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This is part II of an intraobserver diagnostic cor-
relation study comparing teledermatology with
traditional face-to-face evaluation. Part I dis-
cussed the methodology and diagnostic correla-
t ion resul ts between teledermatology and
in-person consultation (Cutis®. 2003;71:399-403).
This second part reports the diagnostic certainty
level between the 2 groups, which are shown to
be significantly different (teledermatology, 7/10;
in-person, 9/10). This difference held true in every
category of skin condition evaluated ( P≤.0065).
Unlike other studies, we found that telederma-
tologists recommended biopsies 10% more fre-
quently than clinic-based evaluators. We discuss
the reasons for the lower diagnostic certainty
level of teledermatologists, as well as the limita-
tions of this study. Despite the limitations, we
conclude that teledermatology appears to be an
effective method of delivering dermatologic care
in the appropriate setting.

Cutis. 2003;71:476-480.

Background
Recent studies on store and forward (S&F) teleder-
matology have shown diagnostic agreement similar
to that of video teleconference teledermatology,
ranging from 54% to 92% depending on how diag-
nostic agreement is defined.1 Moreover, most studies
evaluated and compared biopsy rates between tele-
dermatologists and in-person dermatologists, reporting

no statistical differences. Furthermore, ample data
in the literature suggest there is a direct correlation
between diagnostic certainty level (diagnostic confi-
dence) and the level of diagnostic agreement (com-
plete, partial, disagreement). In this second part of
the article, we report the results of our research on
the biopsy rates, comparative diagnostic certainty
level, and limitations of this paper.

Results
For a complete discussion of the methodology, see
Part I of this article (Cutis. 2003;71:399-403).

Diagnostic Certainty Level—Overall, the diagnos-
tic certainty level was significantly lower with tele-
dermatology (7/10) than with in-person evaluation
(9/10)(P�.0001). As expected, the diagnostic cer-
tainty level was significantly higher with the com-
plete agreement group compared with the
noncomplete agreement group (partial agreement
plus disagreement)(Table 1). Interestingly, we found
that eczematous and papulosquamous categories had
the lowest teledermatology diagnostic certainty
level. The difference in diagnostic certainty level
between teledermatology and in-person consulta-
tion was statistically significant in every category of
skin condition evaluated (P≤.0001).

Biopsy Correlation—When recommendations for
biopsy from the teledermatology group were com-
pared with the number of patients who actually
underwent a biopsy, the teledermatology group had
a 10% higher overall biopsy recommendation rate
(160 [39.6%] vs 119 [29.5%])(Table 2). This 10%
actually represents 2 subgroups: (1) unnecessary
biopsies recommended by teledermatologists (false-
positive rate of 17% [69]), and (2) necessary biop-
sies not recommended by teledermatologists
(false-negative rate of 7% [28]).

When the results of the biopsies (histologic
diagnoses) were compared with the diagnoses of
the teledermatologists and in-person consultants,
the in-person consultants were correct more often 
(complete agreement 73% vs 18.9%). However,
the difference in the overall rate of agreement
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(complete plus partial) was less noticeable (78.4%
vs 59.5%) between the 2 groups. A comparison of
the differences in the number of biopsies recom-
mended was calculated using the McNemar paired
�2 test. The differences were statistically significant
(P�.001).

Of note, 2 of the categories with the highest
false-positive biopsy rates (tendency of telederma-
tologists to recommend unnecessary biopsies) were
eczematous and papulosquamous.

Comment
Part I of this article reported a 90.6% overall diag-
nostic correlation between teledermatology and in-
person consultations. Table 3 presents a review of the

literature and summarizes the most recent significant 
articles on teledermatology diagnostic correlation.1-14

We found that the diagnostic certainty level cor-
related well with the type of diagnostic agreement,
as did the study by Kvedar et al.13 Not surprisingly,
we found the diagnostic certainty level (1 being
absolutely uncertain and 10 being absolutely confi-
dent) to be generally lower in the teledermatology
group (7) compared with the in-person evaluation
(9). We hypothesize that lack of confidence in com-
puter technology, inability to obtain additional
patient history, inability to perform in-office tests,
and lack of training in teledermatology are some of
the major reasons for the lower confidence level
shown in teledermatology.

Table 1.

Diagnostic Certainty Level by Category of Skin Diseases (N�404)*

Category of Disease No. of Patients Teledermatology CL In-Person CL

Acneform eruption 28 7.7 9.6

Benign tumor 81 7.5 9.0

Infectious 31 7.5 9.2

Pigmented lesion 34 7.4 8.8

Premalignant/malignant 54 7.2 8.9

Other 27 7.1 9.0

Papulosquamous 105 6.8 9.0

Eczematous 44 5.7 9.0

*CL indicates certainty level (1�absolutely uncertain, 10�absolutely confident).

Table 2.

Correlation of Biopsies Between Teledermatology and In-Person 
Evaluations (N�404 patients)

In-Person Evaluators

Biopsy Performed, n (%) No Biopsy Performed, n (%)

Teledermatologist recommended 91 (22.5%) 69 (17.1%) 
a biopsy (n�160) false positive*

Teledermatologist did not recommend 28 (6.9%) 216 (53.5%)
a biopsy (n�244) false negative†

*False positive indicates unnecessary biopsies recommended by a teledermatologist.
†False negative indicates necessary biopsies not recommended by a teledermatologist.
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Table 3.

Pertinent Literature Review for Diagnostic Capability of Store and 
Forward Teledermatology*

Still Images
No. of Conclusion(s) (S&F) or 

Study Patients Results Drawn by Authors Live Video

Whited 126 Proportion of agreement among IP Digital image consultations resulted Still images 
et al1 (168 examiners for single diagnosis: .54; in reliable and accurate diagnostic (1280�

lesions) when differentials were included: 92; out-comes when compared with 1000)
digital image consultants had equally clinic-based consultations
reliable proportion of agreement

Phillips 51 59% absolute diagnostic Ability to detect skin tumors using TD Interactive 
et al2 (107 skin agreement (VTC vs IP) was not decreased; recommendations VTC

tumors) to do a biopsy were not significantly 
affected by telemedicine technology

Loane 351 67% diagnostic agreement and High proportion of dermatologic con- Interactive 
et al3 (427 64% management agreement ditions can be successfully managed by VTC

diagnoses) between VTC and IP real-time TD; diagnostic correlation by 
same dermatologist (72%) and different 
dermatologist (64%); management agree-
ment was 62 to 65 (64%); substantial 
proportion of differences in the TD trial 
reflects differences between derma-
tologists rather than problems with VTC

Oakley 104 75% correctly diagnosed IP; 82% VTC can be used with a reasonable Interactive 
et al4 (135 skin correlation when differential degree of accuracy for dermatologic VTC

conditions) diagnoses were included disease

Phillips 60 77.2% absolute There was a reasonable degree of agree- Interactive 
et al5 (79 diagnostic agreement ment between TDs and IP dermatologists; VTC

diagnoses) TDs had a lower degree of confidence 
in their diagnoses; race, sex, and type 
of skin lesion did not correlate with 
diagnostic agreement

Lesher 60 Complete, partial, disagreement TD is an effective means of diagnosing Interactive 
et al6 for TD: 78%, 21%, 1%; for cutaneous disease; higher probability of VTC

IP evaluator: 94%, 6%, 0% partial agreement with TD evaluation

Lowitt 139 80% diagnostic agreement Patient and physicians were satisfied, Interactive 
et al7 (260 skin and diagnostic agreement was high VTC

conditions)

Loane 205 64% same or similar Clinical management of dermatologic con- Interactive 
et al8 management plan ditions possible. 64% found to have appro- VTC

priate clinical management; 36% had either 
unable or inappropriate management

Oakley 100 Live operational system Operational pilot trial with acceptable Interactive 
et al9 resulted in 20% of patients results for expansion VTC

requiring IP appointment

Gilmour 126 Absolute agreement in 59% of Acceptable diagnostic agreement with Interactive 
et al10 (155 cases; missed a secondary TD with higher management agreement; VTC

diagnoses) diagnosis in 6%; unable to follow-up rates similar from both TD and 
make a diagnosis in 11%; IP evaluation; 50% of patients from TD 
wrong diagnosis in 4% managed without further intervention 

from specialist; high satisfaction rate
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Table 3. (continued)

Still Images
No. of Conclusion(s) (S&F) or 

Study Patients Results Drawn by Authors Live Video

Harrison 657 TD had diagnostic accuracy TD is feasible; this study used histologic Conventional 
et al11 better than GP (71% vs 49%); diagnosis as the gold standard photos

TD detected more malignancies 
than GP (94% vs 70%)

Zelickson 29 67% to 88% diagnostic and 70% Nursing home TD consults may replace Still image 
et al12 (30 skin to 90% treatment agreement some onsite consultations and appears telephone-2

conditions) (still digital images vs IP to be cost effective; overall 85% to cases (640�480)
2 days later) accurately diagnosed and treated; higher 

agreement when history and images were 
both available; no significant morbidity 
seen with TD

Kvedar 116 Agreement 75% when image Still images can substitute for the derma- Still images
et al13 quality and certainty were high; tologic physical examination in up to 

61% to 64% overall agreement 83% of cases; concluded that this study 
validates S&F concept of telemedicine 
as applied to dermatology

Whited 12 Agreement in 82% of cases Preliminary data; good agreement between Still images
et al14 (13 lesions) IP and digital examiners on differential 

diagnosis and biopsy recommendations

*S&F indicates store and forward; VTC, video teleconferencing; IP, in-person; TD, teledermatology and teledermatologist; 
and GP, general practitioner.

Teledermatology

Given the overall lower diagnostic certainty 
levels of teledermatologists, higher biopsy rates would
be expected in this group. Our study revealed this to
be true. Teledermatologists recommended biopsies
at an 8.1% higher rate than in-person evaluators.
Potentially serious dermatologic conditions, namely
cutaneous malignancies, were detected in all cases
but one. The significance of this one misdiagnosis
using teledermatology is uncertain because the true
number of cases in which face-to-face dermatolo-
gists missed a cutaneous malignancy is not known.
Most studies, however, have reported no differences
in the recommendations for biopsies between in-
person evaluators and teledermatologists. This
increase in the biopsy rate may be clinically signifi-
cant because it may represent an increase in mor-
bidity, which subsequently can increase the cost of
dermatologic care. However, it is more likely that
this increase in the biopsy rate is transient and 
will normalize as S&F teledermatology training
improves and becomes more familiar to dermatolo-
gists. Moreover, when compared with the potential

cost savings to the patient and the healthcare sys-
tem through effective triage, this small increase in
cost and morbidity is easily offset. Lastly, given the
small number of biopsy recommendations studied, it
would be premature to conclude that S&F teleder-
matology produces a higher morbidity.

Our study had a few limitations. One is that we
used the diagnosis rendered during an in-person
dermatologist consultation as the gold standard, as
did other studies found in the literature review. 
Use of a face-to-face consultation as a gold standard
has significant limitations; however, there appears to
be no other good alternatives. Other studies have 
utilized histologic diagnosis as a gold standard, but
cutaneous pathology also has its limitations—it 
only can be used as a gold standard in very specific
cutaneous neoplasms and dermatoses. Therefore, in
the absence of a true gold standard, utilization of
diagnostic correlation from teledermatology and 
in-person consultations represents a comparison of
teledermatology to the current standard of care
(face-to-face evaluations).
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Another limitation to our study is that, theoreti-
cally, it may be argued that teledermatology might
bias the diagnosis rendered during a subsequent face-
to-face consultation. However, because the physi-
cian in the face-to-face consultation can obtain
more patient history, perform unrestricted cutaneous
examinations and in-office laboratory tests, and
have a better level of comfort in his or her evalua-
tion, we believe this bias is not clinically significant.
Rather, we believe the dermatologist would disre-
gard any possible inconsistent history or physical
findings from the teledermatology consultation, and
base a diagnosis on the in-person findings.

It also may be argued that our use of multiple der-
matologists with varied experiences garnered over
the course of 1 to more than 20 years may make
interpretation of the diagnostic correlation some-
what difficult. Although the more experienced der-
matologists may be expected to perform better in the
teledermatology consultation and thus have a higher
correlation rate, our study showed no significantly
different correlation rates between dermatology res-
idents and board-certified dermatologists.

Lastly, there are certain limitations inherent to
S&F teledermatology. These include image quality—
a limitation that can be minimized by improving
technology and training—the skill of the photogra-
pher, limited patient history, lack of interaction
with the patient, the inability to palpate lesions,
and the inability to perform simple laboratory tests
such as a skin scraping (potassium hydroxide).
Despite these limitations, the results from our study
and others reported in the literature indicate that
the S&F teledermatology consult system seems to
be clinically effective in the appropriate setting.
Although an agreement discord existed in about
30% of cases, most represented no clinical signifi-
cance (no harm done to the patient). However, the
12.5% of cases that had a clinically significant
incorrect diagnosis in the teledermatology consulta-
tion when compared with in-person evaluation can-
not be ignored and should be regarded as a potential
risk when utilizing S&F teledermatology. But it is
not known if this 12.5% represents a true error rate
when compared with an in-person diagnosis. We
believe that this 12.5% may closely represent the
diagnostic uncertainty that exists within the daily
practice of traditional, clinic-based dermatology.
Furthermore, it should be stressed that among the
12.5% of cases, there was only one case in which a
teledermatologist failed to detect a cutaneous
malignancy (basal cell carcinoma).

Given its low morbidity and the high diagnostic
correlation of teledermatology to an in-person con-
sultation, we confirm previously published studies

indicating that teledermatology is an acceptable
method of providing quality, expert care in an expe-
dient and low-cost manner, especially to patients
who do not have ready access to a dermatologist.
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