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Abstract

Background: The transient receptor potential vanilloid 1 (TRPV1) provides a heat and

pain sensation (nociception). Capsaicin, a TRPV1 agonist, has been shown to induce a

refractory period in the nerve terminal expressing TRPV1 and create long-term nerve

terminal defunctionalization.

Objective:To evaluate the efficacy of capsaicin for pain reduction duringmicrofocused

ultrasoundwith visualization (MFU-V) treatment.

Methods and materials: A randomized, split-side study including 24 subjects was

conducted. A combined 0.025% capsaicin gel and topical anesthetic were randomly

applied on one side of the neck, and a topical anesthetic monotherapy was applied on

the contralateral side for 30 min before MFU-V treatment. Pain score (visual analog

scale, 0–10) was evaluated at T1 (before MFU-V), T2a (after the 4.5-mm transducer

treatment), T2b (after the 3.0-mm transducer treatment), and T3 (after the entire

treatment). Side effects were recorded.

Results:Mean pain scores at T2a for combined and single regimens were 5.19 (±2.26)

and 6.91 (±1.72), respectively (p< 0.001). The capsaicin-treated side had a lower pain

score at T2b and T3 (p < 0.001). Redness was longer on the capsaicin-treated side

(112.67 vs. 10.68min, p<0.001). No other adverse events including contact dermatitis

were reported.

Conclusion: A single application of a combined 0.025% capsaicin gel with topical

anesthesia produces a significantly lesser pain score during the MFU-V treatment.

Defunctionalization of TRPV1may explain the alleviation of painful sensations caused

by heat fromMFU-V.
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1 INTRODUCTION

Microfocused ultrasound with visualization (MFU-V) is a well-known

modality for the treatment of facial skin laxity. Over the past years,

the use ofMFU-V in the dermatologic field continues to grow owing to

its effectiveness and safety demonstrated thoroughly in clinical stud-

ies and general practices. Unlike other noninvasive tissue tightening

techniques, MFU-V targets the dermis and the superficial muscu-

loaponeurotic system.1 The mechanism ofMFU-V is based on acoustic

energy transmission, which causes molecular friction by generating

vibration in the targeted tissue. A portion of this mechanical energy is

converted to thermal energy, resulting in temperatures surpassing 60–

70◦C at predefined depths, which leads to collagen denaturation and

neocollagenesis, while the surrounding tissue remains undisturbed.2,3

In both literature and clinical practices, the safety profile of MFU-

V has been well established,4,5 while most of the negative effects

are temporary. Nonetheless, the thermal effect created by MFU-V

may cause pain or discomfort throughout the procedure, which is

considered the drawback of this noninvasive modality. The severity

of patients’ discomfort varies, and in certain cases, extreme dis-

comfort has necessitated intravenous sedation.5 Currently, a wide

range of pain management methods for MFU-V are being reported in

practices with clinical study evidence including acetaminophen, nons-

teroidal anti-inflammatory drugs, antianxiety drugs, narcotics, nitrous

oxide, the centrally acting analgesic tapentadol, injectable lidocaine,

cooling devices, and combinations of the above.2,6,7 Although these

methods may lessen pain, there are a certain number of patients

do not achieve an adequate level of comfort. Therefore, additional

studies into pharmaceutical painmanagement in conjunctionwith non-

pharmacological approaches employed during MFU-V treatment are

warranted.

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide—C18H27NO3)

is a naturally occurring substance derived from the plants of the genus

Capsicum, family Solanaceae, which is known as chili pepper. Recently,

it has been widely used in pain-relief research and other clinical ther-

apies. The mechanism of action of this substance has been proposed

to be its role as a selectively nociceptive neurons stimulation or tran-

sient receptor potential vanilloid 1 (TRPV1) receptor agonist, which

has evidence in pain perception and plays a critical role in sensory

afferents. Capsaicin, in various forms, is now increasingly utilized for

the treatment of a variety of painful disorders due to its TRPV1

agonist properties, such as complex regional pain syndromes and

neuropathic pain,8–12 postherpetic neuralgia,13 and cluster headache

prevention.14

However, there is no evidence of its use in discomfort management

during MFU-V treatment. We expected that employing the substance

that directly affects the processes behind procedure-associated dis-

comfort and attempting to apply procedure-specific analgesics would

benefit in optimizing the patient’s comfort. Accordingly, the purpose of

this study is to compare the pain perception duringMFU-V procedures

treated with a combination of capsaicin gel and topical anesthesia

versus topical anesthesia monotherapy.

2 MATERIALS AND METHODS

2.1 Study design

This was a prospective, single-blinded, randomized controlled trial

study conducted at a university-based hospital (Ramathibodi hospi-

tal, Mahidol university, Bangkok, Thailand). We prospectively per-

formed our study in compliance with the Declaration of Helsinki of

1975, as revised in 1983. The study protocol was approved by the

Institutional Review Board of Human Rights Related to Research

Involving Human Subjects, Faculty of Medicine Ramathibodi Hospi-

tal, Mahidol University (Protocol number MURA2021/1009) and Thai

Clinical Trials Registry (Identification number TCTR20220225006).

All participants signed a written informed consent prior to study

initiation.

2.2 Study subjects

A total of 24 healthy participants aged between 18 and 60 years

with neck laxity and willingness to participate in the research were

recruited. The exclusion criteria included pregnancy or active breast-

feeding, active skin diseases as well as a history of surgery at

the experimental sites within 6 months, metal implantation at the

experimental sites, abnormal facial/neck sensation, or known allergy

to local anesthetics or capsaicin-containing gel. At the time of

recruitment, each participant was given a brief explanation of the

study.

2.3 Study material

The topical anesthesia used in this studywas a compoundedmixture of

2.5% lidocaine and 2.5% prilocaine (Racser, Galentic Pharma, Mumbai,

India) while the capsaicin gel contained capsaicin 0.025% (Capsika-

25, Bangkok Lab & Cosmetic CO., LTD., Bangkok, Thailand). There

were 5 grams of capsaicin gel and 2.5% lidocaine/prilocaine on the

combination-treated side, whereas the monotherapy side had only 10

grams of 2.5% lidocaine/prilocaine.

2.4 Study protocol

This split-neck design compared two anesthetic options in the same

patient. Each side of the neck was randomized to receive two different

anesthetic alternatives: capsaicin plus topical anesthetic cream ver-

sus topical anesthetic cream monotherapy, as well as the sequence

in which they were applied. This randomization was generated by

a computer-based generator and was hidden from the researcher

enrolling subjects. Before MFU therapy, one of the anesthetic options

with a total amount of 10 grams was randomly applied to one side

of the neck with an occlusive dressing for 30 min. Thereafter, the
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Topical anesthesia + capsaicin

Topical anesthesia

4.5 mm transducer (T2a) 3.0 mm transducer (T2b) Overall experience (T3)
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F IGURE 1 Themean pain score (VAS, 0–10) at immediately after
4.5-mm transducer (T2a), immediately after 3.0-mm transducer (T2b),
and overall pain experience (T3). p-Value compared between each
anesthetic technique

applied creamwas removed, and theMFU-V (Ultherapy (MerzAesthet-

ics, Raleigh, NC) procedure was performed at the same side consisting

of 45 treatment lines with a 4.5 mm transducer (4.5 MHz, 0.9 J), fol-

lowed by 45 treatment lines with 3.0 mm transducer (7 MHz, 0.3).

After the first side was done, the 30-min application of another anes-

thetic option on the contralateral side was initiated, and MFU-V was

performedwith a similar pattern. (Figure 1)

2.5 Pain assessment

The visual analog scale (VAS), a common and accepted approach for

evaluating pain levels, was used to assess pain perception in each

participant.15 The 10 cm-VAS score (0, no pain; 10, worst possible

pain) was measured at four-time points: after removing the anesthetic

option (T1), immediately after the 4.5 mm transducer (T2a), immedi-

ately after 3.0 mm transducer (T2b), and overall pain experience (T3).

At each time point, the VAS score was compared between the side

treated with topical anesthesia monotherapy and the combination of

capsaicin and topical anesthesia.

2.6 Statistical analysis

All data analysis was performed by STATA/SE version 14.2 (STATA

Corp, College Station, TX). Categorical data (e.g., sex, comorbidity,

Fitzpatrick skin type) were shown as a percentage. Continuous data

(e.g., pain score, redness duration) was presented in either mean with

standard deviation or median with interquartile range. The differ-

ence in mean pain score at each time point (T1, T2a, T2b, and T3)

was compared between 2 anesthetic options and analyzed using the

mixed-effect model. A p-value less than 0.05 determined statistical

significance.

3 RESULTS

A total of 24 participants were recruited and completed this study.

Their average age was 44.86 ± 5.80 years. Twenty-two participants

were female (91.67%), and two participantsweremale (8.33%). Fifteen

subjects had Fitzpatrick skin type III (62.50%), and nine had Fitz-

patrick skin type IV (37.50%). Eight participants (33.33%) were naïve

to focused ultrasound procedures for skin tightening or rejuvenation.

At baseline (T1), there were no significant differences in the

mean VAS score between each experimental site. At T2a, the mean

VAS score rated by participants was 5.19 ± 2.26 for combined

capsaicin plus topical anesthesia and 6.91 ± 1.72 for topical anes-

thesia monotherapy (p < 0.001). The mean VAS score at T2b for

the combined regimen was 4.18 ± 1.63 and 5.69 ± 1.71 for topical

anesthesia monotherapy (p < 0.001). The VAS score for overall pain

experienced (T3) was significantly lower in the combined capsaicin

plus topical anesthesia group than in topical anesthesia monotherapy

(4.94 ± 1.91 vs. 6.13 ± 1.64, p < 0.001) (Table 1 and Figure 1). The

average treatment duration of the MFU-V treatment on the combined

side and monotherapy side was 19.46 (±2.26) and 19.29 (±2.18) min,

respectively.

In terms of adverse reactions, redness was noticed immediately

after being wiped off on the combination side in all patients. The

redness persisted until the end of the MFU-V procedure. In the top-

ical anesthetic monotherapy side, the redness was noticed in four

patients after the removal of the anesthetic and disappeared dur-

ing MFU-V treatment. Regarding the duration of redness after the

removal of the anesthetic cream, the combined regimen demonstrated

112.67 ± 33.48 min, whereas the monotherapy regimen showed

10.38± 9.27min ( p< 0.001) (Table 1). Burning and stinging sensations

were noted in all patients on the combined capsaicin plus anesthetic

cream-treated side. However, no patients required early removal of

the cream. The burning and stinging sensation subsided spontaneously

within 10min after removing the cream. None of the patients reported

contact dermatitis. No other complications (e.g., postinflammatiory

hyperpigmentation) regarding the anesthetic application or procedure

were noted (Figures 2 and 3).

4 DISCUSSION

MFU-V is an established modality for treating skin laxity through

its controlled heating of the dermis and deep layers, resulting in

neocollagenesis and elastic tissue remodeling. As previously stated,

MFU-V waves may generate heat that reaches temperatures of

60–70◦C in certain areas of dermal and subcutaneous tissue to

establish thermal coagulation points with the depth of 1.5-4.5 mm.

This temperature breaks a collagen fibrils’ threshold temperature

of 58–65◦C leading to immediate collagen denaturing, contraction

and followed by collagen genesis.3 Although the mechanism of pain

production during MFU-V treatment has yet to be determined, a

possible theory might point to TRPV1 channel stimulation by heat

stimuli.
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TABLE 1 Pain perception duringmicrofocused ultrasound procedure and duration of redness between each anesthetic technique

Combined capsaicin

gel with topical

anesthesia

Topical

anesthesia

monotherapy p-Value

Pain score (10-cm visual analogue scale); mean (SD)

T1, after removing cream 0.00 0.00 1.000

T2a, afterMFU 4.5 5.19 (2.26) 6.91 (1.72) <0.001*

T2b, afterMFU 3.0 4.18 (1.63) 5.69 (1.71) <0.001*

T3, over all pain experience 4.94 (1.91) 6.13 (1.64) <0.001*

Duration of skin redness, minutes; mean (SD)

From the first appearance 112.67 (33.48) 10.38 (9.27) <0.001*

F IGURE 2 Subject’s photographs at combined capsaicin and topical anesthesia treated side at different time points (before application, 30min
after removal, 60min after removal, and 120min after removal)

TRPV1, belonging to the transient release potential (TRP) ion chan-

nel family, is a nonselective cationic ligand-gated channel that acts

as a signal transducer by changing the membrane potential or intra-

cellular calcium concentration.16 This channel is located in small to

medium-sized neurons of the sensory and sympathetic ganglia, where

it gives rise toC-fibers and to a lesser degree toAδ-fibers.17 It responds
to several distinct agents, such as extracellular acidification, and high

temperatures (>42◦C), making it crucial for thermal and chemical

nociception.18–21 TRPV1 is also expressed in nonneuronal tissues such

as the gastrointestinal epithelium, the cardiovascular system, the skin

epidermis, and immune system cells.22 Upon stimulation, TRPV1 tran-

siently opens andallows the influxof sodiumand calcium ions, resulting

in the depolarization of membranes of sensory nerve cells. Then

comes a sharp or prickly pain mediated by fast conducting Aδ-fibers,-
V followed by a dull or burning pain mediated by slow-conducting

C-fibers.23 As a result, while providing MFU-V energy, discomforts

such as stinging, burning, and pain may occur.24 In addition to high

temperature, TRPV1 can be activated by a variety of exogenous and

endogenous ligands such as protons, vanilloid compounds biding, such

as capsaicin and capsaicin-related compounds, and leukotriene B.25

During the MFU-V procedure, patients may have some degree of

discomfort in the treated area, especially over bony prominences.26
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F IGURE 3 Subject’s photographs at topical anesthesia monotherapy side at different time points (before application, 30min after removal, 60
min after removal, and 120min after removal)

Without anesthesia, mean pain score has been reported as 7.35 dur-

ing treatment with the 4.5 mm (100 lines, 1.20 J) and 3.0 (50 lines,

0.45 J) transducers.27 A number of topical anesthetic regimens and

systemic agents have been used to minimize discomfort.28–34 Accord-

ing to a study by Polacco et al., a mean pain score of 5.1 ± 1.7

was reported when patients were pretreated with lorazepam (2 mg),

ibuprofen (800 mg), and a topical compounded anesthetic (20% ben-

zocaine, 4% lidocaine, 4% tetracaine) 15 min prior to the procedure.35

Another study reported average pain scores in the submandibular

region of 6.53 (range, 2–10) when receiving some form of premedica-

tion including oral medication (i.e., 5–10mg of diazepam and 5/325mg

of hydrocodone/acetaminophen [1–2 tablets]) 30 min before treat-

ment or intramuscular medication (60 mg of ketorolac tromethamine)

60min before treatment.36 Nevertheless, somemedications with anti-

inflammatory property might potentially interfere with the wound

healing process, resulting in poor outcome.37

The majority of clinicians have been searching for pretreatment

modalities that can minimize pain and other complications without

affecting the result. The definitive therapy or standard regimen has

yet to be defined. In this study, we evaluated the efficacy of capsaicin

gel for discomfort management during MFU-V therapy. According to

the result of our study, the addition of 5% capsaicin in a gel vehicle

showed to be a safe and effective option to decrease pain in patients

undergoingMFU-V treatment.We found that themean pain score was

significantly lower in the combined capsaicin plus anesthetic cream

treated side when using both the 4.5 and 3 mm-transducers and over-

all pain perception. The explanation underlying these findingsmight be

the role of capsaicin in TRPV1 activation, which plays as an important

role in the creation of pain fromMFU-V.

Capsaicin is an agonist of TRPV1 and reduces its heat activation

threshold.38 Capsaicin binds and stimulates these receptors, caus-

ing a burning sensation at the application site through the release

of inflammatory mediators such as substance P. In contrast to other

physiological stimuli, capsaicin has been reported to cause several

effects, including an increase in intracellular calcium, activation of

calcium-dependent proteases, depolymerization of microtubules, and

disruption of mitochondrial function.39 The analgesic mechanism is

theorized to be due to the “desensitization” or “de-functionalization”

of the TRPV1 receptors. After being stimulated with capsaicin, TRPV1

goes into a long refractory period, as a result, previously stimulated

neurons on the skin that respond to painful stimuli decrease.40 Cap-

saicin appears to cause analgesia through a series of processes that

culminate in defunctionalization of nociceptive fibers. Regarding the

duration of action, a single 60-min patch application using 8% capsaicin

had efficacy for the treatment of neuropathic pain syndromes last up

to 12 weeks.39 According to a study by Schnitzer et al., a four-time

daily application of 0.025% capsaicin cream demonstrated 50% pain

reduction for osteoarthritis at day 14.41 Therefore, a single applica-

tion of a low concentration of capsaicin gel (i.e., 0.025%) 30min before

the procedure used in this study might exert a less analgesic effect
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compared to previous studies. However, we still see some beneficial

effects regarding the use of the single application, low-concentration

formulation.

Amide local anesthetic agents, including lidocaine and prilocaine,

exert their analgesic effect by primarily binding to voltage-gated Na

+ channels, hence inhibiting the influx of Na + . As a result, the

peak current of Na + channel is greatly decreased, leading to the

reduction of sensory neuron’s excitability, and ultimately, decrease in

pain sensation.42,43 As aforementioned, the mechanism of capsaicin-

mediated analgesic effect is different from that produced by amide

local anesthetic agents. Therefore, the combination of two classes of

drug can potentially abolish pain sensation by modulating the two

distinct mechanisms.

Despite the efficacy of analgesia prior to MFU-V, concerns have

been raised regarding safety due to the adverse reaction caused by

capsaicin (e.g., irritation).44 As mentioned previously, capsaicin needs

more time to cause desensitization to the TRPV1 receptor. To avoid

side effects, the neck area and short contact timewere chosen (instead

of the face and long contact time). However, we still observe some

benefits with this protocol. In addition, it is more applicable to a

daily practice because topical anesthesia is typically applied 30–60

min before the procedure. In our study, redness and burning sensa-

tion at the application area were the most common reaction which

was reported in all patients. However, they were temporary, and all

participantswere able to tolerate lowconcentration formulation.Addi-

tionally, we did not observe postinflammatory hyperpigmentation in

our patient. Similar to the prospective study by Maihofner and Hes-

kampwhere an 8% capsaicin patch was used, erythema and pain at the

application site weremost commonly seen.44

The limitation in our study was the small number of participants,

which might affect the power of the results. In addition, we performed

the treatment in the neck region, with a limited number of treatment

lines. Further studies with a large number of participants with dif-

ferent anatomical locations, different concentrations or preparation,

and different application schedules are recommended to establish the

efficacy and safety of this agent.

In conclusion, the combination of topical capsaicin with topical

anesthesia produces a significantly lesser pain score during MFU-

V treatment. The capsaicin-mediated “defunctionalization” of TRPV1

may explain the alleviation of painful sensation caused by heat from

MFU-V.
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