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conditions

Chloe Ekelem, MD, MPH!, Manuel Valdebran, MD1, Michele Van Hal, MD?, Logan Thomas,
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Abstract

Background: The need for non-invasive methods in treatment of cutaneous disease has
continued to evolve exponentially. Amidst the search for technologies, radiofrequency (RF) has
proven efficacious in numerous skin disease processes. Though RF is well known for its cosmetic
utility, its mechanism is valued in the treatment of many non-cosmetic cutaneous conditions of
various etiologies.

Objective: To identify and describe studies in which RF was used to treat non-cosmetic skin
conditions and to explore the potential of this modality for further application in dermatologic
diseases.

Methods & Materials: The PubMed database was utilized to find relevant articles.

Results: This search strategy yielded 53 articles that met the eligibility criteria. Non-cosmetic
indications discussed in these articles include varicose veins (n=10,550), lymphangioma
circumscriptum (n=72), cutaneous neoplasms (n=42), cutaneous leishmaniasis (n=743), acne and
acne scarring (n=158), non-acne scarring (n=43), primary axillary hyperhidrosis (n=76), and acute
and chronic wounds (n=94).

Conclusion: Treatment with RF is an effective, generally non-invasive modality with a relatively
short post-procedure recovery time and little potential for severe adverse effects in the treatment of
several cutaneous conditions. Further clinical studies would prove useful to assess the efficacy and
cost-effectiveness of this treatment.

Corresponding author: Dr. Natasha Atanaskova Mesinkovska, Dermatology Clinical Research Center, Department of Dermatology,
University of California, Irvine, 843 Health Sciences Road, Hewitt Hall 1001, Irvine, CA 92697, Phone: (949) 824-7103,
nmesinko@uci.edu.
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Introduction

Radiofrequency (RF) is a relatively non-invasive method of targeted tissue destruction and
rejuvenation that was introduced to the field of dermatologic electrosurgery in 1950.1 Since
then it has continued to set the standard for tissue remodeling with minimal damage to
surrounding healthy tissue.

The technology delivers an electrical energy derived from collisions of charged molecules
that heat water in-situ. As the heat travels to predetermined tissue depths it meets resistance
at all levels, particularly in adipose tissue. As heat resistance builds thermal cellular
damage is sustained. An interplay of inherent electrical tissue properties, penetration depth,
and frequency are individualized to match each patients’ needs. The resultant cellular
damage initiates neocollagenesis and remodeling of existing collagen and elastin in a
discretely demarcated zone of tissue necrosis.2 Heated fibroblasts upregulate cytokines,
heat shock proteins, and growth factors to promote collagen formation and targeted transient
inflammation that remodels collagen and elastin with the deposition of de novo hyaluronic
acid. This remodeling results in a thickened subcutaneous tissue layer while avoiding
necrosis, fibrosis, and damage to vasculature and adnexal structures.* Over the course

of weeks to months, these changes provide both cosmetic and clinically desired tissue
remodeling.5

The device technology contains both cutting and coagulation abilities and is approved

for percutaneous, laparoscopic, and intraoperative coagulation and ablation of soft tissue.3
Although all RF technologies rely on the same fundamental principles of intra-tissue
heating, three main types, monopolar, bipolar and unipolar, allow for flexible application.
Monopolar RF requires a grounding electrode in contact with the patient’s skin, bipolar

RF channels energy between a positive and a negative pole usually housed within the

same probe, while unipolar RF uses only one electrode.l:3 Monopolar RF provides the
deepest penetration potential (up to 20mm); however bipolar RF, usually reaching 1-4

mm depending on the distance between electrodes, can be easily combined with other
device technologies. Combination devices commonly include fractionation, a diode laser, or
multiple sets of electrodes that reach varying depths simultaneously, to match the efficacy of
monopolar RF. Unipolar RF’s utility lies in its ability to reach large areas of subcutaneous
tissue typically15-20mm below the skin surface.!

Another differentiation of RF treatments is whether it is continuous or pulsed. Continuous
RF is delivered with probe temperatures in an uninterrupted fashion to achieve target tissue
destruction. Whereas pulse RF delivers current in 20 ms bursts to keep tissues below

42°C. Neurophysiologic studies show that pulsed RF can relieve pain by altering the
transmission of neuronal electrical pain signals without heat-induced tissue destruction. As
a result, pulsed RF has become a preferred therapeutic option used for several chronic pain
conditions, such as cervical radiculopathy.”

The purpose of this review is to identify and describe studies in which RF is used to
treat non-cosmetic skin conditions and to explore the potential of this modality for further
application in dermatologic diseases. The authors have defined non-cosmetic dermatologic
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conditions as clinically apparent primary or secondary cutaneous abnormalities that are
either presently symptomatic or have the potential to be symptomatic. Treatment of the
sequalae of such conditions is also considered non-cosmetic as the purpose of treatment

is to return to the pre-disease, or pre-injury, state of the skin. To that effect, Food

and Drug Administration (FDA) approved non-cosmetic dermatologic indications include
cutaneous leishmaniasis, acne, acne scarring, varicose veins, non-acne scarring, primary
axillary hyperhidrosis, benign cutaneous neoplasms, lymphangioma circumscriptum (LC),
and wound healing. Indications that have been excluded on a cosmetic basis are cellulite,
skin laxity, wrinkles, rosacea, pigmented lesions, and telangiectasias as these types of
effected skin occur over time with natural exposures rather than finite periods of endogenous
Or exogenous injury.

A systematic review was conducted following the PRISMA guidelines. A search for peer
reviewed articles was performed in August 2018 on the PubMed database using search
terms “radiofrequency ablation” or “radio-frequency” or “RF” and “skin” or “dermatology”
entered in sperate pairs. The resulting documents were screened for eligibility based on
title, abstract, and full-text as necessary. Review of relevant article bibliographies was also
conducted. Articles that examined human subjects, reported clinical outcomes of RF use for
skin conditions, and were written in English language were included. Articles that justified
their research on cosmetic basis alone, did not report clinical outcomes of RF treatment,
reported on animal studies, or were written in languages other than English were excluded.

A total of 571 articles published from 1971 until present were retrieved using the search
methods described above. A title and abstract screen resulted in 71 articles, with a
subsequent full text screen resulting in 53 articles that met the eligibility criteria. These
search results are illustrated in the PRISMA diagram in Figure 1.

Reviewed studies consist primarily of case series and reports, but also include randomized
control trials (RCT) and non-randomized prospective trials. Total number of reports and
subjects involved in relevant indications are as follows: four reports on RF use in acne and
acne scarring (n=158), four reports on axillary hyperhidrosis (n=76), 13 reports on varicose
veins (n=10,550), four reports on wound healing (n=94), five reports on benign neoplasms or
cutaneous lesions (n=42), 10 reports of lymphangioma circumscriptum (n=72), five reports
on cutaneous leishmaniasis (n=743), and six reports on non-acne scars (n=43). Study design,
levels of evidence, and outcome data were extracted for each article and are summarized in
Tables 1-8, while significant findings from indication category are summarized below.

Acne vulgaris and acne scarring

Of the four studies that reported the use of RF as treatment of acne, two studied active
acne vulgaris, one studied acne scarring alone, and one studied acne and resultant scarring
simultaneously. These reports include two head-to-head split-face clinical trials, comparing
RF treatment to fractional carbon dioxide laser therapy8 and fractional microneedling RF.°
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Patients received a range of 2—4 four treatment sessions. Varying outcome assessments
consisted of acne lesion count, sebum production, pore size, acne scar severity, and patient
satisfaction.

RF treatment led to moderate improvements in all acne scarring with superior results in
rolling scars compared to boxcar or ice-pick scars. Statistically significant improvements
were also noted with decreased pore size, lesion counts, and sebum production.8:° The
majority of subjects (65-100%) expressed satisfaction with treatment tolerability and
outcomes and up to 95% reported subjective improvement in their acne.8-11 The split-face
study results favored fractional microneedling RF over fractional carbon dioxide laser and
bipolar RF for lesion amount, scar size, and sebum reduction.® Adverse events included
minor and self-resolving edema, erythema, scabbing, and hyperpigmentation. Further detail
of these findings can be found in Table 1.

Primary Axillary Hyperhidrosis

The four reports on the use of RF for hyperhidrosis include case series, a case report, and
a non-randomized control study. Patients received a range of 1-4 treatment sessions with
follow up every four weeks for six months. Outcome measures included the hyperhidrosis
disease severity index (HDSS), visual analogue score (VAS), dermatology quality of life
index (DLQI), starch-iodine sweat testing, transepidermal water loss, sweat gland density,
and patient satisfaction.12-15

Radiofrequency improved axillary hyperhidrosis symptoms in most studied patients, with

as high as 95% experiencing decreased size of affected area on the starch-iodine test,12

an average of HDSS score decrease from 3.4 to 2.1 in 2-5 months, DLQI improvement,

and significant VVAS decrease from 9 to 4 at five months post-treatment.12:14 Histological
evaluation revealed atrophy and necrosis immediately post-treatment and a decrease in

total sweat glands one month post-treatment.12 Patients satisfaction ranged from 50-90%.
Reported adverse events included tingling, erythema, hyperpigmentation, swelling, erosions,
compensatory hyperhidrosis and numbness; all of which resolved within six-months,12:13
These findings are detailed in Table 2.

Wound Healing

Four studies describing the efficacy of RF in wound healing show the most potential for
RF as an adjunct therapy (Table 3). The various cases demonstrate the utility of treatment
with pulsed RF energy (Provant® Regenesis, Scottsdale, AZ) in combination with negative
pressure devices, lower limb off-loading, or dermal replacement therapy.>16-18 These
regimens achieved healing in 24 weeks for chronic or surgical diabetic wounds, as well as
for venous insufficiency ulcers. Pulsed RF treatments were most effective when applied for
30 seconds twice daily for four weeks or until wounds are healed. All wounds decreased in
size at varying rates, one reporting 0.13 cm? per day.16 Pulsed RF was also shown to reduce
chronic wound pain or exacerbated pain with application of compressive therapy.>’ With
decreased pain, patients were able to tolerate other necessary treatments, such as debriding,
bandage changing, and compressive wraps.®
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Cutaneous neoplasms

RF has also proven to be an effective modality for removal of multiple cutaneous
neoplasms in disease processes such as neurofibromatosis (Table 4). Reports of patients
with Brooke-Spiegler Syndrome, neurofibromatosis I, tuberous sclerosis, and a host

of other more common growths, such as seborrheic keratosis, demonstrate a wide
application of RF treatment.®:19-23 The primary outcome measures in these studies were
decreased lesion numbers, size, and patient satisfaction. All patients received one treatment
session only, except a patient with Brooke-Spiegler Syndrome who received 15 treatment
sessions and achieved 100% resolution of his cylindromas and 70% resolution of his
trichoepitheliomas.29 RF was also successfully used in conjunction with dermabrasion for
resection of tuberous sclerosis related angiofibromas in a 30-year-old female. This subject
had satisfactory results without scarring or depigmentation.®

RF was shown to be a superior method to surgical excision for cutaneous neurofibromas

in 16 neurofibromatosis type | patients as it led to less bleeding and fewer postoperative
complications. Except for minimal scarring, all subjects were satisfied with the treatment
outcomes.?! One case report demonstrated how RF treatment made surgical removal

of a 20cm wide dermatofibroma protuberans possible by reducing its size to 50%
pre-operatively.23 Twenty-one additional subjects were treated with RF energy for a
variety of telangiectasia, cherry and spider angiomas, acrochordons, seborrheic keratosis,
dermatofibrosarcoma protuberans, and milium.22 Among these subjects 78% of vascular and
93% of non-vascular lesions had “excellent” or “good” decrease in lesion size as well as
94% and 84% patient satisfaction, respectively. The only adverse events reported were pain
ratings of 3—4 during the procedure.?2

Lymphangioma circumscriptum

Ten case series and reports describe the experiences of 72 patients with symptomatic
microcytic lymphatic malformation in various cutaneous and oral locations, including the
tongue (Table 5). Patients received 1-8 treatments to achieve outcome objectives, which
included smaller lesion size, decreased frequency of symptoms, such as bleeding, and
infection, as well as lower recurrence rates. All cases reported over 50% and as high as 88%
reduction in lesion size with comparable efficacy in cutaneous and mucosal lesions.24-33
Patient satisfaction was high, but appeared to wane with longer follow up of five years, with
recurrence of lesions being up to 66% in one study.?4 Adverse events included swelling,
hypopigmentation, scarring, and intermittent bleeding or infection in the cases of oral LC.

Cutaneous Leishmaniasis

Radiofrequency therapy was reported in four RCTs and one case series for the treatment
of cutaneous leishmaniasis (Table 6). Subjects received 1-4 treatment sessions and were
followed for up to a year post-procedure. Outcome measures included infection resolution,
or cure rate, recurrence, and patient satisfaction. Various control groups received a

variety of treatments including antimony, placebo,3* intralesional or intramuscular sodium
stibogluconate (SSG),32:36 and intralesional meglumine antimoniate.3” Complete clinical
response was achieved in 69.4- 98% of the subjects treated with RF.34-36.38 RF was shown
to be non-inferior to antimony as 73% of both groups achieved complete clinical response,
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however, those treated with RF experienced less relapse (6.3% compared to 12.5% of
antimony patients). RF was also shown to be comparable to intralesional SSG treatment
in 359 subjects who experienced an 83% average cure rate.3>36 Adverse events included
secondary infections, keloid formation, and local cellulitis.

Non-acne scarring

RF treatment for hypertrophic non-acne and burn scars in 43 patients are discussed in one
prospective study, three case series, and two case reports (Table 7). Two of the studies
utilized RF in combination with acoustic pressure ultrasound to deliver either triamcinolone
for hypertrophic scar or retinoic acid for atrophic scars.3%40 Another case series reported
use of non-insulated microneedle fractional RF.#* Outcome measures included scar size and
histologic psuedonodule density. Subjects received 1-4 treatment sessions every 3—4 weeks.

All subjects showed scar improvement. The most significant results included hypertrophic
scar size reduction from 4.2 to 2.55cm? width and decreased attenuation by 67%.40 On
post-treatment histology atrophic scars showed increased collagen density and hypertrophic
scars showed resolution of pseudonodules. Average patient satisfaction was 68%. Adverse
events included burning sensation during the procedure, mild erythema, edema, fine scale,
and mild atrophy.39-44

Incompetent great saphenous vein

The most studied indication for RF is treatment of incompetent great saphenous veins,
leading to lower leg varicosities. A summary of the findings from fourteen articles about
non-cosmetic varicosity treatment with RF can be found in Table 8.45-58 The treatments
used include endovenous thermal ablation (ETA)*%:49.51.52.55 and segmental thermal ablation
(STA).50.57.58 gybjects all received one treatment session per limb and were followed for

up to five years post-procedure. Outcome measures include distal venous filling on duplex
ultrasound and recanalization.

Duplex ultrasound guided evaluation shows that 94.4% of RF treated limbs remain
completely occluded at 36 months post-procedure. One study demonstrated 91.9% occlusion
at up to five years post procedure.5” A retrospective study comparing RF to 1,320 ND:YAG
and 810 diode laser treatments showed that ND:YAG had significantly higher rates of
occlusion at 5 years post-treatment compared to RF or diode.5¢ The highest recanalization
rates were 129%.51 Adverse events included transient erythema, endovenous heat induced
thrombus, hyperpigmentation, paresthesia, nonocclusive thrombus, worsening leg swelling,
superficial thrombophlebitis, ecchymaosis, hematoma, and infection.

Discussion

The purpose of this review was to describe findings of RF treatment in non-cosmetic
dermatologic indications. RF treatment of acne and resultant acne scarring, primary
axillary hyperhidrosis, acute and chronic wounds, cutaneous lesions such as neurofibromas,
lymphangioma circumscriptum, cutaneous leishmaniasis, hypertrophic non-acne scarring,
and varicose veins were included for review. RF literature demonstrates that this modality
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has been shown to successfully decrease size, expedite healing, or eliminate disease-
associated symptoms in all of the above conditions.

RF has potential to treat recalcitrant moderate to severe acne cystica and associated scarring
simultaneously to benefit patients suffering from facial pain, lesion drainage, and protracted
self-esteem. The ability of radiofrequency to treat inflammatory conditions such as cystic
acne is likely multifactorial. Histopathologic analysis of pre- and post- lesions shows
decreased follicular density as well as decreased perifollicular lymphocytic infiltrate and
sebaceous gland number.10 Some results also show thickened and compacted collagen type
I and 111 fibers in the upper and lower layers of the dermis post treatment,>® while others
demonstrate decreased expression of transforming growth factor beta, interleukin 8, and NF
kappa B.°

RF aids in reduction of primary axillary hyperhidrosis symptoms via destruction of sweat
glands. Evidence shows RF superiority compared to treatment mainstays that range from
topical aluminum salts to axillary curettage, which may carry risks of scarring and only
temporary improvement.12

RF treatment of neoplastic conditions, such as cutaneous neurofibromas, LC, and
hypertrophic scars is largely successful due to directly targeted dermal depth heating,
potentiating both superficial and root cause treatment. RF has shown to be a safe and
economical pre-treatment for lesion size reduction, adjunct therapy to deliver medication
more precisely, or an alternative to traditional surgical approaches as it is minimally
invasive, decreases blood loss, and minimizes scarring.

A similar method of microtissue destruction via collagen contraction is fundamental to RF
treatment of incompetent veins. RF generated heat causes segmental venous spasms and
collagen shrinkage with minimal thrombus formation.>2 Evidence for this therapy shows that
RF is comparable to surgical interventions in efficacy, but superior in reducing surgical risk
factors, such as infection, post-operative pain, and bruising. Though RF is a well-studied
minimally invasive alternative to surgery, head-to-head comparison with 1,320nm ND:YAG
shows shortcomings in complete occlusion associated with RF at 5 years post-treatment.>6
Future studies may show that laser ablative modalities may have superior long term efficacy
compared to RF.

RF was also shown to successfully treat cutaneous leishmaniasis, in which one week of daily
RF thermotherapy is lethal to the assaulting parasite (maximum heat tolerance of 39°C).
This offers an alternative to lengthy courses of SSG inoculations and potentially higher
patient treatment compliance.3> Unfortunately, access to electricity and technology support
in resource poor regions with endemic cutaneous leishmaniasis is a significant practical
limitation.

A limitation of this review is that the majority of reports are case series. In addition, only

a small number of studies are available for some of the discussed indications, such as
wound healing and cutaneous leishmaniasis. Furthermore, because RF is a novel therapeutic
modality, our analysis of the current literature shows that there is a lack of uniform
treatment guidelines or protocols, specifically regarding use of varying energy levels, the
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number of treatments needed, and intervals at which treatments are given. From all of the
studied indications, most variability is seen with the treatment of acne and scarring. Greater
consistency was seen in venous ablation where only one session was needed in all studies.
Long term follow-up beyond five years would bolster the promising safety and efficacy
profile of RF demonstrated so far. Additional studies with larger sample sizes are needed

to better correlate clinical findings with molecular and tissue level changes, appropriately
expand non-invasive indications, and streamline delivery method for RF.

Conclusion

Treatment with RF is an effective minimally invasive modality. Its use in non-cosmetic
cutaneous conditions is beneficial for its short post-procedure recovery time, infrequent
severe adverse events, and non-inferior rates of relapse for up to five years post-treatment
in certain conditions. This review furthers an ongoing discussion of the utility of this
technology in dermatology. Although these studies provide valuable information, better
designed studies with increased sample sizes and longer follow up protocols are needed to
make definitive recommendations about RF treatment.
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