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ABSTRACT. Background: Recently two outcome instruments have been developed and validated for assessing
cutaneous sarcoidosis in a live, in-person setting. Teledermatology is a rapidly growing field; yet, to date, no
instrument has been validated for use in a remote setting, which could ultimately impact clinical trial design. O&-
Jective: To assess the interrater reliability of these outcome instruments for store-and-forward teledermatology.
Methods: Seven sarcoidosis experts, including both pulmonologists and dermatologists, scored photographs of
cutaneous sarcoidosis lesions in 13 patients utilizing the Cutaneous Sarcoidosis Activity and Morphology Index
(CSAMI), the Sarcoidosis Activity and Severity Index (SASI) and the Physician Global Assessment (PGA).
Interrater reliability was assessed for each instrument and was compared to results obtained from a prior study
involving sarcoidosis experts evaluating the same patient population in an in-person setting. Resu/zs: Interrater
reliability (presented as ICC [95%CI]) was poor for the CSAMI Activity scale (0.36 [0.16 - 0.65]) and the
CSAMI Damage scale (0.17 [0.04 - 0.43]) and was fair for the Modified Facial SASI (0.59 [0.36 - 0.82]) and
the PGA (0.47 [0.23 - 0.74]). All results were inferior to those obtained from the prior studies validating these
instruments for in-person use. Conclusions: Given the superiority of these instruments when utilized in person, it
is recommended to have an on-site sarcoidosis expert evaluate cutaneous sarcoidosis lesions whenever possible.
(Sarcoidosis Vasc Diffuse Lung Dis 2017; 34: 165-169)
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INTRODUCTION gans (1). Cutaneous involvement is seen in 25-30%
of sarcoidosis patients and is the presenting feature

Sarcoidosis is a multisystem inflammatory dis- in one third of all cases (1,2). Historically, manage-
order of unknown etiology characterized by the for- ment decisions for cutaneous sarcoidosis have been
mation of noncaseating granulomas in affected or- based on small retrospective series due to a lack of
randomized clinical trials (1). While there has been
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Two outcome measures for cutaneous sarcoidosis
have been developed and validated. The Sarcoidosis
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Activity and Severity Index (SASI) was the first tool
developed and has been used in clinical trials (4,7-
9). Contemporaneously, the Cutaneous Sarcoidosis
Activity and Morphology Index (CSAMI), was also
introduced and validated. The CSAMI specifically
aims to measure both disease activity and result-
ant/persistent damage (a possible marker of fibrotic
disease) as well as information about the cutaneous
lesion morphology and presence of cutaneous find-
ings with important prognostic information, such
as lupus pernio or erythema nodosum (10). When
evaluated among dermatologists, both instruments
exhibited excellent intra-rater reliability, acceptable
inter-rater reliability and convergent validity with
the Physician Global Assessment. The CSAMI also
correlated with health-related quality of life meas-
ures (10). A recent study at our institution involv-
ing an interdisciplinary group of dermatologists and
non-dermatologist physicians yielded similar results
(11). Specifically, all instruments exhibited good to
excellent intra and inter-rater reliability, as well as
moderate correlations with the PGA.

Given the high rates of pulmonary involvement,
clinical trials for sarcoidosis have focused primarily
on pulmonary endpoints. However, the accessibil-
ity of skin lesions, and low-cost, validated, reliable
tools to assess cutaneous disease have led to increas-
ing consideration of using cutaneous sarcoidosis im-
provement as a primary endpoint in clinical trials.
Most sarcoidosis clinical trial principal investigators
are pulmonologists, as these subspecialists care for
the vast majority of sarcoidosis patients. It may be
problematic to coordinate the in-person assessment
of cutaneous sarcoidosis lesions by dermatologists
in these clinical trials. The difficulty in obtaining
prompt dermatology assessments by dermatologists
because of physician shortages has rendered teleder-
matology increasingly useful for such purposes (12-
14). To our knowledge, no study has assessed the
validity of cutaneous outcome instruments via re-
mote store-and-forward teledermatology. Accurate
evaluation of cutaneous disease activity via remote
physician evaluation of photographs could improve
future clinical trial design as all sites could store and
forward patient photographs for expert evaluation.

Our primary objective was to assess the inter-
rater reliability of CSAMI when used by a group of
sarcoidosis experts to evaluate store-and-forward
photographs of patients with cutaneous sarcoidosis.

These results were compared to results obtained from
live sarcoidosis experts evaluating the same patient

set to assess for the validity of the CSAMI in tel-
edermatology.

METHODS

The study was approved by the University of
Pennsylvania institutional review board. Written in-
formed consent was obtained from all patients.

Physician Participants

Five dermatologists with sarcoidosis expertise
and two pulmonologists with extensive experience in
cutaneous sarcoidosis from several large University
hospitals were invited to participate in this study in
February 2015. To limit the bias related to famili-
arity with specific instruments, investigators who
previously participated in pilot validation studies of
both the SASI (R.P.B. and M.A.J.) and the CSAMI
(EJ.K., KAW., and M.R.) were included in this
study. All participants underwent a standardized,
self-directed computer training session developed by
the primary investigator (M.R.) on the assessment
of cutaneous sarcoidosis using the three outcome in-
struments.

Patient Participants

Fourteen subjects with clinical and pathologi-
cal evidence of cutaneous sarcoidosis were recruited
via telephone from the Cutaneous Sarcoidosis Clinic
at the Hospital of the University of Pennsylvania to
participate in a single day study to assess the psycho-
metric properties of the outcome instruments when
used by an interdisciplinary group of physicians (11).
In order to be enrolled in this study, subjects were
required to consent to have their skin lesions photo-
graphed for use in this photovalidation study. Sub-
jects were selected by the principal investigator to in-
clude a range of cutaneous sarcoidosis presentations
and severity. Since the SASI was validated based on
evaluation of sarcoidosis lesions on the face only, we
included photographs of facial lesions only for this
study. Thirteen subjects participated in the single-day
study, and all consented to be part of this photovali-
dation sub-study (11). All photographs were taken



Photographic cutaneous sarcoidosis inter-rater reliability

167

on the study day and were securely stored on the
principal investigator’s computer. The Information
Services Department at the University of Pennsyl-
vania created a double-secure, HIPAA-compliant,
temporary webpage to host the patient photographs.
Each physician was given a unique username and
password that could be used to access the subject

photographs.
Study Design

The physicians rated each patient photograph
using the CSAMI, SASI and the Physician’s Global
Assessment (PGA). Physicians could use a zoom
feature to aid in their assessments. A sample patient
photograph with the magnifying feature displayed is
shown in Figure 1. The webpage and subject photo-
graphs were removed from the server at the conclu-
sion of the study to protect patient confidentiality.

Cutaneous Sarcoidosis Activity and Morphology Index

The CSAMI captures cutaneous sarcoidosis
disease activity and damage via two separate scales
(10). The Activity scale evaluates inflammation, in-
duration and/or depression, surface change and area
of involvement; the Damage scale measures post-in-
flammatory changes including dyspigmentation and
scarring. When limited to facial lesions, the Activity
score may range from 0-75 and the Damage score

e |

from 0-10. The predominant morphologic types of
the lesions, as well as the presence or absence of lu-
pus pernio, were also documented. The presence of
erythema nodosum was not evaluated given the focus
on facial lesions in this study.

Sarcoidosis Activity and Severity Index

The original SASI measures erythema, indura-
tion, desquamation and area of activity in the four
quadrants of the face as well as the nose, yielding
5 different scores for a single patient (7). SASI has
since been modified for ease of use in clinical trials
to result in a single score per patient by summing
erythema, induration and desquamation for each
quadrant, multiplying by the respective area of in-
volvement within that quadrant and averaging the
results across all 5 facial regions (4,8-11). Scores for

the modified SASI range from 0-72.
Physician Global Assessment

The PGA is a linear visual analog scale measur-
ing disease activity from O (no skin disease) to 10
(severe skin disease). The PGA has been utilized
in prior studies validating outcome instruments for
inflammatory skin conditions including pemphigus
vulgaris, dermatomyositis and cutaneous sarcoidosis
as a measure for physicians’ overall perception of skin
disease (10,11,15,16).

Fig. 1. Sample patient photograph demonstrating the magnifying feature.
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Statistical Analysis

Data analysis was performed in February 2016.
Scores from each instrument were summarized de-
scriptively. The interrater reliability of each instru-
ment was analyzed using the intraclass correlation
coefficient (ICC) using two-way random-effects
models and interpreted as poor (<0.40), fair to good
(0.40-0.75), and excellent (>0.75) (17).

REesurts

Thirteen subjects participated in this study. The
mean subject age was 51.2 years (SD 10.6). Twelve
subjects were African American, and one patient
was Caucasian. Three patients were male. The sub-
jects had documented extra-cutaneous sarcoidosis in
a mean of 1.7 (SD 1.3) organ systems. The subjects
represented a spectrum of cutaneous disease, as il-
lustrated by the range of disease severity scores seen

in Table 1.
Interrater Reliability

Interrater reliability (presented as ICC [95%CI])
was poor for the CSAMI Activity scale (0.36 [0.16-
0.65]) and was fair for the Modified Facial SASI
(0.59 [0.36-0.82]) and the PGA (0.47 [0.23-0.74])
(Table 2).

Table 1. Disease severity ratings of patient participants

Range Median
(Max. Range) (IQR)
CSAMI Activity 0-38 (0-75) 15 (10-20)
Inflammation 0-10 (0-15) 4 (2-6)
Induration/Depression 0-9 (0-15) 3 (2-5)
Surface changes 0-5 (0-15) 0(0-1)
Arca 0-16 (0-30) 6 (4-10)
CSAMI Damage 0-9 (0-10) 2 (0-3)
Modified Facial SASI 0-27.4 (0-72) 3.6 (1.6-7.2)
Erythema 0-4 (0-4) 0.6 (0.2-1.2)
Induration 0-4 (0-4) 0.6 (0.4-1.2)
Desquamation 0-2.8 (0-4) 0(0-0.2)
Arca 0-5 (0-6) 1(0.6-1.8)
PGA 0.1-9.7 (0-10) 4.8 (2.9-6.5)

Abbreviations: IQR, interquartile range; CSAMI, Cutaneous Sar-
coidosis Activity and Morphology Instrument; SASI, Sarcoidosis
Activity and Severity Index; PGA, Physician’s Global Assessment

Table 2. Inter-rater reliability of cutaneous sarcoidosis severity
measures in a teledermatologic setting

Inter-rater reliability
(N =7 MD)
ICC (95% CI)

0.36 (0.16-0.65)
0.26 (0.09-0.54)
Induration/Depression 0.40 (0.19-0.68)
Surface changes 0.60 (0.38-0.82)
Area 0.22 (0.07-0.49)

CSAMI Activity

Inflammation

CSAMI Damage 0.17 (0.04-0.43)
Modified Facial SASI 0.59 (0.36-0.82)
Erythema 0.59 (0.33-0.82)
Induration 0.79 (0.62-0.92)
Desquamation 0.52 (0.30-0.77)
Area 0.19 (0.05-0.46)
PGA 0.47 (0.23-0.74)

Abbreviations: ICC, intraclass correlation coefficient; CSAMI,
Cutaneous Sarcoidosis Activity and Morphology Instrument;
SASI, Sarcoidosis Activity and Severity Index; PGA, Physician’s
Global Assessment.

ICC interpretation: <0.4, poor; 0.4-0.75, fair to good; and >0.75,
excellent

DiscussioN

To our knowledge, this is the first study that has
been performed to assess the validity of cutaneous sar-
coidosis outcome instruments in the setting of store-
and-forward teledermatology. Prior studies have psy-
chometrically validated the CSAMI and SASI when
assessed by dermatologists, pulmonologists, and rheu-
matologists with expertise in sarcoidosis in face-to-
face evaluations (7,10,11). Specifically, the CSAMI
Activity scale has consistently demonstrated good to
excellent interrater reliability, whereas the Modified
Facial SASI scales has shown acceptable reliabilities
(11). All instruments in our study demonstrated poor
to fair reliability when used by all sarcoidosis experts
in a teledermatologic setting. This is an important
finding to consider when planning clinical trials;
based on these results, it would be ideal to have an
on-site dermatologist available to evaluate sarcoidosis
patients in clinical trials whenever possible.

Several limitations must be considered when
reviewing our pilot study. The quality of the images
used in the study was not standardized. Compari-
son of the reliabilities of CSAMI erythema (inflam-
mation) vs. dyspigmentation (damage) are shown in
Table 2, and both are inferior as compared to SASI
scores. Subtle erythema and dyspigmentation may be
conflated in images of darker skin types, which may
explain this lower reliability in images. However, er-
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ythema alone was assessed by both the CSAMI and
SASI scores using the same set of images and thus
could not account for a bias in reliability.

The majority of physician participants in the
study were from institutions other than our own;
therefore, they were not familiar with all the outcome
measures and this may have affected the reliability of
this study. In an effort to surmount this problem, we
used remote training tools to educate these physi-
cians concerning the outcome instruments. We ac-
knowledge this training may have failed to capture
some of the nuances of these instruments that can be
addressed in an interactive, live training session, and
future studies could consider incorporating a portfo-
lio of sample images with in-person sarcoidosis ex-
pert scores as an additional training modality. Our
study was limited to seven experienced physician
participants, and larger studies involving additional
sarcoidosis experts may be warranted to generalize
these results. However, the fact that even these ex-
perts failed to demonstrate good to excellent inter-
rater reliability suggests that remote photographic
assessment of cutaneous sarcoidosis lesion is an in-
adequate outcome measure in clinical trials.

Our pilot study evaluated the reliability of cuta-
neous sarcoidosis outcome instruments for teleder-
matologic use. Both the CSAMI and SASI demon-
strated fair to poor interrater reliability when used
by a group of sarcoidosis experts to evaluate patients’
skin disease remotely through store-and-forward
teledermatology. Because validated tools exhibit-
ing good to excellent intra- and inter-rater reliability
have been developed involving face-to-face evalu-
ations, we believe that presently such tools should
be used by dermatologists, pulmonologists, and/or
rheumatologists with expertise in the evaluation of
cutaneous sarcoidosis in clinical trials.
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