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Purpose: Rosacea is a common, chronic facial skin disease
that affects the quality of life. Treatment of facial erythema
with intradermal botulinum toxin injection has previously
been reported. The primary objective of the study was the
safety and efficacy of thermal decomposition of the stratum
corneum using a novel non-laser thermomechanical
system (Tixel, Novoxel, Israel) to increase skin permeabil-
ity for Botulinum toxin in the treatment of facial flushing of
rosacea.

Methods: A retrospective review of16 patients aged 23—45
years with Fitzpatrick Skin Types II to IV and facial
erythematotelangiectatic rosacea treated by Tixel followed
by topical application of 100U of abobotulinumtoxin. A
standardized high-definition digital camera photographed
the patients at baseline and 1, 3, and 6 months after the
last treatment. Objective and subjective assessments of the
patients were done via Mexameter, the Clinicians Ery-
thema Assessment (CEA), and Patients self-assessment
(PSA) scores and the dermatology life quality index (DLQI)
validated instrument.

Results: The average Maxameter, CEA, and PSA scores at
1, 3, and 6 months were significantly improved compared
with baseline (all had a P-value <0.001). DLQI scores
significantly improved with an average score of 18.6 at
baseline at 6 months after treatment (P < 0.001). Self-rated
patient satisfaction was high. There were no motor
function side-effects or drooping.

Conclusion: Thermal breakage of the stratum corneum
using the device to increase skin permeability for
botulinum toxin type A in the treatment of facial flushing
of rosacea seems both effective and safe. Lasers Surg. Med.
© 2018 Wiley Periodicals, Inc.
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INTRODUCTION

Rosacea is a chronic, relapsing inflammatory skin
disease [1]. Symptoms include persistent facial erythema,
papules, pustules, telangiectasia, and recurrent flush-
ing [1]. The red, pimply facial rash can cause embarrass-
ment, low self-esteem, anxiety, and have a considerable
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adverse effect on quality of life [2—4]. The prevalence of
rosacea across populations is reported to range from less
than 1% to 22% and is characterized by episodes of
exacerbation and remission. [6—6]. Symptoms only par-
tially respond to therapy and tend to recur. Frequently
prescribed treatments include topical, oral, and light-
based therapies [1]. Intradermal botulinum toxin has been
investigated as a novel treatment of facial erythema and
flushing [7-11]. Botulinum toxin (BTX) blocks the release
of the neurotransmitter acetylcholine from peripheral
nerves and thus might alter cutaneous vasodilata-
tion [12—-13]. Due to its characteristics and high molecular
weight, BTX cannot penetrate the highly impermeable
stratum corneum while applied to bare skin [14].

Disruption of the outer stratum corneum by mechanical,
chemical, or physical approaches increases skin perme-
ability [15-17]. Selective thermal ablation of stratum
corneum dramatically increased skin permeability for
transdermal drug delivery [18-19]. Above 360°C, trans-
dermal flux increased by many orders of magnitude. [20].

This study aimed to assess the safety and efficacy of a
novel non-laser thermal resurfacing system (Tixel, No-
voxel, Israel) of increasing skin permeability for botulinum
toxin type A in the treatment of patients with resistant
facial flushing of rosacea. The system has already been
demonstrated to significantly increase the permeability of
several topically applied medications [21,22].

METHODS

A retrospective review of 16 patients ages 23—45 years
(average 41 years) treated in a single center between
January 2017 and March 2018. The standard treatment
reviewed consisted of a novel thermomechano-ablative
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device (Tixel, Novoxel, Israel) followed immediately by
topical application of 100U of abobotulinumtoxin A
(Dysport™, Galderma, France) in 3ml of bacteriostatic
saline assisted by ultrasound impact system (Alma lasers
GmbH, Germany). Tixel device settings included: 400°C, at
contact intervals of 6-8 ms, 800-1000 protrusion. The
Impact (Alma Lasers Ltd., Israel, Impact) setting was 50%
energy intensity and 50 Hz acoustic pressure pulse rate for
2 minutes. Post-procedure care included topical Trolamine
(Biafine; Genmedix Ltd, France) self-applied 3—4 times a
day for 2 days and the use of broad-spectrum sunscreen
with a sun protection factor of 50 for 3 months. All patients
received two treatment sessions with 1-month interval and
were followed up for 6 months after the last treatment to
monitor results, recurrence, and adverse effects.

Skin cultures for Demodex folliculorum where taken
before and at 1 month after treatment. The erythema index
(EI) of the forehead, cheeks, nose, and chin was measured
and averaged, before treatment and at 1, 3, and 6 months
post-treatment, using a model MX18 Mexameter (CK
Electronic GmbH, Cologne, Germany). The patients were
photographed by a standardized high-definition digital
camera (VISIA, Canfield) at baseline and 1, 3, and 6 months
after last treatment.

Two independent non-treating investigators assessed
the subjects’ facial erythema using the Clinicians Ery-
thema Assessment (CEA) score (0 =none, 1 = almost none,
2=mild, 3=moderate, and 4 =severe). The patients
evaluated their own erythema using the Patients self-
assessment (PSA) scores (0 =none, 1=almost none, 2=
mild, 3=moderate, and 4 =severe). The non-treating
investigators and patients were blinded to the chronologi-
cal sequence of the photos taken when evaluating them.
Also, at 6 months post-treatment, the patients answered
the dermatology life quality index (DLQI) question-
naire [23]. Pain perception, adverse effects, and recurrence
of lesions were also documented at follow-up visits. The
presence and severity of the following side effects were
assessed in all subjects on clinical examination and written
questionnaire: injection site pain, erythema, edema,
muscle weakness, dysphagia, dry mouth, fatigue, head-
ache, eye disorders, musculoskeletal pain, and dysphonia.

Statistical analysis was performed using SPSS software
(version 21.0; IBM Corporation, Armonk, NY). The effect of
treatment on erythema grade was evaluated using a one-
way repeated-measures analysis of variance (ANOVA) and
pairwise comparisons. A one-way repeated-measures
ANOVA was used to determine whether the mean of
subjects’ rosacea score, at each time point, differed
significantly. Student T-test was used to verify DLQI
scores before and after treatment.

Stratum Corneum as a Barrier

In general, topical therapeutics demonstrate poor total
absorption and cutaneous bioavailability with only 1-5%
being absorbed into the skin. [24] Several physical
techniques were developed to perforate the stratum
corneum to increase the uptake of topically applied drugs.

Among those techniques were electroporation, iontophore-
sis, lasers, microdermabrasion, microneedles, pressure, RF,
and sonophoresis [15-17]. The most significant challenge in
achieving an efficient transdermal drug delivery is to create
a passage through the stratum corneum [25] while
obtaining the lowest damage possible to the viable epider-
mis and dermis tissue. Mechanical or thermal damage to the
tissue might affect the drug passage to the target cells either
due to a mechanical blockage such as tissue coagulation or
by an inflammatory healing process in case of mechanical
damage [24]. The importance of the water content of the
stratum corneum in determining its properties is well
documented. Skin water content gradually increases, going
from the upper layer of the stratum corneum to the viable
epidermis, reaching an almost constant value [26,27]. The
mechanical properties of the stratum corneum are pro-
foundly affected by the relative humidity (RH%) within the
layer. The breaking strength of the stratum corneum
increases from about 10g at 80-100% RH to 45g at 0%
RH, while the elongation to break decreases from 200% at
100% RH to less than 10% at 0% RH [28].

The Tixel Device

The Tixel (Novoxel, Israel) is a non-laser thermome-
chanical system which transfers thermal energy to the
skin, dehydrates the stratum corneum and superficial
epidermis and creates micropores, thus, enhancing drug
delivery. The system combines thermal energy with
motion. The system consists of a titanium tip heated to
400°C. The tip is moving towards the skin to achieve
contact between the heated tip and the treated tissue. The
amount of thermal energy delivered to the skin is
determined by the pulse dwelling duration or pulse
duration (range: 5 to 18 ms). A second system parameter
is a protrusion, which is defined as the distance in which
the heated tip is moving measured from the edge of the
handpiece distance gauge. The protrusion is aimed to
acquire better thermal matching between the tip and the
tissue without skin perforation (including the stratum
corneum), along with the process. In transdermal mode
settings, the primary thermal effect is dehydration of
stratum corneum with a very limited thermal effect on the
viable epidermis and dermis. The stratum corneum
becomes brittle consequentially to tip thermal effect

Linear motor

Fig. 1. Tixel handle motion assembly.
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TABLE 1. Patient Demographics and clinical data

Rosacea type:
1 = Erythematotelangiectatic

type
Disease 2 =Papulopustular Previous treatments- 1-topical ABX, 2-oral
Fitzpatrick  duration 3 =Phymatous ABX, 3-Isotretinoin, 4-laser, 5-Phototherapy,
Patient Sex age skin type X’s) 4 =CQcular 6-Exsision
1 F 23 2 15 142 1,2,4
2 F 44 2 10 142 1,2,4
3 F 73 3 6 1+2 1,2,3,4
4 F 52 2 10 142 1,2,3,4
5 F 27 2 5 1 1,2,4
6 F 41 3 10 1 1,2,4
7 F 45 2 13 1 1,2
8 F 41 3 1 1+2 1,2,3,4
9 F 35 2 5 1 1,2
10 F 44 2 2 1 1,2
11 F 36 2 3 1 1,2,4
12 F 36 3 4 1 1,2
13 F 26 4 3 1 1,2,4
14 F 37 2 10 1+2 1,2,3,4
15 F 62 3 10 1 1,2,4
16 F 42 3 12 1 1,2,3,4
leading to layer breakage when the tip is progressed
towards the treated tissue. The gentle elimination of the 3.0341.1
stratum corneum [20] and desiccation of the epidermis 3 2511008
establishes a concentration gradient by Fick’s law,
enhancing drug delivery. The Tixel technology is mainly 25
concentrated in the system handle. Figure 1 presents the
general assembly of the handle. The tip motion is achieved ©
by linear motor and motion controller. When the system is £ 5 RALESE
activated the linear motor (that act like pneumatic piston 2 1.81:0.84
energized by electric power) shaft is moving forward and >
allows the tip to come in contact with the tissue for =
extremely short period of time. Since the motion controller -g 1.5 1 240,64
is located extremely closed to the motor there are no time P 1.12+0.44 ' .1A09 £0.78
delays, that is, phase shift therefore the system maintains %0 1.03+0.58
extremely tight control characteristics. It has been g 1
previously shown to enhance the delivery of several o)
medications (e.g., verapamil, vitamin C, and sodium a
diclofenac) [29]. 0.5
The Impact Device
0 Baseline 1-month 3-month 6-month

Sonophoresis—the use of ultrasound to enhance the
transport of a substance through a liquid medium—is
particularly impressive given the emerging role of ultra-
sound in dermatology. A transdermal sonophoresis deliv-
ery system (Alma Lasers Ltd.) has been developed to
enhance the delivery of topical cosmeceuticals. The device
operates at low ultrasound frequency (~30 kHz) and emits
acoustic wave air pressure from an ultrasonic horn applied
on the skin surface. This horn device has a frequency up to
100 Hz (acoustic pulse vibration per second) and energy of
peak of 0.4W/cm?2. The hypothesis is that the device

Averaged Clinicians Erythema Assessment - CEA

- Patients self-assessment - PSA

Fig. 2. Clinicians Erythema Assessment (CEA) score and Patient
self-assessment (PSA) score — baseline, 0 =none, 1=almost
none, 2 =mild, 3 =moderate, and 4 = severe. The average CEA at
1, 3, and 6 months were significantly improved compared with
baseline (all had P-value <0.001). Note that the greatest effect
appeared 1 month after treatment with a slight gradual
recurrence of the redness at 3 and 6 months, but none returned
to the initial baseline values.
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Erythema Index
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Fig. 3. Average Mexameter scores—baseline, 1, 3, and 6 months
(P-value <0.001).

mechanical ultrasound wave/vibration pushes active
components deeper into the skin and enhances topical
absorption when paired with the thermomechanical
stratum corneum destruction produced by the Tixel [30].

RESULTS

Age, Fitzpatrick skin type, previous treatments, and
rosacea type are elaborated in Table 1. Positive Demodex
folliculorum cultures were significantly reduced from nine
patients before treatment to four patients after treatment.
The CEA results from the two blinded dermatologists
showed a strong correlation with a correlation coefficient of
0.9. The average CEA and PSA scores at 1, 3, and 6 months
were significantly improved compared with baseline (all
had a P-value <0.001, Fig. 2). The average Mexameter
scores at baseline, 1, 3, and 6 months were 399.12, 211.18,
236.25, and 299.62 (P-value <0.001, Fig. 3), respectively.
Note that the greatest effect appeared 1 month after
treatment with a slight gradual recurrence of the redness
at 3 and 6 months, but none returned to the initial baseline
values (Fig. 4). DLQI Scores where significantly improved
with an average score of 18.6 + 1.9 at baseline and 9.6 +2.8
at 6 months after treatment (P < 0.001). Patient satisfaction
was 2.3 + 0.5 (on a scale of 0—4). Overall tolerance score was
high (average: 3.2+0.3, scale 1-4). Post-treatment side
effects included transient erythema, edema, mild discom-
fort, and pinpointed micro crusts. All adverse effects were
self-limited. Specifically, there were no subjects that
developed motor function deficits or drooping.

DISCUSSION AND CONCLUSIONS

Rosacea is a chronic and recurrent inflammatory skin
disease with a variety of cutaneous manifestations [1]. It
consists of four subtypes: erythematotelangiectatic, pap-
ulopustular, phymatous, and ocular [8]. The disorder poses
significant financial, physical, and psychological im-
pacts [2—4]. There are some topical, oral, systemic, and
energy-based device treatments available, but the treat-
ment of rosacea remains difficult. The multifactorial
nature of the disease combined with an incomplete
understanding of the pathophysiology is challenging for
providers and patients. Genetic factors, dysregulation of
the innate and adaptive immune system, vascular and
neuronal dysfunction, and microorganisms such as De-
modex folliculorum appear to be involved [31-36].

Micro dermal injections of BTX have been shown to be
effective in decreasing flushing, erythema, and inflamma-
tion within 1 week of treatment and persisting for up to 3

. A B

Fig. 4. Representative rosacea status before (a,c,e) and 6 month
after (b,d,f) treatment.

months [37—40]. BTX inhibits the exocytosis of preformed
vesicles in cholinergic nerves (motor and autonomic) and
results in the blockade of acetylcholine release [1]. One
possible mechanism by which botulinum toxin might
improve flushing is through the blockade of acetylcholine
release from peripheral autonomic nerves of the cutaneous
vasodilatory system. Other mechanisms might include the
followings: BTX inhibits the release of other neurotrans-
mitters (substance P, glutamate, and calcitonin gene-
related peptide) or diminishes non-nociceptive stimuli,
altering postganglionic cholinergic nerve fibers with blood
vessels [41-45]. Due to its characteristics and high
molecular weight, the botulinum toxin molecules cannot
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Fig. 5. Chart representing temperature as a function of depth. For example at 10 pm the maximal
calculated temperature at pulse duration of 6 ms is 300°C and at 30 p.n the maximal temperature is

about 125°C.

penetrate the highly impermeable stratum corneum while
applied to bare skin, unless disrupted [14].

Topical delivery of drugs is essential in dermatology. The
efficacy of topical therapy is dependent on the ability of the
therapeutic drug to reach its target. However, cutaneous
biodistribution and bioavailability of most topically ap-
plied drugs are quite low. For a topical agent to be active, it
must first traverse the rate-limiting barrier of the stratum
corneum. In the last decades, drug delivery technology has
advanced from unsophisticated and simple methods to
more advanced chemical, mechanical and physical meth-
ods. The main skin permeation enhancement techniques
include alteration of drug or vehicle interaction, the use of
transepidermal carriers, the modification (e.g., hydration)
or removal (microneedling, laser-assisted delivery [LAD])
of stratum corneum or the use of electrically assisted
methods (sonophoresis or iontophoresis, transfollicular
positive-pressure delivery). A good transepidermal deliv-
ery system is based on achieving a suitable balance
between effective delivery, homogenous distribution,
safety to the skin, and low pain and cost. As examples,
tape stripping is a simple, efficient, and controllable
method to remove stratum corneum, however it is
associated with high incidence of irritation and difficulty
in recovering. On the other side, laser-assisted delivery
(LAD) can directly adjust the character of the channels in a

predictable and controllable manner, however, these
system are expensive to use, relatively painful and
sometimes are not cost effective. The Tixel is a relatively
inexpensive, very safe, efficient (no down time), non-
painful system which allows effective delivery and
homogenous distribution of topically applied medications.
There are few different aspects of system operation that
can provide explanation for the low pain level during Tixel
treatment at low pulse duration. Due to the direct
conduction in which the Tixel technology is based, the
temperature below the stratum corneum (under 20 um) is
much lower than 400°C as shown in the Figure 5. For
example, at 10 pm the maximal calculated temperature at
pulse duration of 6 ms is 300°C and at 30 pm the maximal
temperature is about 125°C. Nociceptors are located
deeper at 50pum [46]. In addition, nociceptors are
extremely sensitive to temperature changes rate over
time. CO, lasers, for example, generate heat at an
extremely fast pathway (~200ns), while Tixel heating
effect is slower by at least one order of magnitude in the
Tixel system [47].

This study demonstrates the successful and safe
treatment of resistant rosacea-associated facial erythema
using a dual modality treatment of thermal decomposition
of the stratum corneum followed by the immediate
application of botulinum toxin. No significant adverse
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effects were reported with this approach. The authors do
appreciate the considerable expense of the botulinum toxin
needed for this treatment and the fact that in most
countries the treatment would not be covered by insurance.

Limitations of this study include the small sample size,
the short 6 month follow up period, and the lack of a control
group. The use of botulinum toxin is a rational approach if
one assumes that neuron-mediated vascular dysfunction
plays essential pathogenic roles in rosacea [31,32]. The use
of multiple modalities: thermomechanical device, botu-
linum toxin, ultrasound device, and Biafine limit our
ability directly describe the mechanism of action leading to
our observations. Each modality has been chosen based on
its published literature and the end result seems greater
than the expected additive effect.

However, this study raises many questions: What is the
role of the Tixel device? Is it only a drug delivery enhancing
system? Does the heat transfer affect the papillary dermal
blood vessels or decrease the number of parasites
(Demodex folliculorum)? What is the role of sonophoresis?
Could the same effect be achieved without the concomitant
use of the Impact device? Could the same results can be
achieved with only topical application of BTX and
sonophoresis? All of these questions more substantial,
randomized, blinded, and placebo-controlled studies.
Additionally, further investigation is needed to elucidate
the mechanism of action by which botulinum toxin
improves facial flushing of rosacea.
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