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Abstract

Background: There is little teledermatology research directly
comparing remote methods, even less research with two in-
person dermatologist agreement providing a baseline for com-
paring remote methods, and no research using high definition
video as a live interactive method. Objective: To compare in-
person consultations with store-and-forward and live inter-
active methods, the latter having two levels of image quality.
Methods: A controlled study was conducted where patients
were examined in-person, by high definition video, and by
store-and-forward methods. The order patients experienced
methods and residents assigned methods rotated, although an
attending always saw patients in-person. The type of high def-
inition video employed, lower resolution compressed or higher
resolution uncompressed, was alternated between clinics.
Primary and differential diagnoses, biopsy recommendations,
and diagnostic and biopsy confidence ratings were recorded.
Results: Concordance and confidence were significantly better
for in-person versus remote methods and biopsy recommen-
dations were lower. Store-and-forward and higher resolu-
tion uncompressed video results were similar and better than
those for lower resolution compressed video. Limitations:
Dermatology residents took store-and-forward photos and
their quality was likely superior to those normally taken in
practice. There were variations in expertise between the at-
tending and second and third year residents. Conclusion: The
superiority of in-person consultations suggests the tendencies
to order more biopsies or still see patients in-person are often
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justified in teledermatology and that high resolution un-
compressed video can close the resolution gap between store-
and-forward and live interactive methods.

Keywords: technology, telecommunications, teledermatology,
telemedicine

Background
eledermatology can be live interactive, employing
videoconferencing technology for synchronous ex-
amination, or store-and-forward, with photographs
and histories sent to consulting dermatologists for
later asynchronous evaluation.'™® Store-and-forward images
can be more than eight times the resolution of live interactive,
but diagnoses are delayed and, if images and histories are poor
or incomplete, another store-and-forward or in-person con-
sultation may be required. Live interactive examinations are
immediate and allow image adjustments, but take longer and
constrain consultation time and location.” Diagnostic agree-
ment between examinations done remotely and in-person is
considered the most appropriate standard for judging tele-
medicine interventions, since parity with face-to-face as-
sessments, not superiority, needs to be proven."*”~°
Studies of remote agreement with face-to-face assessments
can be complete (with identical primary diagnoses) or partial
(with one of the specialists including the primary diagnosis of
the other in their differential).'® Partial agreement is always
higher than complete, since the agreement threshold is re-
laxed. Some studies also report aggregate agreement (a sum of
complete and partial).®
Teledermatology research of diagnostic concordance with
in-person examinations has been criticized because usu-
ally the diagnoses of one teledermatologist and one clini-
cal dermatologist are compared. Measuring agreement of
two in-person clinical examiners is needed to establish a valid
baseline.>®® Only two teledermatology research reviews spe-
cifically looked at concordance in teledermatology studies
having baseline inter-observational agreement for in-person
exams.”® The earliest review’ had only one store-and-forward
and one live interactive study,'®'" while a later review® iden-
tified 12 studies with multiple dermatologist evaluations.'®*
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In-person agreement is reported in only four,'*”'® however, one
of which'? appears to be a pilot for another.'® The other studies
had more than one teledermatologist.'* 2! Of the four studies,
measuring inter-observational agreement for in-person exams,
two showed significantly better agreement among in-person
clinicians than distant teledermatologists,'"'* especially for
primary diagnoses, and two did not.'®'®> A PubMed search for
teledermatology research done after the latest research reviews
published in 2011° identified only one additional study having
two in-person dermatologists.”* In-person primary diagnosis
agreement was 83.3% and agreement between in-person and
remote dermatologists ranged from 78.2% to 83.9%.

Teledermatology research reviews report highly variable
rates of agreement in different studies. The reviews differ on
agreement ranges depending on when they were conducted, the
studies they included and excluded, whether they separate
agreement for live interactive and store-and-forward inter-
ventions; whether complete, partial, or aggregate agreement is
reported; and the statistics used to quantify agreement. Sta-
tistics usually reported are raw percentages or kappa coeffi-
cients accounting for chance agreement and which method to
use depends on specific features of a study’s research design.
In addition, most reviews do not account for studies having a
two in-person consultation baseline and those that do not.

The two most recent reviews published in 2011, covering a
broad range of studies indicate complete diagnostic agree-
ment ranges of 48-949%"* or 46-88%° for store-and-forward
and 57-78% for live interactive studies reporting raw per-
centages.*® The way each review accounted for differential
agreement, by aggregate agreement for different types of le-
sion” or partial agreement in individual studies® makes the
reviews’ overall range comparisons for partial agreement
difficult. Moreover, review classifications of studies as either
store-and-forward or live interactive do not inform about the
specific type of technology employed or the resolution of the
images or video. This is understandable since the studies
themselves often omit these details.

Most research focuses on either store-and-forward or live
interactive interventions independently, with few direct com-
parisons.” Three studies compared the two modes.'*?*** In one
study,?® patients were not seen in-person, while another found
identical diagnoses with in-person for 64% of patients with
greater agreement for live interactive than store-and-forward
that was not statistically significant.”* A third study showed
combining methods significantly increases concordance with
in-person exams.'*

Although live interactive and store-and-forward methods
have been compared before'*?*?* the studies comparing re-
mote methods to in-person'*** used diagnoses of single in-
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person dermatologists. This study extends teledermatology
research by directly comparing concordance between in-
person, live interactive, and store-and-forward methods with
two in-person dermatologists establishing a diagnostic com-
parison baseline, while also addressing confidence and biopsy
decisions and effects of video quality in live interactive con-
sultations. With the exception of confidence,>* these vari-
ables have not been addressed in direct comparisons of
methods and the very high resolution video assessed in this
study has never been tested.

Materials and Methods

This study was a quasi-randomized control trial, in that
clinics were scheduled whenever the number of dermatology
referral patients volunteering for the study exceeded 10. Pa-
tients were referred from other clinics at the university where
the study was conducted and nearby collaborating clinics and
they were compensated for time and travel. The study’s 214
patients were evaluated 3 times in a single clinical session; in-
person, by either high definition uncompressed or compressed
video, and by store-and-forward methods. Uncompressed
video was 1920 by 1080 pixels transmitted at almost 1.5
gigabits per second, while compressed video was 1280 by 720
pixels transmitted at about two megabits per second. Each

Table 1. Most Common In-Person Consensus Diagnoses

and Frequencies—Total Cases =162

Benign nevus 76
Sebhorreic keratosis 23
Dermatofibroma 8
Dysplastic nevus 8
Lentigo 8
Acne 5
Actinic keratosis 5
Cyst 4
Lichen simplex chronicus 4
Eczematous dermatitis 3
Hand dermatitis 3
Hemangioma 3
Postinflammatory pigment Alteration 3
Psoriasis 3
Scabies 3
Skin Tag 3
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Table 2. Mean Proportion Agreement on Top 1, 2, and Partial
(In Differential) Diagnoses Between In-Person Consensus,

In-Person Attending, and In-Person Resident

IN-PERSON ATTENDING IN-PERSON RESIDENT

Diagnosis Top 1 | Top 2 | In differential | Top 1 | Top 2 | In differential
In-person 0.98 1.0 1.0 0.91 0.98 1.0
consensus

In-person NA NA NA 0.87% | 096 1.0
attending

All proportions were significantly greater than zero, Chi Square test.

*Top 1 versus top 2, p=0.0005, top 1 versus in differential p<0.0000001, top 2
versus in differential, p=0.06. McNemar test, exact method.

NA, Not Applicable.

videoconferencing system was installed in a clinic examina-
tion room and had pan, tilt, and zoom cameras that could
be remotely controlled from a teledermatology consultation
room outside the examination area.

Type of video alternated between clinics. Patients were taken
to the teleconferencing examination room, introduced to the
teledermatologist on screen, and were left alone for examina-
tion. Store-and-forward work ups followed a protocol having a
standardized form for history taking and required a minimum
of three 10 megapixel JPEG images (3648 x 2736 pixel 24 bit
color), each including a ruler and color wheel. The order pa-
tients experienced the three methods rotated between clinics
as did the dermatology residents assigned each method. An
attending, board-certified dermatologist, however, always saw
patients in person along with a resident assigned to that method.

The attending and in-person resident reached consensus on
the differential and primary diagnoses that were used to de-

termine remote exam concordance. To provide a better
baseline, the attending and in-person residents made separate
independent differentials and diagnoses before consensus for
a subset of 134 patients. These were compared to each other
and to the consensus to keep the standard for scoring all cases
consistent.

A form was used in each treatment where the primary di-
agnosis was listed first and alternative diagnoses were listed
in order of likelihood. The residents and attending also indi-
cated whether biopsy was needed and they rated their confi-
dence in primary diagnosis and biopsy decisions on the five-
point scale with one indicating very certain and five very
uncertain. The form also had a place for making comments.

Differences between dichotomous variables were tested
using either McNemar Exact tests for related cases or Fisher’s
Exact test. Differences in interval data were tested using
nonparametric tests, including the Friedman test for multi-
ple related groups, the Wilcoxon Signed Rank test for two
related groups, or the Mann-Whitney test of independent
groups. Kappa coefficients were calculated for biopsy agree-
ment. All tests were done with the statistical package SPSS
and had a two-tailed significance threshold of 0.05. The study
was approved by the Institutional Review Boards of the
Medical University of South Carolina and the National In-
stitutes of Health.

Results

Top diagnoses are listed in Table 1, which constitute over
75% of the cases. Concordance between the in-person resi-
dents’ and the attending’s primary, secondary, and entire
differential diagnoses and concomitant consensus diagnoses
for the 134 patient subsample are shown in Table 2. The at-
tending and in-person residents had high agreement, both

Table 3. Mean Proportion Agreement with Consensus Diagnosis for Top 1, 2, and Partial (In Differential)
Diagnoses of Residents by Diagnostic Method

DIAGNOSTIC METHOD

IN-PERSON
Agreement category Top 1 [ Top 2 | In differential | Top 1 | Top 2 | In differential | Top 1 | Top 2 | In differential | Top 1 [ Top 2 | In differential
Proportion 091° | 098" 1.0° 0.76 0.85 0.87 0.76 0.83 0.89 0.72 0.87 0.88
N 134 134 134 213 213 213 101 101 101 112 112 112
Std. Dev. 0.29 0.15 0 0.43 0.36 0.33 0.43 0.38 0.31 0.45 0.34 0.32

*Significantly higher than overall store-and-forward (p=0.002), compressed video ( p=0.003) or uncompressed video (p=0.03), McNemar test.
®Significantly higher than overall store-and-forward (p=0.004), compressed video (p=0.02) and uncompressed video (p=.03), McNemar test.
“Significantly higher than overall store-and-forward (p=0.001), compressed video (p=0.004) and uncompressed video (p=0.03), McNemar tests.
Differences between the remote methods were not significant (p<0.05), Freidman test.
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Table 4. Mean Proportion of Cases with Biopsy Recommendations by Diagnostic Method

DIAGNOSTIC METHOD
IN-PERSON

IN-PERSON | IN-PERSON | STORE-AND- COMPRESSED | COMPRESSED
CONSENSUS | ATTENDING | RESIDENT FORWARD VIDEO VIDEO

store-and-forward (p=0.001),
while the Kappa coefficient
between compressed video and
the consensus was low and not
significant (p=0.23).

Proportion 0.04* 0.02 001 0.11 0.08 0.12 Confidence ratings are pre-
N 207 129 128 209 19 08 s'ent?d in Table 5. There w?s

significantly less confidence in
Standard 0.19 0.15 0.08 031 0.28 033 . . . . .
deviation diagnosis, differential diag-

noses, and biopsy decisions for
Total 8 3 2 23 9 12 .
bionsi remote methods than for in-
iopsies

*Significantly lower than store-and-forward overall (p=0.001) and significantly lower than compressed video (p=0.04),

McNemar tests.

with each other and the consensus, with the attending’s
agreement with the consensus higher. The mean proportions
of agreement with the in-person consensus for the in-person
attending, in-person residents, store-and-forward residents,
and the uncompressed and compressed video residents are
shown in Table 3. The mean agreements for the remote
methods were significantly (p<0.05) lower than the in-
person method and similar to each other.

The number and mean proportion of cases with biopsy
recommendation stratified by diagnostic method appear in
Table 4. There were few suspected cancers and only eight
in-person consensus biopsy recommendations. The in-person
proportion of biopsy recommendations was significantly
lower than for store-and-forward (p=0.001) and uncom-
pressed video (p=0.04). The Kappa coefficient (0.43) of
agreement between uncompressed video and the in-person
consensus for biopsy recommendation was significantly greater
than zero (p=0.001) as was the Kappa coefficient (0.35) for

Table 5. Mean Confidence Rating for Diagnoses and Biopsy Recommendations
by Diagnostic Method

DIAGNOSTIC METHOD

TYPE OF
DIAGNOSTIC
ASSESSMENT

IN PERSON
CONSENSUS®

STORE-AND-
FORWARD IMAGE

UNCOMPRESSED
VIDEQ®

person (p<0.001) and there
were no significant differ-
ences in confidence between
store-and-forward and un-
compressed live interactive methods. Mean confidence in
diagnosis, differential, and biopsy recommendation was
significantly lower (p <0.001) for compressed video versus
the uncompressed video and store-and-forward methods.

Discussion

High levels of diagnostic agreement, diagnostic confidence,
and decisions to biopsy for in-person exams significantly
contrasted with those for remote methods. The in-person res-
idents’ independent primary and secondary diagnoses agreed
with the attending’s in 87% and 96% of the cases and matched
the top primary and secondary consensus diagnoses in 91%
and 98% of the cases. When the entire differential is consid-
ered, there was partial agreement with the attending’s diag-
nosis and consensus diagnosis 100% of the time (Table 2).

On average, primary diagnoses using remote methods
matched the in-person consensus diagnosis about 75% of
the time. Agreement for remote methods improved when
secondary diagnoses were consid-
ered and improved even more if the
consensus diagnosis appeared
anywhere in differentials (Table 3).

Store-and-forward and both vi-
deo methods had similar agreement
and decisions to biopsy, but store-
and-forward and uncompressed

COMPRESSED
VIDEO

confidence levels were signifi-

Diagnosis (n=201) 1.42 (0.66) n=201 1.74 (1.05) n=201 1.72 (0.99) n=95 2.51 (1.23) n=106
Differential (n=201) 1.39 (0.64) n=201 1.68 (0.97) n=201 1.72 (1.00) n=95 231 (1.17) n=106
Biopsy (n=199) 1.19 (0.50) n=199 1.51 (0.78) n=199 1.57 (0.93) n=93 2.16 (1.18) n=106

cantly higher than those for com-

Lower values indicate greater confidence and standard deviations are in parentheses.
Al mean ratings for in-person were significantly (p<0.001) lower than any remote method, Wilcoxon Signed Rank

test.

®The mean ratings for uncompressed video were significantly (p<0.001) lower than for compressed video for each

assessment type, Mann-Whitney test.
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pressed video. The finding that
these variables were significantly
different between in-person and all
remote exams conforms to two
other previous studies having two
in-person agreement baselines.''?
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The uniformly lower confidence for compressed video conflicts
somewhat with the results of some earlier live interactive
studies, many likely conducted with standard definition video
at transmission rates well below those for compressed video in
this study.

The confidence ratings for uncompressed video and store-
and-forward methods in this study were similar and higher than
those for compressed video. This parity indicates uncompressed
video can close the resolution gap between live interactive and
store-and-forward methods, preserving the benefit of immedi-
ately collecting additional information. One limitation of this
study is the store-and-forward photographs were very high
resolution, following a strict protocol, and were taken by highly
knowledgeable dermatology residents, which may have inflated
the method’s concordance and confidence levels.

Another limitation is varied expertise of the attending and
the residents and the attending always evaluating patients in
person. The residents, however, were all second and third year,
the cases patients presented were very typical, and there was
still very high agreement between the residents and attending
in the in-person method. Since residents rotated between
methods, any variance in expertise would have likely been
distributed equally among methods. If attending dermatolo-
gists were used across all methods, the agreement levels for all
methods might be higher, but whether they would be so much
higher for remote methods as to produce different results is
uncertain since in-person agreement might increase as well.
Finally, the decision to biopsy results are significant but in-
conclusive given the small number of cases.

Conclusion

Diagnoses, decisions to biopsy, and diagnostic confidence
for teledermatology consultations differ from those done in-
person. Of the remote methods tested, uncompressed live in-
teractive and store-and-forward methods had similar results
and, although significantly worse than in-person, were sig-
nificantly better than compressed video. Compressed video
performed poorly on most measures and is not recommended
unless used in conjunction with high resolution photography
as other studies suggest.'*** Uncompressed video is not a
turnkey technology and adopting it versus store-and-forward
depends on network infrastructure and technical support and
whether protocols and training are sufficient to ensure high
quality still image capture.

This study, like most, found some level of agreement for re-
mote methods (higher than chance) and, like others, offers ev-
idence of teledermatology’s reliability, since teledermatology
may be the only option for many patients> and always less risky
than no assessment. When malignancies and other conditions

having considerable consequences are suspect, however, addi-
tional measures are needed.?® The higher propensity to biopsy
and overall lower confidence for remote methods found in
this study not only reinforce earlier research suggesting biopsy
an indicator of uncertainty,””*® but also suggests these biopsies
are probably clinically justified as a precaution.
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