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Acne Scarring—
Pathogenesis, Evaluation, and
Treatment Options

ABSTRACT

Acne vulgaris is a ubiquitous problem
affecting 80 percent of people ages 11 to 30
years, with many patients experiencing some
degree of scarring. This review focuses on
atrophic scars, the most common type of
acne scar. We briefly address the cellular
sequelae that lead to scar formation and the
initial evaluation of patients with acne scars.
We then discuss an algorithmic approach to
the treatment of acne scarring based on the
classification of scars into erythematous and
atrophic types. Lastly, we discuss the future
treatment of acne scars and ongoing clinical
trials.
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ACNE VULGARIS IS A UBIQUITOUS PROBLEM,
affecting up to 80 percent of people ages 11-30 and
five percent of adults 30 years and older in the
United States." While epidemiologic data on acne
scarring vary, many patients experience some degree
of scarring. Here, we address the most common type
of acne scar— the atrophic scar— and discuss
options for amelioration in a comprehensive manner.
Heterogeneity in study design, assessment scales,
and level of evidence regarding efficacy for various
treatment options make comparative conclusions
difficult. In clinical practice, a tailored combination
approach using multiple modalities is optimal.

PATHOGENESIS

Acne vulgaris is an inflammatory process
localized to the pilosebaceous units of the face, chest,
upper arms, and back.2 The presumed
pathophysiology involves alteration of keratinization
within the pilosebaceous unit resulting in comedone
formation, increased sebum production, proliferation
of Propionibacterium acnes (P, acnes), and production
of perifollicular inflammation.?

The early preclinical inflammation in acne
persists throughout the acne lesion’s life cycle, from
micro-comedones to closed comedones to

inflammatory lesions and eventually to post-
inflammatory erythema (PIE), post-inflammatory
hyperpigmentation (PIH), and scarring.* PIE is
typically persistent in individuals with fair skin and
PIH is more typical in individuals with dark skin.
Both sequelae represent grossly visible and
histologically notable inflammation’ that may be
partially related to slow degradation of non-viable P
acnes within the follicle.® PIE results from wound
healing-related microvascular dilatation that is
perceived as general redness, not visible
telangiectasia, which is exacerbated by repair-
related epidermal thinning.’

Acne affects the face in a majority of cases, with
many patients experiencing some degree of
scarring, the severity of which correlates to acne
grade.® Acne scars result from an altered wound
healing response to cutaneous inflammation, with
inflammatory cell infiltrates found in 77 percent of
atrophic scars."" Different P acnes phylotypes
differentially activate epidermal innate immunity,
contributing to variations in acne severity." In
patients not prone to scarring, early lesions have a
large, nonspecificimmune response that subsides in
resolving lesions.” In contrast, in patients prone to
scarring, early lesions are characterized by a smaller
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number of skin-homing CD4+ T-cells compared to
non-scarring patients, a response that becomes
more active in resolving lesions.™™*

Atrophicscars. Aberrant production and
degradation of collagen during the healing process
leads to various types of acne scars. In 80 t0 90
percent of cases, there is a net destruction of
collagen in the dermis that results in atrophic scars.
Less commonly, there is a net gain of collagen that
results in hypertrophic or keloid scars.

Atrophic scars are classified according to the
depth and size of destruction; however, different
scar types are typically seen on the same person,
making differentiation difficult (Figure 1)."In
addition to the variations in collagen, the
appearance of acne scars may be accentuated by
PIEin individuals with light skin, making PIE
treatment an important initial component of
therapy.

Icepick scars comprise 60 to 70 percent of
atrophic scars. These narrow, less-than-2mm, V-
shaped epithelial tracts have a sharp margin that
extends vertically to the deep dermis or
subcutaneous tissue. Their depth of involvement
makes icepick scars resistant to conventional skin
resurfacing options. Boxcar scars comprise 20 to 30
percent of atrophic scars. These scars are wider, 1.5-
to 4.0mm, round-to-oval depressions with sharply
demarcated vertical edges. Shallow boxcar scars
(0.1-0.5mm) are amenable to skin resurfacing
treatments, whereas deep boxcar scars (=0.5mm)
are resistant. Rolling scars comprise 15 to 25
percent of atrophic scars. These scars are the widest
and may reach up to 5mm in diameter. Fibrous
anchoring of the dermis to the subcutis results in
superficial shadowing and an undulating
appearance of the scars. Treatment must focus on
correction of the subdermal component.

EVALUATION

The approach to treatment of acne scarring
involves both a comprehensive physical exam of
the patient and a discussion regarding patient
goals, concerns, and tolerance of various
treatment options. Considerations include the
presence of erythema and the type, depth, and

FIGURE 1. The three types of atrophic acne scars: A) icepick, B) boxcar, and () rolling

location of scarring as well as the patient’s
baseline skin phototype (SPT).

Expectation management is important in
approaching the discussion of treatment
options. Complete resolution of acne scarring is
the exception rather than the rule. Patients
should be well-informed about potential risks,
including post-procedure erythema, infection,
poor wound healing, hyperpigmentation, and
paradoxically, scarring. Finally, interventions
often entail a significant cost, and financial
considerations should be addressed.”

TREATMENT OF ACNE SCARRING

The management of acne scars should
follow an algorithmic approach that targets
each component of scarring (Figure 2).
Treatment should begin with targeting
erythema, if present. Once scar-associated
erythema has been addressed, treatment should
focus on addressing atrophic scarring, with the
approach determined by the types of scar
present and whether generalized or individual
scars predominate. Combination treatment in a
patient-specific way can offer the best chance of
significant improvement. Early treatment of
active acne remains the best way to prevent or
limit acne-related scarring.” It is also imperative
to ensure active acne has been treated before
approaching scar treatment so as not to create a
cycle where active lesions continue to scar in
areas already addressed.

Scar-associated erythema. For
patients with significant scar-associated
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erythema (SAE), treatment to address the
redness can be an initial and dramatic step
toward improving the overall appearance of
acne scarring. Pulse dye laser (PDL) and other
laser and light devices have been successfully
utilized in treating SAE.

Pulsed dye laser (PDL). PDL is the gold-
standard for treating SAE.” PDL utilizes selective
thermolysis to destroy vascular components of
the dermis leading to clinical improvement of
erythema. The major chomophore of PDL is
oxyhemoglobin within cutaneous vessels, which
absorbs light in the yellow and green range,
with peaks at 418, 542, and 577nm." The long-
pulsed PDL (595-600nm) slowly heats target
vessels with less risk of post-procedure
purpura.”

In a split-face, observer-blinded study of 22
patients with erythematous and/or
hypertrophic facial acne scars, one or two
treatment sessions with a 585nm flashlamp-
pumped PDL (0.45ms pulse, average fluence
6.5)/cm?, 7mm spot size) decreased clinical
erythema/scarring by 68 percent compared to
untreated skin six weeks post-treatment."”
Complete clearing of PIE often requires multiple
treatments. Purpura is a relatively PDL-specific
side effect.?”

In addition to treating SAE, PDL also induces
collagen remodeling. Heat energy created by the
laser diffuses from targeted vessels into the
surrounding dermis and results in increased
transforming growth factor beta (TGF-{3), which
ultimately stimulates fibroblasts.?"2 In a small
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TABLE 1. Lasers for acne scarring

. 10,6000nm €O,
Avlative 2,940nm ER: YAG
1,064nm Nd:YAG
1,320nm Nd:YAG
1,450nm diode
Non-ablative
585nm PDL
595nm PDL
532nm KTP

PDL: pulsed dye laser; KTP: potassium titanyl phosphate

755nm picosecond pulse duration laser

Fractional 10,6000nm (O,
Fractional 2940nm ER: YAG
Fractional 2,790nm YSGG

Fractional 1,550nm Er-doped
Fractional 1,540nm Er:glass

study of 10 patients (SPT I-IV) with atrophic
acne scarring, PDL improved the depressed
appearance of scars, with one patient
experiencing a two-day episode of transient
purpura.?’

PDL performance was shown to be
comparable to the 1,064nm Nd:YAG with
regard to atrophic scar improvement. A split-
face, single-blinded comparative study of 18
patients with darker SPTs (IV and V)
demonstrated that the mean improvement in
scarring between 585nm PDL and the long-
pulsed Nd:YAG (fluence of 50—70J/cm?, 50- to
100ms pulse duration, 7mm spot size) were
nearly equivalent (18.3 vs. 18.7%
improvement, respectively). Subgroup analysis
revealed that icepick scars responded better to
PDL and deep boxcar scars responded better to
Nd:YAG laser.?" A small study of 12 Korean
patients found no significant difference in
efficacy between 595nm PDL and 1,550nm
erbium-doped fractional laser (EDL) in treating
PIE but more patients in the fractional laser
group were satisfied (91.7 vs.75%).2 In
patients with dark skin, PDL should be used
cautiously, as purpura or blistering can result in
PIH or hypopigmentation.

Other vascular laser and light devices.
Other laser and light devices have been
successfully utilized in treating SAE. These
devices include the potassium titanyl phosphate
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(KTP, also known as frequency-doubled Nd:YAG),
EDL, and intense pulsed-light (IPL).2*-%

Like PDL, the wavelength of KTP (532nm) has
a target specificity for the first peak of the
oxyhemoglobin absorption curve. A single-
blinded, split-scar study comparing the efficacy
of KTP to 595nm PDL in reduction of erythemaiin
surgical scars found no significant difference in
blinded photographic scar assessments,
investigator and subject treatment/satisfaction
assessments, and intraoperative pain scores.?
The KTP laser did show significant improvement
in the vascularity component on the Vancouver
Scar Scale, which was originally developed to
assess burn scars and also measure
height/thickness, pliability, and pigmentation of
scars. The thermal energy delivered by KTP
extends only to the papillary dermis, making it
useful for PIE without significant effects on
collagen remodeling.” The KTP laser is especially
successful for SAE with pulse durations of 20 to
30ms, fluences of 6 to 9J/cm?, and spot sizes of
4-5mm.2

The 1,550nm wavelength emitted by EDL
penetrates to approximately 1,000um into the
skin to target tissue water, allowing for
improvement of erythema through
microvascular destruction of vessels deeper in
the dermis.* Although fractional 1,550nm EDL
is considered a front-line agent for atrophic
scars, a case study of two patients revealed

improvement in scar erythema after one
treatment.?* Microsecond-pulsed Nd:YAG lasers
(Laser Genesis™, Cutera Inc., Brishane,
(alifornia) have shown a greater reduction of
SAE by delivering energy to the papillary dermis
through small a spot size (5Smm), short pulse
durations (0.3ms), low fluence (13—16J/cm?),
and quick (5—10Hz) laser bursts. %%

IPL emits incoherent light across a range of
wavelengths (500—1,200nm), with the
application of filters to achieve the preferred
effect. With the IPL, one has the ability to
manipulate settings, including pulse duration,
fluence, and the application of filters, allowing
treatment of various conditions, sometimes
simultaneously (e.g., hyperpigmentation and
erythema). However, adjacent, competing
chromophore absorption peaks and poor
specificity may prevent optimal reduction in scar
erythema if settings are not chosen properly. In
one study of 35 patients (SPTs I-IIl) with diffuse
facial erythema, a broad-filtered IPL (555—
950nm) achieved clinical improvement of at
least 25 to 50 percent in 72.7 percent of patients
after 1to 2 treatments, compared to a 35-
percent improvement in those treated with the
530 to 750nm filter." While both PDL and IPL
effectively treat SAE, IPL does not typically
produce purpura, and larger spot sizes allow for
greater surface area to be treated deeper and
more quickly. However, given the range of
wavelengths that may be used, drawing
conclusions regarding efficacy in treating scar
erythema with IPL is difficult. Care must also be
taken to avoid post-inflammatory
hypopigmentation and PIH in dark skin types.?

Atrophic
scars are seen in nearly 80 to 90 percent of
patients, and they are typically numerous.®
Treatment of generalized atrophic acne scars
involves a field approach, including lasers,
chemical peels, dermabrasion, microneedling
and radiofrequency.

Laser resurfacing. The options for laser
treatment of acne scarring have expanded in
recent years and have gained in popularity given
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their impressive results. Lasers for acne scarring
fall under two main categories: ablative
(traditional and fractional) and non-ablative
(traditional and fractional) (Table 1). Laser
resurfacing for acne scarring uses
monochromatic light to deliver thermal energy,
which ultimately stimulates dermal fibroblasts to
replace lost collagen and elastin.’2 As newer
technologies develop, expanding options allow
physicians to tailor the balance between efficacy,
tolerability, and side effects for each patient.
Traditional ablative lasers offer impressive clinical
results but are associated with significant peri-
procedural discomfort, prolonged recovery, and a
significant risk of side effects. Alternatively, non-
ablative lasers are more tolerable with shorter
recovery times; however, multiple sessions are
required and results are often less clinically
impressive.

Traditional ablative lasers. Considered the
gold standard in acne scarring treatment,
ablative lasers offer significant improvement in
scar appearance with collagen contraction,
remodeling, and skin tightening. Improvement is
significant after one treatment session,
compared to multiple sessions required with
non-ablative lasers. The marked clinical
improvement comes at a cost, namely significant
procedural discomfort or pain, increased risk of
dyspigmentation, scarring, and infections with
prolonged healing when compared to non-
ablative lasers. Due to the extensive injury to the
skin, pre-operative prophylaxis (e.g., antiviral
therapy) is typically administered, as the rate of
herpes virus infection post-treatment has been
reported to be as high as seven percent for
traditional ablative lasers.® Pre-procedure
antibiotic therapy is also commonly
administered. As collagen remodeling continues
after 12 months, a waiting period of up to 18
months prior to evaluating the need for
retreatment is warranted.* Traditional ablative
lasers used for acne scarring include 10,600nm
carbon dioxide (C02) lasers and 2,940nm pulsed
Er:YAG lasers. The target chromophore of these
lasers is water in the skin. Despite the higher

wavelength of these lasers, the emitted light is
readily absorbed by water, so these lasers have
less dermal penetration than their fractionated
counterparts.

Traditional 10,600 nm (0 laser. The ablative
(02 laser emits light in the far infrared
spectrum. An 18-month prospective,
uncontrolled study of 60 patients with
moderate-to-severe atrophic facial acne scars
demonstrated significant immediate and
prolonged improvement in skin tone, texture,
and appearance after one treatment session of
the high-energy C0; laser.*? Clinical
improvement scores were 69 percent at one
month and 75 percent at 18 months. Persistent
collagen formation was noted on histology 18
months post-procedure. Post-procedure
erythema lasted 14 weeks and one-third of
patients experienced temporary
hyperpigmentation. The use of a pulsed, single-
pass (02 non-overlapping laser (300mJ, 60
watts, (PG density of 5) has comparable efficacy
with decreased recovery time (3.5 weeks) but
increased transient hyperpigmentation (46 vs.
36%).%

Traditional 2,940nm Er:YAG laser. The
traditional 2,940nm Er:YAG laser was developed
as a less aggressive alternative to the traditional
(02 laser The emitted wavelength is also in the
infrared spectrum but the thermal energy is
more circumscribed and precise. The light from
the Er:YAG laser is more efficiently absorbed by
water within the skin by an order of magnitude
of 12 to 18.3 With a pulse duration of 250sec, a
short-pulsed Er:YAG laser ablates 10 to 20um of
tissue per pass with a residual zone of thermal
damage of up to 15um, compared to 20 to
60pm of tissue ablation and up to 150um of
residual thermal damage with each pass of the
(0, laser.* This allows for increased absorption
of energy higher in the dermis and decreased
non-specific damage to surrounding
structures.’# The decreased dermal damage
translates into shorter recovery times and
decreased intraoperative pain. However, the
ER:YAG laser does not have hemostatic
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properties akin to the €0, laser and thus
treatment with the laser confers and increased
bleeding risk "

The Er:YAG laser has comparable efficacy to
the (0 laser for treatment of acne scarring.”"40-#
In a study of 35 patients with pitted facial scars
and dark skin types (SPT IlI-V), multiple passes
with the long-pulsed Er:YAG laser resulted in
excellent (36%) and good (57%) results.® All
patients had erythema after treatment, and this
lasted longer than three months in 54 percent of
the subjects. PIH occurred in 29 percent of the
subjects and lasted longer than three months in
six percent. A non-randomized prospective study
of 158 darkly pigmented patients (SPTs I11-V)
comparing the efficacy of short-pulsed, variable-
pulsed, and dual-mode Er:YAG lasers found that
all three modes resulted in significant
improvement in acne scar appearance. The dual-
mode showed the most consistent results across
the varying types of atrophic scars. Deep boxcar
scars showed only a“poor to fair” response with
the short-pulsed Er:YAG laser treatment.® Er:YAG
and (0, lasers show comparable rates of re-
epithelialization and transient
hyperpigmentation but post-procedure
erythema is decreased with Er:YAG.*

Ablative fractional lasers. Ablative fractional
lasers were developed to combine the milder
side effects profile of fractional technology (as
discussed below) with the efficacy of ablative
lasers. Although a single treatment can produce
noticeable results, multiple treatments create
greater clinical improvement.®" Adverse effects of
fractional ablative lasers include erythema that
lasts for 3 to 14 days and resolves by 12 weeks,
PIH that lasts for approximately one month, and
procedural discomfort that typically necessitates
full-face anesthesia akin to traditional ablative
lasers.®!

Fractional 10,600 nm (0: laser. Multiple
studies support the efficacy of fractional C0,
lasers on acne scars, albeit with less marked
clinical improvement than traditional ablative
lasers. In a single-blind study of 13 patients,
treatment with fractional (02 showed only
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modest improvement in scar texture and scar
atrophy.® The authors purported that low pulse
energies of 48 to 56m)J accounted for the modest
results. A study of 13 patients (SPTs [-IV) with
moderate-to-severe acne scars treated with
fractional CO; laser with higher pulse and larger
microscopic treatment zones showed significant
improvements of 26 to 50 percent on a quartile-
scale and improved scar depths of 66.6
percent.” All patients experienced erythema,
which resolved within one month in most
patients. A high-fluence, low-density setting
has been shown to be more efficacious than a
low-fluence, high density setting.”

Fractional CO: laser has shown better clinical
efficacy compared to non-ablative lasers, but
increased rates of PIH and a more protracted
side effect profile were reported.”"”* Fife et al'”
reported four cases complicated either by
scarring located on the neck or ectropion, two of
which involved preceding bacterial infections in
the area. The deeper penetration of the laser
might lead to contraction of the underlying
muscle, so lower energy and density should be
used on the neck, chest and periocular region.

Fractional 2,940nm Er:YAG and 2,790
Er:yttrium scandium gallium garnet (Er:YSGG)
lasers. Similar to the fractional C0: laser, the
fractional 2,940nm Er:YAG and the 2,790nm
YSGG have been shown to produce comparable
rates of improvement in atrophic acne scars
after multiple treatments.”>”* Mild erythema
has been reported, but no serious adverse
events, such as scarring or long-lasting
dyschromia, were seen.

Traditional non-ablative lasers. With newer
therapies, the adverse effects and a long
recovery period of traditional ablative lasers
have made them less popular.***” Non-ablative
lasers, such as the short- and long-pulsed and
Q-switched Nd:YAG lasers, induce collagen
remodeling by targeting water as their primary
chromophore, albeit less specifically than
ablative lasers. They also demonstrate variable
amounts of absorption by hemoglobin and
melanin.? These lasers deliver photothermal
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energy to the dermis without ablating the
overlying epidermis, thereby minimizing
epidermal damage and decreasing post-
procedure downtime. However, results are
accordingly modest, and multiple treatment
sessions are required to achieve typically less
impressive results.*

1,064nm Nd:YAG laser. The 1,064nm Nd:YAG
induces collagen remodeling in the papillary
and reticular dermis, confirmed by post-
treatment histologic examination that revealed
thickening of papillary dermal collagen® and
increased expression of heat-shock protein 70
and Type | procollagen by dermal dendritic
cells.* Due to its decreased scatter and
increased depth of penetration, the Nd:YAG can
be used to treat dark skin types with minimal
risk of pigment alteration.”" Undesired
consequences of epidermal injury can be
avoided, since thermal damage is limited to the
dermis; cooling systems may be employed to
reduced heat injury.>2

Variations on the 1,064nm Nd:YAG laser
include short-pulsed (0.2—-0.5ms, 13—18J/cm?),
long-pulsed (50-100ms, 50—70J/cm?), and Q-
switched (4-6ns, 5-15J/cm?).® Improvement in
appearance of atrophic scars typically ranges
from 20 to 30 percent.”” The short-pulsed
1,064nm Nd:YAG targets oxyhemoglobin and
produces gradual dermal heating through
cumulative absorption within the dermal
microvasculature. Since the heat has time to
diffuse into the surrounding dermis, cooling
systems are not required to protect the skin. An
uncontrolled study of 10 patients with atrophic
scars showed a 29.4-percent mean cumulative
improvement after eight sessions with the short
pulsed 1,064nm Nd:YAG laser.>" Post-procedure
side effects were minimal, with erythema
lasting less than two hours and with no reports
of pain, swelling, oozing, or scarring.

The long-pulsed 1,064nm Nd:YAG laser has
also shown efficacy in atrophic acne scars. A
study comparing long-pulsed Nd:YAG laser to
combined 585nm/1,064nm laser in 19 patients
(SPTs IV=V) who underwent four treatment

sessions at two-week intervals with atrophic
facial acne scars found the combination to have
a slightly greater clinical improvement (27% vs.
32%, respectively), which was most significant
in deep scars.?”

The 1,064nm Q-switched Nd:YAG delivers
nanosecond rapid pulses that target pigmented
structures, such as melanin, hemosiderin, and
tattoo ink. Data regarding the efficacy of the Q-
switched laser for acne scarring are
contradictory. A non-blinded study of 11 patients
(SPTs I-I11) with atrophic acne scars showed an
improvement in skin smoothness of 39.2 percent
and skin roughness of 23.3 percent.”* In contrast,
a study of 10 Iraqi patients (SPT I1l) showed no
significant improvement in scar appearance.®

1,320nm Nd:YAG and 1,450nm diode lasers.
The 1,320nm Nd:YAG laser has historically been
used for facial rejuvenation and rhytides, while
the 1,450nm diode laser has been used for active
acne.2 While a few studies have shown the
lasers to have similar efficacy to other non-
ablative lasers,*>*-%¢ other studies have shown
less impressive clinical results compared to the
1,064nm laser.”%8 There is also a considerable
risk of PIH with the 1,450nm diode laser, with
occurrence rates from 18 to 39 percent. #8540

Non-ablative fractionated lasers. Newer
fractional lasers improve acne scarring by
inducing photothermal damage that stimulates
collagen remodeling with variable absorption by
melanin and hemoglobin in addition to water.”
Ablative lasers uniformly treat the skin in
horizontal planes, leaving no reservoir of intact
skin for re-epithelialization. In contrast,
fractional lasers emit microscopic columns of
light or microthermal zones (MTZs), leaving the
intervening skin unaffected and minimizing
damage to the epidermis. The skin adjacent to
sites of laser injury remains intact, allowing for
rapid post-procedural re-epithelialization due to
migration of intact cells into the damaged micro-
columns. The stratum corneum contains little
water and remains intact after treatment,
decreasing average recovery time to three days.®’
Similar to traditional non-ablative lasers, this
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comes at the expense of efficacy with decreased
collagen remodeling,® more treatment sessions,
and decreased clinical improvement.*

Fractional 1,540nm Er:glass laser. The Er:glass
laser has been shown to improve atrophic acne
scars in multiple trials. An examination of 10
patients (SPTs I-1V) revealed an improvement in
smoothness with transient erythema and no
reported scarring or dyspigmentation.® A larger
study of 87 Italian patients (SPTs I-V) revealed
greater than 50-percent improvement in
atrophic scars compared to baseline in 92
percent of patients after six months.% Confocal
microscopy revealed increased collagen
production and bundle arrangement that was
closer to normal skin. Another study of 16 Asian
patients (SPTs Il-IV) revealed a greater than 50-
percent improvement in atrophic scars in 62.5
percent of patients, with only transient
erythema and edema reported.**Twelve weeks
post-procedure skin samples showed an
increase in collagen and elastin content within
the papillary dermis. The efficacy of the
fractionated Er:glass laser on different scar types
was examined in 35 Asian patients.® Boxcar
scars showed a 52.9-percent improvement in
appearance, followed by 43.1-percent for
rolling, and 25.9-percent for icepick.

Fractional 1,550nm Erbium-doped laser
(EDL). The 1,550m EDL was the first available
fractional laser. Compared to its ablative
counterparts, multiple studies have shown
decreased bleeding and post-procedure
erythema, edema, infection and scarring;
however, multiple therapy sessions are required
are required and less impressive results are seen.
A study of 53 patients (SPTs I-V) with atrophic
acne scarring showed a scar improvement
within the 51 to 75-percent quartile in 87
percent of patients.% Improvement in scars did
not significantly differ depending on SPT. Side
effects included transient erythema, edema,
and skin dryness but no dyspigmentation,
ulceration, or scarring was reported. In a study
of 29 patients (SPTs I-VI) with atrophic facial
and truncal acne scars treated with the EDL, 79

percent of patients showed at least 50-percent
improvement. Erythema resolved within 2 to 5
days.% This laser is safe in dark skin types, with
less dyschromia than ablative lasers. Lower
densities have been associated with less risk for
hyperpigmentation. %

Emerging laser technologies.
Picosecond 755nm Alexandrite laser. Compared to
the traditional nanosecond lasers, picosecond
lasers deliver shorter pulse durations with lower
fluences of energy, and therefore may lead to
fewer adverse effects.”™ The picosecond 755nm
Alexandrite laser Picosure® (Cynosure, West
Hartford, Massachusetts) received FDA-approval
to treat tattoos and pigmented lesions in 2014. It
has also been evaluated for the treatment of
acne scars and, with the aid of a diffractive lens
array, which delivers pulses 500um apart,
permitting treatment of a greater surface area
and pattern density per pulse. The Picosure® has
been shown to improve the appearance and
texture of atrophic rolling scars similar to
fractional ablative lasers." Histologic
examination after treatment showed evidence of
laser-induced optical breakdown consistent with
a localized plasma formation in the epidermis.
This breakdown is initiated by absorption of the
picosecond light by melanin."” These changes
led to dermal wound healing with formation of
new collagen, elastic tissue, and mucin.'”
Notably, this technology has a favorable safety
profile that is reproducible across SPTs I to V. The
mean pain score was mild, and downtime was
minimal , with transient erythema and edema.
No exfoliation, vesiculation, crusting, scarring,
hypopigmentation, or PIH was noted. PicoWay®
(Syneron-Candela, Irvine, California) is a 532nm
and/or 1064nm Alexandrite picosecond laser
that is currently being investigated for the
treatment of acne scars (clinicaltrials.gov
NCT02592993).

Other resurfacing agents.
Dermabrasion. Dermabrasion utilizes a manual
hand or machine-driven source (e.g., high-speed
brush, fraise, silicon carbide sandpaper, diamond
cylinder) to remove the epidermis with or
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without part of the dermis. This is in contrast to
the crystal-based dermabrasion offered at many
medispas, which does not represent a true
dermabrasion. The procedure allows the
clinician to precisely define scar edges. It is best
used for well-defined scars with distinct borders
or broad-based scars with indistinct borders,”
but not for icepick or deep boxcar scars.”®
Dermabrasion seeks to reorganize the papillary
dermal collagen without injury to the reticular
dermis. Improvement correlates with
histological evidence of new collagen formation
in the dermis.” Adverse effects include
significant pain, scarring, pigment alterations,
and milia formation.” After treatment, patients
will experience increased sun sensitivity for
several months, and unprotected skin can often
develop hyperpigmentation.”

Chemical peels. Chemical peels are used to
treat small, depressed scars but not icepick or
deep boxcar scars.” They induce injury to the
skin that stimulates collagen remodeling and
are categorized as superficial, medium, and
deep based on the depth of the injury.”
Superficial peels, such as lactic acid, salicylic
acid, glycolic acid, Jessner solution, and 10 to
25% trichloroacetic acid, only affect the
epidermis. Medium depth peels, such as
combined Jessner solution with 35 to 50%
trichloroacetic acid affect the epidermis and
papillary dermis. In most patients, medium-
depth peels result in moderate clinical
improvement (51-75% clearance), with
transient PIH resolving within three months.%
Deep peels, such as phenol, injure skin to the
mid-reticular dermis. A thicker zone of collagen
was induced by a deep phenol peel than by a
pulsed CO; laser treatment three months post-
procedure in one study.”

Adequate control of the peeling depth may
be difficult to achieve. Complications, including
prolonged erythema, infection, PIH, and
scarring, are more common in dark SPTs, deeper
peels, and sun exposure.”>®' Phenol has been
associated with cardiac toxicity related to
systemic absorption.8? While phenol peels
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produce a thicker zone of collagen than a pulsed
(02 laser, it is rarely used due to its risk of
cardiotoxicity.

The chemical reconstruction of skin scars
(CROSS) technique. The CROSS technique is
indicated for icepick and narrow boxcar scars. It
involves a high-strength trichloroacetic acid (TCA)
peel (65—100%) applied to the base of the scar to
ablate the epithelial wall and to promote dermal
remodeling. The degree of clinical improvement is
proportional to the number of courses of CROSS
treatment, with good improvement after 3 to 6
courses reported in more than 90 percent of
cases.’ Another study of 53 patients (SPTs IV and
V) treated with 70% TCA CROSS found that
treatment of boxcar scars and higher
pretreatment scar severity were associated with
better treatment outcomes.'® PIH of the treated
areas was noted in 34.0 percent and more likely to
occur in SPTV. Fractional 1,550nm erbium-doped
laser has been shown to outperform CROSS for
the treatment of rolling scars, but no difference
has been observed for icepick scars.®

Microneedling. Microneedling (collagen
induction therapy) utilizes tiny needles to
puncture the skin multiple times, creating micro-
clefts that penetrate into the dermis. The trauma
in the dermis initiates wound healing and growth
factor release, leading to collagen production and
deposition in the upper dermis.® Skin needling
renders facial skin smoother and improves rolling
acne scars.® Similar to subcision, the tethered
rolling scars can be overcome by greater collagen
and elastin deposition induced by needling. The
full result may take 8 to 12 months as the
deposition of new collagen takes place slowly.®
One important advantage is that the epidermis
remains intact, eliminating most of the risks of
chemical peeling or laser resurfacing. In a study of
36 patients (SPTs IV-V) who underwent five
microneedling sessions under topical anesthesia,
there was a decrease in mean acne scar
assessment score from 11.73 at baseline to 6.5,
and a 50- to 75-percent improvement in the
majority of patients on a quartile scale.™
Furthermore, microneedling provides a clear
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channel for the efficient absorption of topical
agents, including platelet-rich plasma (PRP),
which can improve cosmetic results.®® In a split-
face study that investigated the use of
microneedling plus PRP on one side of the face
versus microneedling plus distilled water on the
contralateral side, the PRP-treated face showed
greater improvement in acne scarring after three
monthly sessions (62.20% and 45.84%
improvement, respectively)."Results of
microneedling treatment were comparable to the
non-ablative fractional laser in one study. Forty-
six patients with atrophic facial acne scars were
randomized to three monthly treatments with
microneedling (2mm microneedles, 20 passes in
four directions) or the 1,340nm non-ablative
fractional laser (5ms, 120J/cm?). Blinded
assessments at six months post-treatment
showed a significant, but not significantly
different, improvement in acne scars in the
microneedling and in the laser groups (4.05 and
3.41, respectively) on the Quantitative Global
Grading System for Postacne Scarring.'’

Radiofrequency. Non-ablative radiofrequency
(RF) treatments can be used as a monotherapy or
adjuvant therapy with fractional lasers.
Radiofrequency delivers a current through the
dermis that stimulates dermal remodeling,
producing new collagen and softening scar
defects.® With traditional unipolar or monopolar
RF, a single electrode allows for penetration deep
into the dermis, but this is associated with
increased pain and discomfort.®” New
developments have allowed for more precision in
the delivery of RF energy to deeper tissues, with
decreased injury to the overlying epidermis.
Bipolar RF allows for delivery of a more focused
current to the dermis. Fractional RF uses an array
of electrodes to create zones of thermal wounds
that stimulate dermal remodeling. Micro-needles
can be used to deliver the electrical currenttoa
particular depth within the dermis. Microneedle
bipolar RF and fractional bipolar RF treatments
offer the best results for acne scarring, particularly
icepick and boxcar scars.® An improvement of 25
to 75 percent can be expected after 3 to 4

treatment sessions.® The results are optimal three
months after the final treatment due to the time
required for fibroblast activation and
upregulation of collagen production.% The
adverse reactions associated with RF include
transient pain, erythema, and scabbing that
resolve within 3 to 5 days.%

Forisolated
acne scars or for scars that remain after treatment
of generalized atrophic scars, the following
techniques may offer cosmetic improvement.

Fillers. Injectable fillers can be used to
augment soft tissue, particularly in soft atrophic
rolling or boxcar scars. Modes of injection include
serial punctures, linear threading, fanning and
cross-hatching, deep bolus, and superficial micro-
droplet injections. The common adverse effects
include infection, pain, erythema, lumps,
swelling, and abscess formation. Fillers can be
classified as temporary, semi-permanent, and
permanent.

Temporary fillers typically last for a few
months, making repeated treatments necessary,
which increases cost. The injection of hyaluronic
acid fillers (HAF) stimulates collagen production
by fibroblasts, augmenting soft tissue and
improving the quality of the overlying skin.®*"
Biphasic HAFs comprise cross-linked HA particles
suspended in a lubricating non-cross-linked HA
gel, which allows passage through a fine needle.

Semi-permanent fillers can last up to two
years and are biostimulatory, stimulating fibrous
tissue formation. Poly-I-lactic acid (PLL) is
commercially available as Sculptra® (Dermik
Laboratories, Berwyn, Pennsylvania) and New
Fill® (Valeant US, Sinclair Pharma, Paris, France),
which have both shown significant improvement
in acne scars, particularly rolling scars.”>*
(alcium hydroxylapatite (CaHA) is a synthetic
filler, available as Radiesse® (Merz North America,
Raleigh, North Carolina), that has shown
improvement in boxcar scars as a monotherapy *
and when used one week after subcision.”

Permanent fillers comprise larger particles
that cannot be phagocytosed. They can last
several years to lifelong and can be displaced over
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time due to changes in the adjacent connective
tissue.*” Adverse effects can be permanent and
might require their complete removal. Silicone
is relatively cheap and is stable for 10 to 20
years.” Despite widespread use, there have
been no controlled studies on scar
improvement. Polymethylmethacrylate
(PMMA) is a synthetic permanent filler
suspended in bovine collagen and lidocaine.
Commercial products, including Artecoll®
(Canderm Pharma, Saint Lorent, QC, Canada),
Artefill® (Canderm Pharma, Saint Lorent, QC,
(anada), and Bellafill® (Suneva Medical, San
Diego, California, USA), improve acne scars
when compared with controls.”-*8 Bellafill®,
the first FDA-approved medical device for the
correction of acne scars, is indicated for
moderate-to-severe atrophic, distensible acne
scars on the cheeks in adults. The safety and
efficacy of Bellafill® in acne scars is being
further evaluated as a monotherapy
(clinicaltrials.gov, NCT02642627) and following
microneedling (clinicaltrials.gov,
NCT02643628)

Punch excision and punch elevation.
Punch excision is indicated for icepick and
boxcar scars.® A punch instrument
approximately the size of the scar should be
selected, followed by excision to the
subcutaneous layer. The defect should be closed
by sutures along relaxed skin tension lines.*2
Placing a single non-absorbable suture for
punch holes 2.5mm or larger might facilitate
wound healing and minimize spreading.! Some
authors espouse punch excision followed by
secondary intention healing, in which a scar is
created but is less noticeable because of change
at the depth of the base.” For scars larger than
3.5mm, elliptical excision may be more
favorable than punch excision.* Punch excision
also works well in conjunction with laser
resurfacing.

Punch elevation is best suited for treatment
of broad boxcar scars without underlying
fibrosis.™® The scar is excised by punch
instrument equal in size to the depressed scar

down to the subcutaneous tissue. The tissue is
then elevated and sutured in place at a level
slightly higher than the surrounding skin to
account for contraction during wound healing'.

Subcision. Subcision is best suited for rolling
acne scars, with less efficacy for icepick and
boxcar scars."! The procedure involves inserting a
needle under the acne scar to sever the fibrous
components that anchor the scar below the
dermis.®The release of the fibrous tether
elevates the scar and ,when successful, produces
new collagen formation through normal
physiological healing, without recreating a
depression.™" % Needle choices include an 18- or
20-gauge tri-beveled hypodermic needle or an
18-gauge Nokor™ needle (Becton Dickinson,
Franklin Lakes, New Jersey), whose triangular tip
allows for the smooth and thorough separation of
the fibrous tethers. Multiple treatments may be
required to achieve an optimal outcome. Adverse
events include depression recurrence, swelling,
bruising, bleeding, and infection.™

Given the strong relationship between severity
and duration of inflammation in scar
development, early treatment of acne lesions is
the best approach to prevent acne scarring.
Therapy should be maintained until resolution of
persistent inflammation and control of new lesion
emergence." Determining at-risk patients will be
enhanced with a better understanding of risk
factors for severe acne and acne scar formation.
Recently, two new susceptibility loci, 1q24.2 and
11p11.2, have been shown to confer risk of severe
acne in the Chinese Han population.™”

Autologous PRP can enhance wound healing
by accelerating tissue repair and reducing
postoperative pain.'®'% Platelets are the first cells
to arrive at the sites of tissue damage, and they
mediate tissue repair through the release of
growth factors, cytokines, and chemokines from
their a-granules.” Intradermal injections of PRP
were first noted to improve acne scarring when
used for skin rejuvenation.™ Topical PRP has a
synergistic effect with skin needling in atrophic
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acne scars, as the skin needling creates a way for
PRP absorption to occure and allows the
additional platelets to contribute to wound
healing.® PRP as both an intradermal injection
and topical application after fractional ablative
(0, therapy enhanced the recovery of laser
damaged skin and improved the clinical
appearance of acne scars compared to
control."1

In addition to PRP, human-derived cellular
components are being evaluated for the
treatment of acne scars. Multipotential
mesenchymal stem cells (MSC) are capable of
differentiation into various cell lineages and have
been shown to promote wound healing.™MSCs
can be isolated from umbilical cord blood and
expanded." The safety of umbilical cord MSCand
HA as filler agents is currently under investigation
(clinicaltrials.gov, NCT02698813). In contrast to
umbilical cord MSC, adipose-derived MSC are
relatively easy to obtain. The safety of adipose-
derived autologous MSC associated with HA as a
filler agent is currently being investigated
(clinicaltrials.gov NCT02034786).

Acne scarring is a common problem facing a
significant number of patients with acne vulgaris,
leading many to seek treatment options for
improved cosmesis. The first step in treating acne
scarring involves addressing residual erythema, if
present. This should be followed by addressing
generalized atrophic scars, tailoring the treatment
method to the predominant scar type present
(Figure 2, Table 2). Finally, any remaining scars
should be treated according to the most suitable
method for the individual scar. Surgical
techniques and injectable fillers may suffice for
solitary scars; however, a majority of patients
require field treatment for broad areas of scarring,
for which lasers and other resurfacing agents
remain the mainstay of treatment. A patient-
centered, multi-step approach that takes into
account the type of acne scarring and patient
goals will yield the best cosmetic results and
highest patient satisfaction.
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TABLE 2. Effectiveness of treatments for acne scarring

TREATMENT TYPE ICE PICK SCARS

Ablative fractionated resurfacing +
Non-ablative fractionated Resurfacing

Needling

TCA/CROSS ++
Fillers

Subcision

Excision

Punch Excision T+

- no role/evidence; + fair; ++ good; +++ great efficacy

TCA/CROSS: trichloroacetic acid/chemical reconstruction of skin scars

ROLLING SCARS BOX PICK SCARS
++ ++
++ ++
++ ++
++
++ -
++
- ++

/
“““““l

FIGURE 2. Acne scarring treatment algorithm
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