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Background: Reliable assessment of atopic dermatitis (AD) severity is necessary for clinical practice and
research. Valid and reliable remote assessment is essential to facilitate remote care and research.

Objectives: Assess the validity and reliability of the Eczema Area and Severity Index (EASD based on
images and patient-assessed severity based on the Self-Administered EASI (SA-EASD).

Methods: Whole-body clinical images were taken during consultation from children with AD. After
consultations, caregivers completed the SA-EASI and provided images from home. Four raters assessed all
images twice using EASI.

Results: A total of 1534 clinical images and 425 patient-provided images were collected from 87 and 32
children. Excellent (0.90) validity, good inter (0.77) and intrarater reliability (0.91), and standard error of
measurement (4.31) was found for the EASI based on clinical images. Feasibility of patient-provided images
showed limitations with missing images (43.8%) and quality issues (23.1%). However, good validity (0.86),
inter (0.74) and intrarater reliability (0.94) were found when assessment was possible. Moderate correlation
(0.60) between SA-EASI and EASI was found.

Limitations: Low portion patient-provided images.

Conclusion: AD severity assessment based on images strongly correlates with in-person AD assessment.
Good measurement properties confirm the potential of remote assessment. Moderate correlation between

SA-EASI and in-person EASI suggest limited value of self-assessment. (JAAD Int 2023;13:184-91.)

Key words: atopic dermatitis; clinical outcome measure; Eczema Area and Severity Index; medical
dermatology; telemedicine; validated pediatric dermatology.
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INTRODUCTION

Atopic dermatitis (AD) is the most common chronic
inflammatory skin disease.' Hallmarks of AD include
pruritus and recurrent eczematous skin lesions.” These
symptoms can affect daily life including sleep, social
interaction, and other activities.”' In addition to
patients’ symptoms and preferences, treatment is based
on clinical symptoms, ie, de-
gree of erythema, edema, ex-
coriations, lichenification,
location, and  extent.”
Assessment of clinical signs is
therefore important.

Remote assessment is
becoming increasingly rele-
vant as the movement for
telehealth, remote trials is
advancing.” Telehealth could
be an efficient tool for disease
management.”” Remote trials
could be less expensive, less
burdensome and more inclu-
sive than traditional trials as it enables patients living
in remote areas to participate.'’ Furthermore,
research may benefit from quantifying outcomes
based on images derived from clinical care. In all
these cases, reliable remote assessment is necessary.
However, our current knowledge of the validity and
reliability of remote assessment remains limited.
Research into remote assessment has investigated
the reliability of high-quality images of target lesions
in artificial settings.'' Although promising, results of
this study cannot be directly adopted as whole-body
assessment is needed in clinical practice and research.
Recently a few studies explored the validity of remote
assessment in AD based on whole-body images.
However, these studies did not investigate important
measurement properties, such as inter and intrarater
reliability, measurement error, had short interval
periods between in-persons and remote assessment
which could cause recall bias, or did not include
patients with severe AD.'*"" Additionally, the only
study investigating patient-provided images recruited
patients by providing them an incentive, which could
have led to inclusion of a selected motivated and
digitally proficient population."* Results of this study
can therefore not be directly extrapolated. To confirm
the potential of remote assessment in AD, all mea-
surement properties need to be investigated based on
images containing the full spectrum of AD, all
Fitzpatrick skin types, skin conditions and based on
full body images.

For assessment of AD, the Harmonising
Outcome  Measures for Eczema initiative

CAPSULE SUMMARY

- Reliable assessment of atopic dermatitis
severity is necessary for clinical practice
and research. Current knowledge on
remote assessment remains limited.

« This study confirmed the potential of
remote severity assessment of atopic
dermatitis based images and provide the
foundation for remote assessment in
clinical practice and research.
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recommends using the FEczema Area and
Severity Index (EASD in clinical practice and
research.'”'® The EASI is based on the extent of
each affected region and severity of each sign (ie,
erythema) per region. This information is key in
developing a treatment plan in clinical practice.
The representation of these aspects emphasizes the
significance of the EASI as
an outcome measure for AD
severity. Until now, the
measurement properties of
the EAST has only been stud-
ied based on in-person
assessments.

In addition, it would be
interesting to investigate
the ability of patients to
report their AD severity.
For this purpose, the Self-
Administered EASI (SA-
EASD) was developed.'’
However, the role of the
SA-EAST has been investigated to a limited
extent.'”'?

Objectives

To assess the validity and reliability of the remote
EASI based on clinical images and to investigate the
construct validity of the SA-EASI.

METHODS
Setting and design

This prospective observational study was con-
ducted at an academic outpatient clinic for chil-
dren with atopic diseases. Children diagnosed
with AD and their caregivers were invited to
participate in this study. All children with AD
were eligible, except when caregivers were un-
able to understand Dutch.

During consultation, AD severity was assessed
using EASI.'® Afterward, clinical images were taken
with a Sony Cybershot DSC-RX100 (compact camera,
Sony Corporation) by the same investigator from all
body regions (head, trunk, upper extremities, and
lower extremities) and individual AD lesions. After
consultation, caregivers completed a survey contain-
ing patient-reported outcome measurements
(PROMS) and SA-EASL.'”'?“* Finally, caregivers
were asked to photographed their child’s AD at
home. For this purpose, caregivers received a simple
instruction guide (Supplementary Appendix 1, avail-
able via Mendeley at https://data.mendeley.com/
datasets/r73xs6kpbb/1). An overview of the study
design is provided in Supplementary Table T


https://data.mendeley.com/datasets/r73xs6kpbb/1
https://data.mendeley.com/datasets/r73xs6kpbb/1

186 Ragamin et al

Abbreviations used:

AD: atopic dermatitis

EASI: Eczema Area and Severity Index

ICC: intraclass correlation coefficient

PROMS: patient-reported outcome
measurements

SA-EASI:  Self-Administered Eczema Area and
Severity Index
SEM: standard error of measurement

(available via Mendeley at https://data.mendeley.
com/datasets/r73xs6kpbb/1).

Severity assessment by raters

At least 4 weeks after collecting all images, both
clinical images and patient-provided images were
independently assessed by 4 raters twice with an
interval of at least 4 weeks. Raters were instructed to
assess all images, however raters could skip images
deemed too blurry for assessment. All images of a
single patient were clustered to reflect daily practice.
For assessment of AD severity the EASI was used.'®

Statistical analysis

All data were analyzed using SPSS (version 26; IBM
Corp). Validity of the remote EASI based on clinical
images and patient-provided images was assessed by
comparison with the in-person EASI using intraclass
correlation coefficient (ICC) (2.1) metrics.”” Bland and
Altman were made to visualize agreement between
remote and in-person EASI scores.”” Proportional bias
was evaluated by conduction a regression analyses
with the difference between assessments as depen-
dent variable and mean EASI as independent variable.
Systematic bias was assessed by conducting a ¢ test for
the difference between EASI and remote EASIL
Additionally, inter and intrarater reliability was eval-
uated based on ICC (2.1) metrics. ICC values <0.5
indicate poor, values between 0.5 and 0.75 moderate;
values between 0.75 and 0.9 good; and values >0.90
excellent reliability.”” No methods were used to
improve reliability. Standard error of measurement
(SEM) was calculated as using the formula: /(o
measurements + o error).”’ Two subgroup analyses
were performed. First children were divided based on
Fitzpatrick skin type into a light skin group
(Fitzpatrick skin types I-III) and a dark skin group
(Fitzpatrick skin type IV-VD).*® For the second sub-
group analysis children were divided into 2 age
groups (<8 years and =8 years) to investigate if
relative differences in body surface areas of regions
influence assessment. For analysis of the relation
between the accuracy of AD severity assessment
and AD severity, standard deviation of each child’s
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remote EASI score were correlated using Spearman
correlation coefficient to the average remote EASI
score. Correlation between EASI, SA-EASI, and other
PROMS was evaluated using Spearman correlation
coefficient.”” For classification of AD severity, children
were stratified based on in-person EASI scores into a
clear (EASI 0), mild (EASI 0,1-5,9), moderate (EASI
6,0-22,9), and severe (EASI 23,0-72,0) group.”’
Handling of missing data and sample size calculation
are described in Supplementary Appendix 3 and
Supplementary  Appendix 4  (available via
Mendeley at https://data.mendeley.com/datasets/
r73xs6kpbb/1).

RESULTS
Patient and clinical image characteristics
Overall, 110 children were randomly approached
to participate in the study. In total 87 children were
included (Table 1). Median age was 7 years and half
(53%) were female. All skin types were represented
in our study, skin type II was most common (41%)
(Supplementary Table ID). All AD severities were
represented, with the highest prevalence of moder-
ate AD severity (47%). A total of 1534 clinical images
were collected from 87 children and 425 patient-
provided images from 32 children. The quality of up
to 89% of all patient-provided images was high
enough for assessment. For some body parts almost
half of the caregivers (44%) did not provide images.
Therefore, total body AD severity assessment based
on patient-provided images was only possible for 13
children (41%) (Supplementary Table III, available
via  Mendeley at https://data.mendeley.com/
datasets/r73xs6kpbb/1). With a prevalence of up to
20%, post inflammatory hyper- and hypopigmenta-
tion were the most common skin conditions inter-
fering with AD assessment.

Criterion validity

Criterion validity of remote assessment
based on clinical images. Assessment of clinical
images showed excellent (0.90) agreement between
in-person and remote EASI scores (Table 1T and
visualized in a Bland and Altman plot in
Supplementary Fig 1, A, available via Mendeley at
https://data.mendeley.com/datasets/r73xs6kpbb/1).
No systematic difference between in-person and
remote EASI was found, indicating that raters do not
assess AD more or less severe on clinical images as
compared with in-person. Additionally, no propor-
tional bias was found, thus AD severity does not affect
agreement between in-person and remote FEASI.
Investigation of the 5 children outside the limits of
agreement showed that 4 out of 5 children have dark
skin (Fitzpatrick skin type V-VD) of which 2 had severe
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Table 1. Overview of patient and clinical image

characteristics (n = 87)

Item Outcome
Patient characteristics
Age (y), median (IQR) 7 (4-12)
Sex (female), % (n) 53.4 (47)
Fitzpatrick skin type, % (n)
11l 59.8 (52)
IV-VI 40.0 (35)
Allergic rhinitis, % (n) 46.0 (40)
Asthma, % (n) 28.7 (25)
Disease severity of AD based
on EASI (n = 86), % (n)
Clear 2.3 (2)
Mild 34.1 (30)
Moderate 46.6 (41)
Severe 14.8 (13)
Current therapy, % (n)
Mild to potent TCS 82.8 (72)
Very potent TCS 10.3 (9)
Topical calcineurin 27.6 (24)
inhibitor
Systemic therapy 4.6 (4)
EASI (n = 85), median (IQR) 8.8 (3-20)
POEM (n = 79), median (IQR) 12.5 (6-17)
NRS peak itch during last 5 (2-8)
24 h (n = 82), median (IQR)
Quality of life, median (IQR)
DLQI (n = 8) 4(1-7)
CDLQI (n = 40) 5 (2-13)
IDQOL (n = 27) 5 (1-10)
RECAP (n = 81), median (IQR) 10 (5-17)
Clinical image characteristics
Clinical images (n = 87)
Photographs per patient, 18 (14-21)
median (IQR)
Conditions possibly
influencing
assessment, % (n)
PIH 20 (17)
Acne vulgaris 7 (6)
Folliculitis 7 (6)
Other* 8 (7)
Patient-provided images
Number of participants, 36.8 (32)
% (n)
Photographs per patient, 12 (9-17)
median (IQR)
Conditions possibly
influencing assessment,
n (%)
PIH 16 (5)
Acne vulgaris 6 (2)
Other* 9 (3)
Continued
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Table 1. Cont'd

Item Outcome

Days between consultation 3(1-4)
and
images, median (IQR)

AD, Atopic dermatitis; CDLQI, Children’s Dermatology Life Quality
Index; DLQI, Dermatology Life Quality Index; EASI, Eczema Area
and Severity Index; IDQOL, Infant Dermatitis Quality of Life; IQR,
interquartile range; NRS peak itch, Numeric Rating Scale for peak
itch; PIH, postinflammatory hypo/hyperpigmentation; POEM,
Patient Oriented Eczema Measure; RECAP, Recap of atopic
eczema; TCS, topical corticosteroids.

*Other conditions include ichthyosis vulgaris, keratosis pilaris, and
skin atrophy. Total numbers may not add up due to missing values.

post inflammatory hyper- and hypopigmentation and
1 acne vulgaris. Subgroup analyses based on skin type
showed no significant differences in agreement be-
tween in-person and remote EASI for children with
dark skin (0.84) as compared with light skin (0.95).
Additionally, subgroup analyses showed no differ-
ences between children younger (0.89) and older
than 8 years old (0.89).

Criterion validity of remote assessment
based on patient-provided images. Evaluation
of patient-provided images showed good agree-
ment (0.86) with in-persons AD assessment (Table
II and Bland and Altman plot [Supplementary Fig 1,
B, available via Mendeley at https://data.mendeley.
com/datasets/r73xs6kpbb/1]). Furthermore, no sys-
tematic difference or proportional bias was found.
Due to a small number of patients that provided
whole-body images, we decided to perform 2
additional post hoc analyses. First, we performed
an analysis in which we assumed that patients that
did not provide images of all body regions had no
active AD on the sites of which no images were
provided and found moderate agreement (0.64;
n = 29). For the second analysis, we evaluated the
criterion validity of subscores of the remote EASI for
each body region and found varying criterion
validity with scores ranging from 0.49 to 0.86 in
samples  containing up to 29  children
(Supplementary  Table IV, available via
Mendeley at https://data.mendeley.com/datasets/
173xs6kpbb/1).

Reliability of remote assessment

Interrater reliability. Assessment of clinical
images showed good interrater reliability (0.77)
(Table TD). Interrater reliability was highest for region
scores and lowest for lichenification scores


https://data.mendeley.com/datasets/r73xs6kpbb/1
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188 Ragamin et al JAAD INT
Decemser 2023
Table II. Feasibility of remote assessment
Item Outcome
Validity of remote assessment — ICC
Clinical images (n = 78) 0.90 (0.85-0.94)
Fitzpatrick skin type I-lll (n = 45) 0.95 (0.91-0.97
Fitzpatrick skin type IV-VI (n = 33) 0.84 (0.70-0.92)
Children <8y (n = 42) 0.89 (0.81-0.94)
Children =8 y (n = 36) 0.89 (0.79-0.94)

Bias Outcome P value
Systematic difference® 0.29 (—0.74 to 1.33) .58
Proportional bias ' —0.03 .58
Patient-provided images (n = 13) 0.86 (0.59-0.95)

Bias Outcome P value
Systematic difference* —0.6 (—4.52 to 3.32) 75
Proportional bias ' —0.11 .54

Interrater reliability — ICC First assessment Second assessment
Clinical images (n = 76/71) 0.77 (0.59-0.87) 0.88 (0.83-0.92)
Fitzpatrick skin type I-lll (n = 45) 0.80 (0.59-0.89)
Fitzpatrick skin type IV-VI (n = 33) 0.74 (0.53-0.86)
Children <8 y (n = 41) 0.75 (0.54-0.87)
Children =8 y (n = 35) 0.75 (0.51-0.87)
Patient-provided clinical images (n = 10/9) 0.74 (0.41-0.92) 0.87 (0.63-0.97)
Standard error of measurement First assessment Second assessment
Clinical imagesth (n =76) 4.31 2.92
Patient-provided clinical images* (n=10) 5.56 3.13
Intrarater reliability — ICC

Clinical images (n = 71) 0.91 (0.89-0.93
Fitzpatrick skin type I-lll (n = 45) 0.88 (0.68-0.94
Fitzpatrick skin type IV-VI (n = 31) 0.91 (0.70-0.97

Children <8y (n = 39)
Children =8 y (n = 36)
Patient-provided clinical images (n = 9)

0.87 (0.65-0.94
0.89 (0.66-0.96
0.94 (0.87-0.97

—_—_— o

ICC, Intraclass correlation coefficient.

*Systematic difference is expressed as difference between the in-person EASI and remote EASI.

tProportional bias is expressed as the unstandardized regression coefficient of a regression with as dependent variable the difference
between the in-person and remote EASI, and as independent variable the mean of the in-person and remote EASI. A small coefficient
represents a small effect of AD severity on agreement between the in-person and remote EASI.

*The SEM is expressed as EASI score and resembles the standard deviation between raters.

(Supplementary Table V, available via Mendeley at
https://data.mendeley.com/datasets/r73xs6kpbb/
1). The SEM, a value that represents the standard
deviation for measurements, was 4.31. The relation
between AD severity and the difference between
raters is visualized in Supplementary Figure 2 (avail-
able via Mendeley at https://data.mendeley.com/
datasets/r73xs6kpbb/1). The difference between
raters increased when AD severity increases
(r, = 0.88). After second assessment interrater reli-
ability improved (0.88) and SEM decreased to 2.92
points on the EASI scale. Subgroup analysis showed
no differences in interrater reliability between chil-
dren with light (n = 45; ICC 0.80) and dark skin
(n = 31; ICC 0.74). No differences were found
between young (n = 41; 0.75) and older children
(n = 35;1CC 0.75).

Interrater reliability based on patient-provided
images was moderate 0.74 (Table II, Supplementary
Table VI, available via Mendeley at https://data.
mendeley.com/datasets/r73xs6kpbb/1). Further post
hoc analysis of the subscores for each region (that
contain a larger sample) show varying interrater
reliability ranging from 0.48 to 0.84. The SEM for
remote EASI based on patient-provided clinical im-
ages was 5.50.

Intrarater reliability. Reassessment of images
showed excellent intrarater reliability for both clin-
ical (0.91) and patient-provided images (0.94), Table
IT (Supplementary Table VII and VIII, available via
Mendeley at https://data.mendeley.com/datasets/
173xs6kpbb/1). Further analysis of the subscores of
patient-provided images for each region (that
contain a larger sample size) show good intrarater


https://data.mendeley.com/datasets/r73xs6kpbb/1
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Fig 1. Correlation between in-person EASI and SA-EASIL
Scatter plot between the in-person EASI and SA-EASI. Each
dot resembles a patient. Note that the SA-EASI scores
cannot be compared directly with EASI scores as the SA-
EASI is a different outcome measure with a different scale
that ranges from 0 to 96, whereas the EASI ranges from 0 to
72.

reliability (range 0.79-0.85). Subgroup analysis of
clinical images showed no difference in intrarater
reliability between children with light (n = 45; ICC
0.88) and dark skin (2 = 31; 0.91), and between
young (1 = 39; ICC 0.87) and older children (7 = 306;
ICC 0.89).

Patient self-assessment of AD

Correlation between EASI and SA-EASI was mod-
erate (1 = 62; 1, = 0.60) (Fig 1). Correlation between
AD severity and all other PROMS was lower
(Supplementary Table IX, available via Mendeley at
https://data.mendeley.com/datasets/r73xs0kpbb/
1). Exploration of outliers (children with greatest
discrepancy between SA-EASI and in-person EASD
showed that the 5 most positive outliers (higher SA-
EASI than EASD all have high peak pruritus scores
(mean 8.1, SD 1.3), whereas the 5 most negative
outliers (lower SA-EASI than EASI) report low pru-
ritus scores (mean 3.1, SD 2).

DISCUSSION
Principal findings

In this study, we investigated remote assessment
in AD. We confirmed that remote assessment based
on images strongly correlates with in-person AD
assessment. Additionally, we identified aspects; im-
age quality, skin type, and presence of other skin
conditions that could limit assessment. Inter- and
intrarater reliability of remote AD assessment
showed consistency in assessments, suggesting po-
tential for remote severity assessment of AD in
clinical practice and research. Finally, we investi-
gated self-assessment and found that the validity of
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these assessments may be limited as compared with
existing PROMS.

Remote assessment based on high-quality images
could be used as a good alternative to in-person
severity assessment. We found excellent agreement
between in-person AD assessment and assessment
based on clinical images. These findings are in line
with other smaller studies that show similar results
for assessment of severity signs (ie, erythema and
excoriation) and total EASI scores based on high-
quality images.'"'" Additionally, we investigated
reliability of remote assessment and found higher
reliability and similar SEM compared with previous
studies investigating reliability of in-person AD
assessment.”'”* Overall, these findings confirm that
remote assessment can be used in clinical practice
and research.

Health professionals using remote assessment
should notice that skin type, presence of other skin
conditions and quality of images, can affect assess-
ment. Previous research into AD assessment showed
poor reliability in patients with dark skin.” In our
study, we noted that dark skin was more common in
cases that showed greater disagreement. However,
overall assessment of AD severity in children with
dark skin showed good measurement properties,
confirming the validity of remote assessment in
children with dark skin. More experience with and
representation of dark skin in dermatology may
improve assessment.”*

An important factor that influences assessment is
quality of images. Although, our main goal was to
investigate if remote assessment is possible, we
believe that our findings offer some insights in the
feasibility of remote assessment as well. We noted
that up to half of patient-provided images were of
insufficient quality or were incomplete (ie, images of
body regions were missing). This could be a major
limitation to remote assessment. However, partici-
pants in our study had no incentive to provide high-
quality and whole-body images as they already
received consultation. In contrast to our study,
Croce et al'® found no issues with quality of
patient-provided images in a population that
received an incentive. Additionally, Croce et al'’
reported willingness to adopt remote assessment.
We therefore assume that remote severity assessment
is possible in some populations and care providers
and researchers should discuss remote assessment
with patients individually. Further research to
develop methods to ensure high-quality images for
AD assessment could enhance adoption of remote
assessment. For example, augmented-reality sup-
ported tools with interactive instructions could help
patients to capture high-quality images.


https://data.mendeley.com/datasets/r73xs6kpbb/1
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Strengths and limitations

The current study has several strengths. First of all,
this is a large study containing over 1900 images of 87
children and the whole AD severity spectrum.
Additionally, all skin types and skin conditions
were represented in our study. Second, this is the
first study investigating remote assessment at a pro-
fessional and patient level. A limitation of this study
is the low portion of participants that sent (whole-
body) images. Although this could be interpreted as
low willingness to adopt remote care, we previously
showed satisfaction with remote care.” We therefore
assume that low participation results from a lack of
incentive to participate as children already received
consultation. Finally, we did not included adults with
AD which could limit the generalizability of our
findings.

CONCLUSION

In conclusion, we showed that remote AD
severity assessment strongly correlates with in-
person assessment. In addition, we showed a good
measurement properties of the remote EASI. Remote
assessment can be used as an alternative to in-person
assessment in both clinical practice and research.
However, despite its potential, feasibility issues with
patient-provided images may limit its use for select
cases. More research is necessary to ensure high-
quality assessment based on patient-provided im-
ages. Finally, we showed only moderate correlation
between the SA-EASI and in-person EASI, indicating
limited value of self-assessed of clinical signs.

We would like to thank our patients for participating in
this study.
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