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Inpatient teledermatology: Diagnostic
and therapeutic concordance among a

hospitalist, dermatologist, and
teledermatologist using store-and-

forward teledermatology
Jesse J. Keller, MD,a Jacob P. Johnson, MA,a and Emile Latour, MSb

Portland, Oregon
Background: Inpatient dermatology has been shown to improve patient outcomes at a reduced cost. Few
hospitals have dermatologists available. Teledermatology may allow dermatologists to assess hospitalized
patients remotely.
Objective: To examine the diagnostic concordance between a hospitalist, dermatologist, and tele-
dermatologist using store-and-forward teledermatology.
Methods: For 100 consecutive patients requiring inpatient dermatology consultation, a survey was
conducted by all 3 raters to convey diagnostic impressions and therapeutic recommendations. Complete
and partial agreements were assessed using the Cohen kappa statistic.
Results: Inpatient dermatology consultation often resulted in a change in diagnosis (50.9%) and a change
in systemic therapy (41.5%). Likewise, virtual teledermatology consultation would have resulted in a
change in diagnosis (54.7%) and a change in systemic therapy (47.2%) at similar rates. Comparing the
dermatologist and teledermatologists, diagnostic complete and partial agreement were 52.8% and 84.9%,
respectively. Systemic therapy agreement was 77.4%. Teledermatologists recommended biopsy more often
(68.5% vs 43.5%).
Limitations: Small sample size, tertiary academic medical center, single rater for inpatient teledermatology
with specific inpatient niche.
Conclusion: Teledermatologists performed comparably to an in-person dermatologist for the diagnosis
and management of hospitalized patients with skin conditions. Teledermatology may be a suitable
alternative for delivery of inpatient care if no dermatologist is available. ( J Am Acad Dermatol
2020;82:1262-7.)
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P
rior studies have shown that teledermatology
can improve access, improve patient satisfac-
tion, and provide a cost-effective model of

care.1-4 The use of teledermatology in the inpatient
setting is still being explored. The potential for
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teledermatology to connect inpatient consultations
with offsite dermatologists suggests that this tech-
nology could improve outcomes and reduce costs for
inpatients. Inpatient dermatology consults are asso-
ciated with shorter duration of antibiotic therapy and
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hospital stay for cellulitis and with reduced readmis-
sion rates for patients with inflammatory skin dis-
eases.5-8 Li et al6 found that early consultation with a
dermatologist for cases of presumed cellulitis could
result in nationwide cost savings of $210 million
annually. Studies that compare triage decisions be-
tween in-person dermatologists and teledermatolo-
CAPSULE SUMMARY

d We show that consultative dermatology
often changes management in the
inpatient setting.

d Our findings suggest that virtual care of
inpatients may be suitable and that
further research should be directed to
assessing measurable patient outcomes
when providing inpatient consultation
using store-and-forward
teledermatology.
gists show that concordance
rates can be high ([90%),
suggesting that teledermatol-
ogy could effectively substi-
tute for an in-person
consult.9-11 In this study, our
primary aim was to assess
agreement in diagnosis and
treatment recommendations
among the hospitalist, an
inpatient dermatologist, and
teledermatologists using
store-and-forward teleder-
matology. A secondary aim
was to assess propensity for
the inpatient dermatologist

and teledermatologists to recommend biopsy. We
hypothesized that concordance between dermatol-
ogists and teledermatologists would exceed 75%. We
hypothesized that concordance between either type
of dermatologist and hospitalists would be near 50%.
We hypothesized that teledermatologists would
recommend biopsy more often than dermatologists.

METHODS
Setting

The study was conducted at a single tertiary
academic medical center. Consecutive dermatology
consultations from inpatient and emergency room
settings were included until a predetermined goal of
100 patients was achieved. These consultations took
place over a 9-month period from November 2017 to
August 2018.

Raters
For each subject, a survey was completed by 3

raters. This included the primary team or hospitalist,
the inpatient dermatologist, and a teledermatolo-
gist. The primary team consisted of providers
representing internal medicine, emergency,
hematology-oncology, or surgery specialties.
Inpatient consultations were primarily seen by a
single board-certified dermatologist specializing in
hospital dermatology. A teledermatologist was as-
signed to each case from a pool of 7 available adult
medical dermatology faculty from the same depart-
ment with experience ranging from less than 5 to
more 30 years, using a random number generator.
Clinical photography
Primary teams were encouraged to obtain their

own photos using a smartphone or iPad (Apple,
Cupertino, CA) with the Haiku application (Epic,
Verona, WI), which automatically adds the photo to
the patient’s electronic medical chart. If photos were
not yet available, the inpatient dermatologist or a
dermatology resident up-
loaded photos into the med-
ical record in the same
manner.

Survey
A standard survey was

given to all raters
(Supplemental Material;
available via Mendeley
at https://doi.org/10.17632/
v8vyxtmdyw.1). The survey
was administered to the pri-
mary team over the phone by
a dermatology resident, it
was completed by the inpa-
tient dermatologist after patient assessment, and it
was completed by the teledermatologist after review
of the patient’s chart notes, tests, and photographs.
The teledermatologist was asked to blind himself/
herself from all notes and test results on or after the
day of dermatology consultation. Whenever
possible, this was done under supervision to ensure
blinding.

Data analysis
Before analysis, free-text differential diagnoses

were grouped into as few distinct diagnostic cate-
gories as possible (Fig 1), accounting for differences
in semantics and terminology.

Statistical methods
Diagnostic agreement between each pair of raters

was assessed by using complete and partial agree-
ment. Complete agreement was evaluated by using
the single most likely diagnosis for each rater.
Complete agreement was assessed using proportion
of agreement between each pair of raters and the
Cohen kappa statistic. Partial agreement included
the differential diagnoses in addition to the most
likely diagnoses. Raters were in partial agreement if
any diagnoses by the raters matched. Partial agree-
ment is reported as a simple proportion of agreement
only.

Teledermatologist and inpatient dermatologist
recommendations for biopsy were assessed.
Proportion of agreement and the Cohen kappa
were calculated.

https://doi.org/10.17632/v8vyxtmdyw.1
https://doi.org/10.17632/v8vyxtmdyw.1


Fig 1. Frequency counts of diagnoses by 3 raters on 53 patients. Top diagnosis (left) shows the
number of patients with the most likely diagnosis by the dermatologist, hospitalist, and
teledermatologist. Top and differential diagnosis (right) shows the number of times each
diagnosis was selected by each rater when counting all of their differential diagnoses.
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Raters were allowed to select more than 1
treatment, as shown in Fig 2. Agreement between
raters is defined as exact agreement on all treatments
recommended. Topical and systemic treatments
were considered separately. Proportion of agree-
ment and Cohen kappa were calculated.

Proportions of agreement and kappa statistics are
reported with 95% confidence intervals (CIs); Results
for kappa can be interpreted using the metric pro-
vided by Landis and Koch.12
RESULTS
Diagnosis

A total of 100 patients were included in the
analysis. Complete data were available for 53 pa-
tients. Hospitalists declined to complete the survey in
47 cases, and the most commonly cited reason was
lack of time.

Complete agreement between the dermatologist
and teledermatologist was 52.8% (ĸ = 0.49), and
partial agreement was 84.9%. Complete agreement



Table I. Complete and partial agreement between each pair of raters for 53 patients

Complete agreement
Partial

agreement

Rater pair % (95% CI) k (95% CI) % (95% CI)

Teledermatologist Dermatologist 52.8 (39.7-65.6) 0.49 (0.35-0.63) 84.9 (72.9-92.1)
Teledermatologist Hospitalist 45.3 (32.7-58.5) 0.40 (0.27-0.54) 75.5 (62.4-85.1)
Dermatologist Hospitalist 49.1 (36.1-62.1) 0.45 (0.31-0.59) 81.1 (68.6-89.4)

CI, Confidence interval.

Fig 2. Frequency counts of treatment recommendation by 3 raters on 53 patients. Patients may
have been prescribed more than 1 treatment.
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between the dermatologist and hospitalist was 49.1%
(ĸ = 0.45), and partial agreement was 81.1%.
Complete agreement between the teledermatologist
and hospitalist was 45.3% (ĸ = 0.40), and partial
agreement was 75.5%. (Table I).
Treatment
For systemic treatment, agreement between the

dermatologist and teledermatologist was 77.4%
(ĸ = 0.47). Agreement between the dermatologist
and hospitalist was 58.5% (ĸ = 0.32). Agreement
between the teledermatologist and hospitalist was
52.8% (ĸ = 0.19) (Table II).

For topical treatment, agreement between the
dermatologist and teledermatologist was 69.8%
(ĸ = 0.38). Agreement between the dermatologist
and hospitalist was 60.4% (ĸ = 0.29). Agreement
between the teledermatologist and hospitalist was
52.8% (ĸ = 0.12) (Table II).
BIOPSY
The teledermatologist recommended biopsy

more frequently than the dermatologist (65.5% vs
56.5%) (Fig 3). The 2 raters agreed in their biopsy
recommendation for 66.0% (95% CI, 56.3-75.7) of
patients. Kappa was deemed fair (0.36; 95% CI, 0.19-
0.52).

DISCUSSION
There was moderate diagnostic agreement among

all groups, ranging from complete agreement of 45%
to 53% and partial agreement of 76% to 85%), with a
trend toward highest agreement between the inpa-
tient dermatologist and teledermatologist and the
least agreement between the hospitalist and
teledermatologist.

The inpatient dermatologist changed the primary
diagnosis 51% of the time. This is in line with
previous studies showing that inpatient dermatology
changes the diagnosis approximately half of the time



Fig 3. Proportion of patients (n = 92) for whom biopsy was recommended by the
teledermatologist or dermatologist.

Table II. Proportion agreement and kappa for topical and systemic treatment recommendations by 3 raters for
53 patients

Topical treatment Systemic treatment

Rater pair % Agree (95% CI) k (95% CI) % Agree (95% CI) k (95% CI)

Teledermatologist Dermatologist 69.8 (56.5 to 80.5) 0.38 (0.16 to 0.60) 77.4 (64.5 to 86.5) 0.47 (0.21 to 0.72)
Teledermatologist Hospitalist 52.8 (39.7 to 65.6) 0.12 (�0.07 to 0.31) 52.8 (39.7 to 65.6) 0.19 (0.01 to 0.38)
Dermatologist Hospitalist 60.4 (46.9 to 72.4) 0.29 (0.06 to 0.52) 58.5 (45.1 to 70.7) 0.32 (0.12 to 0.52)

CI, Confidence interval.
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during the course of inpatient consultation.6,13-16 The
strength of complete and partial agreement was
similar among all 3 groups. That there was 53%
complete and 85% partial agreement between inpa-
tient dermatologist and teledermatologist (highest
among all comparisons) is encouraging and merits
further study.

There was moderate agreement in systemic treat-
ment recommendations between inpatient derma-
tologist and teledermatologist (77.4%), fair
agreement in systemic treatment recommendations
between the dermatologist and hospitalist (58.5%),
and slight agreement in systemic treatment recom-
mendations between the teledermatologist and hos-
pitalist (52.8%), as interpreted by the metric of Landis
and Koch.13 Agreement regarding topical treatment
recommendations was similar among all compari-
sons, ranging from 60% to 70%, except for only fair
agreement between the hospitalist team and tele-
dermatologist (52.8%).

The inpatient dermatologist initiated a change in
topical therapy 40% of the time and a change in
systemic therapy 41.5% of the time. There was
greatest therapeutic agreement between the
inpatient dermatologist and teledermatologist and
the least between the hospitalist and teledermatolo-
gist. The inpatient dermatologist and teledermatolo-
gist agreed on systemic therapy 77% of the time,
more often than either group agreed with the
hospitalist (53%, 58.5%), suggesting that telederma-
tologists can be advantageous in recommending
appropriate systemic therapy.

The findings indicate that there was fair agree-
ment (66%) in decision to biopsy between the
inpatient dermatologist and teledermatologist, with
the teledermatologist recommending biopsy more
often than the inpatient dermatologist. This finding
may stem from greater uncertainty due to less com-
plete assessment of the lesion or rash. It may also
arise from individual provider differences in
approach or the inpatient dermatologist having
higher comfort with inpatient cases.

There are several limitations to the study. The
inpatient dermatology arm of the study consisted
almost entirely of a single provider. Differences in
provider approach can confound the comparison
between in-person and telemedicine modalities.
Additionally, this provider specializes in hospital
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dermatology; thus, agreement may have been higher
if the raters in the teledermatology group also had a
similar inpatient focus. Photographswere taken from
a variety of sources. Hospitalists were a heteroge-
neous group and may have had less time to think
about the questions because they were administered
the survey over the phone. The project had incom-
plete data, most notably in the hospital arm, thus
precluding 3-way comparison for nearly half of the
patients. Finally, this study was executed at a tertiary
center and may not be generalizable to community
hospital settings.
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