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IMPORTANCE Many hospitals do not have inpatient dermatologic consultative services, and
most have reduced availability of services during off-hours. Dermatologists based in
outpatient settings can find it challenging to determine the urgency with which they need to
evaluate inpatients when consultations are requested. Teledermatology may provide a
valuable mechanism for dermatologists to triage inpatient consultations and increase
efficiency, thereby expanding access to specialized care for hospitalized patients.

OBJECTIVE To evaluate whether a store-and-forward teledermatology system is reliable for
the initial triage of inpatient dermatology consultations.

DESIGN, SETTING, AND PARTICIPANTS Prospective study of 50 consenting adult patients,
hospitalized for any indication, for whom an inpatient dermatology consultation was
requested between September 1, 2012, and April 31, 2013, at the Hospital of the University of
Pennsylvania, an academic medical center. The participants were evaluated separately by
both an in-person dermatologist and 2 independent teledermatologists.

MAIN OUTCOMES AND MEASURES The primary study outcomes were the initial triage and
decision to biopsy concordance between in-person and teledermatology evaluations.

RESULTS Triage decisions were as follows: if the in-person dermatologist recommended the
patient be seen the same day, the teledermatologist agreed in 90% of the consultations. If
the in-person dermatologist recommended a biopsy, the teledermatologist agreed in 95% of
cases on average. When the teledermatologist did not choose the same course of action,
there was substantial diagnostic agreement between the teledermatologist and the in-person
dermatologist. The Kendall T rank correlation coefficients for initial triage concordance
between the in-person dermatologist and teledermatologists were 0.41 and 0.48. The Cohen
K coefficients for decision to biopsy concordance were 0.35 and 0.61. The teledermatologists
were able to triage 60% of consultations to be seen the next day or later. The
teledermatologists were able to triage, on average, 10% of patients to be seen as outpatients
after discharge.

CONCLUSIONS AND RELEVANCE Teledermatology is reliable for the triage of inpatient
dermatology consultations and has the potential to improve efficiency.
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patientsin a variety of settings, has been the subject of

much research during the past decade.'? In the outpa-
tient setting, teledermatology has been shown to be reliable
and diagnostically accurate for a variety of dermatologic com-
plaints and has been shown to reduce wait times, increase ac-
cess, and improve patient satisfaction and quality of life.28 It
also has been demonstrated to be more efficient and cost-
effective in certain settings, especially when travel times are
significant.®?* In addition, as mobile technology has im-
proved, there is increasing evidence that smartphones repre-
sent a simple, feasible, and reliable method for performing
store-and-forward teledermatology consultations.**3*7 How-
ever, some studies have questioned the reliability and accu-
racy of teledermatology.'8°

Thereis growing interest in exploring whether telederma-
tology can be applied to the inpatient setting. Many hospitals
do not have inpatient dermatology consultative services, and
most havereduced availability of dermatology consultation ser-
vices during off-hours. Teledermatology could expand ac-
cess to timely dermatologic services in these settings, in ad-
dition to reducing travel time and increasing efficiency for a
community dermatologist providing inpatient consultative ser-
vices to local hospitals. A part-time, office-based dermatolo-
gist could triage cases via teledermatology and determine the
urgency of the cases, as well as potentially avoid unnecessary
trips to the hospital or group nonurgent inpatient consulta-
tions to be seen together at a convenient time. Muir and
colleages®® recently demonstrated that a store-and-forward
teledermatology systemn can be applied effectively for the rapid
initial triage and management of dermatologic complaints in
the emergency department.

The purpose of this study was to evaluate whether a store-
and-forward teledermatology system usinga smartphone plat-
form is reliable for the initial triage of inpatient dermatology
consultations. Specifically, we sought to examine the initial tri-
ageand decision to biopsy concordance between in-person and
teledermatology evaluations of patients for whom an inpa-
tient dermatologic consultation isrequested. A secondary aim
was specific diagnostic agreement between the inpatient der-
matologist directly assessing the patients and the telederma-
tologists performing remote evaluation.

T eledermatology, which has expanded access to care for

Methods

Study Design and Patients

We conducted a prospective study of 50 inpatient dermatol-
ogy consultations designed to evaluate whether telederma-
tology is reliable for the initial triage of inpatient dermatol-
ogy consultations. Reliability, which differs from validity, can
be defined as the degree to which different observers agree.
The study protocol was approved by the institutional review
board of the University of Pennsylvania, and all patients pro-
vided written informed consent. Participants were recruited
from the population of inpatient dermatologic consultations
requested at the Hospital of the University of Pennsylvania be-
tween September 1, 2012, and April 31, 2013. Participants were
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eligible for the study if they were older than 18 years and ca-
pable of providing written informed consent.

Study Schedule and Interventions

Atthe Hospital of the University of Pennsylvania, when an in-
patient dermatologic consultation is requested, the patient is
seen in person by a dermatology resident and attending phy-
sician. For study participants, in addition to providing a com-
plete traditional inpatient consultation on the same day as the
request in all cases, the in-person dermatologist (M.R.) re-
corded a triage decision based on when he believed the pa-
tient could have been seen and whether the patient needed a
biopsy, using a standardized template (eFigure 1in the Supple-
ment). Triage decisions were grouped into 4 categories: the pa-
tient needs tobe seen on the same day, by the next day, within
the hospitalization (but not necessarily on the same day or next
day), or as an outpatient. In addition, the in-person derma-
tologist listed up to 3 diagnoses under consideration for the
patient using a standardized template (eFigure 2 in the Supple-
ment). For patients enrolled in the study, in addition to the in-
person consultation, a teledermatology consultation was sub-
mitted by a fourth-year medical student (J.S.B. or C.A.N.) who
had completed a medicine subinternship and a 1-month der-
matology elective and was not part of the inpatient team. The
medical student was masked to the in-person dermatologic
consultation note and collected information from the medi-
cal record and patient using the prompts in the AccessDerm
smartphone platform (Vignet),?' with images captured by a
smartphone camera. This consultation was evaluated by 2 in-
dependent attending dermatologists (C.L.K. and W.D.J.) ex-
perienced in teledermatology who have been involved in a
number of teledermatologic studies.5'3'7 The teledermatolo-
gists completed the same triage and diagnosis forms as thein-
person dermatologist and recorded a subjective self-
assessment on whether they would “feel comfortable managing
this patient with teledermatology alone.” Neither the in-
person dermatologist nor the teledermatologists were aware
of the others’ triage or biopsy decisions, diagnosis, or man-
agement plan.

Outcome Measures

The primary study outcomes were concordance of the triage
plans and the decision to biopsy. Secondary outcomes in-
cluded diagnostic agreement between the in-person derma-
tologist and the teledermatologists and a subjective self-
assessment completed by the teledermatologists on whether
they would be comfortable managing the consultation using
teledermatology alone.

Statistical Analysis

Concordance was assessed using the Cohen « for bivariate de-
cisions, such as whether to biopsy, and the Kendall Trank cor-
relation for naturally ordered multivariate decisions, such as
the triage decision. In the setting of ordinal categories, the Ken-
dall T rank correlation is better able to take into account the
degree of disagreement between observers than the Cohen k.2
In addition, we examined the percentage of consultations for
which the teledermatologist failed to triage a consultation to
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Table. Demographic Characteristics of 50 Patients®

Figure 1. Triage Decisions

Characteristic Value
Age, mean (SD), y §5.2(16.2)
Sex

Male 18 (36)

Female 32 (64)
Length of stay, mean ($D), d® 9.5 (13.5)
Comorhidities

Oncologic conditions 24 (48)

immunosuppression 17 (34)

Heart failure 6(12)

Transplant 5(10)
No. of medications, mean (5D) 7.9 3.9)
IV antibiotics 26 (52)
Lesion location

Face 15 (30)

Trunk 25 (50)

Extremities 41 (82)
Generalized lesion 22 (44)
Most common dermatologic diagnoses®

Drug reaction 7(14)

Stasis dermatitis 4(8)

Graft vs host disease 3(6)

Abbreviation: IV, intravenous.

2 Values are presented as number (percentage) unless otherwise indicated.
5Mean length of stay before the request for a dermatologic consultation.

© As determined by the in-person dermatologist.

be seen the same day when the in-person dermatologist be-
lieved it was necessary or did not request a biopsy when the
in-person dermatologist requested one. To assess diagnostic
agreement, we coded the differential diagnoses as “com-
plete,” “partial,” or “no” agreement based on text reading. Com-
plete agreement was defined as the first diagnoses matching
between the in-person dermatologist and teledermatologist.
Partial agreement was defined as an overlap between the di-
agnoses listed by the in-person dermatologist and telederma-
tologist. Semantic differences in the dermatologic terminol-
ogy were taken into consideration. Calculations were
performed with JMP software, version 10 (SAS Institute, Inc).

[t i =t = |
Results

Fifty patients were enrolled in the study. The Table summa-
rizes the characteristics of the study population. Among the
participants, the mean (SD) age was 55.2 (16.2) years, and 64%
were women. The mean (SD) length of stay before the request
for a dermatology consultation was 9.5 (13.5) days. Common
serious comorbidities included oncologic conditions (48%), im-
munosuppression (34%), and heart failure (12%). Partici-
pants took a mean (SD) of 7.9 (3.9) medications, with 52% re-
ceiving intravenous antibiotics.

Frequencies of triage and biopsy decisions made by thein-
person dermatologist and the teledermatologists are surnma-
rized in Figure 1 and Figure 2. After completing the consulta-
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The bar graph shows the frequency of triage decisions for the in-person
dermatologist and the teledermatologists. IP indicates in person;
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Figure 2. Biopsy Decisions
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The bar graph shows how frequently the in-person dermatologist and the
teledermatologists decided to biopsy. IP indicates in persom;
TD, teledermatologist.

tion, the in-person dermatologist determined that 66% of
consultations could have been safely triaged to the next day
or later, with 18% of consultations triaged to outpatient care.
Teledermatologist 1 triaged 60% of consultations to the next
day or later, with 12% deferred to outpatient care. Telederma-
tologist 2 triaged 60% of consultations to the next day or later,
with 8% of consultations triaged to outpatient care. Notably,
if the in-person dermatologist recommended that the patient
be seen the same day, teledermatologists 1 and 2 each recom-
mended the patient be seen the same day 90% of the time.
When the teledermatologist did not recommend the patient
be seen the same day, comparison of the differential diagno-
ses between the teledermatologist and in-person dermatolo-
gistrevealed complete diagnostic agreement for 60% of cases
and partial diagnostic agreement for the remaining 40%.
Biopsy requests were made by the in-person dermatolo-
gist, teledermatologist 1, and teledermatologist 2 for 42%, 64%,
and 54% of the consultations, respectively. In addition, if the
in-person dermatologist recommended a biopsy, telederma-
tologists 1 and 2 advocated a biopsy for 94% and 96% of the
consultations, respectively. In all cases where the in-person der-
matologist requested a biopsy and the teledermatologist did
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not, there was complete diagnostic agreement between the dif-
ferential diagnoses of the teledermatologist and in-person der-
matologist.

Following the categorization schema described by Lan-
dis and Koch,?? triage concordance between the in-person der-
matologist and the teledermatologists was moderate. The Ken-
dall trank correlation coefficient was 0.41 (95% CI, 0.18-0.60)
between the in-person dermatologist and teledermatologist 1
and 0.48 (95% CI, 0.31-0.65) between the in-person derma-
tologist and teledermatologist 2. Interrater reliability be-
tween the 2 teledermatologists wasalso moderate, with a Ken-
dall trank correlation coefficient of 0.41 (95% CI, 0.19-0.62).

Decision to biopsy concordance was fair to moderate. The
Cohen k coefficient was 0.35 (95% CI, 0.12-0.58) between the
in-person dermatologist and teledermatologist 1and 0.61(95%
ClI, 0.39-0.82) between the in-person dermatologist and teleder-
matologist 2. Interrater reliability between the 2 telederma-
tologists was substantial, with a Cohen « coefficient of 0.63
(95% CI, 0.42-0.84).

For the secondary outcome of diagnosticagreement, there
was complete, partial, and no agreement for 64%, 20%, and
16% of the consultations, respectively, between the in-
person dermatologist and teledermatologist 1 and for 56%, 26%,
and 18% of the consultations, respectively, between the in-
person dermatologist and teledermatologist 2. Comparing the
2 teledermatologists, there was complete, partial, and no agree-
ment between teledermatologists 1 and 2 for 58%, 30%, and
12% of consultations, respectively. Thus, there was 82% to 88%
complete to partial diagnostic agreement.

Finally, in reference to the comfort level of managing the
cases via this modality of care, teledermatologists 1 and 2 re-
ported that they would “feel comfortable managing this pa-
tient with teledermatology alone” in 58% and 90% of cases,
respectively.

|-
Discussion

Our findings suggest that teledermatology is reliable for the
initial triage of inpatient dermatologic consultationsatanaca-
demicmedical center. Regarding triage decisions, the teleder-
matologists rarely failed to triage a consultation to be seen the
same day when the in-person dermatologist believed it was
necessary (<10% of cases). In addition, when the telederma-
tologist did not find it necessary to see the patient the same
day but the in-person dermatologist believed it was impera-
tive, the teledermatologist and in-person dermatologist had
diagnostic agreement but had different management deci-
sions. On determining whether to biopsy, the teledermatolo-
gists rarely failed to request a biopsy when the in-person der-
matologistrequested one (<5% of cases). In addition, when the
teledermatologist did not find it necessary to biopsy but the
in-person dermatologist determined it was required, the
teledermatologist and in-person dermatologist agreed on the
diagnosis, with the biopsy decision disagreement amounting
toadifferencein practice styles. In a study of clinic-based der-

“matologists, agreement on medical and clinic-based therapy

was 85% and 77%, respectively,?? suggesting that some level
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of variation is to be expected when comparing triage and man-
agement decisions between clinicians.

In addition to being reliable, teledermatology may also in-
crease efficiency when used to triage inpatient consulta-
tions. The teledermatologists on average were able to safely
triage 60% of consultations to be seen the next day or later.
For an outpatient dermatologist in practice serving as a part-
time consultant for a hospital, deferring these consultations
to a later time creates an opportunity to batch consultations
together, thereby decreasing trips to the hospital. This mayre-
duce disruptions to the teledermatologist’s outpatient clinic,
both making the outpatient practice more efficient and opti-
mizing the time spent while in the hospital. In addition, the
teledermatologists on average were able to safely triage 10%
of patients to outpatient care, eliminating the need to see these
patientsin the hospital. By reducing or eliminating trips to the
hospital, teledermatology has the potential to increase the ef-
ficiency with which a dermatologist could provide inpatient
consultative services to a community hospital. In addition, the
in-person dermatologist believed that 66% of consultations
could be seen the next day or later and 18% could be deferred
to outpatient care, suggesting there is the possibility for even
greater gains in clinical practice efficiency.

It may also be possible to manage some patients with
teledermatology alone. Although our study design did not al-
low dermatologists to attempt to manage patients using
teledermatology, teledermatologists 1and 2 reported that they
would “feel comfortable managing this patient with teleder-
matology alone” for 58% and 90% of consultations, respec-
tively. However, teledermatologists requested biopsies for 54%
to 64% of patients, which would require that someone at the
hospital be capable of performing a biopsy to effectively imple-
ment this strategy. In addition, in our study, the telederma-
tologists requested more biopsies than did the in-person der-
matologist. Other reports in the outpatient setting have not
shown a consistent effect of teledermatology on the fre-
quency of biopsies.5-?5:26 However, if future studies in the in-
patient setting also show an increase in recommended biop-
sies by remote teledermatology evaluation, that cost would
have to be included in analyses regarding the benefits of
teledermatology for inpatient dermatology consultations.

On review of cases in which the in-person dermatologist
and teledermatologist disagreed about triage decisions or
whether to biopsy, there were 3 major themes associated with
discordance. First, there was ageneral trend toward more con-
servative management by the teledermatologists. The teleder-
matologists saw the patient earlier and requested more biop-
sies than did the in-person dermatologist. Second, there were
inconsistent approaches to patients who had a known derma-
tologic diagnosis from their medical history, along with varia-
tion in the triage and biopsy decisions for patients with drug
reactions, which isa common diagnosis associated with inpa-
tient dermatologic consultations.?” These variations in care may
again be representative of differences in the practice styles of
the dermatologists involved in this study. Finally, there was
often triage or decision to biopsy discordance for patients who
had multiple, independent lesions. For instance, 1 patient had
resolving cellulitis, known chronic graft vs host disease, and
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new erosions on the back. The in-person dermatologist fo-
cused on the cellulitis and graft vs host disease, while the
teledermatologists concentrated on the graft vs host disease
and new erosions.

For the secondary outcome of diagnostic agreement, there
was partial or complete agreement between the in-person der-
matologist and teledermatologist for more than 80% of con-
sultations, which is consistent with other reports in the
literature.?

The findings of this study should be interpreted in the con-
text of the study design. One limitation is that the study was
conducted at an academic medical center. Of the participants
in this study, 48% had an oncologic comorbidity, 34% were im-
munosuppressed, and 52% were receiving intravenous anti-
biotics. These patients likely had more complex and acute ill-
nesses than patients at a community hospital. Another
limitation is that the consultations were submitted by medi-
cal students instead of by the primary team. While medical stu-
dents may submit more comprehensive consultations, they
have less experience and a less holistic understanding of the
patient than the primary team and cannot provide specific de-
tails about the reason for the consultation as effectively as the
primary teamn. In addition, there was no opportunity for fol-
low-up communication or discussion with the primary team,
which may have contributed to more conservative manage-
ment by the teledermatologists. This design also prevented the
teledermatologist from being able to institute a management
plan and then follow up with the primary team using teleder-
matology, which could have increased the number of consul-
tations that could be seen the next day or deferred to outpa-
tient care. A further limitation of the study is that the
standardized templates did not allow for multiple lesions to
be evaluated separately, which created documentation chal-
lenges for a small number of consultations for patients with
multiple dermatology complaints. Since many of these limi-
tations could be expected to increase the difficulty of the
teledermatology consultation, our findings may represent a
lower bound to the reliability of teledermatology for the tri-
age of inpatient dermatologic consultations. In addition, with

Original Investigation Research

less acutely ill patients, it may be possible to allocate even more
patients to be seen the next day or later or refer them to out-
patient care, further increasing efficiency.

Future studies will need to explore what improvements
can be made to this teledermatology system to increase
accuracy and reliability. In other areas of dermatology,
increased training and experience have been shown to
improve diagnostic accuracy.?8-3' We suspect that with
increased familiarity, concordance and reliability will
improve similarly when inpatient consultative telederma-
tology is studied further. It will also be important to exam-
ine the impact of increased contact with the primary team,
including potential for follow-up. Making diagnoses with
images alone is challenging, and additional multimodal
communication is likely important.?8 Increased follow-up
with the primary team may also increase the number of
cases that could be managed with teledermatology alone,
which could heighten efficiency further. In addition, stan-
dardized care algorithms and checklists have been shown to
improve quality and consistency of care in a variety of
health care settings.3?"3> Creating standardized triage and
management approaches for common diagnoses associated
with consultations, such as drug reactions, and for patients
with known dermatologic diagnoses from medical history
will likely decrease practice variation and improve the accu-
racy and reliability of teledermatology for the initial triage
of inpatient consultations. Finally, future studies will need
to assess whether these results can be generalized to a com-
munity hospital setting.

(= e |
Conclusions

Our study suggests that teledermatology is reliable for the ini-
tial triage of inpatient dermatologic consultations at an aca-
demic medical center and that it can potentially increase ef-
ficiency. We anticipate that future studies that refine the model
presented here may find stronger concordance and effi-
ciency gains.
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