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Abstract

Objective: This randomized controlled trial aims to verify the efficacy of a combined fractional CO, laser and
rhodamine-intense pulsed-light (r-IPL) protocol in the photoaging therapy.

Background: Skin aging is related to multiple environmental and genetic factors that give rise to different mani-
festations. In recent years many techniques have been proposed for the rejuvenation of the skin of the face such as
ablative and nonablative procedures. Combination of laser or light sources with different wavelengths represents a safe
and effective treatment method. r-IPL is a new pulsed-light technique capable to generate wavelengths varying from
550 to 650 nm proposed in nonablative photorejuvenation with a good efficacy and safety profile.

Methods: Twenty-two patients (skin phototypes II-III, aged 4667 years) were randomly allocated into two
groups: group A was treated only with a therapeutic standard dose of the fractional CO, laser, whereas group B
was treated with a combined therapy of r-IPL and fractional CO, laser. All patients were treated up to three
times at a 2-month interval. Efficacy of the procedures was assessed thanks to the Fitzpatrick Wrinkle Severity
Scale (scores 1-9) before treatment and at a 4-month follow-up from the last treatment.

Results: Patients treated with the combination of r-IPL and fractional CO, laser showed better results in terms
of wrinkle reduction according to the Fitzpatrick Wrinkle Severity score (2.82+0.87 vs. 3.09+ 1.14), with a
statistically significant reduction in healing times (7.8210.75 vs. 13.82+1.94 days, p<0.001) and duration of
post-treatment erythema (3.55%+0.93 vs. 8.18+1.47 days, p<0.001). Patient satisfaction was higher after
combined fractional CO, laser and r-IPL treatment.

Conclusions: Our data suggest that combined use of fractional CO, laser and r-IPL may lead to excellent results
in terms of skin rejuvenation with a simple post-treatment management and an optimal tolerability.
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Introduction Skin aging signs include wrinkles, skin laxity, alterations
in pigmentation, and teleangiectasias, which can be treated
AGING IS A physiological progressive transformation with different ablative or nonablative techniques. Typical
that conducts to the gradual deterioration of the organs  ablative procedures include vaporizing tissue and removing
and consequent clinical and histological alterations. In- epidermal layer, causing marked patient discomfort and
cident ultraviolet (UV) radiation, inducing the formation of  longer healing times.® Gentler nonablative lasers stimulate
reactive oxygen species (ROS), which generate cellular collagen production in the dermis without epidermal dam-
oxidative stress, forms the basis of the photoaging pro- age, allowing shorter healing times.* Fractional carbon di-
cess.' In fact, ROS can damage both the lipid components  oxide (CO2) laser produces dermal microthermal zones with
of the cell and the structures of the dermis, in particular consequent new collagen formation and skin tightening,
collagen. It has also been shown how overtime fibroblasts being very effective in the process of skin rejuvenation.
and other skin cells express different genes that influence In addition, intense pulsed light (IPL) has been widely shown
their biosynthetic capacity.” as an effective and safe procedure to treat photodamaged skin.
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The effectiveness of IPL is founded on the theory that high-
intensity light energy determines a rise in collagen fibers tem-
perature and their consequent shrinkage.®

Furthermore, recent studies showed that skin fibroblasts
that receive IPL increase the formation of elastin and new
type I and III collagen and the synthesis of extracellular
matrix proteins, as demonstrated by post-treatment histo-
logical evaluations.” Rhodamine IPL (r-IPL) is a new IPL
energy with a polychromatic emission with wavelengths
ranging between 550-680 and 850-1200nm, which has
been recently proven to be a valid therapeutic approach in
noninvasive photorejuvenation.®

This randomized controlled trial aims to determine the
effectiveness and synergistic safety of a combined fractional
CO;, laser and r-IPL treatment.

Materials and Methods

The study included a total of 22 women (mean age
55.77 £6.05), with Fitzpatrick skin types II-III; the recruited
patients were examined for signs of skin aging, such as
wrinkles, dyspigmentation, telangiectasias, and skin laxity,
and subsequently treated on the cheeks and followed up at
the Dermatology Laser Unit of Florence and at the Der-
matological Unit of Mater Domini Hospital of Catanzaro,
Italy (Table 1).
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Local research ethics committee approval was obtained
(Calabria Centro Committee 2019/373).

Patients were randomly allocated into 2 groups: group A
(control) included 11 patients treated with the fractional
CO, laser alone (43.2mJ/DOT—D-Pulse—500 um DOT
spacing; SmartXide, Deka Me.La, Italy) with a therapeutic
standard dose according to recent reports.”*®

Group B, on the contrary, included 11 patients treated
with a combination of the fractional CO, laser (22.5 ml/
DOT—D-Pulse—750 um DOT spacing) used at a lower
energy to reduce healing times and side effects, and the
r-IPL (RightLight SynchroVasQ; Deka Me.La, Italy) with
the following parameters: fluence of 15J/cm>—8+8ms
Delay 20 ms. All subjects were evaluated before treatment
(baseline) and had a 4-month follow-up after the last
treatment. Devices’ characteristics are better described in
Table 2.

The effectiveness of these treatments was assessed
comparing the Fitzpatrick Wrinkle Severity Scale’
(FWSS) (scores 1-9) before and after treatment, and
asking each patient to rate his or her satisfaction (Dis-
satisfied, Slightly Satisfied, Satisfied, and Very Satisfied)
(Table 1).

All patients were treated up to three times (less if they
have reached very high satisfaction before the third treat-
ment) with 2-month interval between each treatment.

TABLE 1. EVALUATION OF THE EFFECT OF FRACTIONAL CO, LASER ALONE AND FracTIONAL CO,
LASER IN COMBINATION WITH R-IPL IN THE TREATMENT OF PHOTOAGING

Before Post-treatment Healing
Skin type N° (Fitzpatrick  After Score erythema time Subject
Age (I-VI)  treatments score) 4 months reduction (days) (days) satisfaction
Only CO,
1 46 m 3 4 2 2 8 14 Satisfied
2 47 I 2 3 1 2 10 12 Very satisfied
3 53 1 3 5 3 2 8 15 Satisfied
4 60 II 3 6 4 2 7 13 Very satisfied
5 61 II 3 8 5 3 7 16 Satisfied
6 67 I 3 7 3 4 9 13 Very satisfied
7 53 m 3 5 3 2 6 10 Satisfied
8 57 II 3 7 4 3 8 15 Very satisfied
9 48 III 3 4 2 2 7 13 Very satisfied
10 62 I 3 6 4 2 9 14 Satisfied
11 55 I 3 5 3 2 11 17 Satisfied
Mean  55.36 291 5.45 3.01 2.36 8.18 13.82 45% very satisfied
Std dev  8.38 0.30 1.51 1.14 0.67 1.47 1.94  55% satisfied
CO2+r-IPL

12 48 I 2 3 1 2 3 7 Very satisfied
13 53 I 3 4 2 2 4 9 Satisfied
14 56 I 2 6 3 3 3 8 Very satisfied
15 57 II 2 6 2 4 2 8 Very satisfied
16 62 I 2 7 3 4 4 7 Very satisfied
17 65 I 3 9 4 5 5 8 Satisfied
18 49 I 2 7 3 4 3 7 Very satisfied
19 54 1T 3 5 3 2 4 7 Satisfied
20 53 I 2 6 3 3 3 8 Very satisfied
21 63 I 2 8 4 4 5 9 Very satisfied
22 58 II 3 5 3 2 3 8 Satisfied
Mean 56.18 2.36 6 2.82 3.18 3.55 7.82 64% very satisfied
Std dev  5.53 0.50 1.73 0.87 1.08 0.94 0.75 36% satisfied

Values in bold indicate statistically significant differences.
r-IPL, rhodamine-intense pulsed light.
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TABLE 2. DEVICE CHARACTERISTICS
RightLight SynchroVasQ; Deka

Me.La, Italy

Manufacturer Deka

Model identifier SynchroVasQ
Year produced 2012

Number and type of emitters
(laser or LED)
Wavelength and bandwidth (nm)

1 Pulsed Dye Lamp

Optimized for 595 nm

Pulse mode (CW or Hz, duty IPL

cycle)
Beam spot size at target (cm®)  6.2cm?
Irradiance at target (mW/cmz) —
If pulsed peak irradiance —

(mW/cm?)
Exposure duration (sec) 2-124 ms
Radiant exposure (J/cm?) Up to 25 J/cm?
Radiant energy (J) 1557

No. of points irradiated
Area irradiated (sz)
Application technique

200 cm? (cheeks)

Minimum overlapped
emission

Number and frequency of Two every 40 days

treatment sessions

Total radiant energy over entire 5 kJ

treatment course (J)
SmartXide2, Deka Me.La, Italy

Manufacturer Deka

Model identifier SmartXide2®

Year produced 2011

Number and type of emitters 1 laser
(laser or LED)

Wavelength and bandwidth (nm) 10.600 nm

Pulse mode (CW or Hz, duty Pulsed 500 Hz

cycle)

Beam spot size at target (cm®) 200 um

Irradiance at target (mW/cmz) —

If pulsed peak irradiance 10°
(mW/cmZ)

Exposure duration (sec) 100 usec

Radiant exposure (J/cmz) 127

Radiant energy (J) 0.04

No. of points irradiated 328

Area irradiated (cm?) 2.25

Application technique Fractional

Number and frequency of
treatment sessions

Total radiant energy over entire 9.5
treatment course (J)

Two every 40 days

After each treatment a nonsteroidal anti-inflammatory
cream was applied once per day for 14 days.'®

High-resolution photographs were taken before and 4
months after the last treatment.

Statistical analysis using an unpaired Student’s T test
assuming equal variances was performed.

Post-treatment complications and side effects were also
recorded.

Results

Patients in group B (treated with the combination of low-
fluence fractional CO, laser and r-IPL) showed better results
when compared with group A (treated with fractional CO,

FIG. 1.
months after three fractional CO, laser treatments
(B). Patient No. 17 left cheek before treatment (C) and 4
months after three fractional CO, laser and r-IPL treatments
(D). r-IPL, rhodamine-intense pulsed light.

Patient No. 6 left cheek before treatment (A) and 4

treatment in monotherapy) in terms of wrinkle reduction
according to the FWSS (2.82+0.87 vs. 3.09t1.14), with a
statistically significant reduction in post-treatment erythema
(3.55+£0.93 vs. 8.18 £1.47 days, p<0.001), in healing times
(7.82+0.75 vs. 13.82£1.94 days, p<0.001) and in the
number of treatments (2.36+0.50 vs. 2.91£0.30, p: 0.006).
FWSS score reduction was significantly better in group B
(3.18+£1.08 vs. 2.36+0.67 p: 0.045). Patient satisfaction
rate was higher in group B: 64% of patients in this group
were ‘‘very satisfied”” with the treatment they received
compared with 45% of patients in group A (Table 1).

In addition, the vascular component of aging skin was
successfully treated in group B patients (Fig. 1). No serious
adverse events were reported throughout the study period.
Photographs taken at baseline and 4 months after the last
treatment demonstrated relevant improvement of photo-
damaged facial skin (Fig. 1).

Discussion

In this randomized controlled trial study, we compared
the effectiveness and safety of fractional CO, laser therapy
in combination with r-IPL and fractional CO, laser therapy
alone in the treatment of photodamaged skin in 22 Cauca-
sian women. We observed that compared with fractional
CO, laser treatment alone, low-fluence fractional CO, laser
combined with r-IPL significantly reduces signs of facial
skin aging.

Recently, laser systems have become a powerful and ef-
fective tool in dermatology, plastic surgery, and esthetic
medicine.

The current goal in laser treatment is to identify the
minimal dose required to achieve optimal clinical outcome
with the shortest healing time and the fewest side effects, to
improve patient’s comfort before and after treatment."’



The combination of laser or light sources with different
wavelengths may lead to targeting the disease in various
ways, with safer and more effective treatments. '

Subablative or minimally ablative lasers have been pro-
jected to achieve similar treatment outcomes reported with
fully ablative devices, but with fewer post-treatment adverse
reactions, including infections, post-inflammatory h]yper-
pigmentation, persistent erythema, and atrophic scars."

Moreover, fractional CO, lasers usually induce shorter
healing times and downtime, reducing side effects. This
therapeutic strategy has the ability to induce the dermis in
producing new collagen, regenerating its texture and en-
hancing skin tone and softness.'*

Superpulsed CO, may act as a powerful wound modulator
by increasing basic fibroblast growth factor (bFGF) pro-
duction and reducing transforming growth factor-b1 (TGFb1)
secretion.'”

While promoting cell replication, in the mean time CO,
laser is probably able to adjust collagen organization against
excessive fibrosis, hence reducing the risk of abnormal
wound healing.

Resurfacing using fractional CO, is effective in the
treatment of various degrees of photodamage; also its high
versatility makes this technique very useful in the treatment
of acne scars or any cicatricial tissue (burns, surgery, or
post-traumatic scars).''

IPL is a complementary source of microablative cutane-
ous rejuvenation, with a range of actions within the visible
and near-infrared spectra. IPL has significant biological ef-
fects on tissue, such as fibroblastic reorganization and col-
lagen redistribution, by activating specific proteins (versican
and decorin) with clear improvement in texture, skin tone,
and texture of the epidermis, and a reduction in the dis-
colored and vascular components.'®

Greater selectivity in the pulsed-light emission beam
might also help provide even more targeted action on su-
perficial and deep vascular structures. This could help im-
prove control of the vascular component of scar lesions or
vascular reactions induced by ablative treatment in patients
with a tendency to scar formation.

r-IPL is a pulsed-light generator device operating with
wavelengths from 550 to 650 nm, with performances similar
to dye laser (595 nm). The r-IPL handpiece uses rhodamine
as a fluorescent matter able to absorb electromagnetic ra-
diations in the UV spectrum up to 550 nm, and re-emit these
radiations in a range between 550 and 650 nm, with a rho-
damine peak at ~570nm.

As demonstrated, r-IPL technology emits energy with a
“vascular”’-specific wavelength, similarly to the 595nm
Dye laser, targeting the hemoglobin chromophore with high
selectivity and efficacy.'”'®

Observational and biochemical studies showed that the
595 nm Dye laser treatments induce a global improvement
of scars, with a reduction of the TGFf growth factor and an
increase of the metalloproteinase (MMP) expression.]9’20
Based on these considerations, we developed an operational
protocol combining fractional CO, laser and r-IPL for the
treatment of photoaging signs.

In this treatment protocol, different wavelengths (near
infrared for r-IPL and far infrared for the CO, laser) have
been used to achieve controlled neocollagenogenesis and
tissue remodeling, acting synergically and furthermore
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strengthening the microablative effect of the CO2 fractional
laser with the nonablative effect of the IPL. Activation of
cytokines to stimulate the correct epidermal turnover in the
healing process has already been evidenced after the use of
ablative and nonablative energy sources on aging skin.'*!
Indeed, this novel combined strategy may help reduce side
effects and healing times.

Conclusions

In this randomized controlled trial we compared the use
of a fractional CO, laser in monotherapy with a combined
fractional CO2- r-IPL treatment: our results suggest that the
combination of the two light sources may lead to better
clinical results, with a faster postoperative management, a
reduction in post-treatment erythema and number of treat-
ment sessions, and an higher patient satisfaction.

Further studies with a larger sample of patients would be
required to better assess the real effectiveness of this com-
bined technique.

Author Disclosure Statement

No competing financial interests exist.

Funding Information

No funding was needed to complete this study.

References

1. Bosch R, Philips N, Suarez-Pérez JA, et al. Mechanisms of
photoaging and cutaneous photocarcinogenesis, and pho-
toprotective strategies with phytochemicals. Antioxidants
(Basel) 2015;4:248-268.

2. Uitto J, Fazio MJ, Olsen DR. Molecular mechanisms of
cutaneous aging: age associated connective tissue alterations
in the dermis. J] Am Acad Dermatol 1989;21:614-622.

3. Mercuri SR, Brianti P, Dattola A, et al. CO2 laser and
photodynamic therapy: study of efficacy in periocular BCC.
Dermatol Ther 2018;31:€12616.

4. Preissig J, Hamilton K, Markus R. Current laser resurfacing
technologies: a review that delves beneath the surface.
Semin Plast Surg 2012;26:109-116.

5. Cannarozzo G, Nistico SP, Nouri K, Sannino M. Surgical
ablative lasers and fractional microablative lasers (far in-
frared): organ tissue. In: Atlas of Lasers and Lights in
Dermatology. Cham: Springer, 2020.

6. Cannarozzo G, Nistico SP, Nouri K, Sannino M. Intense
pulsed light (polychromatic non-laser Light). In: Atlas of
Lasers and Lights in Dermatology. Cham: Springer, 2020.

7. Goldberg D. Current trends in intense pulsed light. J Clin
Aesthet Dermatol 2012;5:45-53.

8. Cannarozzo G, Bonciani D, Tamburi F, et al. New insight
in noninvasive rejuvenation: the role of a rhodamine-
intense pulsed light system. Photobiomodul Photomed La-
ser Surg 2019;37:539-543.

9. Fitzpatrick R, Goldman M, Satur N, et al. Pulsed carbon
dioxide laser resurfacing of photo-aged facial skin. Arch
Dermatol 1996;132:395-402.

10. Nistico SP, Del Duca E, Tamburi F, et al. Superiority of a
vitamin B12-barrier cream compared with standard glycerol-
petrolatum-based emollient cream in the treatment of atopic
dermatitis: a randomized, left-to-right comparative trial. Der-
matol Ther 2017;30. doi:10.1111/dth.12523 [Epub 2017 Jul 4].



r-IPL AND FRACTIONAL CO, LASER IN FACIAL REJUVENATION 5

11.

12.

13.

14.

15.

16.

17.

Gotkin R, Sarnoff A, Cannarozzo G, et al. Ablative skin
resurfacing with a novel microablative CO2 laser. J Drugs
Dermatol 2009;8:138—-144.

Campolmi P, Bonan P, Cannarozzo G, Bruscino N, Moretti
S. Efficacy and safety evaluation of an innovative CO2
laser/radiofrequency device in dermatology. J Eur Acad
Dermatol Venereol 2013;27:1481-1490.

Tenna S, Cogliandro A, Piombino L, Filoni A, Persichetti
P. Combined use of fractional CO2 laser and radio-
frequency waves to treat acne scars: a pilot study on 15
patients. J Cosmet Laser Ther 2012;14:166-171.

Prignano F, Bonciani D, Campolmi P, Cannarozzo G,
Bonan P, Lotti T. A study of fractional CO2 laser resur-
facing: the best fluences through a clinical, histological, and
ultrastructural evaluation. J Cosmet Dermatol 2011;10:
210-216.

Prignano F, Campolmi P, Cannarozzo G, et al. Fractional
CO2 laser: a novel therapeutic device upon photo-
biomodulation of tissue remodeling and cytokine pathway
of tissue repair. Dermatol Ther 2009;22:S8-S15.
Campolmi P, Bonan P, Cannarozzo G, et al. Intense pulsed
light in the treatment of non-aesthetic facial and neck
vascular lesion: report of 85 cases. J Eur Acad Dermatol
Venereol 2011;25:68-73.

Campolmi P, Cannarozzo G, Dragoni F, Conti R, Moretti S.
Efficacy of rhodamine light in the treatment of superficial
vascular lesions of the face. Med Princ Pract 2016;25:477-482.

18.

19.

20.

Piccolo D, Crisman G, Kostaki D, Cannarozzo G, Sannino
M, Chimenti S. Rhodamine intense pulsed light versus
conventional intense pulsed light for facial telangiectasias.
J Cosmet Laser Ther 2016;18:80-85.

Cannarozzo G, Sannino M, Tamburi F, Morini C, Nistico
SP. Flash-lamp pulsed-dye laser treatment of keloids: re-
sults of an observational study. Photomed Laser Surg 2015;
33:274-277.

Kuo YR, Jeng SF, Wang FS, et al. Flashlamp pulsed dye
lasers (PDL) suppression of keloid proliferation through
down-regulation of TGFbetal expression and extracellular
matrix expression. Lasers Surg Med 2004;34:104-108.

Address correspondence to:
Luigi Bennardo, MD
Department of Health Sciences
Magna Graecia University
Viale Europa SNC

Catanzaro 88100

Italy

E-mail: luigibennardo10@ gmail.com

Received: April 29, 2020.
Accepted after revision: June 15, 2020.
Published online January 14, 2021.



