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Abstract

Hyperbaric oxygen therapy (HBOT) appears to enhance wound healing, increase

bactericidal activity, and act synergistically with a number of antibiotics. The aim of this

study was to evaluate the efficacy of HBOT as an adjunctive therapy in patients with

hidradenitis suppurativa (HS) treated with a combination of systemic rifampicin and

clindamycin. The study was a prospective, single-center, single-dose, open-label,

randomized controlled clinical study of HBOT in patients with moderate to severe HS.

Efficacy was measured by modified Sartorius score (SS), HS Severity Index (HSSI),

Dermatology Life Quality Index (DLQI), and a visual analog scale (VAS) before treatment

and after the completion of 4 and 10 weeks of treatment. Erythrocyte sedimentation rate

(ESR) and C-reactive protein (CRP) levels were also measured. Forty-three patients were

enrolled in the study. More patients in the HBOT than in the control group showed a

decrease of ≥50% from baseline parameters at week 10 for SS (100%), HSSI (100%),

DLQI (95.5%), VAS (100%), ESR (100%), and CRP (72.7%). Clinically and statistically

significant improvements from baseline were observed at 4 and 10 weeks in HSSI

(P = 0.009 at both), SS (P = 0.021 at both), and DLQI (P = 0.044 at week 4, P = 0.009 at

week 10). Adjunctive HBOT was considered to be effective in significantly improving

antibiotic treatment of HS. The treatment was well tolerated, and no unexpected safety

issues were identified.

Introduction

Hidradenitis suppurativa (HS) is a chronic, inflammatory
disease characterized by recurrent, painful abscesses and
nodules primarily in intertriginous areas.1–3 The first line
of treatment for stage 1 and 2 HS combines rifampicin with
either oral clindamycin or minocycline,4 resulting in remis-
sion in about 75% of cases.5 Because of its wound-healing,
anti-hypoxic, anti-edema, and anti-infective properties,6

we speculated that hyperbaric oxygen therapy (HBOT)
might help to increase antibiotic treatment efficacy.
The aim of this study was to evaluate the efficacy of

HBOT as an adjunctive therapy in patients treated with a
combination of rifampicin and clindamycin.

Materials and methods

The study was a prospective, single-center, single-dose, open-

label, randomized controlled clinical study of HBOT in patients

with moderate to severe HS. Ethical approval was obtained

from Eskisehir Osmangazi University Clinical Research Ethics

Committee (March 29, 2012; protocol no. 2012/66). The study

protocol complied with the ethical guidelines of the Declaration

of Helsinki of the World Medical Association.

Patients

Patients who were diagnosed with HS in the Department of

Dermatology at the secondary State Hospital, Eskisehir, Turkey,

between April 2012 and July 2014 participated in the study. The

patients were divided into two groups. The first group of

patients (n = 22) was treated with antibiotics and HBOT (HBOT

group). The second group of patients (n = 21) was treated with

antibiotics only (control group).

Only patients aged >18 years were included in the study.

Criteria for exclusion from HBOT were pregnancy,

pneumothorax, severe chronic obstructive pulmonary disease,

recent chest surgery, upper or lower airway infection,

psychiatric problems (especially claustrophobia), concussion or

head injury, convulsions, epilepsy, and heart disease (ejection

fraction <35).
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At the first visit, a standardized form was used to record

demographic characteristics (age, sex), smoking habits, history

of disease, and family history of HS. Body mass index (BMI)

was computed for all patients, and the anatomic zones

affected were identified and recorded with descriptions of typical

lesions.

All patients underwent laboratory and radiographic

evaluations including a blood cell count and differential,

erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),

renal and liver function profiles, hepatitis B surface antigen

(HBsAg), anti-hepatitis C virus (anti-HCV), human

immunodeficiency virus (anti-HIV), chest x-ray, and Water’s

view (occipito-mental) x-ray. Blood cell count and differential,

CRP, ESR, and renal and liver function profiles were repeated

at the end of weeks 4 and 10.

Treatment

Patients who accepted medical treatment with the combination

of clindamycin (300 mg orally, twice per day, taken with food)

and rifampicin (300 mg orally, twice per day, taken on an empty

stomach) were included in the study. All patients received this

therapy for 10 weeks.

Some patients were randomly assigned to treatment with

HBOT. Patients in the control group were referred to the

hyperbaric medicine department for consideration. Patients

were evaluated for contraindications for HBOT, and informed

consent was obtained from patients before HBOT was initiated.

Treatment sessions were administered in a multi-place

hyperbaric chamber five days per week for four weeks (20

treatment sessions, once per day except at weekends). An

HBOT session lasted 120 minutes and included a period of

compression in air for 20 minutes, followed by treatment at 2.4

atmospheres absolute (ATA) for three periods of 25 minutes

separated by two 5-minute air breaks (mask off), followed by a

decompression period of 15 minutes.

Clinical evaluation

Hurley’s staging system is simple and relies on the subjective

evaluation of the diseased tissue.1 The Sartorius score (SS)7

is more sophisticated than Hurley’s staging system and is

likely to substitute it in clinical trials.1 The authors suggest

adding the HS Severity Index (HSSI),3 a visual analog scale

(VAS)8 for pain, and using the Dermatology Life Quality Index

(DLQI)9 when assessing HS.1 In the present study, we used

the SS, HSSI, a VAS, and the DLQI. The inflammatory

markers ESR and CRP were also measured. Normal ranges

used in this study were 0–5 mg/dl for CRP and 0–15 mm/h

for ESR. The final results of the DLQI were computed by

adding subscores together to give a total ranging from 0 to

30. Sample scoring of the HSSI (range: 0–19) was as

follows: mild (0–7); moderate (8–12); and severe (>13). Pain

was evaluated using a VAS on which 0 indicated “no pain”

and 10 indicated “unbearable pain”.8 Patients were evaluated

before treatment (week 0), after the completion of the 20

sessions of HBOT (week 4, T4), and at the end of week 10

(T10).

Statistical analysis

Statistical analyses were performed using SPSS for Windows

Version 16.0 (SPSS, Inc., Chicago, IL, USA). Quantitative data

were tested for normal distribution using the Kolmogorov–

Smirnov test. Data distribution was normal for all parameters

except ESR (T4) in the HBOT group and CRP and HSSI (at T4

and T10, respectively) in the control group. The Wilcoxon

signed rank test and the paired t-test were used to compare

each group’s pre- and post-treatment outcomes. The Mann–

Whitney U-test and independent samples tests were used to

test for statistically significant differences between groups. The

chi-squared test was used to analyze treatment efficacies.

Fisher’s exact test was used instead of the chi-squared test

when any expected frequency was <1 or when 20% of

expected frequencies were ≤5. Results are expressed as the

mean � standard deviation (SD). A P-value of <0.05 was

considered to indicate statistical significance.

Results

Forty-three patients (25 women, 18 men) were enrolled.
The average age of the patients was 35.7 years (range:
20–55 years). Clinical and demographic data (mean age,
sex, BMI, smoking, duration of disease, age of onset, and
family history) for the patients are summarized in
Table 1. Of the 43 patients, 32 had moderate HS and 11
had severe HS, as defined by the HSSI.
These 43 patients were randomly divided into two

groups. In the first group, patients (n = 22) were treated
with antibiotics and HBOT (HBOT group). In the second
group, patients (n = 21) were treated with antibiotics
only (control group).
The two groups did not differ in terms of gender distri-

bution or smoking habits (P > 0.05, chi-squared tests).
The groups were comparable with regard to age and BMI
(P > 0.05, independent samples tests). The groups were
also matched for DLQI, HSSI, SS, VAS, ESR, and CRP
values before treatment (P > 0.05, independent samples
tests). The groups showed a statistically significant differ-
ence in duration of disease (HBOT group, 7.09 �
5.639 years; control group, 11.00 � 4.648 years;
P < 0.05, independent samples test).
Baseline data and treatment results at the end of weeks

4 and 10 (mean � SD) and a comparison of means are
presented in Table 2. Substantial improvement in the
affected areas was observed (Fig. 1). We compared the
proportions of patients with a decrease of ≥50% in symp-
toms (based on the SS, HSSI, DLQI and VAS scores) from
baseline to weeks 4 and 10 in the two groups in order to
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evaluate the adjuvant effect of HBOT. We also compared
the proportions of patients whose test ESR and CRP val-
ues shifted from baseline into the normal range at weeks
4 and 10. In the control group, at week 10, these propor-
tions amounted to 76.2, 71.4, 61.9, 71.4, 81.0, and
66.7% for SS, HSSI score, DLQI score, VAS score, ESR,
and CRP level, respectively. In the HBOT group, great
improvements from baseline were observed at week 10 in
SS (100%), HSSI score (100%), DLQI score (95.5%),
VAS score (100%), ESR (100%), and CRP level (72.7%).
The results in the HBOT group were very encouraging.
Treatment efficacies in the HBOT group were numerically
better than in the control group (P < 0.05) (Table 3). By

the end of weeks 4 and 10, statistically significant
improvements were observed in HSSI score (T4 and T10,
P = 0.009), SS (T4 and T10, P = 0.021), and DLQI score
(T4, P = 0.044; T10, P = 0.009). By the end of week 10,
statistically significant improvements were observed in
VAS score (P = 0.009) and ESR (P = 0.048). Differences
between data obtained at baseline and at the end of week
4 in VAS score (P = 0.069) and ESR (P = 0.105) were
not statistically significant. No statistically significant
improvements were observed in CRP from baseline to the
end of weeks 4 (P = 0.226) and 10 (P = 0.460). All
patients were asked about side effects during treatment.
No adverse events were reported.

Table 1 Main clinical and demographic data for patients with hidradenitis suppurativa treated with antibiotics with and
without hyperbaric oxygen therapy (HBOT)

Antibiotic + HBOT

(HBOT group, n = 22)

Antibiotic only

(Control group, n = 21)

All patientsFemale Male Total Female Male Total

Patients, n 15 7 22 10 11 21 43

Age, years, mean 32.7 34.7 34.0 37.9 37.2 37.5 35.7

BMI, kg/m2, mean 31.7 28.2 29.2 31.4 30.2 30.8 30.0

Current smokers, % 71.4 73.3 72.7 50.0 81.8 66.7 69.7

Cigarettes per day, mean 19.0 24.5 22.8 18.0 22.2 20.7 21.8

Age of onset, years, mean 27.0 26.1 26.6 27.4 26.7 27.1 26.9

Disease duration, years, mean 5.7 7.7 7.1 9.8 12.0 11.0 9.0

Family history None None None None None None None

BMI, body mass index.

Table 2 Results of outcome parameters at weeks 0, 4 and 10 in patients with hidradenitis suppurativa treated with antibiotics
with and without adjunctive hyperbaric oxygen therapy (HBOT)

Week 0

Mean � SD

Week 4

Mean � SD

Week 10

Mean � SD P-value, weeks 0 vs. 4 P-value, weeks 0 vs. 10 P-value, weeks 4 vs. 10

Antibiotic + HBOT (HBOT group, n = 22)

DLQI 18.27 � 6.33 8.59 � 5.77 5.50 � 4.28 0.000 0.000 0.000

HSSI 12.73 � 3.05 3.82 � 1.82 2.50 � 1.40 0.000 0.000 0.001

SS 17.06 � 9.42 4.36 � 3.45 3.50 � 3.05 0.000 0.000 0.000

VAS 6.86 � 0.88 2.17 � 1.20 1.05 � 1.09 0.002 0.065 0.010

ESR 24.68 � 9.87 13.23 � 9.48 8.36 � 3.03 0.000 0.000 0.004

CRP 29.64 � 38.96 5.09 � 3.23 4.95 � 3.21 0.001 0.002 0.547

Antibiotic only (control group, n = 21)

DLQI 18.38 � 6.46 11.38 � 7.54 9.10 � 7.54 0.000 0.001 0.000

HSSI 14.00 � 3.19 6.52 � 4.87 5.43 � 5.27 0.000 0.000 0.001

SS 17.90 � 9.54 8.61 � 9.23 7.64 � 9.33 0.000 0.000 0.000

VAS 6.67 � 0.96 3.48 � 2.15 2.48 � 2.65 0.034 0.076 0.000

ESR 26.10 � 10.47 16.9 � 10.17 13.29 � 8.67 0.000 0.000 0.003

CRP 31.81 � 38.66 17.80 � 30.85 14.00 � 22.32 0.004 0.003 0.055

Calculated using the Wilcoxon signed rank test.
CRP, C-reactive protein; DLQI, Dermatology Life Quality Index; ESR, erythrocyte sedimentation rate; HSSI, Hidradenitis Sup-
purativa Severity Index; SD, standard deviation; SS, Sartorius score; VAS, visual analog scale.
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Discussion

Hidradenitis suppurativa is a chronic, inflammatory dis-
ease of the apocrine glands. It is characterized by recur-
rent infections, abscess formation, and scarring.1,4,10 The
disease is more common in women than in men, and
onset usually occurs during the mid-20s to early 30s.2

Obesity and smoking both appear to increase the risk for
HS, and up to 88.9% of affected individuals have been
reported to be smokers.1,4 Patients should be advised to
lose weight, avoid tight-fitting clothing, and stop smok-
ing.
Hidradenitis suppurativa is not primarily an infectious

disease, although bacterial infection is often present.

(a)

(c) (d)

(b)

Figure 1 Clinical examination in
patients with hidradenitis suppurativa
(a, c) before and (b, d) after 4 weeks
of antibiotic treatment with
adjunctive hyperbaric oxygen therapy
shows substantial improvement in the
affected areas

Table 3 Proportions of patients with hidradenitis suppurativa treated with antibiotics with and without adjunctive hyperbaric
oxygen therapy (HBOT) showing a ≥50% decrease in symptoms from baseline to weeks 4 and 10 in the study outcome
parameters

Patients with ≥50% decrease from

baseline, %

P-value

Patients with ≥50% decrease from

baseline, %

P-value

Week 4

Antibiotic + HBOT

Week 4

Antibiotic only

Week 10

Antibiotic + HBOT

Week 10

Antibiotic only

DLQI 77.3 47.6 0.044 95.5 61.9 0.009a

HSSI 100 71.4 0.009a 100 71.4 0.009a

SS 100 76.2 0.021a 100 76.2 0.021a

VAS 90.9 66.7 0.069a 100 71.4 0.009a

Patients whose test value

shifted to normal levels

from baseline, %

Patients whose test value

shifted to normal levels

from baseline, %

ESR 90.9 71.4 0.105a 100 81.0 0.048a

CRP 72.7 57.1 0.226b 72.7 66.7 0.460b

aFisher’s exact test.
bChi-squared test.
DLQI, Dermatology Life Quality Index; HSSI, Hidradenitis Suppurativa Severity Index; SS, Sartorius score; VAS, visual analog
scale.
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However, bacteria are suspected of playing a role in the
disease process, probably through immune-mediated
mechanisms of inflammation.11 The exact etiology of HS
is unknown.4 Previously, the efficacy of oral clindamycin
and rifampicin treatment was shown to range from 71.4%
to 85.7%.4,5,11 The maximum effect of treatment
appeared within 10 weeks.4,5 In the present study,
patients were treated with a combination of oral rifampi-
cin 300 mg b.i.d. and clindamycin 300 mg b.i.d. for
10 weeks. When we analyzed the results (DLQI, HSSI, SS,
VAS, ESR, and CRP) in both groups separately, statisti-
cally significant improvements were seen for each parame-
ter (Table 2). We can conclude that the treatment of both
groups was effective. These results were expected because
patients in both groups underwent the same type of antib-
iotherapy. Successful antibiotherapy was seen in at least
75% of patients with stage 1 and 2 HS in previous stud-
ies,4,5 and comparable results were obtained here.
Experimental research reports a possible HBOT-medi-

ated enhancement of the activity of antibiotics through an
additive intracellular effect.12 The mechanism behind the
positive effect of HBOT on HS when it is used in conjunc-
tion with the combination of oral rifampicin and clinda-
mycin remains unknown. However, HBOT has been
demonstrated to have the following effects.12 Anti-infec-
tive properties of HBOT act in synergy with antibiotics.
The treatment has a direct toxic effect on anaerobic bacte-
ria. It improves leukocyte destruction of phagocytized bac-
teria and suppresses exotoxin production. It also improves
wound healing by supporting fibroblast proliferation, col-
lagen synthesis, angiogenesis, and epithelialization.12 We
suggest that HBOT can be used adjunctively to address
the clinical issues of HS because oxygen, at increased pres-
sures, augments tissue oxygen partial pressure, which
facilitates increased bactericide by providing substrate for
the formation of oxygen free radicals and augmenting the
respiratory burst. During the healing process, hyperoxia
causes increased formation of capillaries for oxygen, nutri-
ent and antibiotic delivery, leading to an increased efficacy
of some antibiotics in the high-oxygen environment, and
possibly more rapid overall wound healing.13

Hyperbaric oxygen therapy has been successfully used
alone or as an adjunctive measure to manage problem
wounds, gas gangrene, necrotizing soft tissue infections,
compromised skin grafts and flaps, refractory osteomyeli-
tis, osteoradionecrosis, neurosurgical infections, and ther-
mal burns.6,14–16 In the present study, treatment efficacies
in the HBOT group were numerically better than in the
control group (P < 0.05) (Table 3). By the end of weeks 4
and 10, statistically significant improvements were
observed in HSSI score (T4 and T10, P = 0.009), SS (T4
and T10, P = 0.021), and DLQI score (T4, P = 0.044;
T10, P = 0.009). Adjunctive HBOT was considered effec-

tive in significantly improving the antibiotic treatment of
HS. These results are important because the study showed
that HBOT may increase the efficacy of antibiotherapy,
reduce the time required to heal, and accelerate the
patient’s return to work, which will reduce the economic
and social burden imposed by the disease. The study repre-
sents the first formal controlled clinical trial of adjunctive
HBOT in the treatment of moderate to severe HS.
Although the number of cases in this study was small,
adjunctive HBOT was considered effective and to act syn-
ergistically with antibiotic treatment. Prospective random-
ized controlled trials including larger cohorts are required
to confirm these results.

Conclusions

Adjunctive HBOT was considered effective and to signifi-
cantly improve the efficacy of antibiotic treatment of HS.
Hyperbaric oxygen therapy was well tolerated, and no
unexpected safety issues were identified. This strategy
may reduce the time required to heal and accelerate the
patient’s return to work, which reduces the economic and
social burden of the disease.
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