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Summary

The treatment of acne, especially severe acne, remains a challenge to dermatolo-

gists. Therapies include retinoids, antibiotics, hormones, lights, lasers, and various

combinations of these modalities. Acne is currently considered a chronic rather than

an adolescent condition. The appropriate treatment depends on the patient and the

severity of disease. The purpose of this study was to review current therapies for

acne of all severities and to introduce the 650-ls 1064-nm laser for the treatment

of acne.
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1 | INTRODUCTION

Acne vulgaris is the most frequent reason that people consult a der-

matologist.1 Acne affects 85% to 90% of teenagers,2 children aged

7-12 years,3 and adult men and women, including those with skin of

color.4,5 Among adults who have acne, 64% are in their 20s and

43% are in their 30s. Prevalence is higher among women than

men.6-8

Gollnick et al.9 and the Global Alliance to Improve Outcomes in

Acne10 have suggested that acne be considered a chronic disease

rather than a “simple, self-limiting affliction of adolescents”. This

assertion is based on the known characteristics of a chronic disease:

an extended course, recurrence or relapse, slow onset or acute

outbreaks, and negative effects on quality of life. Acne persists into

adulthood in up to 50% of affected patients and has negative seque-

lae such as anxiety and depression, social withdrawal, scars, and per-

sistent hyperpigmentation.10

2 | PATHOGENESIS OF ACNE

Acne is a multifactorial disease of the pilosebaceous unit. The devel-

opment of acne lesions has been attributed to four pathogenic fac-

tors: androgen-induced overproduction of sebum, colonization of the

pilosebaceous duct by Propionibacterium acnes, abnormal

keratinization in the follicle, and discharge of inflammatory mediators

into the skin.8 The first stage is the development of a microcome-

done in the pilosebaceous unit. This is a plug that forms because of

increased production of sebum and keratinocytes that line the hair

follicle. Accumulation of sebum and sloughed keratinocytes results in

the formation of larger, visible comedones. At the same time, P. ac-

nes colonizes the pilosebaceous duct, triggering the release of

inflammatory mediators into the surrounding tissue and a response

by immunocompetent cells, further contributing to the development

of comedones.8,11 Acne most often occurs in the face, neck, back,

and chest, all areas with many pilosebaceous units.12,13

3 | TREATMENT OF ACNE

The traditional monotherapies for mild to moderate acne are topical

retinoids and antimicrobial agents such as antibiotics and benzoyl

peroxide (BPO).

3.1 | Retinoids

Members of the Global Alliance10 state that retinoids should be con-

sidered the basis for treatment of all acne patients except those with

the most severe disease. Topical retinoids (e.g, tretinoin, tazarotene,

adapalene) help to normalize the abnormal differentiation and
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hyperproliferation of follicular epithelium which, in turn, prevents the

formation of microcomedones and subsequent development of both

inflammatory and noninflammatory acne lesions.8,10,14,15 This asser-

tion is supported by the work of Jain and Ahmed,16 who showed

that pretreatment of skin with adapalene enhanced the penetration

of topical clindamycin phosphate, thus increasing the efficacy of the

antibiotic. Tretinoin, adapalene, and tazarotene are the only retinoids

approved for use in the USA.13 Topical retinoids used alone are an

excellent therapy for the treatment of predominantly comedonal

acne.13,17

3.2 | Antibiotics and BPO

Topical antibiotics that target P. acnes are inexpensive and have min-

imal local side effects. Use should be limited, however, to changing

resistance patterns in P. acnes.13 Clindamycin antibiotic has the addi-

tional advantages of anti-inflammatory and anticomedogenic effects.

Topical BPO targets P. acnes and has anti-inflammatory effects but

weak activity against comedones.8,18,19 The advantage of BPO over

antibiotics is that it is not associated with antimicrobial resis-

tance.13,18 BPO (2.5%-10%) is available over the counter as a gel,

lotion, cream, or wash.13

Antibiotic resistance in dermatology has been reviewed in

detail.13,20-22 Although dermatologists comprise only 1% of all physi-

cians, they prescribe 4.9% of antibiotics, mainly for the treatment of

acne. Since 1978, resistance of P. acnes has increased from 20% to

approximately two-thirds. For mild to moderate acne, alternative

topical treatments include salicylic acid, azelaic acid, and dapsone.

Systemic options include low-dose isotretinoin and oral zinc. For

moderate to severe acne, other first-line treatments include oral iso-

tretinoin and a subantimicrobial dose of oral antibiotic in combina-

tion with topical therapies used to treat mild to moderate acne.

Physical modalities (phototherapy, photodynamic therapy [PDT],

chemical peels) may be effective in moderate to severe acne against

inflammatory acne lesions.13

Started in 2005, the Scientific Panel on Antibiotic Use in Derma-

tology (SPAUD) was organized to promote antibiotic stewardship

among dermatologists worldwide.20 In their three-part series,20-22

Del Rosso et al. described antibiotic prescribing patterns, sources of

antibiotic exposure, and other issues related to antibiotic use. For

the treatment of acne, the authors concluded that dermatologists

should (1) use topical antibiotics only when clinically indicated, (2)

avoid antibiotic monotherapy, (3) use antibiotic in combination with

BPO to minimize emergence of antibiotic-resistant P. acnes, (4) use

oral antibiotics only when absolutely needed and in combination

with topical therapies that preferably include a retinoid and BPO

(and then only for 3-4 months and an “exit strategy”), and (5) con-

sider nonantibiotic alternatives when starting treatment or adjusting

therapy.

3.3 | Systemic antibiotics

The Guidelines of Care for the Management of Acne Vulgaris Work

Group17 recommends that systemic antibiotics (doxycycline, minocy-

cline, tetracycline) be used to manage moderate to severe acne and

forms of inflammatory acne that resist topical therapies. Treatment

should be limited to 3-4 months and followed by topical retinoids or

BPO to minimize the development of antibiotic resistance.

Monotherapy with systemic antibiotics is discouraged for the same

reason. Use of antibiotics other than the tetracyclines is not recom-

mended due to the limited data available for the treatment of acne.

3.4 | Combination therapy

To limit antibiotic resistance, the Global Alliance has recommended

the use of a fixed-dose combination of topical retinoid and an

F IGURE 1 Steps by which the 650-ls 1064-nm Nd: YAG laser clears acne lesions. Courtesy of Aerolase Corporation, Tarrytown, NY
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antibiotic rather than an antibiotic alone for most acne patients.10,23

The mechanisms of action of these individual agents target three of

the four pathogenic factors of acne—keratinization (follicular plug-

ging), colonization by P. acnes, and inflammation. The result is more

effective clearance of both inflammatory and noninflammatory acne

lesions than with either agent alone.8,10

As with systemic antibiotics, the duration of combination therapy

that includes antibiotic should be limited to 3-4 months10 and sub-

stituting BPO when long-term use of antibiotic is indicated. The

latter recommendation is based on the bactericidal effectiveness of

BPO and the minimal development of resistance to BPO at applica-

tion sites.

In response to these recommendations, the use of fixed-dose

adapalene in combination with BPO has been explored recently in

2,780 young adults and adolescents with moderate inflammatory

acne,24 73 Brazilian patients with papular-pustular acne,25 more than

2,300 patients with inflammatory and noninflammatory lesions by

meta-analysis,26 and 503 patients with moderate and severe acne in

(A)

(B)

F IGURE 2 A 27-year-old female before (A) and 13 months after 6 treatments with the 650-ls 1064-nm Nd: YAG laser (B). Courtesy of
Michael H. Gold, MD
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31 centers.27 Advantages of this fixed-dose combination are that it

is efficacious, well tolerated, useful in all forms of acne, not associ-

ated with antibiotic resistance, improves quality of life, reduces fac-

tors associated with adherence, and can be used for long-term

treatment of chronic acne.28

The use of a fixed-dose combination of clindamycin (rather than

adapalene) and BPO has also been explored in 498 patients with

moderate to severe acne,29 800 Japanese patients with inflammatory

and noninflammatory lesions,30 498 males vs. females with moderate

to severe acne,31 72 adult females with moderate to severe acne,32

298 adolescents with moderate to severe acne,33 and 498 patients

with moderate to severe acne.34,35 The combination is well tolerated

and particularly useful in adult females, adolescents, and other popu-

lations with moderately severe disease.29

Other fixed-dose combinations without BPO (which can bleach

hair) and fabrics include clindamycin with tretinoin36 and hydrogen

peroxide and salicylic acid with D-pantenol.37 The latter combination

is well tolerated, even during sun exposure. A combination of retinoid,

(A)

(B)

F IGURE 3 A 17-year-old male before (A) and after two treatments with the 650-ls 1064-nm Nd: YAG laser (B). Treatments were spaced 4
weeks apart. Courtesy of Michael H. Gold, MD
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alpha-hydroxy acid, and salicylic acid was recently reported38 because

it takes advantage of differing mechanisms of action against acne.

3.5 | Isotretinoin

Isotretinoin, a highly effective treatment option for moderate to sev-

ere acne, acts by shrinking sebaceous glands.13,39 Isotretinoin is

appropriate for acne resistant to other treatments, nodulocystic

inflammatory acne, and acne fulminans.40 Patients experience

decreases in sebum production, acne lesions, acne scarring, and

reduced anxiety and depression.17 After 4 months of treatment,

patients experience 80% to 90% reduction in acne lesions and pro-

longed remission of 70% to 89% during 2 to 4 months after treat-

ment stops.40 Side effects include musculoskeletal aches, elevated

triglycerides, cheilitis, and ophthalmic symptoms. The teratogenic

effects of isotretinoin require female patients to participate in the

iPLEDGE system.13,17

3.6 | Hormonal therapy

Androgens and their receptors are the primary targets of systemic

hormonal therapies for the treatment of acne, particularly in

females.41 Androgens regulate production of sebum and acne forma-

tion in both sexes.42,43 Most are produced by the adrenal glands and

gonads and some are produced at the sebaceous gland level as well.

Adrenal and gonadal androgens are converted to testosterone and

dihydrotestosterone by type I 5a-reductase, an enzyme found in the

follicular infundibulum of the sebaceous gland.

Most candidates for hormonal therapy are women with signs of

hyperandrogenism who respond poorly to topical therapy for their

acne, flares of facial acne prior to menstruation, and deep nodules of

the neck and face.44 The goals of hormonal therapy are to suppress

production of androgens in adrenal glands, ovaries, and the pituitary

gland, and to block androgen nuclear receptors on target cells, ker-

atinocytes, and sebocytes.43,45,46 Hormones therapy may be used in

combination with antibiotics, BPO, azelaic acid, and retinoids.

Improvement may not become apparent for up to 3 months,43 and

efficacy is well established even if androgen levels in serum are not

elevated.46 Hormonal agents used in the treatment of acne are

shown in Table 1.

3.6.1 | Androgen receptor blockers

Spironolactone, though not FDA approved for the treatment of acne

and whose efficacy in acne is considered “indeterminate” by the

Cochrane review group,47,48 is well tolerated by women and has

been used off-label for more than 30 years to treat acne and hirsuit-

ism.43,44,46 Spironolactone is contraindicated in pregnancy because

of potential feminization of a male fetus and may be used by women

unable or unwilling to take combined oral contraceptives.46

Flutamide is FDA approved for the treatment of prostate cancer.

A nonsteroidal androgen receptor blocker, flutamide is

(A) (B)

F IGURE 4 A 22-year-old female before (A) and after five treatments (B) with the 650-ls 1064-nm Nd: YAG laser. Treatments were spaced
2 weeks apart. Courtesy of David J. Goldberg, MD
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contraindicated in pregnancy but is effective against acne, hirsuitism,

and androgenic alopecia. Cyproterone acetate, an anti-androgen and

a progestin, may be used alone or in combination with ethinyl estra-

diol to treat acne.43,44 Cyproterone acetate shows high improvement

in acne when used alone.43,49

3.6.2 | Oral contraceptives

Combined oral contraceptives used to treat acne contain cypro-

terone acetate, chlormadinone, drospirenone, and an estrogen, usu-

ally ethinylestradiol.46 Three oral contraceptives (Estrostep, Warner

Chilcott company, Inc., Fajardo, Puerto Rico; Ortho-Tri-Cyclen,

Ortho-McNeil Pharmaceutical, Inc., Raritan, NJ; and Yaz, Bayer

Healthcare Pharmaceuticals Inc., Wayne, NJ) are approved by the

FDA for the treatment of moderate acne in menstruating females at

least 14 or 15 years of age.50 Six additional combined oral contra-

ceptives are also effective against both inflammatory and noninflam-

matory facial acne lesions.51 Oral contraceptives reduce androgen

levels and block production of sebum. They are useful in women

who have acne and desire contraception. Oral contraceptives are

contraindicated in patients with a history of venous thromboem-

bolism, heart disease, genetic clotting disorder, severe obesity, liver

(A) (B)

F IGURE 5 A 33-year-old female before (A) and after four treatments (B) with the 650-ls 1064-nm Nd: YAG laser. Treatments were spaced
2 weeks apart. Courtesy of David J. Goldberg, MD

(A) (B)

F IGURE 6 A 32-year-old female before treatment (A) and 2 months after four treatments with the 650-ls 1064-nm Nd: YAG laser (B).
Treatments were spaced 2 weeks apart. Courtesy Mark S. Nestor, MD, PhD
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disease, hypertension, smoking (women over 35), diabetes mellitus,

pregnancy or breastfeeding, immobilization for extended periods, his-

tory of cancer, and migraine headache.44

3.6.3 | Other agents

Glucocorticoids are useful in the treatment of congenital adrenal

hyperplasia. Finastride, the only agent marketed as a 5a-reductase

inhibitor, is also used to treat male pattern baldness and is under

investigation for the treatment of acne.44

3.7 | Intralesional injections

Triamcinolone acetonide is often injected into large, nodular

acne lesions.17,52,53 The purpose is to quickly provide a highly

concentrated steroid within the lesion with minimal systemic

absorption.54 The procedure is simple, inexpensive, and has lim-

ited side effects.55 Patients experience reduced pain and rapid

improvement in the injected lesion. Temporary improvement at

sites distant from the injected lesion as well indicates systemic

absorption of steroid and suppression of the adrenal gland

androgens.17,52,55 Local skin atrophy, pigmentary changes, and

telangiectasias may be observed with intralesional injec-

tions.13,17,54,56

4 | LIMITATIONS OF TOPICAL AND ORAL
AGENTS

The clinical usefulness of topical and oral agents for the treatment

of acne vulgaris is often less than ideal because of their slow onset

of action, limited efficacy in some patients, side effects (leading to

reduced adherence), and the potential development of antibiotic

resistance.57 In addition, 81% of women report failure with systemic

antibiotics and recurrence has been noted in 15% to 30% of patients

after isotretinoin.58 Improvement in acne may require up to 3

months with oral contraceptives44 and the complete effect of these

agents in acne is apparent at 6-9 months.46

Topical retinoids, except for specific new formulations, are asso-

ciated with erythema, scaling, burning, dryness, and pruritis in up to

75% of patients.8,59 These agents are also contraindicated in preg-

nancy, forcing patients of childbearing age to use contraception dur-

ing treatment.8,60

As monotherapy, antibiotics are not recommended by both the

Global Alliance and the European Dermatology Forum because of

the increasing problem of antibiotic resistance10,23,61 and the avail-

ability of clinically superior regimens.23 Resistance varies among

antibiotics and geographic location, and multidrug resistance is wide-

spread as well.23,62-64 The drawback of BPO is a cutaneous irritation

or dermatitis that may occur at high concentrations.

Another problem with topical and systemic agents is adherence

of patients to their treatment which, for acne (a chronic disease),

may be prolonged. In a 3339-patient study of acne patients in Eur-

ope, the Americas, and Asia, adherence to acne medications was

58%, 48%, and 43%, respectively. These poor adherence rates were

attributed in part to side effects of medications, lack of dermatolo-

gist-evaluated improvement, and lack of patient satisfaction with

treatment.65

5 | LIGHTS AND LASERS

It is well known that exposure to sunlight often improves acne66 by

a mechanism not yet understood. Arakane et al.67 reported that

in vitro irradiation of P. acnes colonies with blue light resulted in

excitation of bacterial coproporphyrin and the production of

TABLE 1 Hormonal agents used in the treatment of acne 41,43,44,46

Agent Action Side effects Comments

Spironolactone Block androgen effect on sebaceous
gland, inhibits 5a-reductase enzyme

Hyperkalemia, menstrual irregularity, breast
tenderness or enlargement, birth defects,
neurological and gastrointestinal effects

Limited use in men due to reduce
libido, impotence, gynecomastia;
used in combination with oral
contraceptives; available as oral
medication or topical cream

Flutamide Block androgen effect on
sebaceous gland

Breast tenderness, hot flashes, reduced libido,
gastrointestinal distress, fatal hepatitis

Feminization of male fetus; use in
acne limited due to cost and
potential hepatotoxicity

Cyproterone acetate Block androgen effect on
sebaceous gland

Headache, nausea, breast tenderness,
breakthrough bleeding, hepatotoxicity

Feminization of male fetus,
pseudohermaphrodite condition

Oral contraceptives Suppress production of
androgens by ovaries

Increased risk of thromboembolism,
myocardial infarction; potential risk
of breast cancer

Improvement in acne may require 3
months, acne may reappear after
therapy stops

Flucocorticoids Suppress androgen production
by adrenal glands

Risk of osteoporosis, abnormal blood
sugar, adrenal suppression

Preferred use limited to 6 months

Finastride 5-a reductase inhibitor Potential fetal feminizing effect 5-a reductase reduces testosterone
to dihydrotestosterone, a more
potent androgen
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bactericidal singlet oxygen. These findings, together with concern

with the development of bacterial resistance to antibiotics, led

researchers57,68-74 to further investigate the use visible light, particu-

larly blue light, for the treatment of acne.

At the time of this writing, the efficacy and safety of light and

laser therapies for the treatment of papular, pustular, and comedonal

acne have been demonstrated by numerous clinical trials.75 Yet clini-

cians must bear in mind that the natural tendency of acne to “wax

and wane” creates a challenge when trying to study acne with lasers

and lights. The authors therefore recommend that clinicians use

lasers and lights in combination with systemic or topical medications

to treat acne vulgaris.76

Detailed reviews of procedures for the treatment of acne vul-

garis have been published.54,75,77,78 A variety of studies show the

effects of light of various wavelengths for the treatment of acne.

Ultraviolet (UV) light, natural or artificial, improves inflammatory

acne lesions.79 Long-term clearance, however, is lacking with UV

light.77 Other drawbacks are that penetration of UV light into the

skin is limited and long-term exposure is carcinogenic.77 Short-term

narrowband UV-B, however, has been used successfully to treat

acne vulgaris during pregnancy, thus avoiding the risk of harm to the

fetus due to topical and systemic therapies.75,80

Visible light, particularly blue and red light, is effective against

acne. The efficacy of blue light and red light may be understood by

considering the 415-nm (blue) and 630-nm (red) absorption peaks of

porphyrins (coproporphyrin III and protoporphyrin IX [PpIX]) pro-

duced by P. acnes in the sebaceous glands. Irradiation of light at

these wavelengths elicits a photodynamic response in which the light

excites P-acnes-produced porphyrins to produce singlet oxygen, a

cytotoxic intermediate that destroys P. acnes in the sebaceous

glands. The result is clearance of the inflammatory acne lesions.81

Several groups have shown that combinations of blue light and

red light are effective against acne vulgaris. Red light penetrates

deeper into the skin than blue light and exerts an anti-inflammatory

effect because it modulates cytokine response.82 Papageorgiou

et al.83 showed that a combination of blue light and red light

resulted in 76% improvement in inflammatory lesions and 50%

reduction in noninflammatory lesions in patients with mild to moder-

ate acne. The authors suggested that the blue-red combination may

have had a combined antibacterial and anti-inflammatory effect. Six

years later Goldberg et al.84 treated patients with moderate to sev-

ere acne repeatedly over 12 weeks, alternating between 415-nm

blue light and 633-nm red light. At the end of the study, the mean

lesion count was significantly reduced by 81%.

Blue-violet light continuous wave sources also excite por-

phyrins but acne clearance is variable and associated with high

relapse rates after therapy stops. Light of various combinations

(UV, violet, green, red, blue, white) affect mainly inflammatory

lesions with little clearance of papules and comedones.77 Never-

theless, studies with blue light alone have resulted in “very good”

improvement of acne,85 55% reduction in acne lesions of all

types,69 55% reduction in lesion counts,86 and 36% reduction in

pustules and papules.87

Intense pulsed light (IPL) is nonlaser broadband light that is poly-

chromatic, noncoherent, and high-intensity.75 El-Latif et al.88 com-

pared IPL to BPO gel for the treatment of mild to severe acne

vulgaris. In this 50-patient study of skin type IV patients, both IPL

and BPO significantly reduced inflammatory lesion counts after 5

weeks of treatment. Reduction in counts was significantly greater

with BPO after 2.5 weeks, but the difference was not significant at

the end of the study.

Elman et al.89 obtained 74% clearance of inflammatory acne

lesions and 79% clearance of noninflammatory lesions one month

after a 4-week series of treatments with IPL. Kawana et al.90 treated

Japanese patients with moderate to severe acne with IPL at two

wavelength ranges: 400-700 nm and 870-1200 nm. After five treat-

ments, noninflammatory lesions decreased to 12.9% of their pre-

treatment values while inflammatory lesions declined to 11.7% of

pretreatment values without serious adverse events.

Canavan et al.13 suggest that the efficacy of 400- to 1200-nm

IPL may be partly due to its longer wavelengths because sebum has

an absorption peak of 1210 nm. As with other light treatments,

long-term follow-up data for IPL are lacking which, for acne, is

important as P. acnes levels remain low only if light treatments are

applied over longer time periods, as with antibiotics.91 Drawbacks of

IPL include pain during treatment (with and without anesthesia),

immediate erythema, burning, stinging, crusting, bulla formation, and

hyperpigmentation.92

In 2009, the Global Alliance reported that laser and light-based

therapy, including photodynamic therapy (PDT), are most useful as

an adjunct to medical therapy or for patients unable or unwilling to

undergo medical therapy. The authors further stated that these

modalities reduced levels of P. acnes via excitation of light-sensitive

porphyrins, disrupted the functions of sebaceous glands, and may

act on inflammatory cytokines.10 Light sources and lasers with wave-

lengths absorbed by porphyrins include narrowband and broadband

light and pulsed dye lasers (PDLs) (585 nm), potassium titanyl phos-

phate (KTP) lasers (532 nm), and 610- to 635-nm lasers and light

sources. Longer wavelengths (1320-1540 nm) are less absorbed by

porphyrins but lasers in this range heat the sebaceous glands, thus

reducing their size and output of sebum. Lasers in the near- and far-

infrared are associated with pain.10

For the treatment of acne, data are available regarding the effi-

cacy of narrowband blue light, the 585-nm PDL, and the 1450-nm

diode laser.10 Firm conclusions are difficult because patient numbers

in the studies were small, treatment settings were variable, and

results were inconsistent. Blue light was most effective against

inflammatory lesions10 and less effective against comedones.93 Blue

light does not penetrate deeply into the dermis, thus limiting its effi-

cacy with deeper nodules and cysts.93 Studies of blue light also

show variable responses among patients, high relapse rates after

therapy stops, and lack follow-up data longer than 12 weeks.94

Pulsed dye laser (PDL) treatment with 585-nm radiation resulted in a

53% reduction in lesion counts,95 and results were comparable to

treatment with BPO.96 The PDL is considered especially useful in

the treatment of inflammatory acne lesions.75 The PDL has been

8 | GOLD ET AL.



studied alone and in combination with other devices with variable

results in the treatment of acne. In a split-face study comparing PDL

with IPL for the treatment of facial acne,97 both modalities improved

acne but the benefits of PDL persisted longer after the final treat-

ment.

The 532-nm KTP laser provided 36% clearing of acne in one

study and 60% to 70% in another study77 but post-treatment flares,

decreased clearance, and faster relapses were also noted when the

laser was used alone. In a later study of patients with moderate

acne, Bhaug et al.98 achieved a 34.9% and 20.7% reduction in acne

severity at 1 week and 4 weeks after four treatments. Four years

later Yilmaz et al.,99 in a study of patients with mild to moderate

acne, reported 60% to 70% clearing after six treatments with the

KTP laser.

Mid-infrared lasers have been used to treat acne in clinical tri-

als.77 These lasers (1320, 1450, and 1540 nm) target the depth of

skin where sebaceous glands reside and have been classified as

lasers that destroy sebaceous glands.81 Treatment is accompanied by

cryogen spray cooling to protect the epidermis.

Several groups have reported on the use of the 1320-nm Nd:

YAG laser to treat acne. Orringer et al.100, in a split-face study,

reported a significant improvement in lesion counts of open come-

dones in patients with facial acne. Deng et al.101 reported a 57%

decrease in inflammatory lesions, a 35% decrease in noninflamma-

tory lesions, and a 30% reduction in skin sebum level after six treat-

ments with a fractional 1320-nm Nd: YAG laser.

Paithankar et al.,102 using optimized heating and cooling parame-

ters, evaluated the histological effects on the sebaceous glands and

skin of a rabbit ear (in vivo) and human skin (ex vivo) after treatment

with a 1450-nm laser. They also conducted a clinical study in which

subjects with acne on the back were treated. The histological results

showed thermal damage in the sebaceous gland area and no damage

to the epidermis in both the rabbit ear and human skin. The clinical

study showed a statistically significant reduction in lesion count on

the treated area compared to the control area. The authors con-

cluded that treatment of acne with the 1450-nm laser and cryogen

spray cooling was at least feasible, and that treatment effect might

be attributed to direct heating of the infundibulum.77

Numerous studies of the use of the 1450-nm laser for the treat-

ment of acne followed. Treatments resulted 80% decrease in inflam-

matory lesions,103 53.5% reduction in total lesion counts,104 75.1%

reduction in lesion counts which persisted for 12 months after the

final treatment,105 67% reduction in lesion counts with a low-energy,

double-pass technique to reduce pain during treatment,106 63%

decrease in lesion count,93 64% decrease in acne grade in Asians,107

and 53.2% reduction in lesion counts with a double-pass and low-

fluence technique.108

In a more recent study,109 the 1450-nm laser was shown to

shrink sebaceous glands, reduce seborrhea, and, in many small

uncontrolled studies, to improve inflammatory acne. Thiboutot

et al.10 reported reduced lesion counts on acne of the back after

treatment with the 1450-nm laser. Treatment was also associated

with pain in areas with many inflammatory lesions and required

cooling during treatment.93 A randomized, split-face, investigator-

blinded trial109 showed that, although both sides of the face

improved, treatment with the 1450-nm laser did not decrease the

inflammatory lesion count when compared with the control side of

the face.

Two groups have examined the efficacy and safety of the

1540-nm Er: Glass laser for the treatment of facial acne110 and

moderate to severe facial acne.111 Both studies are noteworthy

for their duration of follow-up after the final of 4 treatments. In

the study of Angel et al.,110 the authors noted 71% reduction in

acne lesions at 6 months, 79% at 1 year, and 73% at 2 years

without side effects. Contact cooling was required during treat-

ment. Bogle et al.111 reported investigator-assessed improvement

at 78% at 6 months and, after a single retreatment at 6 months,

80% at 9 months compared to 72% in patients without retreat-

ment. Papules, pustules, and nodules all responded well. Authors

of both studies suggested the use of maintenance therapy to pro-

long clearance.

6 | PHOTODYNAMIC THERAPY

In PDT, a photosensitizer is applied to the skin and allowed to incu-

bate for a period of time during which the photosensitizer selectively

accumulates in abnormal tissue. After incubation, the photosensitizer

is activated by light in the presence of oxygen to initiate chemical

reactions that destroy the abnormal cells.

The most frequently studied photosensitizing agent is 5-aminole-

vulinic acid (ALA) which selectively accumulates in cells of solar ker-

atosis, squamous cell carcinoma, basal cell carcinoma and, in patients

with acne vulgaris, the pilosebaceous unit. A natural precursor of

heme, ALA, is converted to the photosensitive protoporphyrin IX

(PpIX) produced by P. acnes. When exposed to light of the appropri-

ate wavelength, PpIX becomes activated to produce singlet oxygen,

the cytotoxic agent of ALA PDT. ALA is FDA approved for the treat-

ment of actinic keratosis of the face and scalp, as is its methyl ester

methyl aminolevulinate (MAL). Both compounds have been used

with light or lasers to treat acne vulgaris. Patients most suitable for

ALA PDT are those with inflammatory and cystic acne.112,113

6.1 | Evolution of PDT

A key study in the use of PDT to treat acne was reported in 2000

by Hongcharu et al.114 The authors treated 22 subjects with mild to

moderate acne of the back. Each subject was treated at four sites,

one with ALA (20%) and red light (550-700 nm), another with red

light alone, a third with ALA alone, and the fourth was not treated.

ALA incubated 3 hours under occlusion and was then exposed to

red light. Eleven subjects received one treatment and the other 11

received four treatments. In addition to acne clearance, the authors

studied sebum excretion rates, histologic changes, protoporphyrin

synthesis in pilosebaceous units, and auto-fluorescence from follicular

bacteria before and after treatment.

GOLD ET AL. | 9



Inflammatory acne vulgaris was cleared for 10 weeks in patients

treated once with ALA PDT and for 20 weeks in patients treated 4

times with ALA PDT, showing that multiple treatments resulted in

longer periods of clearance. The study also showed post-treatment

damage to sebaceous glands and decreases in sebum excretion rates

and bacterial porphyrin fluorescence in sebaceous follicles, all only in

sites treated with ALA PDT. Side effects included transient superfi-

cial exfoliation, hyperpigmentation, and crusting.

The report of Hongcharu et al.114 laid the foundation for subse-

quent studies in which other light sources were used to activate

photosensitizers in the treatment of acne. Itoh et al.,115 using a 635-

nm pulsed excimer laser and incubating ALA 4 hours before laser

treatment, demonstrated remarkable success in a single patient with

intractable facial acne. The treated area remained free of disease for

8 months, although the patient experienced erythema, edema, and

crusting (the PDT effect) immediately after treatment. One year

later, Itoh et al.,116 using 600- to 700-nm halogen light, reported

improvement in inflammatory acne lesions that persisted for up to 7

months in 13 patients.

Reports with long ALA incubation times led investigators to try

short-contact, full-face ALA PDT therapies. Goldman117 treated acne

vulgaris and sebaceous hyperplasia with 15-minute ALA incubation

followed by activation by IPL or blue light. He noted “relative clear-

ing” of inflammatory acne lesions after once-weekly treatments for

2-4 weeks without the PDT effect. Gold,118 using 30- to 60-minute

ALA incubation and high-intensity blue light, treated patients with

moderate to severe acne. He reported 60% response rates (compared

to 43% with blue light alone) with no adverse events. Goldman and

Boyce119 treated patients twice with blue light with ALA and without

ALA and reported a 68% reduction in papule counts with the ALA-

blue light combination compared to 40% reduction with blue light

alone. ALA, when used, was incubated for 15 minutes. Taub,120 using

15- to 30-minute ALA incubation and blue light, treated 18 patients

with moderate to severe acne. After two to four treatments, 11

patients reported 50% improvement and five patients reported more

than 75% improvement. Gold et al.121 obtained a 72% reduction in

acne lesions 12 weeks after treatment with 30-minute ALA and IPL

without the PDT effect. Using ALA PDT with a 595-nm long-pulsed

PDT, Alexiades-Armenakas122 demonstrated complete clearance of

cystic, inflammatory, and comedonal acne vulgaris with long-term fol-

low-up. ALA incubation time was 45 minutes and patients used topi-

cal therapy during the study period. All patients achieved complete

clearance which persisted up to 6.4 months without crusting, blister-

ing, purpura, scarring, and dyspigmentation. The results of these stud-

ies suggested that short-contact ALA PDT is effective against acne

vulgaris and may be associated with minimal PDT effect.

Reports continued to appear describing ALA PDT with IPL,123–

125 the pulsed dye laser,122,126 the KTP laser,127 intralesional ALA,128

MAL photosensitizer,129–135 and newer photosensitizers.136–139 ALA

PDT has also been used to treat Asian,124,140,141 Korean,142 Japa-

nese,115,116,143 African-American,144 and Chinese145–147 patients.

The Guidelines of Care for the Management of Acne Vulgaris

Work Group17 state that among laser and light therapies, PDT has

the most data for the treatment of acne. Recent reviews75,148,149

concluded that PDT is effective against acne and side effects are

acceptable. An author of the present work (M.S.N.) uses microder-

mabrasion or photopneumatic therapy before ALA PDT to enhance

penetration of ALA. Activation is achieved by short-pulse PDL or

blue light. After three treatments patients experience significant

improvement which includes complete clearing of severe acne

lesions. Results have persisted for 10 years or longer after treat-

ment.113

Canavan et al.,13 however, reported that pain and burning are

relatively high in patients treated with PDT. Three groups17,148,149

agreed that additional studies are needed to more precisely deter-

mine the optimal types, incubation periods, and concentrations of

photosensitizers; treatment parameters for light sources; and dura-

tions of light activation and incubation.

7 | VISIBLE LIGHT REVISITED

Turning again to visible light alone, the drawbacks of this modality

are an increased risk of thermal damage to surrounding tissues and

that 400-nm and 600-nm wavelengths, for example, are strongly

absorbed by hemoglobin and melanin, thus limiting their effective-

ness in dark-skinned patients. Longer wavelength light, to be effec-

tive, requires considerable energy to overcome reflection, scatter,

and absorption by epidermal and dermal constituents.150,151 Higher

energies, in turn, may cause pain during treatment, even when

accompanied by cooling and anesthesia during treatment.151

To overcome these limitations, researchers have investigated the

use of a device combining vacuum and broadband pulsed light to

treat the different targets of acne. With this device, gentle suction to

the target area brings the sebaceous gland closer to the skin surface

(and to the treatment tip), opens the pores, and mechanically

removes the sebum and shed cells of the infundibulum of the seba-

ceous gland, all before exposure to broadband light. Antibiotics given

at the same time can act against P. acnes in the sebaceous gland

because the blockage of the sebaceous gland has been removed as

shown histologically.152,153 The vacuum also stretches the skin to

decrease the concentration of competing chromophores, thus clear-

ing a path for the broadband light to treat the sebaceous gland.151,154

The blue component of broadband light destroys P. acnes and the

infrared component produces an anti-inflammatory effect.155

Various investigators have reported on the efficacy and safety of

this vacuum device (Isolaz, Solta Medical, Inc., Hayward, CA) for the

treatment acne vulgaris.92,151–155 The results of five studies are pre-

sented in Table 2.

Outcomes were favorable in most studies, particularly in those in

which patients had mild to moderate acne. In two studies,92,155 a

few patients experienced a worsening of acne early in the treatment

course. Wanitphakdeedecha et al.155 observed the greatest improve-

ment in patients with severe acne and only modest reduction in

lesions counts and global improvement. Adverse effects were mild

and transient.
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8 | THE 1064-NM ND: YAG LASER

Studies on the use of the 1064-nm Nd: YAG laser for the treatment

of acne are scarce. Ballin and Uebelhoer156 used this modality at low

fluence to treat a patient with a several-year history of severe

inflammatory acne. After 10 weekly treatments, the patient achieved

nearly 100% clearance of active acne lesions without pain during

treatments. Chun and Calderhead,157 using a carbon-assisted Q-

switched 1064-nm Nd: YAG laser, reported greater than 90% clear-

ance in a 14-year-old female with moderate to severe pustular and

cystic acne. Jung et al.158 used a dual-mode of quasi-long pulse and

Q-switched 1064-nm Nd: YAG laser with a topical carbon suspen-

sion to treat 22 patients. The authors reported 58.6% reduction in

inflammatory lesions and 52.4% reduction in noninflammatory

lesions of the face. In 2016, Mohamed et al.159 reported a random-

ized, single-blinded, controlled, split-face study comparing IPL with a

long-pulsed 1064-nm Nd: YAG laser for the treatment of mild to

severe facial acne vulgaris. Topical lidocaine was applied before

treatment and ice packs before and after treatment on both sides of

the face. Reductions in inflammatory lesions were 67.1% and 70.2%,

while noninflammatory lesion counts decreased by 18.3% and 19.3%

for the IPL and 1064-nm Nd: YAG devices, respectively. Differences

between the two modalities were not significant, and side effects

were minimal on both sides of the face.

9 | THE 650-lS LASER

The 650-ls Nd: YAG 1064-nm laser is the result of interest in

how the pulse duration can be varied to optimize outcomes in

esthetic applications. The uses of nanosecond (Q-switched),

microsecond (intermediate pulsed), and millisecond (long-pulsed)

Nd: YAG lasers for nonablative dermal remodeling have been

reported.160 In 2004, a 0.30-ms (i.e, 300 ls) 1064-nm Nd: YAG

laser was shown to nonablatively reduce erythema, improve skin

texture, and provide electron microscopic evidence of new collagen

formation in patients after three treatments. Treatments were given

without cooling or anesthesia, and discomfort was minimal.160 Since

then, a 650-ls 1064-nm Nd: YAG laser (LightPod Neo!, Aerolase

Corp., Tarrytown, NY) has been developed and used for hair

removal161 and treating skin of color,162 onychomycosis,163 and

facial telangiectasias,164 all without cooling or anesthesia. The

advantage of this laser is that the 650-ls pulse duration is shorter

than or equal to the thermal relaxation time of the therapeutic tar-

get, thus minimizing thermal damage to surrounding tissues, scar-

ring, pigmentary changes, and pain during or after treatment. The

long wavelength (1064 nm) is also well suited to treating darker

skin types.161,162,164

The pulse duration of traditional 1064-nm lasers is between 5

and 30 ms, which greatly exceeds the 700-ls thermal relaxation

time of skin tissue.163,165 Such long pulse durations require that the

target skin tissue be cooled continuously to minimize pain during

treatment and damage to surrounding tissue. For onychomycosis,

cooling is not practical because the nail is thick and its surface is

uneven. The 650-ls laser, with its pulse width slightly less than 700

ls, does not require cooling and therefore represents a more viable

treatment option for onychomycosis.163 With this in mind, Hoch-

man163 treated 8 subjects with culture or stain-proven nail infections

several times with the 650-ls laser. Nails were noticeably improved,

and the treatment was well tolerated by all patients.

In 2013, Rose and Goldberg164 reported their successful treatment

of facial telangiectasias using the 650-ls 1064-nm Nd: YAG laser

without cooling during or after treatment. The results showed 100%

clearance in 10% of patients, ≥50% clearance in 75% of patients, and

0%-49% clearance in 15% of patients without epidermal damage or

purpura. Previous studies166,167 in which facial telangiectasias were

treated with a 1064-nm laser with a longer (millisecond) pulse duration

also reported favorable clearance rates, but these results were

TABLE 2 Efficacy and safety of a photopneumatic device with intense pulsed light for the treatment of acne

Reference
No. of
patients Acne Level Results Adverse events Comment

Shamban et al.151 56 Mild to severe Median acne
clearance=3 (1-4 scale)

Mild erythema -

Gold and Biron154 11 Mild to moderate Significant reduction in both
inflammation and
noninflammatory lesion counts

Pain, erythema, edema -

Wanitphakdeedecha
et al.155

20 Mild to severe Modest reduction in lesion
counts and global improvement

Erythema, purpura Greatest improvement in
severe acne, acne
worsened early in
treatment course

Lee et al.92 20 Mild to moderate Significant lesion improvement,
reduced lesion counts

Erythema, purpura Global clinical improvement
in most patients;
exacerbation in pre-existing
acne in few patients

Narurkar et al.169 41 Mild to moderate 69% reduction in inflamed lesions,
41% reduction in
noninflammed lesions

Slight discomfort; mild
erythema, edema, hypo/
hyperpigmentation, dryness,
flaking, bruising

Photopneumatic technology
in combination with
profusion therapy using
three topical agents
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accompanied by purpura,166 low response by smaller vessels,166 and

blistering,167 even with epidermal cooling during treatment.

The 650-ls 1064-nm laser is particularly advantageous in the

treatment of patients with dark skin. As the pulse duration is shorter

than the thermal relaxation time of both the blood vessels and the

skin, the target is heated more rapidly than the rate heat is con-

ducted to the surrounding skin, thus reducing damage and lowering

the risk of pigmentary changes.164

A clinical study of the use of the 650-ls 1064-nm Nd: YAG laser

for the treatment of moderate to severe acne has been pre-

sented.168 Patients (n=100, aged <25 years, skin types II-III) received

three treatments at 1-week intervals. Inflammatory lesions were

treated using 28-64 J/cm2 fluence, 2-3 mm spot size, and 0.65 Hz

repetition rate. Pulses (5-15 per lesion) were stacked and directed to

the center of each lesion and circular to its edges until the reddish

lesions became pale blue. No anesthetic or precooling was admin-

istered prior or during the treatment and pain was “tolerable

and minor” during treatment and reduced after the procedure.

Inflamed lesions became smaller in size and volume and acne scars

appeared less severe. Patient satisfaction was high due to the rapid

and esthetically pleasing results. Hyperpigmentation, burns, scars, and

other adverse effects were not observed. The authors concluded that

multiple laser pulses of high fluence and low repetition rate with the

650-ls 1064-nm Nd: YAG laser was a safe and effective treatment

of moderate to severe acne. The mechanism by which the 650-ls

laser clears an acne lesion is presented in Figure 1. Moving left to

right, the pore becomes blocked and results in inflammation and

redness. The laser light induces the formation of singlet oxygen, a

cytotoxic intermediate that destroys P. acnes bacteria. This is fol-

lowed by shrinkage of the sebaceous glands, coagulation of blood

capillaries, reduction of erythema and pain, and stimulation of colla-

gen remodeling to produce smoother and clearer skin.

Clinical results obtained by the authors are presented in Figures

2 through 6. Visible improvements are apparent in each case after 2

to 6 treatments (spaced 2 to 4 weeks apart) with the 650-ls laser.

10 | CONCLUSION

The use of light and lasers for the treatment of acne has become a

mainstay in the treatment of severe acne and in patients not suitable

for topical and systemic treatments. The novel 650-ls 1064-nm laser

shows promise in the treatment of moderate to severe acne without

pain during treatment and with minimal adverse effects, even on

darker skin tones.

REFERENCES

1. Dreno B, Daniel F, Allaert FA, Aube I. Acne: evolution of the clinical
practice and therapeutic management of acne between 1996 and
2000. Eur J Dermatol. 2003;13:166-170.

2. Lynde C, Tan J, Andriessen A, et al. A consensus on acne manage-
ment focused on specific patient features. J Cutan Med Surg.
2014;18:243-255.

3. Karciauskiene J, Valiukeviciene S, Gollnick H, Stang A. The preva-
lence and risk factors of adolescent acne among schoolchildren in
Lithuania: a cross-sectional study. J Eur Acad Dermatol Venereol.
2014;28:733-740.

4. McCarty M. Evaluation and management of refractory acne vulgaris
in adolescent and adult men. Dermatol Clin. 2016;34:203-206.

5. Alexis AF, Burgess C, Callender VD, et al. the efficacy and safety of
topical dapsone gel, 5% for the treatment of acne vulgaris in adult
females with skin of color. J Drugs Dermatol. 2016;15:197-204.

6. Bhate K, Williams HC. Epidemiology of acne vulgaris. Br J Dermatol.
2013;168:474-485.

7. Collier CN, Harper JC, Cafardi JA, et al. The prevalence of acne in
adults 20 years and older. J Am Acad Dermatol. 2008;58:56-59.

8. Gollnick HP. From new findings in acne pathogenesis to new
approaches in treatment. J Eur Acad Dermatol Venereol. 2015;29
(Suppl 5):1-7.

9. Gollnick HP, Finlay AY, Shear N; Global Alliance to Improve Out-
comes in Acne. Can we define acne as a chronic disease? If so, how
and when? Am J Clin Dermatol. 2008;9:279-284.

10. Thiboutot D, Gollnick H, Bettoli V, et al. New insights into the
management of acne: an update from the Global Alliance to
Improve Outcomes in Acne group. J Am Acad Dermatol 2009;5
(Suppl):S1-S50.

11. Beylot C, Auffret N, Poli F, et al. Propionibacterium acnes: an
update on its role in the pathogenesis of acne. Propionibacterium
acnes: an update on its role in the pathogenesis of acne. J Eur Acad
Dermatol Venereol. 2014;28:271-278.

12. Leyden JJ. New understandings of the pathogenesis of acne. J Am
Acad Dermatol 1995;32(5, Part 3):S15-S25.

13. Canavan TN, Chen E, Elewski BE. Optimizing non-antibiotic treat-
ments for patients with acne: a review. Dermatol Ther (Heidelb).
2016;6:555-578.

14. Gollnick HP, Krautheim A. Topical treatment in acne: current status
and future aspects. Dermatology. 2003;206:29-36.

15. Waugh J, Noble S, Scott LJ. Adapalene: a review of its use in the
treatment of acne vulgaris. Drugs. 2004;64:1465-1478.

16. Jain GK, Ahmed FJ. Adapalene pretreatment increases follicular
penetration of clindamycin: in vitro and in vivo studies. Indian J
Dermatol Venereol Leprol. 2007;73:326-329.

17. Zaenglein AL, Pathy AL, Schlosser BJ, et al. Guidelines of care for
the management of acne vulgaris. J Am Acad Dermatol.
2016;74:945-973.

18. Dreno B. Topical antibacterial therapy for acne vulgaris. Drugs.
2004;64:2389-2397.

19. Sagransky M, Yentzer BA, Feldman SR. Benzoyl peroxide: a review
of its current use in the treatment of acne vulgaris. Expert Opin
Pharmacother. 2009;10:2555-2562.

20. Del Rosso JQ, Webster GF, Rosen T, et al. Status Report from the
Scientific Panel on Antibiotic Use in Dermatology of the American
Acne and Rosacea Society: Part 1: Antibiotic prescribing patterns,
sources of antibiotic exposure, antibiotic consumption and emer-
gence of antibiotic resistance, impact of alterations in antibiotic
prescribing, and clinical sequelae of antibiotic use. J Clin Aesthet
Dermatol. 2016 Apr;9(4):18-24.

21. Del Rosso JQ, Gallo RL, Thiboutot D, et al. Status Report from the
Scientific Panel on Antibiotic Use in Dermatology of the American
Acne and Rosacea Society: Part 2: Perspectives on antibiotic use
and the microbiome and review of microbiologic effects of selected
specific therapeutic agents commonly used by dermatologists. J Clin
Aesthet Dermatol. 2016;9:11-17.

22. Del Rosso JQ, Rosen T, Thiboutot D, et al. Status Report from the
Scientific Panel on Antibiotic Use in Dermatology of the American
Acne and Rosacea Society: Part 3: Current perspectives on skin
and soft tissue infections with emphasis on methicillin-resistant
staphylococcus aureus, commonly encountered scenarios when

12 | GOLD ET AL.



antibiotic use may not be needed, and concluding remarks on
rational use of antibiotics in dermatology. J Clin Aesthet Dermatol.
2016;9:17-24.

23. Dreno B, Thiboutot D, Gollnick H, et al. Antibiotic stewardship in
dermatology: limiting antibiotic use in acne. Eur J Dermatol.
2014;24:330-334.

24. Gollnick HP, Funke G, Kors C, Titzmann T, J€ostingmeyer P, J€ackel A.
Efficacy of adapalene/benzoyl peroxide combination in moderate
inflammatory acne and its impact on patient adherence. J Dtsch Der-
matol Ges. 2015;13:557-565.

25. Sittart JA, Costa Ad, Mulinari-Brenner F, Follador I, et al. Multicen-
ter study for efficacy and safety evaluation of a fixed dose combi-
nation gel with adapalene 0.1% and benzoyl peroxide 2.5%
(Epiduo! for the treatment of acne vulgaris in Brazilian population.
An Bras Dermatol 2015;90(6 Suppl 1):1-16.

26. Friedman A, Waite K, Brandt S, Meckfessel MH. Accelerated onset
of action and increased tolerability in treating acne with a fixed-
dose combination gel. J Drugs Dermatol. 2016;15:231-236.

27. Stein Gold L, Weiss J, Rueda MJ, Liu H, Tanghetti E. Moderate
and severe inflammatory acne vulgaris effectively treated with sin-
gle-agent therapy by a new fixed-dose combination adapalene
0.3 %/benzoyl peroxide 2.5 % gel: a randomized, double-blind,
parallel-group, controlled study. Am J Clin Dermatol 2016;17:293-
303.

28. Kim SY, Ochsendorf FR. New developments in acne treatment: role
of combination adapalene-benzoylperoxide. Ther Clin Risk Manag.
2016;12:1497-1506.

29. Gold MH, Korotzer A. Sub-group analyses from a trial of a fixed
combination of clindamycin phosphate 1.2% and benzoyl peroxide
3.75% gel for the treatment of moderate-to-severe acne vulgaris.
J Clin Aesthet Dermatol 2015;8:22-26.

30. Kawashima M, Hashimoto H, Ali"o S"aenz AB, Ono M, Yamada M.
Clindamycin phosphate 1!2%-benzoyl peroxide 3!0% fixed-dose
combination gel has an effective and acceptable safety and tolera-
bility profile for the treatment of acne vulgaris in Japanese patients:
a phase III, multicentre, randomised, single-blinded, active-con-
trolled, parallel-group study. Br J Dermatol. 2015;172:494-503.

31. Harper JC. The efficacy and tolerability of a fixed combination clin-
damycin (1.2%) and benzoyl peroxide (3.75%) aqueous gel in
patients with facial acne vulgaris: gender as a clinically relevant out-
come variable. J Drugs Dermatol. 2015;14:381-384.

32. Zeichner JA. The efficacy and tolerability of a fixed combination
clindamycin (1.2%) and benzoyl peroxide (3.75%) aqueous gel in
adult female patients with facial acne vulgaris. J Clin Aesthet Derma-
tol 2015;8:21-25.

33. Cook-Bolden FE. Efficacy and tolerability of a fixed combination of
clindamycin phosphate (1.2%) and benzoyl peroxide (3.75%) aque-
ous gel in moderate or severe adolescent acne vulgaris. J Clin Aes-
thet Dermatol 2015;8:28-32.

34. Stein Gold L. Efficacy and tolerability of a fixed combination of clin-
damycin phosphate (1.2%) and benzoyl peroxide (3.75%) aqueous
gel in moderate and severe acne vulgaris subpopulations. J Drugs
Dermatol 2015;14:969-974.

35. Webster G. Cutaneous safety and tolerability of a fixed combina-
tion clindamycin (1.2%) and benzoyl peroxide (3.75%) aqueous gel
in moderate-to-severe acne vulgaris. J Clin Aesthet Dermatol.
2015;8:22-28.

36. Ochsendorf F. Clindamycin phosphate 1.2%/tretinoin 0.025%: a el
fixed-dose combination treatment for acne vulgaris. J Eur Acad Der-
matol Venereol. 2015;29(Suppl 5):8-13.

37. Ricci F, Masini F, Fossati B, et al. Combination therapy with
hydrogen peroxide (4%), salicylic acid (0.5%) and D-panthenol
(4%): efficacy and skyn tolerability in common acne vulgaris dur-
ing sun exposure period. Eur Rev Med Pharmacol Sci. 2016;20:232-
236.

38. Draelos Z, Lewis J, McHugh L, Pellegrino A, Popescu L. Novel reti-
noid ester in combination with salicylic acid for the treatment of
acne. J Cosmet Dermatol. 2016;15:36-42.

39. Peck GL, Olsen TG, Butkus D, et al. Isotretinoin versus placebo in
the treatment of cystic acne. A randomized double-blind study.
J Am Acad Dermatol 1982;2(Suppl):735-745.

40. Sakamoto FH, Lopes JD, Anderson RR. Photodynamic therapy for
acne vulgaris: a critical review from basics to clinical practice: part I.
Acne vulgaris: when and why consider photodynamic therapy?
J Am Acad Dermatol. 2010;63:183-193.

41. Hassoun LA, Chahal DS, Sivamani RK, Larsen LN. The use of hor-
monal agents in the treatment of acne. Semin Cutan Med Surg.
2016;35:68-73.

42. Chen W, Thiboutot D, Zouboulis CC. Cutaneous androgen metabo-
lism: basic research and clinical perspectives. J Invest Dermatol.
2002;119:992-1007.

43. Elsaie ML. Hormonal treatment of acne vulgaris: an update. Clin
Cosmet Investig Dermatol. 2016;9:241-248.

44. Ebede TL, Arch EL, Berson D. Hormonal treatment of acne in
women. J Clin Aesthet Dermatol. 2009;2:16-22.

45. Tyler KH, Zirwas MJ. Pregnancy and dermatologic therapy. J Am
Acad Dermatol. 2013;68:663-671.

46. Bettoli V, Zauli S, Virgili A. Is hormonal treatment still an option in
acne today? Br J Dermatol. 2015;172(Suppl 1):37-46.

47. Shaw JC. Spironolactone in dermatologic therapy. J Am Acad Der-
matol. 1991;24(2 Pt 1):236-243.

48. Brown J, Farquhar C, Lee O, Toomath R, Jepson RG. Spironolac-
tone versus placebo or in combination with steroids for hirsutism
and/or acne. Cochrane Database of Systemic Reviews 2009;15:
CD000194.

49. van Wayjen RG, van den Ende A. Experience in the long-term
treatment of patients with hirsutism and/or acne with cyproterone
acetate-containing preparations: efficacy, metabolic and endocrine
effects. Exp Clin Endocrinol Diabetes. 1995;103:241-251.

50. Harper JC. Should dermatologists prescribe hormonal contracep-
tives for acne? Dermatol Ther. 2009;22:452-457.

51. Arowojolu AO, Gallo MF, Lopez LM, Grimes DA. Combined oral
contraceptive pills for the treatment of acne. Cochrane Database
Syst Rev 2012;7:CD004425.

52. Potter RA. Intralesional triamcinolone and adrenal suppression in
acne vulgaris. J Invest Dermatol 1971;57:364-370.

53. Levine RM, Rasmussen JE. Intralesional corticosteroids in the treat-
ment of nodulocystic acne. Arch Dermatol. 1983;119:480-481.

54. Taub AF. Procedural treatments for acne vulgaris. Dermatol Surg.
2007;33:1005-1026.

55. Lee SJ, Hyun MY, Park KY, Kim BJ. A tip for performing intrale-
sional triamcinolone acetonide injections in acne patients. J Am
Acad Dermatol 2014;71:e127-e128.

56. Callen JP. Intralesional corticosteroids. J Am Acad Dermatol.
1981;4:149-151.

57. Wheeland RG, Dhawan S. Evaluation of self-treatment of mild-to-
moderate facial acne with a blue light treatment system. J Drugs
Dermatol. 2011;10:596-602.

58. George R, Clarke S, Thiboutot D. Hormonal therapy for acne. Semin
Cutan Med Surg. 2008;27:188-196.

59. Cunliffe WJ, Poncet M, Loesche C, Verschoore M. A comparison
of the efficacy and tolerability of adapalene 0.1% gel versus tre-
tinoin 0.025% gel in patients with acne vulgaris: a meta-analysis
of five randomized trials. Br J Dermatol 1998;139(Suppl 52):
48-56.

60. Williams HC, Dellavalle RP, Garner S. Acne vulgaris. Lancet.
2012;379(9813):361-372.

61. Nast A, Dr"eno B, Bettoli V, et al. European evidence-based (S3)
guidelines for the treatment of acne. J Eur Acad Dermatol Venereol.
2012;26(Suppl 1):1-29.

GOLD ET AL. | 13



62. Ross JI, Snelling AM, Carnegie E, et al. Antibiotic-resistant acne:
lessons from Europe. Br J Dermatol. 2003;148:467-478.

63. Dumont-Wallon G, Moyse D, Blouin E, Dr"eno B. Bacterial resis-
tance in French acne patients. Int J Dermatol. 2010;49:283-288.

64. Espersen F. Resistance to antibiotics used in dermatological prac-
tice. Br J Dermatol. 1998;139(Suppl 53):4-8.

65. Dr"eno B, Thiboutot D, Gollnick H, et al. Large-scale worldwide
observational study of adherence with acne therapy. Int J Dermatol.
2010;49:448-456.

66. Berg M. Epidemiological studies of the influence of sunlight on the
skin. Photodermatol. 1989;6:80-84.

67. Arakane K, Ryu A, Hayashi C, et al. Singlet oxygen (1 delta g) gen-
eration from coproporphyrin in Propionibacterium acnes on irradia-
tion. Biochem Biophys Res Commun. 1996;223:578-582.

68. Cunliffe WJ, Goulden V. Phototherapy and acne vulgaris. Br J Der-
matol. 2000;142:855-856.

69. Kawada A, Aragane Y, Kameyama H, Sangen Y, Tezuka T. Acne
phototherapy with a high-intensity, enhanced, narrow-band, blue
light source: an open study and in vitro investigation. J Dermatol
Sci. 2002;30:129-135.

70. Ashkenazi H, Malik Z, Harth Y, Nitzan Y. Eradication of Propioni-
bacterium acnes by its endogenic porphyrins after illumination with
high intensity blue light. FEMS Immunol Med Microbiol. 2003;35:17-
24.

71. Omi T, Bjerring P, Sato S, Kawana S, Hankins RW, Honda M. 420
nm intense continuous light therapy for acne. J Cosmet Laser Ther.
2004;6:156-162.

72. Morton CA, Scholefield RD, Whitehurst C, Birch J. An open study
to determine the efficacy of blue light in the treatment of mild to
moderate acne. J Dermatolog Treat. 2005;16:219-223.

73. Shnitkind E, Yaping E, Geen S, Shalita AR, Lee WL. Anti-inflamma-
tory properties of narrow-band blue light. J Drugs Dermatol.
2006;5:605-610.

74. Gold MH, Andriessen A, Biron J. Self-diagnosis of mild-to-moderate
acne for self treatment with blue light therapy. J Clin Aesthet Der-
matol. 2009;2:40-44.

75. Nestor MS, Swenson N, Macri A. Physical modalities (devices) in
the management of acne. Dermatol Clin. 2016;34:215-223.

76. Gold MH. Acne and PDT: new techniques with lasers and light
sources. Lasers Med Sci. 2007;22:67-72.

77. Ross EV. Optical treatments for acne. Dermatol Ther. 2005;18:253-
266.

78. Gold MH. Acne vulgaris: lasers, light sources and photodynamic
therapy–an update 2007. Expert Rev Anti Infect Ther. 2007;5:1059-
1069.

79. Sigurdsson V, Knulst AC, van Weelden H. Phototherapy of acne
vulgaris with visible light. Dermatology. 1997;194:256-260.

80. Zeichner JA. Narrowband UV-B phototherapy for the treatment of
acne vulgaris during pregnancy. Arch Dermatol. 2011;147:537-539.

81. Gold MH. Therapeutic and aesthetic uses of photodynamic therapy.
Part two of a five-part series: lasers and light treatments for acne
vulgaris promising therapies. J Clin Aesthet Dermatol 2008;1:28-34.

82. Lee WL, Shalita AR, Poh-Fitzpatrick MB. Comparative studies of
porphyrin production in Propionibacterium acnes and Propionibac-
terium granulosum. J Bacteriol. 1978;133:811-815.

83. Papageorgiou P, Katsambas A, Chu A. Phototherapy with blue (415
nm) and red (660 nm) light in the treatment of acne vulgaris. Br J
Dermatol. 2000;142:973-978.

84. Goldberg DJ, Russell BA. Combination blue (415 nm) and red (633
nm) LED phototherapy in the treatment of mild to severe acne vul-
garis. J Cosmet Laser Ther. 2006;8:71-75.

85. Meffert H, Gaunitz K, Gutewort T, Amlong UJ. Therapy of acne
with visible light. Decreased irradiation time by using a blue-light
high-energy lamp. Dermatol Monatsschr 1990;176:597-603.

86. Tzung TY, Wu KH, Huang ML. Blue light phototherapy in the treat-
ment of acne. Photodermatol Photoimmunol Photomed. 2004;20:
266-269.

87. Gold MH, Rao J, Goldman MP, et al. A multicenter clinical evalua-
tion of the treatment of mild to moderate inflammatory acne vul-
garis of the face with visible blue light in comparison to topical 1%
clindamycin antibiotic solution. J Drugs Dermatol. 2005;4:64-70.

88. El-Latif AA, Hassan FA, Elshahed AR, Mohamed AG, Elsaie ML.
Intense pulsed light versus benzoyl peroxide 5% gel in treatment of
acne vulgaris. Lasers Med Sci. 2014;29:1009-1015.

89. Elman M, Lask G. The role of pulsed light and heat energy (LHE) in
acne clearance. J Cosmet Laser Ther. 2004;6:91-95.

90. Kawana S, Tachihara R, Kato T, Omi T. Effect of smooth pulsed
light at 400 to 700 and 870 to 1,200 nm for acne vulgaris in Asian
skin. Dermatol Surg. 2010;36:52-57.

91. Babilas P, Schreml S, Szeimies RM, Landthaler M. Intense pulsed
light (IPL): a review. Lasers Surg Med. 2010;42:93-104.

92. Lee EJ, Lim HK, Shin MK, Suh DH, Lee SJ, Kim NI. An open-label,
split-face trial evaluating efficacy and safety of photopneumatic
therapy for the treatment of acne. Ann Dermatol. 2012;24:280-286.

93. Konishi N, Endo H, Oiso N, Kawara S, Kawada A. Acne photother-
apy with a 1450-nm diode laser: an open study. Ther Clin Risk
Manag. 2007;3:205-209.

94. Rai R, Natara K. Laser and light based treatments of acne. Indian J
Dermatol Venereol Leprol. 2013;79:300-309.

95. Seaton ED, Charakida A, Mouser PE, Grace I, Clement RM, Chu AC.
Pulsed-dye laser treatment for inflammatory acne vulgaris: ran-
domised controlled trial. Lancet. 2003;362(9393):1347-1352.

96. Webster GF. Laser treatment of acne. Lancet. 2003;362
(9393):1342.

97. Choi YS, Suh HS, Yoon MY, Min SU, Lee DH, Suh DH. Intense
pulsed light vs. pulsed-dye laser in the treatment of facial acne: a
randomized split-face trial. J Eur Acad Dermatol Venereol.
2010;24:773-780.

98. Bhaug WP, Kucaba WD. Nonablative phototherapy for acne vul-
garis using the KTP 532 nm laser. Dermatol Surg. 2005;31:1290-
1296.

99. Yilmaz O, Senturk N, Yuksel EP, et al. Evaluation of 532-nm KTP
laser treatment efficacy on acne vulgaris with once and twice
weekly applications. J Cosmet Laser Ther. 2011;13:303-307.

100. Orringer JS, Kang S, Maier L, et al. A randomized, controlled,
split-face clinical trial of 1320-nm Nd: YAG laser therapy in the
treatment of acne vulgaris. J Am Acad Dermatol. 2007;56:432-
438.

101. Deng H, Yuan DF, Yan CL, Ding XA. Fractional 1320 nm Nd: YAG
laser in the treatment of acne vulgaris: a pilot study. Photodermatol
Photoimmunol Photomed. 2009;25:278-279.

102. Paithankar DY, Ross EV, Saleh BA, Blair MA, Graham BS. Acne
treatment with a 1,450 nm wavelength laser and cryogen spray
cooling. Lasers Surg Med. 2002;31:106-114.

103. Friedman PM, Jih MH, Kimyai-Asadi A, Goldberg LH. Treatment of
inflammatory facial acne vulgaris with the 1450-nm diode laser: a
pilot study. Dermatol Surg. 2004;30(2 Pt 1):147-151.

104. Wang SQ, Counters JT, Flor ME, Zelickson BD. Treatment of
inflammatory facial acne with the 1,450 nm diode laser alone ver-
sus microdermabrasion plus the 1,450 nm laser: a randomized,
split-face trial. Dermatol Surg. 2006;32:249-255.

105. Jih MH, Friedman PM, Goldberg LH, Robles M, Glaich AS, Kimyai-
Asadi A. The 1450-nm diode laser for facial inflammatory acne vul-
garis: dose-response and 12-month follow-up study. J Am Acad
Dermatol. 2006;55:80-87.

106. Bernstein EF. A pilot investigation comparing low-energy, double
pass 1,450 nm laser treatment of acne to conventional single-pass,
high-energy treatment. Lasers Surg Med. 2007;39:193-198.

14 | GOLD ET AL.



107. Noborio R, Nishida E, Morita A. Clinical effect of low-energy dou-
ble-pass 1450 nm laser treatment for acne in Asians. Photodermatol
Photoimmunol Photomed. 2009;25:3-7.

108. Bernstein EF. Double-pass, low-fluence laser treatment using a
large spot-size 1,450 nm laser improves acne. Lasers Surg Med.
2009;41:116-121.

109. Darn"e S, Hiscutt EL, Seukeran DC. Evaluation of the clinical effi-
cacy of the 1,450 nm laser in acne vulgaris: a randomized split-face,
investigator-blinded clinical trial. Br J Dermatol. 2011;165:1256-
1262.

110. Angel S, Boineau D, Dahan S, Mordon S. Treatment of active acne
with an Er: Glass (1.54 microm) laser: a 2-year follow-up study.
J Cosmet Laser Ther. 2006;8:171-176.

111. Bogle MA, Dover JS, Arndt KA, Mordon S. Evaluation of the
1,540-nm Erbium: Glass Laser in the Treatment of Inflammatory
Facial Acne. Dermatol Surg. 2007;33:810-817.

112. Nestor MS. The use of photodynamic therapy for treatment of
acne vulgaris. Dermatol Clin. 2007;25:47-57.

113. Nestor MS, Gold MH, Kauvar AN, et al. The use of photodynamic
therapy in dermatology: results of a consensus conference. J Drugs
Dermatol. 2006;5:140-154.

114. Hongcharu W, Taylor CR, Chang Y, Aghassi D, Suthamjariya K,
Anderson RR. Topical ALA-photodynamic therapy for the treatment
of acne vulgaris. J Invest Dermatol. 2000;115:183-192.

115. Itoh Y, Ninomiya Y, Tajima S, Ishibashi A. Photodynamic therapy
for acne vulgaris with topical 5-aminolevulinic acid. Arch Dermatol.
2000;136:1093-1095.

116. Itoh Y, Ninomiya Y, Tajima S, Ishibashi A. Photodynamic therapy of
acne vulgaris with topical delta-aminolaevulinic acid and incoherent
light in Japanese patients. Br J Dermatol. 2001;144:575-579.

117. Goldman MP. Using 5-aminolevulinic acid to treat acne and seba-
ceous hyperplasia. Cosmet Dermatol. 2003;16:57-58.

118. Gold MH. The utilization of ALA-PDT and a new photoclearing
device for the treatment of severe inflammatory acne vulgaris—re-
sults of an initial clinical trial. J Lasers Surg Med 2003;15(S):46.

119. Goldman MP, Boyce SM. A single-center study of aminolevulinic
acid and 417 NM photodynamic therapy in the treatment of mod-
erate to severe acne vulgaris. J Drugs Dermatol. 2003;2:393-396.

120. Taub AF. Photodynamic therapy for the treatment of acne: a pilot
study. J Drugs Dermatol. 2004;3(6 Suppl):S10-S14.

121. Gold MH, Bradshaw VL, Boring MM, Bridges TM, Biron JA, Carter
LN. The use of a novel intense pulsed light and heat source and
ALA-PDT in the treatment of moderate to severe inflammatory
acne vulgaris. J Drugs Dermatol. 2004;3(6 Suppl):S15-S19.

122. Alexiades-Armenakas M. Long-pulsed dye laser-mediated photody-
namic therapy combined with topical therapy for mild to severe
comedonal, inflammatory, or cystic acne. J Drugs Dermatol.
2006;5:45-55.

123. Roamatin J, Choawawanich P. Treatment of inflammatory facial
acne vulgaris with intense pulsed light and short contact of topical
5-aminolevulinic acid: a pilot study. Dermatol Surg 2006;32:991-
996; discussion 996-7.

124. Yeung CK, Shek SY, Bjerring P, Yu CS, Kono T, Chan HH. A com-
parative study of intense pulsed light alone and its combination
with photodynamic therapy for the treatment of facial acne in
Asian skin. Lasers Surg Med. 2007;39:1-6.

125. Taub AF. A comparison of intense pulsed light, combination radiofre-
quency and intense pulsed light, and blue light in photodynamic ther-
apy for acne vulgaris. J Drugs Dermatol. 2007;6:1010-1016.

126. Orringer JS, Sachs DL, Bailey E, Kang S, Hamilton T, Voorhees JJ.
Photodynamic therapy for acne vulgaris: a randomized, controlled,
split-face clinical trial of topical aminolevulinic acid and pulsed dye
laser therapy. J Cosmet Dermatol. 2010;9:28-34.

127. Sadick N. An open-label, split-face study comparing the safety and
efficacy of Levulan Kerastick (aminolevulonic acid) plus a 532 nm

KTP laser to a 532 nm KTP laser alone for the treatment of moder-
ate facial acne. J Drugs Dermatol. 2010;9:229-233.

128. Shaaban D, Abdel-Samad Z, El-Khalawany M. Photodynamic ther-
apy with intralesional 5-aminolevulinic acid and intense pulsed light
versus intense pulsed light alone in the treatment of acne vulgaris:
a comparative study. Dermatol Ther. 2012;25:86-91.

129. H€orfelt C, Funk J, Frohm-Nilsson M, Wiegleb Edstr€om D, Wenn-
berg AM. Topical methyl aminolaevulinate photodynamic therapy
for treatment of facial acne vulgaris: results of a randomized, con-
trolled study. Br J Dermatol. 2006;155608-155613.

130. Wiegell SR, Wulf HC. Photodynamic therapy of acne vulgaris using
5-aminolevulinic acid versus methyl aminolevulinate. J Am Acad
Dermatol. 2006;54:647-651.

131. Gold MH. 5-Aminolevulinic acid photodynamic therapy versus
methyl aminolevulinate photodynamic therapy for inflammatory
acne vulgaris. J Am Acad Dermatol. 2008;58(2 Suppl):S60-S62.

132. Bissonnette R, Maari C, Nigen S, Provost N, Bolduc C. Photody-
namic therapy with methylaminolevulinate 80 mg/g without occlu-
sion improves acne vulgaris. J Drugs Dermatol. 2010;9:1347-1352.

133. Pinto C, Schafer F, Orellana JJ, Gonzalez S, Hasson A. Efficacy of
red light alone and methyl-aminolaevulinate-photodynamic therapy
for the treatment of mild and moderate facial acne. Indian J Derma-
tol Venereol Leprol. 2013;79:77-82.

134. Pariser DM, Eichenfield LF, Bukhalo M, Waterman G, Jarratt M,
PDT Study Group. PDT Study Group. Photodynamic therapy with
methyl aminolaevulinate 80 mg g(-1) for severe facial acne vulgaris:
a randomized vehicle-controlled study. Br J Dermatol. 2016;
174:770-777.

135. Dessinioti C, Masouri S, Drakaki E, Katsambas A, Antoniou C.
Short-contact, low-dose methyl aminolaevulinate photodynamic
therapy for acne vulgaris. Br J Dermatol. 2016;175:215.

136. Huh SY, Na JI, Huh CH, Park KC. The effect of photodynamic ther-
apy using indole-3-acetic Acid and green light on acne vulgaris. Ann
Dermatol. 2012;24:56-60.

137. Song BH, Lee DH, Kim BC, et al. Photodynamic therapy using
chlorophyll-a in the treatment of acne vulgaris: a randomized, sin-
gle-blind, split-face study. J Am Acad Dermatol. 2014;71:764-771.

138. Seo HM, Min HG, Kim HJ, et al. Effects of repetitive photodynamic
therapy using indocyanine green for acne vulgaris. Int J Dermatol.
2016;55:1157-1163.

139. Kwon HH, Moon KR, Park SY, Yoon JY, Suh DH, Lee JB. Daylight
photodynamic therapy with 1.5% 3-butenyl 5-aminolevulinate gel
as a convenient, effective and safe therapy in acne treatment:
A double-blind randomized controlled trial. J Dermatol. 2016;43:
515-521.

140. Hong JS, Jung JY, Yoon JY, Suh DH. Acne treatment by methyl
aminolevulinate photodynamic therapy with red light vs. intense
pulsed light. Int J Dermatol. 2013;52:614-619.

141. Yew YW, Lai YC, Lim YL, Chong WS, Theng C. Photodynamic ther-
apy with topical 5% 5-aminolevulinic acid for the treatment of
truncal acne in Asian patients. J Drugs Dermatol. 2016;15:727-732.

142. Oh SH, Ryu DJ, Han EC, Lee KH, Lee JH. A comparative study of
topical 5-aminolevulinic acid incubation times in photodynamic
therapy with intense pulsed light for the treatment of inflammatory
acne. Dermatol Surg. 2009;35:1918-1926.

143. Asayama-Kosaka S, Akilov OE, Kawana S. Photodynamic Therapy
with 5% d-Aminolevulinic Acid is Safe and Effective Treatment of
Acne Vulgaris in Japanese Patients. Laser Ther. 2014;23:115-120.

144. Terrell S, Aires D, Schweiger ES. Treatment of acne vulgaris using
blue light photodynamic therapy in an African-American patient. J
Drugs Dermatol. 2009;8:669-671.

145. Ma L, Xiang LH, Yu B, et al. Low-dose topical 5-aminolevulinic
acid photodynamic therapy in the treatment of different sever-
ity of acne vulgaris. Photodiagnosis Photodyn Ther. 2013;10:
583-590.

GOLD ET AL. | 15



146. Chen X, Song H, Chen S, Zhang J, Niu G, Liu X. Clinical efficacy of
5-aminolevulinic acid photodynamic therapy in the treatment of
moderate to severe facial acne vulgaris. Exp Ther Med.
2015;10:1194-1198.

147. Dong Y, Zhou G, Chen J, Shen L, Jianxin Z, Xu Q, Zhu Y. A new
LED device used for photodynamic therapy in treatment of moder-
ate to severe acne vulgaris. Photodiagnosis Photodyn Ther.
2016;13:188-195.

148. Zheng W, Wu Y, Xu X, Gao X, Chen HD, Li Y. Evidence-based
review of photodynamic therapy in the treatment of acne. Eur J
Dermatol. 2014;24:444-456.

149. Keyal U, Bhatta AK, Wang XL. Photodynamic therapy for the treat-
ment of different severity of acne: a systematic review. Photodiag-
nosis Photodyn Ther. 2016;14:191-199.

150. Narurkar V. Novel photopneumatic therapy delivers high-efficiency
photons to dermal targets. Cosmetic Dermatology. 2005;18:115-
120.

151. Shamban AT, Enokibori M, Narurkar V, Wilson D. Photopneumatic
technology for the treatment of acne vulgaris. J Drugs Dermatol.
2008;7:139-145.

152. Omi T, Munavalli GS, Kawana S, Sato S. Ultrastructural evidence
for thermal injury to pilosebaceous units during the treatment of
acne using photopneumatic (PPX) therapy. J Cosmet Laser Ther.
2008;10:7-11.

153. Omi T. Photopneumatic technology in acne treatment and skin
rejuvenation: histological assessment. Laser Ther. 2012;21:113-123.

154. Gold MH, Biron J. Efficacy of a novel combination of pneumatic
energy and broadband light for the treatment of acne. J Drugs Der-
matol. 2008;7:639-642.

155. Wanitphakdeedecha R, Tanzi EL, Alster TS. Photopneumatic ther-
apy for the treatment of acne. J Drugs Dermatol. 2009;8:239-241.

156. Ballin JS, Uebelhoer NS. The use of the low-fluence 1064 nm Nd:
YAG laser in a female with contraindications to systemic anti-acne
therapy. J Drugs Dermatol. 2009;8:1025-1026.

157. Chun SI, Calderhead RG. Carbon assisted Q-switched Nd: YAG
laser treatment with two different sets of pulse width parameters
offers a useful treatment modality for severe inflammatory acne: a
case report. Photomed Laser Surg. 2011;29:131-135.

158. Jung JY, Hong JS, Ahn CH, Yoon JY, Kwon HH, Suh DH. Prospec-
tive randomized controlled clinical and histopathological study of
acne vulgaris treated with dual mode of quasi-long pulse and Q-
switched 1064-nm Nd: YAG laser assisted with a topically applied
carbon suspension. J Am Acad Dermatol. 2012;66:626-633.

159. Mohamed EE, Tawfik K, Elsaie M. Intense pulsed light versus 1,064
long-pulsed neodymium: yttrium-aluminum- garnet laser in the

treatment of facial acne vulgaris. J Clin Diagn Res 2016;10:WC01-
WC03.

160. Schmults CD, Phelps R, Goldberg DJ. Nonablative facial remodel-
ing: erythema reduction and histologic evidence of new collagen
formation using a 300-microsecond 1064-nm Nd: YAG laser. Arch
Dermatol. 2004;140:1373-1376.

161. Khatri KA, Lee RA, Goldberg LJ, Khatri B, Garcia V. Efficacy and
safety of a 0.65 millisecond pulsed portable ND: YAG laser for hair
removal. J Cosmet Laser Ther. 2009;11:19-24.

162. Cook-Bolden F. A novel 0.65 millisecond pulsed 1064 nm laser to
treat skin of color without skin cooling or anesthetics. J Drugs Der-
matol 2011;12(Suppl):s10-s11.

163. Hochman LG. Laser treatment of onychomycosis using a novel
0.65-millisecond pulsed Nd: YAG 1064-nm laser. J Cosmet Laser
Ther. 2011;13:2-5.

164. Rose AE, Goldberg DJ. Successful treatment of facial telangiec-
tasias using a micropulse 1,064-nm neodymium-doped yttrium alu-
minum garnet laser. Dermatol Surg. 2013;39:1062-1066.

165. Walsh JT Jr, Flotte TJ, Anderson RR, Deutsch TF. Pulsed CO2 laser
tissue ablation: effect of tissue type and pulse duration on thermal
damage. Lasers Surg Med. 1988;8:108-118.

166. Eremia S, Li CY. Treatment of face veins with a cryogen spray vari-
able pulse width 1064 nm Nd: YAG Laser: a prospective study of
17 patients. Dermatol Surg. 2002;28:244-247.

167. Sarradet DM, Hussain M, Goldberg DJ. Millisecond 1064-nm neo-
dymium: YAG laser treatment of facial telangiectases. Dermatol
Surg. 2003;29:56-58.

168. Khatri K, Geraskova N. Clinical Study: Treatment of moderate to
severe acne with a 650-microsecond pulsed Nd: YAG 1064-nm
laser using high fluences and stacked pulses at a low repetition
rate. Paper presented at: American Society for Laser Medicine
and Surgery 2014 Annual Conference; April 2-6, 2014; Phoenix,
AZ.

169. Narurkar VA, Gold M, Shamban AT. Photopneumatic technology
used in combination with profusion therapy for the treatment of
acne. J Clin Aesthet Dermatol. 2013;6:36-40.

How to cite this article: Gold M, Goldberg DJ, Nestor MS.

Current treatments of acne: Medications, lights, lasers, and a

novel 650-ls 1064-nm Nd: YAG laser. J Cosmet Dermatol.

2017;00:1–16. https://doi.org/10.1111/jocd.12367

16 | GOLD ET AL.

https://doi.org/10.1111/jocd.12367

