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“Cold” plasma devices prevent overheating the tissue by working at less than 40°C or
applying the plasma in a pulsatile manner. This technology has been found to have
several attributes relevant to dermatology. Of particular significance, it has been shown
to have both bactericidal and anti-inflammatory properties, and initial studies in vitro
and in humans have shown promising results.. The purpose of this review is to examine
the existing literature for CAP therapy in inflammatory and infectious dermatologic
conditions in humans. Our search concluded with 12 studies, six of which were
inflammatory conditions and six of which were infectious conditions. Despite relatively
few studies with small numbers, CAP appears to hold promise for some, but not all
diseases studied. CAP has more impressive results for inflammatory rather than
infectious conditions thus far. While CAP remains an intriguing modality that has been
investigated in several conditions, further research is needed, with larger, more rigorous

trial design and replication of results.

Legend

ADAS: Atopic Dermatitis Antecubital Severity
CAP: Cold atmospheric plasma

DLQI: Dermatology Life Quality Index
EASI: Eczema Area and Severity Index
GAIS: Global Aesthetics Improvement Scale
HPV: Human Papilloma Virus

HIV: Human Immunodeficiency Virus

IGA: Investigator Global Assessment

RCT: Randomized Controlled Trial
SCORAD: SCORing Atopic Dermatitis

VAS: Visual Analogue Scale

WBI: Whole Breast Irradiation

INTRODUCTION

Plasma is a state created by the application of energy to
gasses which leads to reactive species in a neutral back-
ground of gas.! The initial applications of plasma devices
were centered around the heat generation aspect of creat-
ing plasma. The first plasma devices were termed “thermal”
or “warm” plasma and can achieve extremely high temper-
atures. Thus, while they are potent bactericidal tools, they
are also very damaging if applied to human tissue. “Non-
thermal” or “cold” atmospheric plasma (CAP) was later de-
veloped and would be able to circumvent this issue. These
“cold” devices prevent overheating the tissue by working at
less than 40°C or applying the plasma in a pulsatile man-
ner.2 Furthermore, CAP is significantly more affordable and

therefore a more accessible potential therapy than warm
plasma.3 CAP devices can be classified as direct, indirect,
or hybrid discharge, depending on the plasma is generated.
The plasma generated machines can vary in size as well as
treatment length, power applied, or the area of treatment
covered.

Cold atmospheric plasma has been found to have several
attributes relevant to dermatology. Of particular signifi-
cance, it has been shown to have both bactericidal and anti-
inflammatory properties.4"7 CAP has been found to inhibit
growth of both gram positive and negative bacteria in an
indirect way by generating reactive oxygen species.> Addi-
tionally, though the mechanism is not fully understood, it
has been posited that CAP can upregulate the expression of
anti-inflammatory cell mediators and suppress proinflam-
matory ones.® (See Figure 1)

CAP has been shown to have therapeutic potential in the
fields of oncology, hematology, immunology, and ophthal-
mology.3-11 In the cutaneous realm, CAP has been fairly
well-studied in wound care. For example, patients with dia-
betic foot ulcers being treated with CAP as adjunctive ther-
apy have shown significant improvements in the reduction
of bacterial load and infections, wound size reduction, and
overall enhanced wound healing.12.13 CAP has been shown
to aid in the healing of venous ulcers by improving micro-
circulation in the area.l4-16

Beyond wounds, animal and in vitro studies are slowly
emerging that examine CAP in other dermatologic condi-
tions. Although few studies in humans exist at the mo-
ment, there is considerable interest from patients and pa-
tient groups. The purpose of this review is to examine the
existing literature for CAP therapy in inflammatory and in-
fectious dermatologic conditions in humans.
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Figure 1. The effects of Cold Atmospheric Plasma
(CAP) on skin

METHODOLOGY

A scoping review of the literature was conducted and re-
ported according to PRISMA for Scoping Reviews.17 Rele-
vant literature was identified through structured searches
developed for PubMed, Embase (Elsevier), Web of Science
(Clarivate), CINAHL (Ebsco). In addition, the first 370 ref-
erences from search engine Google Scholar were included.
Databases were selected as advised by Bramer.!® Search
strings were designed with the assistance of the Excel tool
developed by Brunskill and final search strings are provided
in [appendix 1].1% All dates and languages were included in
the search.

Relevant literature was selected for inclusion if they
were English language articles, studies where the interven-
tion was cold atmospheric plasma therapy, conducted with
human subjects and that examined either inflammatory or
infectious dermatological conditions. Studies were rejected
if they were case reports or literature reviews, non-Eng-
lish language articles, studies where the intervention was
not CAP, studies conducted on animals or in vitro (ie, hu-
man cell lines) or examining non-inflammatory or infec-
tious conditions, such as but not limited to wound care,
pigment diseases, or skin cancer. An initial 50 study ran-
dom screen was conducted by both ACZ and PL to ensure
agreement on screening terms. Afterwards a two-step
screening process was performed by ACZ reviewing titles/
abstract and full text reviews and PL was consulted in cases
of uncertainty. Covidence software (Covidence.org; Mel-
bourne, Australia) was used for all screening steps. (See
Figure 2)

The data was extracted by ACZ, utilizing Covidence's ex-
traction tool and exported into an Excel file. The data col-
lected during extraction included the year the study was
conducted, the authors, the total number of subjects, the
disease being studied, the study design, the population, in-
tervention, and outcome. The aim was to identify any study
that would satisfy our search criteria, which was largely

randomized controlled trials and some non-controlled tri-
als. Given the lack of articles on human subjects and the
novelty of CAP in this specific field, we did not conduct
a critical appraisal. Results were grouped according to the
conditions that were studied, which were either inflamma-
tory or infectious etiology. Within each table results were
ordered alphabetically.

RESULTS

Our search concluded with 12 studies, six of which were
inflammatory conditions and six of which were infectious
conditions.

INFLAMMATORY DERMATOSES

For the inflammatory studies, the conditions identified
were radiation dermatitis, pruritus, rosacea, atopic der-
matitis, and acne vulgaris. Radiation dermatitis was the
topic of two of the studies from the same researchers, and
for the remainder of topics, there was one study that cov-
ered each. The first radiation dermatitis study was a non-
controlled trial for patients undergoing whole breast irra-
diation (WBI). Given that patients received CAP treatment
while undergoing the radiation therapy, there was no initial
level of documented radiation dermatitis noted.

The first 3 patients received 60 seconds (s) twice a week
of treatment, and given that this was well tolerated, the rest
of patients 180s three times a week. Patients were similarly
able to tolerate this increase, and last 3 patients received a
120s treatment five times a week. Subjects in the study were
satisfied with CAP during WBI and close to 30% believed
that CAP had reduced radiation dermatitis.20 The follow-
up study of this condition by the same researchers in 2024
showed promising results. Similar to the prior study, the
baseline level of radiation dermatitis was not assessed, as
the treatment was given during the course of radiation. Per
the results of the prior study, the treatment time was set at
120s daily during the duration of their radiation treatment.

The study showed a significant improvement in toxicity
(p < 0.001), as well as other symptoms like hyperpigmen-
tation (p < 0.001), edema (p = 0.020), or pain, itching, and
burning (p < 0.001).21

Other studies showed significant improvement in lesions
treated with CAP for both rosacea and atopic dermatitis. In
particular, patients with rosacea treated with CAP 90s daily
for 6 weeks had significantly lower Dermatology Life Qual-
ity Index (DLQI), decreased erythema size (p = 0.041), and
when patients used CAP on both sides of the face for an
additional 6 weeks, inflammatory lesions decreased on the
former control side (p = 0.03) and kept reducing in the CAP
treated side (p = 0.04).22 In patients with atopic dermati-
tis, treated for 5 minutes in each of three sessions, CAP-
treated lesions showed a significant improvement in Atopic
Dermatitis Antecubital Severity (ADAS) (p < 0.001) Eczema
Area and Severity Index (EASI) (p = 0.002), SCORing Atopic
Dermatitis (SCORAD) (p = 0.001), and Visual analogue scale
(VAS) (p = 0.032). S. aureus was significantly reduced be-
tween CAP and control (p = 0.047).23
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Figure 2. PRISMA Diagram

Finally, CAP also proved to be effective in reducing the
number of inflammatory lesions in acne vulgaris in subjects
with moderate to severe, bilateral papulopustular acne. Pa-
tients in this study were treated for 4-6 weeks, in which
they received 8-10 treatments, each of which lasted be-
tween 1 to 10 minutes. CAP-treated inflammatory lesions
were significantly reduced at last treatment, two-week, and
four-week follow-up (p < 0.05). Subjects reported a signif-
icant improvement (p < 0.05) in the Global Aesthetics Im-
provement scale (GAIS) for the treatment group lesions,
even though physician-rated severity of acne was not sig-
nificantly decreased.24

Only one study in this cohort did not show a significant
difference. In this study, subjects with pruritus from a va-
riety of etiologies were treated with CAP or argon gas for 2
minutes a day, during a variable period of time per patient
which averaged out to be 4.7 treatments per area. At the
end of the study, there was no significant reduction in VAS,
and both therapies showed a significant reduction of pruri-
tus (p < 0.0001).25 (See Table 1)

INFECTIOUS DERMATOSES

Studies for infectious conditions showed a wider variability
of results. In some studies, CAP did not show significant
improvements compared to control. Overall, for patients
with condyloma acuminata, the difference in relapse time
between plasma and control group was not significant after
24 weeks. However, HIV-positive patients treated with con-
trol did have significantly higher relapse rates (p = 0.010).26
In another study looking at Malassezia folliculitis, patients
received 3 minute sessions daily for 2 weeks. The efficacy
endpoints for oral itraconazole and CAP both decreased
significantly, with no significant difference between DLQI

Duplicate records removed:
n =539

—_— { Records excluded: n = 922 ]

Full text articles excluded
n=>58
- Wrong indication n = 43
- Non-human /invitron =9
- Non-Englishn=3
- Wrong interventionn=3

and GAIS scores between groups.2’ Finally, patients using
CAP compared to ivermectin to treat demodex in patients
with rosacea had similar results with CAP. However, this
study was highly variable, with one patient who received
4 session over 2 weeks, another receiving 10 session over
6 weeks, and the last one receiving 12 sessions over 6
weeks.28

In one study examining molluscum contagiosum and
verruca vulgaris, CAP fared worse than the standard of care.
Patients received CAP at 4-week intervals for a maximum
of three treatments, though the length of treatments was
not specified. Here, lesions treated with liquid nitrogen had
a slightly significantly higher median degree of lesion res-
olution (p = 0.028). However, patients were significantly
less likely to experience pain and burning as adverse events
with CAP (p < 0.001).29

Conversely, patients with herpes zoster treated with CAP
did show significantly better results compared to a heated
gas control. In this study, patients received between 3-9
treatments which lasted 5 minutes each, Patients noted
significant improvements in overall pain (p < 0.01), vesicle
healing on days 1 and 2 (p < 0.05 and p < 0.01, respectively).
After day 1 there was a significant reduction as well in
erythema (p < 0.01).30 Additionally, a non-controlled trial
showed that patients were satisfied with CAP in the treat-
ment of onychomycosis. For 6 months, patients received 3
treatments per week, each lasting between 10-20 minutes.
After this, more than half the patients reported achiev-
ing resolution.3! However, given the lack of control of this
study, it is hard to classify the effectiveness of CAP as com-
pared to standard of care antifungal treatment. (See Table
2)
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Table 1. Studies examining CAP treatments in inflammatory dermatoses

Population

Control

Intervention

Outcome

0% of the patients found the treatment unpleas-
ant
100% would recommend the treatment to a friend

. Non- L n=31adult 60-180s . e
Dejonckheere Radiation X undergoing breast irradiation
20 2022 controlled o patients treatments, N/A TrueBeam STx o )
etal trial Dermatitis undergoing WBI 2-5x week 93.1% would also have wanted to be treated with
going CAP during WBI
27.6% believed that their symptoms had been re-
duced by CAP
n = 64 adults who Patients receiving CAP had lower maximum toxic-
have undergone . Self control: ity (p < 0.001), less hyperpigmentation (p < 0.001)
. L breaStf Duration of breast half and edema (p = 0.020), dry and moist desquama-
Dejoncll(gmleere 2024 RCT gadlatlf)r.‘ conservmgd . b:je:as't treated with Plasma Care tion (p < 0.001 and p = 0.017, respectively) as well
eta ermatitis Surgetty,' an irradiation non functional as less pain, itching, and burning (p < 0.001).
receiving treatment .
. device
radiation
regimen.
. 2 'minutgs No significant VAS reduction between groups
n —ff46.patf|ents daily durfggd Self control: were found.
Heinlin et X surrering from anunspecine pruritic region . Both groups experienced a significant reduction of
2125 2013 RCT Pruritus acute a.nd chronic period; treated argon MicroPlaster pruritus at the end of therapy compared to base-
pruritus from average of 4.7 s control line p < 0.0001
conditions other treatments &
per area
Compared to control DLQI (p = 0.007) and ery-
thema size (p = 0.041) decreased significantly in
the CAP group
R . : X Lesions increased significantly on the control side
Hofmeyer et n =12, patients 90 s daily, Self control; DBD device & y
al22 2023 RCT Rosacea >18 with rosacea 6-12 weeks untreated PlasmaDerm® (p =0.007)
lesions When participants used CAP on both sides of the
face for an additional 6 week, inflammatory le-
sions reduced on the former control side (p = 0.03)
and continued doing so in the CAP side (p = 0.04)
451 4 K CAP-treated inflammatory lesions were signifi-
n=3 & > % y/o -68W1e§ S cantly reduced from baseline to: last treatment (p
Acn bilmto relr? ei | tr (t;n nt Self control: =0.020), two-week (p = 0.002), and four-week fol-
Karrer et al24 2021 RCT cne ateratfacia catments, untreated BioWeld1 low-up (p = 0.040)
vulgaris papulopustular between 1-5 . ) . -
R lesions CAP-treated inflammatory lesions were signifi-
acne. IGA>2at minutes per !
. cantly reduced from baseline to last treatment af-
screening treatment)

ter 10 sessions (p = 0.017)
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GAIS was improved for the treated side compared
to control completion at all time lines (p < 0.05)
Acne severity ratings (IGA) by the physician did
not significantly differ between the treated and
the untreated side (p-values > 0.05)

Kim et al23

2021

RCT

Atopic
dermatitis

n =22 Patients
with mild to
moderate atopic
dermatitis

5 minutes for
3 sessions,
over 2 weeks

Self control;
Atopic
Dermatitis
lesion treated
with non
functional
control device

MediPL
microwave

CAP treated lesions showed a significant improve-
ment in ADAS (p < 0.001) and EASI score (p =
0.002). SCORAD and VAS improved significantly
(p=0.001 and p = 0.032 respectively)

S. aureus was significantly reduced between CAP
and control (p = 0.047)

ADAS: Atopic Dermatitis Antecubital Severity CAP: Cold atmospheric plasma DLQI: Dermatology Life Quality Index EASI: Eczema Area and Severity Index GAIS: Global Aesthetics Improvement Scale IGA: Investigator Global Assessment RCT: Randomized Controlled Trial
SCORAD: SCORing Atopic Dermatitis VAS: Visual Analogue Scale WBI: Whole Breast Irradiation
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Table 2. Studies examining CAP treatments in infectious dermatology

Population Control Intervention Outcome
. 24 Weeks'for an Self-control; . No significant difference between interven-
Braga n = 37, patients >18 unspecified . Unspecified ) .
Condylomata . lesion treated tion and control based on lesion relapse
et 2017 RCT R y/o, with HPV number of . plasma ;. .
26 acuminata . . with . In HIV-positive patients, control treated pa-
al lesions sessions of . device . A
electrofulguration tients had higher relapse rates (p = 0.010)
unknown length
(Compared to control, more patients
treated with plasma showed a significant
improvement in pain (p < 0.01) and reduc-
tion in pain immediately following plasma (p
I ntil dischar . <0.05)
Isbary n = 37, hospitalized Until discharge n = 18 subjects . . L .
X (3-9 treatments - MicroPlaSter Vesicles improved faster in intervention ar-
et 2014 RCT Herpes Zoster adults with Herpes . treated with o
al30 Zoster for 5 minutes per heated argon gas beta eas with significant changes after the first
treatment) gong and second day (p < 0.05 and p < 0.01, re-
spectively)
Erythema resolved faster in the interven-
tion group, with significant improvement af-
ter the first day (p < 0.01)
The clinical cure rate was 53.8%, and the
: 6 months, 3 mycological cure was 15.4%
Lipner Non- . n =19 adults with treatments a X Most patients believed their onychomyco-
et 2017 controlled Onychomycosis . N/A PlasmaPin - ) o, -
a3t trial onychomycosis week, 10-20 sis was improved (53.8%); were satisfied
minutes with the treatment (61.5%) and the adverse
effects of were tolerable (100%)
. . . . . Self control: Unsp'eciﬁed CAP treatment caused an average reduc-
Malik Nonj n= :.3’ with aprior 5 min sessions, Lesion treated deV"?e Vs tion across subjects of 53% of follicles with
et 2022 rando.mlsed Demodex diagnosis of twice a week for with topical ) toplcall mites, as opposed to 56% for ivermectin
al28 trial rosacea 2-6 weeks . A ivermectin
ivermectin 1% o
1%
CAP-treated inflammatory lesions were
significantly reduced from baseline to: last
4 Kint | AAPlasma treatment (p = 0.020), two-week (p = 0.002)
Molluscum . week ntervals Self control: pulse and four-week follow-up (p = 0.040)
Shope X n =14 Patients 4 to for amaximum . . )
Contagiosum . lesions treated generator vs CAP-treated inflammatory lesions were
et 2023 RCT 21 years of age with of 3 treatments S S L .
29 and Verruca . . with liquid liquid significantly reduced from baseline to last
al . at least one lesion of undetermined . . .
Vulgaris length nitrogen therapy nitrogen treatment after 10 sessions (p =0.017)
therapy GAIS was improved for the treated side
compared to control completion at all time
lines (p < 0.05)
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Patients treated with control were more
likely to report pain, stinging, or burning
within 1 week of first treatment as well as
hyperpigmentation (p < 0.001)

NTAP lesions were found to have moderate
hypopigmentation as compared to control
treated lesions (p = 0.003)

Overall, control treated lesions were found
to have a significantly higher median degree
of lesion resolution (p = 0.028)

Wang

et
a|27

2024

RCT

Malassezia
folliculitis

n =50, with
occurrence of
pruritic papules and
pustulesin
sebaceous skin
regions

Daily, 3 minute
sessions for 2
weeks

Itraconazole 200
mg

ST-P101
Plasma skin
therapy
instrument

All efficacy endpoints at week 2 were signif-
icantly decreased for both treatment
groups (p > 0.05)

No significant differences between groups
were found in the proportion of subjects
achieving DLQI scores of 0/1 or in the GAIS
responder rates

CAP: Cold atmospheric plasma DLQI: Dermatology Life Quality Index GAIS: Global Aesthetic Improvement Scale HPV: Human Papilloma Virus HIV: Human Immunodeficiency Virus RCT:
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DISCUSSION

Despite relatively few studies with small numbers, CAP ap-
pears to hold promise for some, but not all diseases studied.
CAP has more impressive results for inflammatory rather
than infectious conditions thus far. While not all studies re-
ported safety and adverse events using CAP, those that did
rarely reported any significant adverse events, and reported
decreased pain and increased tolerability with CAP.

However, it is challenging to compare these studies,
given their marked heterogeneity. Only two of the 12 stud-
ies compared the same condition, and the remainder dealt
with different conditions that also vary in their standard
of care treatment. Beyond the variation in the conditions
treated, most of the studies did not use the same device
settings and many did not even use the same type of CAP
device. This variability further calls any firm conclusions
into question. Furthermore, there was a variety of study de-
signs: some were RCTs, some were non-controlled trials,
one was a non-randomized controlled trial. Within the RCT
and the experimental studies with controls, some had dif-
ferent lesions in the same individual as control, while oth-
ers designed the control group to be different individuals.

Finally, the duration of the studies also varied signif-
icantly, ranging from days to up to 6 months, this also
meant that the number of total treatments as well as the
frequency at which the treatments were administered also
differed immensely. As illustrated by some studies, the ef-
fects of CAP only became significant after a certain number
of sessions. For example in Karrer et al, there was only a
significant decrease in the number of lesions for CAP with
10 treatment sessions and this difference was not appreci-
ated in the lesions that received 8 treatment sessions.24 It
is then entirely plausible that subjects in other studies that
didn't have the same CAP benefits might not have received
sufficient sessions.

While CAP remains an intriguing modality that has been
investigated in several conditions, further research is

needed, with larger, more rigorous trial design and replica-
tion of results.
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