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Background: Acne vulgaris is a multifactorial skin disease that may be triggered by the presence of the bacteria
Cutibacterium acnes and is characterized by an increase in the sebum excretion. Cold atmospheric plasma (CAP)
represents an innovative technological device that uses plasma, the fourth state of matter, to treat several skin
conditions, considering its bactericidal potential and its efficacy in promoting tissue proliferation.

Objectives: In the light of its well-known antibacterial properties and its promising regenerative properties, we
assumed that CAP could be highly effective to treat acne vulgaris both in its acute phase and in the long-term
cicatricial period.

Methods: We reported the cases of two young patients affected by mild-moderate acne vulgaris of the face treated
with CAP. In addition to the evaluation of inflammatory skin lesions, treatment efficacy was assessed by seb-
ometry and trans epidermal water loss (TEWL) evaluation.

Results: In both patients, acne lesions reduced after treatment. Both sebum excretion parameters and TEWL
improved considering basal values.

Conclusion: Despite the small number of patients enrolled, our data support CAP effectiveness in patients with

mild to moderate acne vulgaris poorly responsive to other conventional treatments.

1. Introduction

Acne vulgaris is a common chronic skin disease with a complex
pathogenesis. Several factors play an important role in its onset and
perpetuation: follicular epidermal hyperproliferation leading to follic-
ular plugging, dysregulation in sebum production, proliferation and
overactivity of the commensal bacteria Cutibacterium Acnes are the
most important factors among the several ones involved. Acne vulgaris
usually manifests itself with non-inflammatory (i.e. open and closed
comedones) and inflammatory lesions (i.e. papules, pustules, nodules)
and its clinical grading may vary from mild to severe.

Anti-acne drugs mostly act by reducing inflammation, sebum
excretion and bacterial load. The drugs most commonly used topically
are antibiotics, benzoyl peroxide and retinoids. As for systemic treat-
ment, oral antibiotics such as minocycline and doxycycline, are
frequently used in the clinical practice. To treat moderate to severe acne
vulgaris isotretinoin is often required in addition to topical drugs. In the
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presence of a hormonal disregulation, an estrogen/progestogen therapy
can be useful [1].

Notwithstanding, in case of systemic contraindications or drug-
resistance, acne treatment becomes challenging. New therapeutic op-
tions are currently being studied, among which peroxisome proliferator-
activated receptor (PPAR) antagonists represent a new and promising
therapeutic option [1].

Cold atmospheric plasma (CAP) is a partly ionized gas created by
electric discharges. The so-called “plasma -medicine” has become an
innovative field over the last years; leading applications in dermatology
are wounds and skin cancer care [2-5].

CAP is constituted by electrons, ions, neutral atoms and photons and
it has then a final net neutral charge. It works by affecting biochemical
processes of the organism mainly through its active components, reac-
tive oxygen and nitrogen species (ROS and RNOS) [6,7]. Taking into
account that an overwhelming release of these species may exert a
deleterious effect on human tissues, CAP sources are able to produce
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“controllable” RONS which act positively as part of the immune
response and intracellular signaling cascades [8-11]. Furthermore,
many trials highlighted the huge bactericidal potential of plasma [12] so
it was successfully used to treat even infectious diseases [12,13]. In the
face of Cutibacterium acnes role in acne pathogenesis, CAP may repre-
sent an innovative therapeutic option for the disease and its feasibility
and efficacy should be investigated.

Moreover, a significant role of CAP in favouring tissue proliferation
[8-10,14] was also reported: modification of cytokines levels involved
in cell proliferation and epidermal thickening, and improvement of
dermal microcirculation by nitric oxide, might influence fibroblasts
proliferation [10,15]. Hence it has to be considered the actual possibility
of a beneficial effect of CAP in reducing post-acne scars.

On the basis of these assumptions, herein we present two cases of
mild-moderate acne effectively treated with CAP.

2. Materials and methods

Two adult Caucasian patients affected by mild to moderate acne of
the face were selected at the outpatient clinic of the Dermatology
Department of Brescia University from September to December 2019.
The study was approved by the Local Ethic Committee (protocol number
4195) and patients signed the informed consent before treatment.

Both patients had shown resistance and/or contraindications to
common topical and systemic acne treatments.

Any topical or systemic therapy for acne had been discontinued at
least 3 months before enrolment.

Argon-CAP (Adtec SteriPlas; Adtec Plasma Technology, Adtec
Europe, Hunslow, UK) was used to irradiate affected skin areas of the
face in each patient. The device consists of a torch operated at micro-
wave excitation and production of an argon plasma [16] (Fig. 1a-b). The
emission spectrum peak in the UVA and UVB range was 308 and 336 nm
respectively, measured by using a StellarNet Silver Nova Spectrometer,
(StellarNet Inc. Tampa, Florida, USA).

In all patients, the treatment procedure was performed under stan-
dard conditions (environmental temperature and humidity ranged
respectively between 20°—23 °C and 40-60% and the patient remaining
in a lying position for at least 10 min before examination). Considering
that tissue moisture (but not wet) proved to improve efficacy of plasma
[171, the skin area to be treated has been appropriately cleansed with
physiological solution and dried with a sterile dressing before CAP
application.

As no standard protocols for the use of CAP in acne patients have
been validated so far, single session per week was performed for every
patient until complete remission or no further amelioration after 2
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consecutive sessions. Treatment response was assessed based on the
percentage of cleared lesions compared to baseline: patients with a
reduction of more than 60% were considered as responders to treatment.

At each session CAP was applied on the skin for 5 min. Considering
that the diameter of the plasma handle is 227.4 mm and a single
application of plasma consequently encloses a field of 12 em?, in every
session multiple applications of plasma were needed to treat the whole
affected areas. The device used is in a “spot style” and designed to fixate
few millimeters (about 5 mm) over the lesion to treat and stay in place
during the irradiation period.

For both patients, at baseline (T0) and at 1 month from the end of the
treatment (T1), clinical photographs were taken (VISIA® camera, Can-
field, Fairfield, NJ, USA).

Additionally, at the same timepoints, sebometry and trans epidermal
water loss (TEWL) evaluation were also performed by using the Sebu-
meter® SM 810 PC (Courage and Khazaka GmbH, Koln, Germany) and
the Tewameter TM210 (Courage and Khazaka GmbH, Koln, Germany)
respectively. [18].

At each visit, measurements were taken according to established
methods [19,20] on the same skin area by the same physician (M.A), in
order to avoid possible intraindividual variations of biophysical
parameters.

Patients were followed-up at three months after the last CAP appli-
cation. At this time point only clinical evaluation and lesion count were
performed.

During the whole treatment course and the 3-months follow-up
period (T2), local and systemic adverse events, if any, were graded ac-
cording to Common terminology Criteria for Adverse Events (CTCAE)
scale [21] and patients were allowed to apply only emollient cream
containing olus oil and pentylene glycol on the treated skin, twice daily.

3. Case reports
3.1. Case 1

A 24-year-old man, affected by moderate acne vulgaris of the face for
many years, was previously treated with several topical drugs (i.e.
erythromycin cream, adapalene gel, benzoyl peroxide cream), oral an-
tibiotics (i.e. minocycline, azithromycin) resulting only in a mild clinical
improvement. Isotretinoin assumption was stopped 5 months earlier due
to creatine kinase increase. The patient presented many comorbidities,
including ulcerous rectocolitis and persistent truncus arteriosus. At the
clinical evaluation, active papulo-pustular lesions and open comedones
(Fig. 2a, Table 1) of chin and cheeks were evident. A swab was per-
formed on a pustular lesion of the chin resulting positive for

Fig. 1. Argon-CAP device used to irradiate affected skin areas of the face in each patient (a). The device consists of a torch operated at microwave excitation and

production of an argon plasma (b).
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Fig. 2. 3D pictures of patient n° 1 before (a) and after (b) plasma therapy.
Pustules (yellow arrow line), papules (blue arrow line), open comedones (red
star), close comedones (green star).

Enterobacter cloacae as sign of acne- associated Gram-negative follicu-
litis probably induced by long term oral tetracycline assumption. Argon-
CAP treatment was started and 5 sessions were performed. Patient
stopped the treatment for personal reasons. Every treatment session was
well-tolerated with no adverse effects reported. At the end of the
treatment, the clinical response was good, with a significant decrease of
the number of the inflamed lesions and presence of post-inflammatory
erythematous macular lesions (Fig. 2b, Table 1). A cutaneous swab
was repeated at the end of the treatment on the same skin area, resulting
negative for bacteria and fungi. Both sebum excretion parameters and
TEWL improved considering basal values (Table 1).

Clinical features remained essentially stable at 3-months follow-up
(T2).

3.2. Case 2

A 21-year-old woman addressed to our department for a long story of
a mild to moderate acne vulgaris of the face already unsuccessfully
treated with topical drugs (adapalene gel and benzoyl peroxide cream)
and oral tetracycline. At clinical examination, she presented multiple
inflamed papules on the cheeks and chin (Fig. 3a). Considering the
young age of the patient and previous therapeutic failures, it was
decided to start CAP treatment. After 8 sessions, a significant reduction
of the inflamed lesions count was seen (Table 1; Fig. 3b). Every

Table. 1
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treatment session was well-tolerated by the patient with no adverse ef-
fects reported. Clinical improvement was accompanied by the reduction
of sebum excretion and TEWL. (Table 1). No clinical relapse was seen at
3-months follow-up (T2).

4. Discussion

Acne vulgaris is a multifactorial skin disease that may has a signifi-
cant impact on patients’ quality of life. Among the several factors that
may influence the disease onset and severity, Cutibacterium acnes plays
a significant role.

Cold atmospheric plasma (CAP) represents an innovative and easy-
to-use treatment option for several skin conditions considering its high
anti-inflammatory and bactericidal properties exerted through its active
components: reactive oxygen and nitrogen species [6,7].

A previous study investigated CAP efficacy in treating acne with
positive outcome [17]. The authors described a non-invasive exfoliative
effect of their non thermal plasma device which was able to induce a
75% improvement of acne lesions along with a reduction of 80% sebum
secretion at sebometry and 75% of fluorescence emission by C. acnes
measured by a UV camera. Another technique, the plasma skin regen-
eration (PSR) system, has been tested in the treatment of acne scars [22]
with a good efficacy. The procedure is based on the delayed ablation of
the epidermis and controlled thermal modification for the underlying

Fig. 3. 3D pictures of patient n° 2 before (a) and after (b) plasma therapy.
Pustules (yellow arrow line), papules (blue arrow line), open comedones (red
star), close comedones (green star).

Clinical and laboratory improvement before (TO) and after treatment with CAP (T1=1 month follow-up; T2= 3 months follow-up).

Sebum TEWL Swab Papules Pustules Open comedones Closed comedones
excretion (g/m2h)
(mcg/cm2)
Right Chin  Left Chin Right Left Chin  Right Left Chin  Right Left Chin  Right Left Chin
cheek cheek cheek cheek cheek cheek cheek cheek cheek cheek
Patient TO 32 43 42,6 Pos (Ent. 7 6 3 3 2 2 7 6 4 1 1 1
1 Cloacae)
T1 21 25 32,1 Neg 3 3 1 0 0 1 3 2 1 0 0 0
T2 NP NP NP NP 3 4 0 0 0 0 3 2 1 0 0 0
Patient TO 32 50 22,8 NP 8 6 1 5 5 2 5 4 3 2 3 2
2 T1 16 43 20,6 NP 4 3 0 1 1 0 2 0 1 0 0 0
T2 NP NP NP NP 4 3 0 0 0 0 3 0 0 0 0 0

NP: not performed.
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dermis and it is therefore not superimposable to CAP as mechanism of
action. We decided then to study the effect of CAP on inflamed and
non-inflamed skin lesions in two young patients with mild to moderate
acne vulgaris of the face, which had shown to be resistant to other
several topical and systemic conventional treatments.

At the end of the treatment with CAP, the clinical improvement was
evident for both patients with a reduction of about 60% of skin lesions.
Clinical improvement was less evident in patient n°1 but we believe that
this was due to fewer sessions and early discontinuation of treatment.

No adverse effects or skin reactions were reported either during the
treatment nor at 3-months follow-up [22]. Treatment was completely
painless and well tolerated. Patients did not report itching or burning
sensation during plasma application and in the following days.

Clinical improvement was also associated to a general improvement
of non-invasive investigations. In both our patients, TEWL values
reduced after treatment. As TEWL reflects skin barrier functionality, our
results suggest that CAP does not induce dehydration when applied on
the skin and could help in restoring the impaired epidermal barrier in
agreement with previous results [23].

Impairment of water barrier function in acne vulgaris has been
proved by several previous studies [24] compared with healthy skin. An
important pathogenetic role seems to be played by altered ceramide
(CER) levels [25,26]. The decreased proportion of linoleate in ceramide
1 caused by the dilutional effect of sebum might induce the character-
istic responses of hyperkeratosis and decreased barrier function [24,27,
28]. Furthermore, it has been observed a pronounced seasonal variation
in skin ceramides in acne skin; TEWL was higher in winter months than
in summer ones, reflecting the reduction in ceramide levels during
winter [25,29]. In addition to the essential role of ceramides in come-
dogenesis, inflammation due to C. acnes colonization could deteriorate
skin barrier homeostasis [27,28,30]. To note, our patients were both
treated in autumn and TEWL was assessed under standard conditions
without any environmental factors affecting it.

Presence of C.acnes and hyperkeratosis contribute to sebum hyper-
production and retention.

In literature a correlation between acne vulgaris and the increase of
sebum secretion was reported [13,31], although some authors claim that
the level of sebum in the skin is not a decisive factor in determining the
onset of acne lesions [32]. By the way, sebometry has a significant
relevance in monitoring the efficacy and safety of a treatments for acne
vulgaris [31,33]; in fact, a clinical improvement after treatment is often
associated with a significant decrease in the level of sebum contents
[31]. In our series, sebum excretion was significantly reduced after the
treatment in both patients albeit this result does not allow us to fully
support a CAP reducing effect on sebum production.

The effectiveness of CAP in the treatment of acne can be explained by
considering its well known in vivo effects mediated by ROS and NOS.

More recently, C. acnes was found to be highly sensitive to different
concentrations of nitric oxide in nanoparticles (NO-np). NO-np signifi-
cantly suppressed IL-1b, tumor necrosis factor alpha (TNF-alpha), IL-8
and IL-6 from human monocytes, and IL-8 and IL-6 from human kera-
tinocytes and peripheral blood mononuclear cells. These data suggest
that NO-np can effectively prevent C. acnes-induced inflammation by
both clearing the organism and inhibiting microbial stimulation of the
innate immune response and cytokine release by keratinocytes. [34,35].
Reduction of C. acnes load would contribute to sebum reduction and
renewal of skin barrier function.

Our study has however some limits, the main one having carried out
a culture examination limited to a skin swab and not on a bioptic sample,
which would have allowed us to better investigate the presence of C.
acnes. In fact, this bacterium, being anaerobic and placed deeply in the
pilosebaceous unit, is notoriously difficult to isolate. However, the
antibacterial effect of CAP was confirmed by Enterobacter cloacae
disappearance in the cutaneous swab performed after treatment on pa-
tient 1. Another limit of our study is the small number of patients
enrolled; however, it has to be considered the difficulty in recruiting
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adult patients for this treatment in consideration of the large amount of
therapies available for acne and the compliance requested in terms of
time and costs of the procedure. However, our study offers interesting
preliminary clinical data, supported by instrumental results.

5. Conclusions

Our preliminary results demonstrate that CAP could represent an
effective and well-tolerated therapeutic option for patients with mild to
moderate acne vulgaris poorly responsive to other conventional treat-
ments. Nevertheless, CAP cannot be considered a first-line therapy for
the treatment of acne vulgaris yet due to the high cost of the device and
the consequent limited availability in dermatology research centres.
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