decision
agreement in paediatric ophthalmology63.

Other clinical specialties
Of ce/hospital-based telemedicine
and-forward

store-

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 clinic23. The information 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 clinic49. 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 intermodality agreement and showed a range of diagnostic
agreement50 58.

An outpatient study looked at telemedicine encounters performed on 20 patients from four specialties
cardiology, dermatology, endocrinology and orthopaedics64. Fifteen of these patients also had a face-toface encounter. For those having both store-and-forward
and in-person examinations, there was complete agreement on diagnoses, although each modality led to some
change in management. Studies in other specialties
showed varying rates of agreement44,65 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 laboratory69,70 .
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 cases71. 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 nurse72.

Discussion

...............................................................................

Two studies assessed the ability of telemedicine to
screen for diabetic retinopathy. One showed relatively
high sensitivity and specificity, of 85% and 90%,
respectively 59, while the other60 showed that digital

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 interactive teledermatology. The most likely explanation is
that the best store-and-forward study used good-quality
static digital images23, whereas the best interactive study
used video images of lower spatial resolution22. 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 care2 6,9. Little can be said
about the costs of telemedicine from reviewing cost
assessments in the peer-reviewed literature2,9.
Further studies must therefore be done to demonstrate
the efficacy of telemedicine for diagnostic and management decisions. In addition, care must be taken to avoid
the common pitfalls of diagnostic test research73,74 . 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 telemedicine 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 systematically75.
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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(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
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telehealth.tw.
remote consultation$.mp.
1 or 2 or 3 or 4
exp home care services/
home nursing/
6 or 7
exp therapy, computer-assisted/
exp computers/
exp computer communication networks/
exp medical informatics/
exp telecommunications/
exp monitoring, physiologic/
monitor$.tw.
blood glucose self-monitoring/
self-examination/
self exam$.tw.
self monitor$.tw.
self test$.tw.
14 or 15 or 16 or 17 or 18 or 19 or 20
tele$.tw.
(remote or offsite or distance).tw. twˆabstract,
title
rural population/
rural health services/
hospitals, rural/
rural.tw.
22 or 23 or 24 or 25 or 26 or 27
21 and 28
9 or 10 or 11 or 12 or 13 or 29
8 and 30
31 not 5
limit 32 to english language
32 not 33
limit 34 to abstracts
33 or 35

Supplementary search strategy
(to identify more home-based
telemedicine articles)
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

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