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Abstract
Background: Studies comparing teledermatology with in-

person dermatologists report wide variations in diagnostic

agreement. Teledermatology studies should have two indepen-

dent in-person consultations establishing a baseline for com-

paring diagnoses made face-to-face and those made remotely.

Objective: To perform a meta-analysis of comparison studies

having two in-person dermatologists and at least one remote

dermatologist examining the same patients to determine the

overall preponderance of agreement.

Method: Studies having two in-person diagnosticians were

identified from previous teledermatology research reviews and

independent searches of PubMed and other databases. Data

from six studies identified were meta-analyzed.

Results: Some studies showed high levels of diagnostic con-

cordance, while others did not. Meta-analysis revealed that

concordance rates reported in the teledermatology and clinical

(in-person) consultations were significantly different (odds

ratio = 0.55 [Mantel–Haenszel, fixed effect model, 95% confi-

dence interval = 0.42–0.72], v2 = 11.87, p < 0.05, I2 = 58%).

Overall results showed that in-person primary diagnoses are

significantly more concordant than remote. The results also

suggest that diagnoses made in-person and teledermatology

were marginally but significantly different than remote.

Conclusion: Although the results of this study suggest tele-

dermatology diagnoses are less reliable than those in-person,

there are still valid reasons for using teledermatology to im-

prove access, reduce costs, and triage patients to determine

those warranting further in-person consultation and/or lab-

oratory tests. More caution should be exercised in tele-

dermatology when diagnoses involve risky skin conditions.

There is evidence that this happens in practice.
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Background

T
eledermatology consultations usually are either live

interactive, where dermatologists examine patients in

real time by videoconference or store-and-forward,

where photos and histories taken by a general prac-

titioner or other trained personnel are reviewed by a der-

matologist asynchronously. Most teledermatology studies

compare diagnoses between a single dermatologist in a clinic

and a remote one or, in some cases, a dermatologist making a

diagnosis in-person and then a rediagnosis after a time-lapse,

from pictures and histories taken during the initial examina-

tion. This meta-analysis includes data from studies using

both types of teledermatology interventions. The study aims

to meta-analyze data from well-conducted studies, where

patients were independently evaluated by at least two der-

matologists in-person.

Early telemedicine reviews identified a problem with studies

having single clinic and remote diagnosticians; namely, when

there is disagreement, it is not possible to determine who is

correct. The reliability problem is resolvable by having two or

more in-person dermatologists make independent diagnoses of

the same patient to establish a concordance baseline for com-

paring remote diagnoses.1,2 The reliability of diagnoses made

by telemedicine depends on their agreement with those made

in-person since remote diagnoses need only be as good as, not

better than those face-to-face.1,2 Teledermatology research

reviews report concordance between diagnoses made remotely

and those made in-person ranging from 46% to 99%.3–5

One 2009 teledermatology research review identified 12 re-

liability studies with multiple dermatologists,4 but 8 of these

studies had multiple remote dermatologists.6–13 Only four studies

cited in the review had two in-person dermatologists,14–17 in-

cluding a pilot study14 for a more extensive follow-up.15 The

reliability issue is compounded by variations in the definition

of the term ‘‘partial agreement.’’ While all study authors agreed

that complete agreement is an exact match of primary diag-

noses, there are varied definitions of a ‘‘partial’’ agreement.

Partial agreement has been defined as the primary diagnosis of

one examiner being in the differential of another,15 any shared

diagnoses in examiner differentials,16 or differentials match-

ing in all diagnoses, even if their order does not.18
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The pilot study cited in the 2009 review involved 12 pa-

tients referred for suspected skin cancer who were examined

by 2 dermatologists in clinic and 2 different dermatologists

reviewing patient digital images. The clinical diagnosticians’

agreement was 80% for primary and 90% for partial, while

their primary agreement with digital diagnosticians ranged

from 80% to 39% for primary and from 100% to 90% for

partial. The digital diagnosticians’ agreement with each other

was 46% for primary and 92% for partial.14 A more extensive

follow-up study had 129 patients who were seen by 2 different

dermatologists in-person and who had their digital images

reviewed by 3 different dermatologists. Kappa correlations

were calculated to determine agreement among clinical and

digital examiners, with the value 1 representing complete

agreement. The kappa values for clinical and digital primary

diagnoses were both 0.68, while those for partial were ‡0.60.15

A third study cited in the 2009 review had 892 patients who

were assigned to conventional clinical examinations or review

by store-and-forward teledermatology. Primary diagnostic

agreement was 55% for store-and-forward examiners and

79% for the two clinical consultants. The agreement levels

were statistically significantly different.17 A fourth study cited

had 60 patients with skin problems who were seen in-person

and remotely by videoconference. After half the patients were

seen, the two dermatologists switched being in-person and

remote examiners. An additional 36 patients were examined

independently in-person by both dermatologists as a control.

There was a 94% complete agreement for the control group

with a partial agreement for all of the remaining 6%. Complete

agreement between in-person and teledermatologists was

78%, with partial agreement for the remaining 21% and no

agreement for the remaining 1%.17

Two additional two in-person dermatologist studies have

been conducted since the 2009 review. The first had 174 pa-

tients who were examined by two dermatologists face-to-face

and two other dermatologists reviewing digital images and

clinical histories. Agreement between two in-person derma-

tologists for the primary diagnosis was 83.3% compared with

agreement of 81.0% for two dermatologists reviewing images

and histories. Agreement between in-person dermatologists

and dermatologists viewing images ranged from 78.2% to

83.9%.18 The second study compared examinations of 214

patients seen in-person by two dermatologists (an attending

and resident) making a consensus diagnosis with diagnoses

made of the same patients by other dermatologists using

uncompressed and compressed high-definition video and

store-and-forward methods. A subset of 134 patients also

were evaluated independently by the two in-person derma-

tologists to establish a baseline. In-person attending and

resident kappa values with the consensus were 0.91 for pri-

mary agreement and 1.0 for partial agreement. Comparable

kappa values were 0.76 for primary agreement and 0.87 for

partial agreement with the store-and-forward method, 0.76

for primary agreement and 0.89 for partial agreement with

uncompressed video, and 0.72 for primary agreement and

0.88 for partial agreement with compressed video.19

Methods
This study followed the PRISMA guidelines for meta-

analysis.20 Teledermatology research reviews through 2019

were analyzed to identify studies having two in-person con-

sultations. Since a 2009 review identified the most, it was used

as a starting point.4 Two of the authors independently sear-

ched PubMed registries from 2008 to 2019 looking for ap-

propriate search terms in either article titles or abstracts.

Search terms included were teledermatology, in-person der-

matology, remote dermatology, telehealth, e-health, concor-

dance, reliability, effectiveness, and digital. If titles suggested

they focused on accuracy, reliability, or agreement, the ab-

stracts from these studies’ abstracts were evaluated to

Table 1. Characteristics of Included Studies

STUDY YEAR
CASE TYPES
SELECTED

TELEDERMATOLOGY
ENCOUNTERS

IN-PERSON
ENCOUNTERS

NUMBER OF
TELEDERMATOLOGISTS

NUMBER
OF CLINICIANS

Browns et al.17 2006 Multiple 92 73 2 2

Lesher et al.16 1998 Multiple 68 47 2 2

Marchell et al.19 2017 Multiple 162 162 2 2

Ribas et al.18 2010 Multiple 174 174 2 2

Whited et al.14 1998 Cancer 46 10 2 2

Whited et al.15 1999 Multiple 168 168 3 2
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determine if these factors were assessed and if there were at

least two in-person consultations. If there was still ambiguity,

the entire article was reviewed. The independent searches by

two authors identified the exact same two studies for inclu-

sion, bringing the total studies for meta-analysis to 6. All six

studies identified from the reviews and the searches have been

described above and are listed with their key characteristics in

Table 1. One author independently searched other databases,

including some having articles in international languages,

and found no additional studies.

Given the varied definitions of partial agreement, the meta-

analysis focused on primary agreement only. Review Manager

(version 5.3) was used for data sorting and forest plot gener-

ation. Cochrane risk of bias tool was utilized to assess risks.

Unit of analysis was identified, and the corresponding authors

were contacted, if needed, in cases when data needed to be

clarified or data appeared to be missing. The Mantel–Haenszel

(M–H) method assuming a fixed effect model was used for the

meta-analysis due to the small number of the included studies.

No subgroup or sensitivity analyses were done.

Results
A forest plot was created based on study inclusion criteria for

reported diagnostic agreement events of both in-person and

remote dermatologists. The results of the meta-analysis revealed

that the concordance rates reported in the teledermatological

and clinical (in-person) consultations were significantly differ-

ent (odds ratio = 0.55 [M–H, fixed effect model, 95% confidence

interval = 0.42–0.72], v2 = 11.87, p < 0.05, I2 = 58%) (Fig. 1). The

I2 value of 58% indicates the presence of a moderate degree of

heterogeneity in the analysis.

Discussion
The need for having a two in-person agreement baseline for

comparing remote diagnoses goes back to some early tele-

medicine reviews.1,2 It was surprising that only six reliability

studies could be identified meeting this requirement over an

almost 20-year period. While several of these studies found

significant levels of diagnostic concordance between the tele-

dermatologists and in-person dermatologists, the meta-analysis

indicates that diagnostic concordance in teledermatology is

significantly, but marginally, lower than that for diagnoses

made in in-person and that studies having only a single tel-

edermatologist had larger concordance differences. Results

suggest that caution should be exercised when using tele-

dermatology. There is evidence that this is indeed the case.

One study included in the meta-analysis19 and an earlier cor-

relation study21 showed that more biopsies are ordered when

teledermatology is used, indicating precautions are taken. There

is always the option of still seeing patients in-person when there

is diagnostic uncertainty or patients are suspected of having

conditions of high risk.

Reliability is only one of the many indicators of tele-

medicine’s efficacy. Teledermatology can be used to improve

access and reduce costs and time to render care. It can be used

as a substitute for face-to-face examinations when patients

present with conditions having low risks and as a method to

triage patients for in-person consultations and biopsy when

riskier diagnoses are possible.22

One limitation of this meta-analysis is the small number of

studies on which it is based. Moreover, this study did not

examine diagnostic accuracy, usually defined as comparing

diagnoses to histopathology, because only a subset of patients

in the studies needed biopsies and this information usually

was not reported. Although not a limitation of this study,

other potential sources of bias include the discrepancies in the

quality of the images used for analysis, which is presumably

the same within a study but could vary between studies oc-

curring at different places and times using different technol-

ogies. Also, this meta-analysis showed a moderate level of

heterogeneity, which could be related to many factors, such as

the differences in demographics, differences in consultant

experience, variable skin tones and colors, and differences in

imaging methods.

Fig. 1. Forest plot of the included studies.
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Conclusions
The meta-analysis indicates that the agreement of remote

diagnoses is significantly, but marginally, lower than the

agreement between diagnoses made in-person. Although less

reliable than consultations made face-to-face, there are still

valid reasons for providing teledermatology services, not the

least of which are providing care more rapidly to those who

might not get it otherwise and as a way of screening patients

who might safely be provided care at a distance and those who

might need to be seen in-person or need additional tests.
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