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Introduction: Postacne erythema, also referred to as postinflammatory erythema, is a common sequela in acne patients. At present,
there is no specific treatment for postacne erythema, and some treatment drugs can even aggravate facial erythema.

Objective: Our research sought to evaluate the efficacy of a combination therapy of LED red and blue light, radiofrequency (RF) and
intense pulsed light (IPL) for the treatment of postacne erythema.

Methods: Patients were treated with red and blue light for 2 weeks, followed by RF for 4 treatments over 8 weeks. Finally, patients
were treated with intense pulsed light for 16 weeks. Therapeutic outcomes were evaluated by erythema index, postacne erythema
severity grading and clinical photography.

Results: After 3 stages of treatment, the percentage of excellent subjects was 79.2%, the percentage of good subjects was 17.2%, and
the total effective rate was 96.4%. The mean erythema index decreased from 496.17+79.11 to 89.32+81.58 (p<0.01) after treatment.
The postacne erythema lesions were rated clear in 22.4%, faint erythema in 74.4%, dull red in 2.8% and deep red only in 0.4% of
subjects after three-stage treatments.

Conclusion: Our results show that the combination of red and blue light therapy, RF therapy and IPL therapy is more effective than
other treatments reported for facial postacne erythema.

Keywords: postacne erythema, red and blue light, radio-frequency, intense pulsed light

Introduction
Acne is a common skin disease characterized by pimples on the face, chest, and back.' Several interrelated factors lead to
the occurrence of acne, including genetic background, abnormal follicular keratinization, sebum secretion, colonization of
Cutibacterium acnes (C.acnes) and inflammation. Recently, the study of acne pathogenesis has focused on inflammatory
processes that occur in both early- and late-stage acne lesions.” Therefore, acne treatments should focus on the suppression
of inflammation.®* Postacne erythema, also referred to as postinflammatory erythema, is a common sequela in acne
patients.” It is defined as lesions consisting of telangiectatic and erythematous macules, which occur as a result of skin
inflammation.” Some postacne erythema lesions may improve with time, but persistent postacne erythema has a substantial
impact on the patient’s appearance and psychology. At present, there is no specific treatment for postacne erythema, and
some treatment drugs can even aggravate facial erythema.® Although the usual drug treatments have a certain effect on
acne, the onset is slow, and the increase in the antibiotic resistance of C.acnes to the adverse effects of systemic retinoids
and antibiotics is becoming an obstacle to acne treatment; the effect for postacne erythema especially is poor.

The principle of acne therapy by red and blue lights is that C.acnes absorbs the photon energy of red/blue light and
activates photosensitizer molecules, mainly coproporphyrin, and a chemical reaction occurs, producing singlet oxygen
and rapidly killing C.acnes.” Blue light has the strongest bactericidal effect. Red light can reduce inflammation, promote
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tissue regeneration and collagen synthesis, and reduce or even eliminate erythema, reducing the formation of postacne
scars and restoring skin smoothness.®

Radiofrequency (RF) is a high-frequency electromagnetic wave alternating between the RF and the infrared
spectrum.’ RF treatment can release a large amount of thermal energy, which selectively acts on the deep layers of
the dermis and fibrous septum, causing collagen contraction and new collagen deposition while stimulating collagen
regeneration.'® In addition, the thermal energy could prevent the growth and reproduction of C.acnes, eliminate
inflammation in patients, and relieve clinical symptoms such as pimples and acne.'!

Intense pulsed light (IPL) is broad-spectrum light with a wavelength of 400—1200 nm, including the absorption peak
of C.acnes at 400-417 nm."? The basic mechanism of action of IPL is porphyrin activation triggered by photodynamic
reactions, release of cytotoxic singlet oxygen. Yet the singlet oxygen can selective targeting of the receptor on the cell
membrane of C.acnes, causing cell membrane damage and killing.® In addition, IPL can inhibit the secretion of sebum by
the sebaceous glands through photothermal action, prevent clogging of pores to a certain extent, and promote the
absorption and resolution of inflammation."?

In our research, we used a combination of LED red and blue light, radiofrequency and intense pulsed light therapy to
achieve the desired effect.

Methods

Subjects

We performed this study from August 2017 to August 2020. Five hundred patients, 308 men and 192 women. Inclusion
criteria: Their ages ranged from 18 and 37 (average, 21.1+4.81), with postacne erythema on both sides and skin types 11—
V were enrolled. Exclusion criteria: 1. Pregnant or lactating women; 2. Patients who took isotretinoin within 6 months
before treatment, used antibiotics systematically within 1 month before treatment, used external acne medication within 2
weeks before treatment, used contraceptives or photosensitizing drugs systematically, or had a history of photosensitivity
or scars; 3. Patients who underwent chemical ablation or any type of laser therapy within 3 months before treatment; 4.
Patients with severe heart, liver, kidney and other visceral diseases, tumors or mental disorders; 5. Patients with other
facial skin diseases, such as seborrheic dermatitis, eczema, actinic dermatitis, skin infections, etc., that may interfere with
the judgment of curative effect; and 6. Patients who refused to sign the consent form.

Treatment

The treatment methods included LED red and blue light therapy, RF therapy and IPL therapy. The specific methods are as
follows: 1. Red and blue light therapy: A 460 nm blue light and 635 nm red light (Lifotronic, 87C) were used. The patient
wore goggles and lay in the supine position. The red and blue light therapy instrument treatment probe was placed
vertically approximately 10 cm above the patient’s cheek acne area. The blue and red light irradiation power densities
were 20 mW/ecm? and 40 mW/cm?, respectively. The irradiation time was 20 min/session. The radiation dose was
adjusted according to the degree of facial acne. The treatment took place every other day, with alternating red and blue
light treatments, over the course of 2 weeks. 2. RF therapy: A GP699A radiofrequency treatment instrument (Jinweiyuan
Technology Co., Ltd.) was used; the RF was 1.15 + 0.02 MHz, and the energy range was 10-500 J. Based on the patient’s
condition, we observed the patient’s RF adaptability, gradually increased the parameters, and set the energy range where
the patient could adapt and receive the best effect. The duration of each treatment was 20 to 30 minutes. After treatment,
facial skin was cleaned in a timely manner. If there was slight redness and swelling in the treatment area, the areca was
cooled with ice packs. The treatment was performed once every 2 weeks, and all patients underwent treatment 4 times. 3.
IPL therapy: The treatment device was a unique Queen-93 with a wavelength of 560 nm. Before the operation, the
patient’s face was cleaned, cold gel was applied, and the patient put on an eye mask. An appropriate filter was selected,
and the treatment head was placed close to the patient’s face. The number of treatment pulses was set to 2, the delay was
set to 40 ms, and the energy density was maintained in the range of 16 to 22 J/cm? (pulse delay time, pulse width, and
energy density were adjusted appropriately according to the patient’s facial acne). The patient received IPL treatment
once a month, and 4 treatments were set as the course of treatment.
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Clinical Assessments

Therapeutic outcomes were evaluated by erythema index, postacne erythema severity grading and clinical photography
after the end of LED red and blue light treatment (the second week), after the end of RF treatment (the tenth week), after
the first 2 IPL treatments (the 18th week) and after the second 2 IPL treatments (the 26th week).

The primary objective of the study was to demonstrate improvement in facial postacne erythema as determined by the
total effective rate of treatment of postacne erythema lesions. The following scale was used: excellent: improvement from
baseline, >90%; good: improvement from baseline, 60%-89%; fair: improvement from baseline, 30%-59%; and poor:
improvement from baseline, <30%. The total effective rate percentage was calculated as (number of excellent subjects +
number of good subjects)/total subjects X 100%.

The erythema index was measured with a DSM II ColorMeter (Cortex Technology, Denmark) on three selected
postacne erythema lesions per subject, averaging the results. The color of postacne erythema lesions was quantified into
four severity grades by the primary investigator, described as follows: O=clear, none; 1=faint erythema, light pink; 2=dull
red, clearly distinguishable; and 3=deep red.

Clinical improvements in postacne erythema were determined using a five-point grading scale (1=0-10%; 2=11-25%;
3=26-50%; 4=51-75%; and 5>75% improvement). Assessment was performed by a blinded evaluation panel consisting
of three dermatologists using recorded clinical photographs.

Safety Assessment

Adverse events were recorded following each treatment and at all follow-up visits. Possible side-effects during and after
treatment including erythema, edema, pruritus, burning sensation, burns and pain were recorded. Subjects were asked to
report any complications during the treatment period.

Statistical Analysis
Data are expressed as the means + standard deviations. Data were analyzed using SPSS software (version 16.0; SPSS
Inc., Chicago, IL, USA). p<0.05 was considered statistically significant.

Results
All five hundred subjects completed the treatment and follow-up period.

Effective Rate of Treatment of Postacne Erythema Lesions

Five hundred patients received the combination therapy. Treatment effects were recorded at weeks 2, 10, 18, and 26. The
results are shown in Table 1. After the 3 stages of treatment, excellent subjects accounted for 79.2% of the total patients,
good subjects accounted for 17.2% of the total patients, and the total effective rate was 96.4%.

Erythema Index

Erythema indices decreased after the first stage of treatment. Mean erythema index decreased from a mean value of
496.17+79.11 to 419.56+80.78 after the first treatment. Moreover, the erythema indices indicated a significant decrease
starting from the second stage of treatment until the third stage of treatment. The mean erythema indices were 325.44
+81.21 (p<0.05) at the tenth week, 198.14+77.82 (p<0.01) at the 18th week and 89.32+£81.58 (p<0.01) at the 26th week.
This corresponded to a 15.44% reduction after the first treatment stage, 34.41% after the second treatment stage, 60.07%

Table | Effective Rate of Treatment of Post-Acne Erythema Lesions

Dove:

Excellent (>90%-100%) Good (60%-89%) Fair (30%-59%) Poor (0 to<30%) Efficiency
Second week | 0 (0%) 64 (12.8%) 292 (58.4%) 144 (28.8%) 64 (12.8%)
Tenth week 114 (22.8%) 238 (47.6%) 96 (19.2%) 52 (10.4%) 352 (70.4%)
I8th week 360 (72.0%) 109 (21.8%) 25 (5.0%) 6 (1.2%) 469 (93.8%)
26th week 396 (79.2%) 86 (17.2%) 14 (2.8%) 4 (0.8%) 482 (96.4%)
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Table 2 Erythema Index at Different Stage

Before Treatment After Treatment
Second Week Tenth Week 18th Week 26th Week
496.1779.11 419.56+80.78 325.44181.21* 198.14+77.82%+* 89.3218.58**

Notes: The data represent mean scores with error bars corresponding to the standard error of the mean, *p<0.05, **p<0.01.

Table 3 Changes in Degree of Acne Erythema Before and After Treatment

3=Deep Red 2=Dull Red I=Faint Erythema 0=Clear
Before treatment 350 (70.0%) 125 (25.0%) 25 (5.0%) 0 (0.0%)
After treatment 2 (0.4%) 14 (2.8%) 372 (74.4%) 112 (22.4%)

at the 18th week during the third treatment stage and 82.00% at the 26th week during the third treatment stage. The

results are shown in Table 2.

Four-Point Postacne Erythema Severity Grading

Clear improvement in the mean postacne erythema severity scores was also noted after treatment. The intensity of
postacne erythema significantly decreased with each successive session. The postacne erythema lesions were rated as
clear in 22.4%, faint erythema in 74.4%, dull red in 2.8% and deep red only in 0.4% of subjects after third-stage
treatments (Table 3 and Figure 1).

Patient Assessment
Figure 2 shows a 21-year-old female with facial postacne erythema, which decreased significantly after the combina-
tion therapy. The patient was asked to assess her treatment results while referring to the clinical photographs on a five-
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0=Clear 0.0% 22.4%
m 1=Faint erythema 5.0% 74.4%
m 2=Dull red 25.0% 2.8%
M 3=Deep red 70.0% 0.4%

Figure | Changes in degree of acne erythema before and after treatment. Decrease in the intensity of post-acne erythema lesions is confirmed by the subsequent decrease
in erythema indices after treatment.
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Figure 2 (A) Before treatment. (B) After the end of red and blue light treatment (at second week). (C) After RF treatment (at tenth week). (D) after 2 times of IPL
treatments (the 18th week). (E) After 4 times of IPL treatments (the 26th week).

point scale (excellent, good, fair, some, little/no improvement). Figure 2 shows that her postacne erythema had
excellent improvement (Grade 5) after 3 stages of treatment in terms of fading in color and reduction in the number
of lesions.

Safety Assessment

Treatment-related pain was well-tolerated by all subjects. The side effects were limited to temporary erythema and edema
at the treatment sites, which resolved within 1 day. No significant adverse effects such as burning or burning sensations,
edema, erythema, pigmentation were observed in any of the subjects.

Discussion

Acne can be a challenging condition to treat because of the many potential consequences, including postacne erythema,
postinflammatory hyperpigmentation (PIH), and scarring, which can cause huge psychological and social burdens in
affected individuals even after the active disease has waned.'* Many therapies have been used to treat postacne erythema.
Foreign scholars have proposed many methods, but there are still no standardized treatments.

At present, light-based technology has become a routine choice for the treatment of skin-related diseases.'>'® In acne
treatment, despite various options of topical and oral drugs, there are still many patients who experience poor efficacy or
adverse reactions that cannot be tolerated.'” Therefore, phototherapy technology is gradually becoming the best solution
for the treatment of postacne erythema. There are many phototherapy techniques, among which visible light therapy
(including red/blue light and IPL), laser therapy, and RF therapy have been widely used in the treatment of postacne
erythema.

Blue light can rapidly kill C. acnes through a chemical reaction that produces singlet oxygen, which causes anti-
inflammatory effects and reduces acne inflammation damage.'® Red light can reduce inflammation, promote tissue
regeneration and collagen synthesis, and lessen or even eliminate erythema, reducing the formation of postacne scars and
restoring skin smoothness.'® RF treatment releases a large amount of thermal energy, which selectively acts on the deep
layers of the dermis and fibrous septum, inhibiting sebaceous gland secretion and causing collagen contraction and new
collagen deposition while stimulating collagen regeneration. In addition, thermal energy can prevent the growth and
reproduction of C. acmes, eliminate inflammation in patients, and relieve clinical symptoms such as pimples and
acne.”*?! The principle of IPL in the treatment of acne erythema is selective photopyrolysis. The light energy penetrates
the skin and is absorbed by hemoglobin, forming thrombosis in the blood vessel wall, stimulating the release of oxygen
ions from cells and promoting the resolution of inflammation. IPL can also kill C. acnes, which removes inflammatory
substances from hair follicles and reduces inflammation. In addition, IPL contains the absorption peak of hemoglobin,
which can destroy hyperplastic and dilated capillaries and promote the elimination of erythema.?*??

Studies have shown that although red and blue light are effective in treating acne, due to poor penetration, this
treatment is most effective at treating superficial acne, and it is difficult to treat deep acne and postacne erythema.?**
IPL has a wide wavelength range and strong penetration, which allows it to treat deep acne. At the same time, it can
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inhibit inflammation, reduce inflammatory hyperplasia and dilated blood vessels, and reduce the production of postacne
erythema. It has a relatively good therapeutic effect and accelerates the disappearance of erythema after acne. Therefore,
the effect of combining red and blue light with intense pulsed photons is stronger.'? RF has strong penetrating power. The
combination of RF energy and IPL treatment technology has also been studied at home and abroad. The absorption of RF
energy by tissue depends on the water and electrolyte components in the tissue and is not affected by skin melanin
content. Therefore, this treatment overcomes the epidermal barrier effect. When RF and IPL are used in combination, it is
possible to activate bacterial porphyrin and inhibit sebaceous gland function due to thermal stimulation, so it is effective
in the treatment of acne.®'°

Lee et al reported that 24 patients with mild to moderately severe facial acne were treated with alternating blue (415
nm) and red (633 nm) light twice a week; 11 patients (45.8%) expressed their satisfaction with the treatment as “good” or
“excellent” at 2 weeks post treatment, and 18 patients (75%) rated their satisfaction as “good” or “excellent” at 8 weeks
post treatment.”® Mathew et al reported 33 patients with acne-induced postinflammatory erythema who underwent
treatment with the vascular mode of IPL using a 560 nm filter for three to six sessions; 78.78% of patients showed
more than 50% improvement in their erythema scores, and the excellent improvement efficacy of IPL in the treatment of
acne-induced postinflammatory erythema was approximately 33.33%.'* Yu et al reported that there was an average
reduction of 42% in active acne lesions after six RF treatments, and no significant adverse events were recorded during
the study and follow-up periods.'® Although these individual and combined therapies have been reported, there are few
reports about the combination therapy used in our study.”'**’

In our study, we used a combination of red and blue light therapy, RF therapy and IPL therapy and achieved the
desired effect. Our results show that as treatment progressed, the postacne erythema decreased significantly. The
effective rate of treatment and the erythema index (325.44+81.21, p<0.05) showed a significant difference after
the second stage of therapy, and there was a very significant difference in the third stage (89.32+81.58, p<0.01). After
3 stages of treatment, the total effective rate was 96.4% (482 subjects). The number of excellent subjects was 396
(79.2%), and the number of good subjects was 86 (17.2%). The facial postacne erythema of the patients significantly
decreased after the combination therapy, as seen in the clinical photographs. Figure 2 shows that the patient’s postacne
erythema had improved to “excellent” (Grade 5) after 3 stages of treatment in terms of fading in color and reduction in
the number of lesions.

Although the previously reported therapies have achieved relatively good therapeutic effects, our combined
therapy is more effective than other therapies at present. Moreover, our combined therapy did not result in obvious
burning or burning sensations, edema, erythema, pigmentation or other adverse reactions at follow-up. These results
show that the combination of red and blue light therapy, RF therapy and IPL therapy is superior to other reported
treatments for facial postacne erythema.”® However, due to the limited time and sample size of this study, the
evaluation of inflammatory acne and sequelae, such as pigmentation and scarring after acne, have not been analyzed
and should be studied further.

In summary, the combination of three therapies for facial postacne erythema has a better therapeutic effect. The effect
of combination therapy is worthy of clinical promotion.
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