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Abstract

Background Hidradenitis suppurativa (HS) is an inflammatory skin disease with a chronic intermittent course. The cur-
rent classification systems used to categorize disease severity provide limited insight into the degree of inflammation
and pain, which are key symptoms of the disease.

Objective We sought to investigate the correlation and validity of simple patient- and investigator-assessed items
related to inflammation with morphological changes identified by high-frequency ultrasound in HS.

Methods Twenty patients with the clinical diagnosis of HS were enrolled in this study. All patients underwent clinical
examinations during which one representative inflammatory nodule was selected in each patient based on the anamnes-
tic information, patient experience and clinical presentation. Tenderness and flare activity of the representative nodule
were graded by the patients and erythema by the investigator. Subsequently, all patients underwent high-resolution
ultrasound scanning of their representative nodule.

Results We found significant associations between the size of the representative nodule (the diameter in the transverse
plane) and patient assessments of flare activity and tenderness. Moreover, we found a marked association between the
size of the nodules and investigator assessment of erythema.

Conclusion Patient assessments of flare activity and pain, and investigator assessment of erythema are strongly asso-
ciated with morphological changes identified using ultrasound, suggesting that these patient- and investigator-assessed

items might be strong indicators of the degree of present inflammation in HS.
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Introduction

Hidradenitis suppurativa (HS) is a chronic, inflammatory,
recurrent, skin disease primarily involving the apocrine gland-
bearing areas of the body, most commonly the axillae, inguinal
and anogenital regions." HS is not an uncommon disease with
an estimated point prevalence of 1-4%.>” It causes tenderness,
pain, suppuration and malodor, and has a substantial negative
impact on quality of life.*> The diagnosis is clinically based on
the presence of typical lesions, including inflammatory nodules,
abscesses and sinus tracts, typical topography and chronically
recurring course.' Laboratory tests are generally not useful to
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determine the diagnosis and histopathologic investigations are
rarely indicated.®

Disease classification is important in the identification of not
only aetiology, pathogenesis and risk factors, but also when
establishing treatment. Different approaches for disease classifi-
cation have been proposed in HS. Among those, the Hurley clas-
sification system is commonly used.” It is a simple and rapid
classification system, which is suitable for staging patients in
daily clinical work. It is, however, based on structural character-
istics of the lesions and therefore a static system, less suited for
assessment of any dynamic changes in disease severity. Other
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systems have been proposed for more dynamic disease assess-
ment; the most widely documented is the Sartorius score, which
is based on lesion counts in affected areas.® Nonetheless, Sarto-
rius scores are also dominated by assessments of structural
changes and both classification systems provide limited insight
into the degree of present inflammation, suppuration or pain,
which are key symptoms of HS.” !

An ideal scoring system should include both patient-assessed
items and objective measurements. Pain and inflammation are
important indicators of disease severity, but unfortunately nei-
ther the Hurley nor Sartorius scoring system addresses these
inflammatory features.

High and variable frequency ultrasound, a worldwide avail-
able imaging modality, has been proven useful for studying
localized lesions of the skin,'>"? detecting subclinical changes in
HS and allowing disease classification based on detailed anatom-
ical data.'* ' The purpose of this study was to examine the cor-
relation and validity of simple investigator- and patient-assessed
items with objective measurement of nodules performed by
high-frequency ultrasound.

Material and methods

Participants

Between January 2013 and August 2013, 20 patients with the
clinical diagnosis of HS were enrolled in this study after
informed consent was obtained. Patients were eligible if the
diagnosis of HS was made by a dermatologist, their skin
lesions included inflammatory nodules and they were able to
differentiate symptoms caused by individual lesions. All
patients underwent clinical examinations, including assessment
of disease severity according to the Hurley classification sys-
tem. During the examination, one representative inflammatory
nodule was selected based on the anamnestic information,
clinical presentation and patient experience. The intensity of
erythema of the representative nodule was graded by the
investigator on a 1-3 scale, 1 representing mild (faint but
noticeable pink coloration), 2 moderate (moderate red colora-
tion) and 3 severe (marked red coloration). Subsequently, the
patients were asked to grade tenderness and flare activity of
the representative nodule on a 0-3 scale, 0 representing no
tenderness or flare, 1 mild, 2 moderate and 3 severe. Flare
activity was defined as patient’s assessment of disease activity
in the representative nodule based on present symptoms such
as pain, irritation, burning sensation, etc.

Ultrasound examination

All patients underwent high-resolution ultrasound scanning of
the representative using a Mylab Twice unit (Esaote, Genova,
Italy) with broadband linear probes working on variable fre-
quencies 6-18 and 10-22 MHz. A thick layer of ultrasound gel
(Bluescan, Lina Medical, Glostrup, Denmark) was applied on
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Figure 1 Measurement (4 mm) of the diameter of a clinical axillary
inflammatory nodule by grey scale ultrasound. The nodule repre-
sents a fluid collection in the dermis and upper subcutaneous
tissue.

the imaging area, and the transducer was gently placed perpen-
dicular to the skin surface, avoiding any compression of the
nodule. During the scanning, the nodule was visualized and its
largest diameter (mm) in the transverse plane was measured
(Fig. 1). All ultrasound examinations were performed by the
same investigator (KZ).

Statistical analysis

Continuous variables are presented by mean and range and cate-
gorical variables by frequency and percentage. We used a univar-
iate linear regression model to investigate the association
between the transverse diameter, and patient and investigator
evaluations of the representative nodules. Patient assessment of
flare activity, tenderness and investigator assessment of erythema
were selected as independent variables. Testing the assumptions
of the linear regression model using residuals revealed non-
normality; therefore, we log transformed the transverse diameter
of representative nodules (the dependent variable). We consid-
ered associations significant if the P-values were less than 0.05.
All analyses were performed in the statistical program R, version
2.15.2 (R Development Core Team, 2013, Vienna, Austria).

Results

A total of 20 HS patients were included in this study. Patient
characteristics are summarized in Table 1. The mean age of
the participants was 37 years (range: 19-61). Women were
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Table 1 Patient characteristics
Patient no. Sex Age Age of onset Worst Hurley Smoker Treatment
1 Female 19 14 2 yes adalimumab (s.c.)1
2 Female 36 16 2 yes adalimumab (s.c.)
3 Female 25 18 2 yes adalimumab (s.c.)
4 Male 61 32 3 yes adalimumab (s.c.)
5 Female 54 16 1 yes none
6 Male 52 21 1 yes recorcinol (t)2 and clindamycin(t)
7 Female 36 22 2 yes none
8 Female 50 20 2 yes clindamycin (s)3 and rifampicin (s)
9 Female 32 <10 2 yes none
10 Female 24 <10 1 no none
11 Female 43 18 2 yes none
12 Female 26 14 2 yes none
13 Male 31 15 2 no erythromycin (s)
14 Female 21 16 2 yes tetracycline (s)
15 Female 40 26 1 yes clindamycin (t)
16 Male 37 25 1 yes none
17 Female 28 18 2 yes clindamycin (t) and adapalen (t)
18 Male 68 <10 3 no clindamycin (s), rifampicin (s) and resorcinol (t)
19 Female 31 23 1 yes resorcinol (t)
20 Female 26 12 1 yes resorcinol (t) and clindamycin(t)
1(s.c.) subcutaneous; 2(t) topical; 3(s) systemic therapy.
overrepresented with a female:male ratio of 3:1. Three P < 0.0001) and tenderness (none-mild: P = 0.0016, none—

patients reported pre-pubertal onset, whereas 17 patients had
onset at second or third decade of life. The majority (17
patients) were smokers. The highest Hurley stage, scored in
the most severely affected area, was I in 7 patients, II in 11
patients and IIT in 2 patients. Systemic treatment was given
to eight patients at the time of the ultrasound examination;
these patients were classified as Hurley stage II or III. Five
patients received only topical treatment and seven patients
were untreated at the time of the investigation.

Table 2 shows how the participants evaluated flare activity
and tenderness of their representative nodule. About 50% of all
patients scored themselves as having none or mild flare activity
and tenderness. The investigator assessed the intensity of ery-
thema of the representative nodule as mild in eight patients, as
moderate in eight patients, and as severe in four patients. The
nodules were identified on ultrasound in all cases as hypoechoic
or anechoic fluid collections located in the dermis and subcuta-
neous tissue. The mean diameter of the ultrasonographic exam-
ined nodules was 52 mm (range: 1.4-13.2 mm). The two
patients who had the highest scores in patient and investigator
assessments (patient no. 2 and 17 in Table 2) had also the largest
nodules measured by ultrasound.

By performing linear regression analysis (Table 3), we found
significant associations between the diameter of the representa-
tive nodule and patient assessment of flare activity (none—mild:
P =0.021, P = 0.0007

none—moderate: and none-severe:
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moderate: P < 0.0001 and none—severe: P < 0.0001). Moreover,
we found a marked association between the diameter of the nod-
ule and investigator assessment of erythema (mild—moderate
P = 0.002 and mild-severe P = 0.002). In comparison to report-
ing no flare activity, having mild activity was associated with a
24% increase in the diameter of the representative nodule, mod-
erate flare activity with a 44% increase in the diameter of the
representative nodule and severe flare activity with a 97%
increase (Table 3). The corresponding values were 25%, 61%
and 107% increase in the diameter of the representative nodule
for reporting mild, moderate and severe tenderness, respectively,
as compared with no tenderness (Table 3). Having a moderate
degree of erythema (investigator assessment) was associated with
a 37% increase in the diameter, as compared with having mild
erythema, whereas having severe erythema was associated with a
50% increase in the diameter, as compared with mild erythema
(Table 3).

Discussion

Precise evaluation of disease severity is an important but chal-
lenging task in many dermatological diseases, and HS is no
exception to this. Many medical specialties rely on paraclinical
data for the assessment of disease severity and treatment effect.
Because of the immediate accessibility of skin, this approach is
not commonly used in dermatology as in, e.g. hepatology. For
lesions that involve deep dermal or subcutaneous structures, it

© 2014 European Academy of Dermatology and Venereology



530 Zarchi et al.

Table 2 Patient and investigator assessments of the representative nodule and ultrasonic diameter

Patient no. Region Patient Tenderness Investigator Transverse
assessment (0-3) assessment diameter (mm)
of flare of erythema
activity (0-3) (1-3)

1 Axillary 1 1 2 3.9
2 Gluteal 3 3 3 10.7
3 Axillary 2 2 2 6.6
4 Axillary 1 1 3 4.0
5 Axillary 1 2 2 5.2
6 Pubic 0 0 1 1.4
7 Pubic 2 1 2 3.7
8 Inguinal 1 1 1 3.2
9 Axillary 2 1 1 4.1

10 Pubic 1 1 1 3.1

11 Axillary 1 0 1 2.8

12 Inguinal 1 0 1 3.1

13 Inguinal 2 1 3 4.3

14 Inguinal 2 2 2 5.1

15 Inguinal 0 0 1 2.0

16 Axillary 3 2 2 71

17 Pubic 3 3 3 13.2

18 Axillary 2 2 2 6.8

19 Pubic 0 1 1 3.6

20 Pubic 3 2 2 9.8

Table 3 Linear regression analyses investigating the association between the diameter of representative nodules and patient and inves-
tigator assessments of pain and inflammation

Independent variable Regression coefficient 95% confidence Percentage P value
(log-transformed-dependent interval increase in
variable) diameter*

Patient assessment of flare activity

None (0) Reference

Mild (1) 0.21 (0.037,0.39) 24% P =0.021
Moderate (2) 0.36 (0.18,0.54) 44% P = 0.0007
Severe (3) 0.66 (0.47,0.86) 94% P < 0.0001

Tenderness

None (0) Reference

Mild (1) 0.22 (0.098, 0.35) 25% P =0.0016
Moderate (2) 0.47 (0.34,0.61) 61% P < 0.0001
Severe (3) 0.73 (0.55,0.91) 107% P < 0.0001

Investigator assessment of erythema

Mild (1) Reference
Moderate (2) 0.32 (0.13,0.50) 37% P =0.002
Severe (3) 0.40 (0.18,0.63) 50% P =0.002

*Percentage increase in transverse diameter was calculated using the regression coefficients: Percentage increase = (e®—1) x 100%.

is, however, suggested that additional imaging may be beneficial ~appears particularly useful for changes that involve deep dermal
to the management of patients. Ultrasound scanning is capable or subcutaneous pathology, which cannot currently be imaged
of providing imaging of structures > 0.1 mm in the skin, and by other modalities such as optical coherence tomography or
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confocal microscopy.'* In previous studies, high-frequency
ultrasound has been used for description of HS."**° Indeed, it
has been reported that imaging reveals significant, hidden struc-
tural components of lesions, indicating that many cases are more
severe than clinically assessed.'* In addition, the following
ultrasound features have been reported in HS: (i) widening of
hair follicles and pseudocystic dermal structures; 118 (i)
decreased echogenicity of the dermis and increased echogenicity
of the subcutaneous tissue;'*'> (iii) increased thickness of the

. . . L1418
dermis and subcutaneous tissue in lesions

and (iv) presence
of hypoechoic or anechoic fluid collections and fistulas in the
dermis and subcutaneous tissue.'*'> Because of the dynamic
qualities of ultrasound and the ease of use, the method may be
used to gather not only structural data but also more dynamic
data that can provide the needed record. We hypothesized that
the diameter of nodules is a reliable measure of the degree of
inflammation. The largest diameter in the transverse plane was
selected as the objective measure, because it is most probably
influenced to a lesser degree by the presence of scar in the sur-
rounding tissue, as compared with diameter in other planes.
Measurement of the diameter in the transverse plane is a simple,
safe, accurate and quick examination method of lesions that are
easily identified both clinically and on ultrasound. In studies of
infection of the dermis and subcutaneous tissue, the ultrasound-
measured diameter of abscesses has been used to suggest the
treatment. If a classical abscess is small (<1 ¢cm diameter), con-
servative treatment is preferred over incision and drainage.*' It
is therefore implied that diameter of an inflamed lesion can be
used as an indicator of the disease severity. However, although
measuring the diameter of nodules by ultrasound may allow
objective quantification of the underlying inflammation, the
approach cannot replace the clinical evaluation nor can it replace
the complete ultrasound examination of affected areas. It should
also be noted that a single nodule cannot reflect the entire dis-
ease state and that the representative nodules were selected
merely to identify disease-specific lesions in which the associa-
tion between patient- and investigator-assessed items and mor-
phological changes could be studied.

The results in this study indicate that the transverse diameter
of inflammatory nodules (collection on ultrasound) correlates
well with the intensity of erythema and patient reports of pain
and flare activity. Assessment of erythema and pain is included
only in modified HS-LASI staging;** otherwise, none of the
patient- and investigator-assessed characteristics, used in this
study, is incorporated in available classification systems. This is
despite erythema and pain being widely accepted as indicators of
inflammation.?’ Patient assessment of flare activity, nonetheless,
was not a validated item, and was introduced in this study to
represent all inflammatory features, including those other than
pain, such as itching, irritation and burning sensation that
patients may experience. However, because the inflammatory
features and cutaneous lesions are diverse in HS and these sim-
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ple patient and investigator assessments do not reflect the entire
disease picture, these items should only be used as incorporated
segments of classification systems together with clinical data to
strengthen their representativeness of the underlying inflamma-
tion.

The limitations of this study include the limited number of
cases investigated, and the lack of blinding of the ultrasound
investigator. Moreover, the approach taken in this study requires
the presence of clinically palpable nodules. There are subclinical
changes in HS, which can be identified only by ultrasound exam-
ination.' Evaluation of these subclinical changes, however, was
not considered in the present analysis nor was ultrasound exami-
nation of other HS lesions, such as fistulas. Further studies are
needed to confirm the usefulness of ultrasound measurement of
the diameter of nodules in everyday practice. Moreover, evaluat-
ing the intensity of erythema might be a matter of perception;
nevertheless, because all patients were evaluated by the same
investigator, interobserver variability was not a source of bias in
this study. Finally, the use of numeric rating scales for chronic
diseases like HS can be discussed. Numeric rating scales are uni-
dimensional, single-item scales that provide an estimate of
patients’ pain intensity. They are easy to administer and com-
plete. However, they do not provide a comprehensive evaluation
of pain in patients with chronic diseases such as HS. In this
study, the aim of pain assessment, however, was merely to serve
as a patient-reported outcome anchor and was therefore thought
permissible.

In conclusion, we found strong and significant associations
between morphological changes identified using ultrasound and
patient assessments of flare activity and pain, and investigator
assessment of erythema, suggesting that these parameters might
be strong indicators of the degree of present inflammation in
HS. This study suggests that such simple items should be incor-
porated in future classification systems of HS.

References

Jemec GBE. Clinical practice. Hidradenitis suppurativa. N Engl ] Med
2012; 366: 158-164.

Revuz JE, Canoui-Poitrine F, Wolkenstein P et al. Prevalence and factors
associated with hidradenitis suppurativa: results from two case-control
studies. ] Am Acad Dermatol 2008; 59: 596-601.

Jemec GB, Heidenheim M, Nielsen NH. The prevalence of hidradenitis
suppurativa and its potential precursor lesions. ] Am Acad Dermatol
1996; 35(2 Pt 1): 191-194.

Jemec GB, Heidenheim M, Nielsen NH. Hidradenitis suppurativa—char-
acteristics and consequences. Clin Exp Dermatol 1996; 21: 419-423.

Von der Werth JM, Jemec GB. Morbidity in patients with hidradenitis
suppurativa. Br ] Dermatol 2001; 144: 809-813.

Revuz J. Hidradenitis suppurativa. Presse Med 2010; 39: 1254-1264.
Hurley H. Dermatologic surgery, principles and practice. In Roenigk RK,
Roenigk HH, eds. Dermatologic surgery, principles and practice. Marcel
Dekker, New York, 1989: 729-739.

Sartorius K, Lapins J, Emtestam L, Jemec GBE. Suggestions for uniform
outcome variables when reporting treatment effects in hidradenitis sup-
purativa. Br ] Dermatol 2003; 149: 211-213.

—

8]

W

~

vl

[=)}

~

el

© 2014 European Academy of Dermatology and Venereology



Zarchi et al.

532
9 Esmann S, Dufour DN, Jemec GBE. Questionnaire-based diagnosis of 17 Wortsman XC, Holm EA, Wulf HC, Jemec GBE. Real-time spatial com-

hidradenitis suppurativa: specificity, sensitivity and positive predictive pound ultrasound imaging of skin. Skin Res Technol 2004; 10: 23-31.
value of specific diagnostic questions. Br | Dermatol 2010; 163: 18 Jemec GB, Gniadecka M. Ultrasound examination of hair follicles in hid-
102-106. radenitis suppurativa. Arch Dermatol 1997; 133: 967-970.

10 Esmann S, Jemec GBE. Psychosocial impact of hidradenitis suppurativa:a 19 Wortsman X, Revuz J, Jemec GBE. Lymph nodes in hidradenitis suppura-
qualitative study. Acta Derm Venereol 2011; 91: 328-332. tiva. Dermatology 2009; 219: 22-24.

11 Zarchi K, Jemec GB. The Role of Ultrasound in Severity Assessment in 20 Wortsman X, Jemec G. A 3D ultrasound study of sinus tract formation in
Hidradenitis Suppurativa. Dermatol Surg 2014; 40: 592. hidradenitis suppurativa. Dermatol Online ] 2013; 19: 18564.

12 Wortsman X, Wortsman J. Clinical usefulness of variable-frequency ultra- 21 Tayal VS, Hasan N, Norton HJ, Tomaszewski CA. The effect of soft-tissue
sound inlocalized lesions of the skin. JAm Acad Dermatol 2010; 62: 247-256. ultrasound on the management of cellulitis in the emergency department.

13 Zarchi K, Wortsman X, Jemec GB. Ultrasound as a Diagnostic Aid in Acad Emerg Med 2006; 13: 384—388.
Identifying Neurofibromas. Pediatr Dermatol 2014; doi: 10.1111/pde. 22 Tierney E1, Mahmoud BH, Hexsel C, Ozog D, Hamzavi I. Randomized
12310. [Epub ahead of print] control trial for the treatment of hidradenitis suppurativa with a neodym-

14 Wortsman X, Moreno C, Soto R, Arellano J, Pezo C, Wortsman J. Ultra- ium-doped yttrium aluminium garnet laser. Dermatol Surg 2009; 35:
sound in-depth characterization and staging of hidradenitis suppurativa. 1188-1198.
Dermatol Surg 2013; 39: 1835-1842. 23 Bishop T1, Hewson DW, Yip PK et al. Characterisation of ultraviolet-B-

15 Wortsman X, Jemec GBE. Real-time compound imaging ultrasound of induced inflammation as a model of hyperalgesia in the rat. Pain 2007;
hidradenitis suppurativa. Dermatol Surg 2007; 33: 1340—1342. 131: 70-82.

16 Kelekis NL, Efstathopoulos E, Balanika A et al. Ultrasound aids in diag-

nosis and severity assessment of hidradenitis suppurativa. Br ] Dermatol
2010; 162: 1400-1402.

JEADV 2015, 29, 527-532

© 2014 European Academy of Dermatology and Venereology



